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where ErCH; is the residual energy of CH, CHdtoBS; is distance of CH to the BS
and den; is density of cluster or number of CH’s neighbors. a, b and ¢ are real values
uniformly distributed in [0,1] such that their summation is equal to one.

3. If a member node receives a CH-msg from CHs with different distances, it computes
funJN; with Eqn. (13) and joins a cluster with higher fun/N; value. This means a CH
with less distance from a nearby member node and closer to the BS is more qualified
to become a next hop node. Also, residual energy and proximity degree are other CH
selection criteria.

1 1 1
funJN; = ax ErCH; + b x RO, + cx proms +dx e (13)
where ErCH; is the residual energy of the CH, CHdtoBS; is a distance of CH to the
BS, dtoCH; is distance of member node to the CH and den; is the density of the cluster. a,
b, ¢ and d are real values uniformly distributed in [0,1] such that their sum is equal to one.
The pseudo-code segment 2 gives the details of this stage.

Begin (cluster formation algorithm)
If state! = CH && has not sent Join-Msg then
If receive CH-msg from one CH
next hop « selected CH
Send join-msg to selected CH
End
If receive CH-msg from at least two CHs
If CHs have equal distances
Calculate fun]; and find the maximum
next hop « CH with maximum fun]
Send join-msg to selected CH
End
If CHs have unequal distances
Calculate fun/N; and find the maximum
next hop « CH with maximum funJN;
Send join-msg to selected CH
End
End
End
End

The pseudo-code segment 2

d) Routing Tree Construction Stage

In transmission of data through the routing tree in the network, because of the long
distance between CHs, the maximum amount of energy is wasted in inter-cluster data
communications. Upper level nodes near the BS whose distance to the BS is less than Rr
( CHdtoBS; < Rr) and hence, could communicate with the BS without any interface, set
their next hop to be the BS and others have to specify proper relay nodes. Finally, the
routing tree is constructed among sensor nodes.

e) Routing Details

At the beginning, upper level nodes broadcast a routing-msg in Rr and set a hop-count
parameter equal to 1. Single hop nodes receive this message and perform a routing tree
construction procedure. Each CH that receives messages selects its next CH candidate
based on Eq. (14) and increases hop-count value by one (hopcount = hopcount + 1),
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earth, and inductive in low-resistivity earth. It can be resistive, inductive, and capacitive
depending on the season and the weather. Therefore, footing impedance is modeled by
resistance [16]. A constant parameter (CP) model is used to simulate the towers. Tower
surge impedance and wave velocity, as the principal parameters of the CP line, are
considered to be 200 Q and 3 x 108m/s, respectively. The footing resistance is
considered 30 Q.

The lightning surge is modeled by a current and a parallel resistance (Cigre model).
This resistance value is assumed to be 400 Q, which was derived by Bewley [16]. In this
paper, lightning current is considered to be 200 kA with 1ps front time and 300 ps time to
half value strikes the tower top in the second tower. This causes a back-flashover in the
struck tower. A flashover is assumed to take place at the second tower, when the
magnitude of the voltage between the phase conductor and the tower exceeds 600 kV.
Note that no flashover occurs in the right part of the line; and ground wires are neglected
in that part of the line.

Also, in this paper, a frequency-dependent model (FD model) is used for overhead
lines. In this model, resistance and inductance of the transmission line are considered as an
FD model determined by skin and ground effects. Line capacitance is assumed constant
and a non-zero parallel conductance included in this model. Table 1 and Table 2 show
technical specifications of transmission line consisting of conductors and guard wires and
Table 4 shows input data for conductor and guard wires.

Table 1: Technical specifications of conductors

Conductor number Phase Horizontal distance (m) Vertical distance (m)

1 1 -4.15 232
2 2 -4.15 192
3 3 -4.15 152
4 4 4.15 232
5 5 4.15 192
6 6 4.15 152

Table 2: Technical specifications of guard wires

Guard wire number  Horizontal distance (m) Vertical distance (m)

1 -4.15 26.5
2 4.15 26.5

The studied cable is XLPE, single core with 630 mm? cross section. Figure 4 indicates
diagrammatic representation of the cylindrical cable in EMTP-RV. Table 3 presents the
input data of the cable in EMTP-RV. Six single-core cables deployed in a triangle, like in
Fig. 5 are located underground. This type of configuration is common between conductors,
because of the reduction of the magnetic coupling effect and it is preferable to bury it flat.
Table 5 shows the amount of peculiarity phases. Horizontal axis (X) is parallel with the
ground and vertical axis (Y) is perpendicular to the ground. The origin of the coordinates
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sebahagian nod penyampai akan memindahkan data antara CHs. Penggunaan tenaga,
jarak ke stesen utama dan induk kelompok metrik sentrik adalah tiga parameter pelaras
bagi pemilihan induk kelompok. Keputusan simulasi protokol yang dicadang
menunjukkan pengurangan penggunaan tenaga pada nod-nod sensor individu dan
memanjangkan jangka hayat rangkaian, berbanding kaedah-kaedah lain yang diketahui.

KEYWORDS: wireless sensor networks; clustering; data aggregatio; multi-hop
communication; optimal transmission tree

1. INTRODUCTION

A wireless sensor network consists of a number of sensor nodes deployed over a
geographical area to monitor physical environmental conditions such as temperature,
humidity, vibrations, seismic events, and so on. Normally, a sensor node is a tiny device
composed of three basic subsystems: a sensor to gather data from the physical surrounding
environment, a local data processing unit and storage, and a wireless communication
device for data transmission. A power source is also available to supply the energy for
processing and sensing subsystems. This power source is often a limited energy budget
battery. Moreover, as the nodes may be deployed in a hostile or impractical environment,
recharging the battery may not be possible or convenient. Thus, the wireless sensor
network should have enough lifetime to fulfill the application requirements [1-2].

There are two variations of wireless sensor network (WSN) deployment: structured
and unstructured. While in Structured WSN, the sensor nodes may be deployed in a pre-
planned manner, the deployment of all or some nodes in unstructured WSN is random. An
unstructured WSN consists of a dense collection of sensor nodes. Once deployed, the
network is left unattended to perform monitoring and reporting functions. In an
unstructured WSN, network maintenance, such as managing connectivity and detecting
failures, is difficult since there are so many nodes developed in the network. The
advantage of a structured network is that fewer nodes can be deployed with lower network
maintenance and management cost. Fewer nodes can be deployed if nodes are placed at
specific locations to provide coverage whereas ad hoc deployment may leave regions
uncovered [3].

‘WSNss are also different from other networks in other aspects: they tend to be densely
deployed, nodes are susceptible to failure, and rely on broadcast communications.
Network topology is dynamic, in which links are established between nodes and may
break due to various reasons, such as deliberate changes to the transmission power of the
nodes, node failure, or mobility. Thereupon, maintaining a fully connected topology for
such networks is a challenge that requires careful application of topology control [4].

With clustering algorithms, network performance could be enhanced, particularly for
large scale of WSNs. Clustering algorithms are commonly used for such networks. Using
the clustering approach, the network is prolonged and the control overhead of routing is
limited. Network scalability is also increased, and the total network performance is
advanced [5, 6].

In this paper, we propose an energy efficient clustering algorithm for data aggregation
in wireless sensor networks in a fully distributed manner. It consists of two phases, cluster
setup phase and data transmission phase. Cluster setup phase has four stages. These are
cluster head (CH) selection, relay node candidate specification, cluster formation, and
routing tree construction stages. In cluster setup phase CHs are selected based on multiple
criteria, such as each node’s residual energy, its distance to the Base station (BS) and node
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mass, UZ, and Hyux results with and without considering industrial constraints. It is
observed that as span increases, the difference between the old (WOIC) and new
methodology (WIC-SFW) increases. The mass of a 32 m span WOIC and WIC optimized
girder is 30060 kg and 36373 kg (~21% increase), respectively (Fig. 10a). It concludes that
the mass of the girders in WIC increases as compared to the WOIC during an increase in
span length and/or capacity. A similar trend is observed with Wrp modification different
thickness, but the difference is smaller in comparison to WIC-SFW. Abid et al. [30] have
compared lateral buckling (UZ) for different designs of the box girders and have concluded
that lateral buckling control is better for WIC compared to the WOIC. No notable difference
in the bending deflections (UY) and shear buckling (UX). Figure 10b compares Hzsx for
the various case studies and shows that the height with WIC is smaller compared to WOIC
and width of the girders is directly related to Hmax. thus, the volume (space) occupied by
the WIC is less than that of WOIC girders. The variety of plate sizes for manufacturing is
greatly reduced as now the thickness of top and side plates is the same for the approach-1.
Although the mass of the girders is increased with WIC methodology yet it is inconclusive
to state that it is not cost effective, as cost effectiveness can only be known after knowing
the cutting and welding as well as material costs for manufacturing and the already available
inventory. Therefore, approach-2 is proposed as the final design for the box girders. The
cutting plan and welding methodologies are all based on this particular design. The features
of the finalized design are summarized below;

e The height of the girder web plate is selected as per ranges defined in the Table 4.

e The width of the flange plates (both top and bottom) is one-third of the maximum
height of the girder web plate.
The ratio of thickness top/bottom flange to the web plates is 1.389.
All horizontal stiffeners and rail sections are selected according to the standard
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Fig. 9: Comparisons for 120 ton capacity with different spans; (a) mass, (b) Hix
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nodes are selected to transfer data between clusters when direct connection between CHs
is more costly. Common nodes are associated with high energy CHs, in a low density area
and less total distance to the BS. In next hop and relay nodes selection, DCDA utilizes
more criteria such as number of hops to the BS and total cost for transmitting data to the
next CH. Finally, in the data transmission stage, data is transmitted through an optimal
routing tree where the BS is located at the root, a CH at each edge, and cluster member
nodes in leaves. The simulation results show the proposed DCDA algorithm provides
more energy efficiency and hence longer network lifetime when compared to the other
discussed algorithms.
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based upon use of the Atmega32a [24] processor to control the system and also provides
additional the programming possibilities. The treatment process can be performed
automatically using cooling and the system performance can also be observed and
evaluated during treatment. With the use of the electronic cooling method instead of a
simple physical cooling system using ice packs, it is easier to treat elderly patients,
children and animals because the system responds to disturbances and maintains the
required temperature automatically with reduced sensitivity to uncertainties and patient-to-
patient variations. It takes some time for the TEC system to reach the desired temperature
but then the system continues to operate without any difficulty and the desired temperature
is maintained. On the other hand, the temperature with the ice pack tends to rise

significantly towards the end of the 200 minutes period.
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Fig. 6: Flow chart showing microprocessor algorithms during cryotherapy.

Figure 6 shows the flow chart for the microprocessor-based control and indicates how
requirements can be changed according to the type of user. For example in the specific
flowchart shown in Fig. 6, the system was controlled so that it worked in an on-off mode

and with a period of 15 minutes.

2.4 Software Design for Controlling the Process
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5. NUMERICAL METHOD

In this study, the second-order upwind method was used because it provides more
accurate results. The coupling between velocity and pressure terms was handled using the
Semi-Implicit Method for Pressure Linked Equations (SIMPLE) algorithm. The
assumption of a single-phase model was considered and simulation was done for the
steady-state flow of fluid in the channel. The general form of conservation equations is
similar to ordinary fluids in the single-phase method but for the density, thermal
conductivity, viscosity and specific heat, the apparent properties of the nanofluid were
used. In this method, the slip between the base fluid and the nanoparticles was ignored and
the effect of the presence of particles on the apparent properties was seen.

Table 1: The physical properties of alumina, fuel-oil-based fluid and water-based fluid

Properties p [Kg/m?] Cp[I/kg. K] K [W/m. K] n [Kg/m.s]
Alumina 3600 765 36 -
Fuel-oil 960 1880 0.12 0.048

Water 998.2 4182 0.6 0.001003

6. GRID INDEPENDENCE

In the present study, four different grids were generated for the channel in order to
investigate the grid independence and the results for the four grids were compared. The
numbers of nodes were 7590, 10263, 13728, and 25309 respectively, and these were used
to calculate the heat transfer coefficient in terms of the Reynolds number. Then, for
comparing the results with other grids, it was observed that there was little difference
between the finest grid and the grid with 13728 nodes. Therefore, in order to save
calculation time, the grid with 13728 nodes was used to obtain the results. Figure 2 shows
the details of grid independence.

900 1100 1300 1500 1700 1900 2100
Re

Fig. 2: Grid independence study.

7. VALIDATION

In general, experimental study of nanofluids is a very extensive research and there are
multiple variables, the most important among them are thermal conductivity and viscosity.
Different researches had reported different values for these variables, as well as their
dependence on each other or on other variables according to different experimental
conditions. Various relations, or mathematical models, were presented in this field that
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RMSD of secondary structure components are shown in Fig. 3. For all helices, the
RMSD was around 1.5 A for all except for enzyme-substrate complex at 353 K which
increased from 1.5 A to 2.3 A at 7.5 ns to 12.5 ns. However, for alpha helices a different
phenomenon was observed, the enzyme (with no ligand) showed higher RMSD. The
333 K EGuia was the highest for the entire simulation. Complex at 353 K was the
lowest. The RMSD of 3_10 helices was more violent at 353 K. It is interesting to note
that at 333 K enzyme and complex of 3_10 helices was maintained at zero. Relative to
any other individual secondary structure element, influence of one helix is more
dominant on the stability and organization of a protein [18]. Thirteen parts of bridge
beta showed a different behavior compared to extended beta-sheet as illustrated in Fig.
3.
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Fig. 3: RMSD time evolutions of secondary structure’s backbone atoms (C,Ca and N).
Reference frame is the initial frame, t,. Black solid (enzyme-substrate complex at 353 K),
black dash (EGuia at 353 K), red solid (enzyme-substrate complex at 333 K), red dash
(EGuia at 333 K), blue solid (enzyme-substrate complex at 313 K) and blue dash (EGuia
at 313 K).

In general, betasheets of EGuia are more stable than helices. Coil and turn shows a
similar pattern of RMSD for the entire 20 ns. As expected, coil and turns showed higher
RMSD due to flexible nature. This finding is consistent with our previous report [6]. In
reality, coil is not a true secondary structure; it is the class of conformations that show
absence of regular secondary structure. Relationship between stability and activity of
enzymes is maintained by underlying conformational flexibility. In thermophilic enzymes,
a decrease in flexibility causes low enzyme activity. It can be seen that even though the
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AS besides crystals where their structure was reduced to uniform rods in the catalyst of Cu-
Zn-Al mixtures. Reducibility of the catalyst containing high AS under TPR is relatively low,
implying that this structure did not enhance the reaction rate. The effect of the AS was finally
observed in the reaction tests. Optimum yield of hydrogen was, however, shown by the
catalyst with high cuprum content at temperatures lower than 150 °C where the AS did not
clearly appear (CusaZni2VisAly). Interestingly, vanadia-promoted catalysts with the
significant presence of AS showed the maximum hydrogen yield and low CO formation at
temperatures higher than 225 °C in the SRM and ATRM reactions. The reaction results
therefore suggest that the AS could have prevented the catalysts at high temperature from
deactivation.
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5. CONCLUDING REMARKS

Nickel powder was suspended into the EDM dielectric fluid to enhance the process
output. Three independent factors have been considered to measure the MRR, TWR, and
surface roughness. The results show the following:

Increasing the current had a negative effect on both the TWR and surface roughness.
In contrast, the current increase had a positive effect on the MRR.

Increasing the powder concentration positively affected the MRR while negatively
affecting the TWR and Ra.

Tool diameter had a negative effect on the MRR, while increasing the tool diameter
reduced the TWR.

The ratio of MRR to TWR was calculated and the results show that the current had
limited effect on the ratio.
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execute the test, the samples were filtered using filter paper and acidified by adding
concentrated amount of HNOjs to prevent the precipitation of heavy metals [13]

2.5.2 Determination of Residual Oil

The amount of residual oil in POME before and after the treatment was determined
using the Partition-Gravimetric method, a standard recommended method for the
examination of water and wastewater [23]. In this method, the sample of POME was first
acidified with 1:1 H2SO4 until the pH of the sample was equal or less than 2. The acidified
sample was transferred to a separatory funnel, and 30 ml of hexane was added to the sample
in the separatory funnel. The separatory funnel was capped and shaken 60 times for about 2
minutes while releasing the pressure from time to time. The layer was left to separate for 5-
15 minutes. The lower layer was discarded. Then, the top layer was drained slowly into filter
paper containing 1g of anhydrous sodium sulphate placed in a funnel into a pre-weighted
conical flask. The conical flask with the collected sample was then put in an oven at 70 °C
until it was completely dried. The conical flask was cooled in a desiccator for 30 minutes
and weighted. The residual oil concentration was calculated using equation (1):

Residual 0il (mg/1,) =23 x 106 )

‘Where: ; and W are the initial and final weight of the conical flask, respectively (g), and
v is the volume of the sample (ml).
2.6 Mathematical Equation of the Fixed Bed Column in Continuous Studies

The most important factor in the fixed bed column is the breakthrough curve, which is
usually obtained from plotting a curve between [g] versus the contact time (t), where Ci

and Ct are the inlet and outlet adsorbate concentration (mg/l) [12]. The total adsorbed
adsorbate in the column (grorar) is determined using equation (2):

A
Grotal (MG) = f)m )

‘Where: grora is the total metal ions or residue oil adsorbed quantity (mg). O is the volumetric
flow rate (ml/min), and 4 is the area under the curve which is determined from plot of the
adsorbed concentration (Caq) versus time (7).

t=t total

A= [ miciaa Cad At
‘Where: Cqq is the adsorbed concentration (mg/1) obtained from (C; — Cy).

The equilibrium adsorbate uptake (ge.exp) is calculated using equation (3):
]
Geowp (mg/g) =25 ©)
‘Where: X is the total dry weight of absorbent (AMCBCC) in column (g)

The total amount of metal ions or oil sent to the column (Mozi) is evaluated using equation
):
CiQ ttotal
Moot (mg) =222t @)
The unadsorbed concentration at equilibrium of metal ions or oil (Ceg) is obtained by
equation (5):
__ Mtotal—q total

L S ®)
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fewer numbers of components which, makes the circuit simple, compact, faster and

inexpensive.

2. PROPOSED BALANCING CIRCUIT AND ALGORITHM

The proposed single LC resonant balancing circuit is shown in Fig. 1. In this circuit, n
numbers of ESD are connected in series. The ESD-1 and ESD-n are associated with two
MOSFET switches, similarly, ESD-2 and ESD-(n-1) are associated with anti-series
MOSFET switches. All the MOSFET switches are operated by a PWM signal. The resonant
converter based circuit is worked as an active balancing circuit. To measure the cell voltage,
a voltage status monitoring sensor has been used. Each cell voltage of the battery is
measured by using a voltage sensor and sends the information to a microcontroller as shown

in Fig. 1.

Ms
Ch celll
L aree e
a cell2
d T |
m] Mo Mo
_ Cell3
) Mo _T_
Ms
Celln
Voltage sensor

Controller
L Resonant Tank Circuit

Fig.1: A basic block diagram of the proposed voltage balancing circuit.

The proposed voltage balancing algorithm steps as follows:

1. System initialization

2. Check the cell status by monitoring the sensor voltage

3. Send the cell status to the microcontroller.

If the cell voltages are equal: then

goto step 2

Else: cell voltages are not equal

goto step 4

4. Estimate the cell voltage and find out the highest and lowest voltage cells.
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(c-1ii)
Fig. 5: Micrographs of tri-metal co-precipitated catalyst at various magnifications:

(a) CuzoZnzoAlso at 10000 times, (b) CusoV3o0Als at 10000 times and
(c) Zn30V30Aly at (c-1) 10000 times, (c-ii) 15000 times and (c-iii) 1000 times.
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Fig. 6: Scanned image with energy dispersed X-ray confirmed that
no other material appeared in the catalyst and the composition
of the catalyst was approximately same as initial mixing.

Diffractograms of tri-metal co-precipitation with alumina are summarised in Fig. 7. No
clear crystal was detected in the CusoZni10Vi0Aly sample, as seen in Fig. 7(a). In Fig. 7(b),
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Table 5: ANOVA output

Analysis of Variance for L/D-blowing control, using Adjusted SS for Test
Source DF  SeqSS  AdjSS AdjMS F P
Blowing velocity in m/s 37.815 37.815 18.907 3.86 0.206
10.987 10.987 5.494 112 0471
11.053 11.053 5.527 113 047
9.801 9.801 4.901

width of hole in m
Position of hole in % of C

2
2
2
Error 2

Analysis of Variance for L/D-blowing hybrid control, using Adjusted SS for Test

Source DF SeqSS  AdjSS AdjMS F P
Blowing velocity in m/s 2 10532 10532 5266 242 0292
width of hole in m 2 39.7 39.7 1985 091 0523
Position of hole in % of C 2 69.61 69.61 3481 16 0385
Error 2 4353 4353 21.76

Analysis of Variance for L/D-suction control, using Adjusted SS for Test

Source DF  SeqSS  AdjSS AdjMS F P
Suction velocity in m/s 2 78.03 78.03 39.02 243 0292
width of hole in m 2 53.89 53.89 26.94 1.68 0373
Position of hole in % of C 2 297.11 297.11 148.55 9.25 0.098
Error 2 32.11 32.11 16.06

Analysis of Variance for L/D-suction control, using Adjusted SS for Test
Source DF  SeqSS  AdjSS AdjMS F P
Suction velocity in m/s 288.24 288.24 144.12 1.63 0.381
22035 220.35 110.18 124 0446
1128.29 112829 564.15 6.37 0.136
177.1 177.1 88.55

width of hole in m
Position of hole in % of C

Error

The detailed analysis of the skin friction coefficient over a suction side in control off
and on cases is carried out for velocity (blowing/suction) 52.5 m/s, slot width 0.002 m, and
position of slot of 10% of chord. In the blowing case, the momentum is added to energize
the fluid particles to overcome the retardation by boundary layer effect. Figure 14 (a)
shows the delay in the separation of flow over the suction side when blowing through the
slot is carried out, and the skin friction increases in the blowing area. The separation point
is located at 10% of the chord in the control off case and it is moved to 55% of chord from
L.E in the control on case. The activation of the passive controller, along with blowing,
leads to the movement of the separation point to 74% of chord and it is seen in Fig. 14(c).
‘When the controller is activated with suction, the momentum is diffused with an increase
in skin friction coefficient on the suction side and it is identified, as shown in Fig. 14(b),
and the separation point is moved to 79% of chord. When the hybrid controller with
suction is employed, the separation takes place at 80% of chord and it is shown in Fig.
9(d).
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2. MATERIALS AND METHODS

The main material used for this project is rattan furniture waste (RFW) collected from
a factory that manufactures rattan furniture as their main product, located in Perak,
Malaysia. The rattan collected from the forest was first cooked using diesel in the factory
area, in order to avoid fungi and insect attacks. Then, the rattan was dried, separated, and
sorted according to size. The RFW from manufactured furniture, which came in the form of
chips and powder, were used in this research. The REW was sieved using a manual sieve to
separate all unnecessary materials such as large chips, dust, rubbish, and sand.

2.1 Chemical Treatment for Rattan Furniture Waste

The alkaline treatment was applied to the RFW in the form of chips, and the parameters
used for this treatment were taken from a previous study [11]. Sodium hydroxide (NaOH)
in pellet form was crushed using a white porcelain mortar until those pellets turned into fine
particles. One gram of the NaOH powder was added to 100 ml of distilled water, in order to
produce a 1% of NaOH solution. The solution was stirred until the NaOH powder
completely dissolved. The RFW chips were immersed completely in the 1% of NaOH
solution for 10 minutes. Immediately after that, the chips were drained and washed using
tap water. After that, the chips were stored in the oven at 35 °C for two days.

2.2 Characterization of Rattan Furniture Waste

The RFW was characterised after being treated in alkaline treatment for comparison
with untreated RFW. The characterisation done on untreated and treated RFW samples were
for physical appearance, composition of material using a chemical test and Fourier
transform infrared spectroscopy (FTIR) analysis, as well as a morphology test using SEM.

2.2.1 Chemical Treatment for Rattan Furniture Waste
The chemical component test was prepared to discover the contents of lignin,
hemicelluloses, cellulose, and ash, according to the methods listed in Table 1.

Table 1: Chemical test of RFW

Component Method Reference
Lignin Klason lignin method 29
Hemicellulose ‘Wise method 30
Cellulose TAPPI 203 om-93 29
Ash TAPPI 211 om-02 29

2.2.2 Fourier Transform Infrared Spectroscopy

A Perkin Elmer spectrum 2000 spectrometer was used for the FTIR analysis to
determine the presence of a functional group at mode of 24 scans under resolution range of
550 to 4000 cm!. The samples, in powder form, were inserted into the crystal spectrometer
and the pressure arm was rotated clockwise until the “force gauge” reached 100.

2.2.3 Morphology Test of Rattan Furniture Waste

The morphological analysis was performed using scanning electron microscopy (SEM)
model JSM-560 at operating voltage of 7 kV. The samples used were non-conductive
material, thus these samples were coated with palladium (Pd), and were put on the
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using a steady flow [42]. At high shear rates, structural change occurs more rapidly than at
low shear rates. Huang et al. [42] investigated the first step for a no-flow condition to a
shear rate of 10 s!. They found that blood viscosity decreased over a period of
approximately 20 seconds at the shear rate of 10 s before the final state was attained.
Next, when the shear rate stepped up from 10 to 100 s, almost no time was required to
reach the microstructural equilibrium after the change of shear rate. Gaspar-Rosas and
Thurston also investigated erythrocyte aggregate rheology by varying the shear rate from
500 s to zero [43]. Based on their results, it can be concluded that the recovery of the
quiescent structure requires approximately 50 seconds while the high shear rate structure
is attained in a few seconds. In other words, in order to minimize the effect of the
thixotropic characteristic of blood on the viscosity measurement between the shear rates of
500 and 1 s, at least 50 seconds should be allowed during the test to have the fully
aggregated quiescent state at a shear rate near 1 s™.

6. BLOOD VISCOSITY MEASUREMENT

Blood viscosity is an important property for the regulation of rheological conditions
because it produces resistance to fluid deformations. Blood viscosity is mainly determined
by the hematocrit and varies with the shear rate as a non-Newtonian fluid [44, 45]. Blood
viscosity is important for understanding physiological blood flow conditions [46, 47].
Numerous types of theometers have been used to measure the viscosity and yield stress of
materials [48-50]. Typically, shear viscometers can be divided into two groups: drag
flows, in which shear is generated between a moving and a stationary solid surface, and
pressure-driven flows, in which shear is generated by a pressure difference over a capillary
tube [50]. The commonly utilized members of these groups are shown in Fig. 2. Among
the several types of viscometers currently available, rotational viscometers have mainly
been used to measure whole blood viscosity because they measure viscosity within a
certain shear rate range with a relatively small amount of sample [51].

Viscosity Yield Stress
Measurements Measurements
Drag Pressure- Tndirect Direct
Flows Driven Flows Methods Methods
Capillary- Data Extrapolation
Tube Extrapolation using
Viscometer Constitutive
Models
Falling/ Rotational
Rolling Viscometer
Object
Viscometer

Fig. 2: Rheometers [50].
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ABSTRACT: Exponential growth of medical data and recorded resources from patients
with different diseases can be exploited to establish an optimal association between
disease symptoms and diagnosis. The main issue in diagnosis is the variability of the
features that can be attributed for particular diseases, since some of these features are not
essential for the diagnosis and may even lead to a delay in diagnosis. For instance,
diabetes, hepatitis, breast cancer, and heart disease, that express multitudes of clinical
manifestations as symptoms, are among the diseases with higher morbidity rate. Timely
diagnosis of such diseases can play a critical role in decreasing their effect on patients’
quality of life and on the costs of their treatment. Thanks to the large data set available,
computer aided diagnosis can be an advanced option for early diagnosis of the diseases.
In this paper, using a Flower Pollination Algorithm (FPA) and K-Nearest Neighbor
(KNN), a new method is suggested for diagnosis. The modified model can diagnose
diseases more accurately by reducing the number of features. The main purpose of the
modified model is that the Feature Selection (FS) should be done by FPA and data
classification should be performed using KNN. The results showed higher efficiency of
the modified model on diagnosis of diabetes, hepatitis, breast cancer, and heart diseases
compared to the KNN models.

ABSTRAK: Pertumbuhan eksponen dalam data perubatan dan sumber direkodkan
daripada pesakit dengan penyakit berbeza boleh disalah guna bagi membentuk
kebersamaan optimum antara simptom penyakit dan mengenal pasti gejala penyakit
(diagnosis). Isu utama dalam diagnosis adalah kepelbagaian ciri yang dimiliki pada
penyakit tertentu, sementara ciri-ciri ini tidak penting untuk didiagnosis dan boleh
mengarah kepada penangguhan dalam diagnosis. Sebagai contoh, penyakit kencing
manis, radang hati, barah payudara dan penyakit jantung, menunjukkan banyak klinikal
simptom jelas dan merupakan penyakit tertinggi berlaku dalam masyarakat. Diagnosis
tepat pada penyakit tersebut boleh memainkan peranan penting dalam mengurangkan
kesan kualiti hidup dan kos rawatan pesakit. Terima kasih kepada set data yang banyak,
diagnosis dengan bantuan komputer boleh menjadi pilihan maju menuju ke arah
diagnosis awal kepada penyakit. Kertas ini menggunakan Algoritma Flower Pollination
(FPA) dan K-Nearest Neighbor (KNN), iaitu kaedah baru dicadangkan bagi diagnosis.
Model yang diubah suai boleh mendiagnosis penyakit lebih tepat dengan mengurangkan
bilangan ciri-ciri. Tujuan utama model yang diubah suai ini adalah bagi Pemilihan Ciri
(FS) perlu dilakukan menggunakan FPA and pengkhususan data perlu dijalankan
menggunakan KNN. Keputusan menunjukkan model yang diubah suai lebih cekap
dalam mendiagnosis penyakit kencing manis, radang hati, barah payudara dan penyakit
jantung berbanding model KNN.

KEYWORDS: flower pollination algorithm; K-nearest neighbor; data classification;
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compared to HEED, DCDA saves more energy in sensor nodes and hence the number of
alive nodes is greater in higher rounds.
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Fig. 8: Network lifetime.
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Fig. 9: Number of alive nodes in each round for three protocols.

6. CONCLUSION REMARKS

In this paper we proposed a distributed energy efficient clustering algorithm for data
aggregation in wireless sensor networks (DCDA). The main objective is to save energy
and balance load among sensor nodes. CDCA consists of two stages: clustering and data
transmission. In the clustering stage, we form clusters with unequal sizes in a way that
CHs closer to the BS have a smaller cluster range. This could prevent premature death of
CHs close to the BS, due to forwarding a large amount of data from all around the
network. Eligible CHs are specified based on some effective parameters, such as distance
to the BS, remaining energy of sensors and nodes centric metric. Besides, some relay
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2.5 Pigment Extraction and Determination

The harvested fermented solid was dried at 60 °C for 24 hours in an oven (Memmert
UFB-500). The dried fermented solid was extracted with 95% ethanol in a ratio of 1:10 w/v
for 1 hour at 200 rpm, in an incubator shaker (Infors AG-CH-4103 Bottmingen). The extract
was then allowed to stand for 15 min, and filtered through Whatman No.1 filter paper.
Ethanol extracts of unfermented substrates were used as blanks. Analysis of pigment
concentration was done using a UV-Vis spectrophotometer (Hitachi U-1800). The
wavelength used was 500 nm. Pigment yield was expressed as absorbance units (AU) per
gram of dried solids [12-14].

2.6 Reducing Sugar Determination

Reducing sugar was measured using a dinitrosalicylic acid (DNS) method [12, 15]. The
reducing sugar was measured at 575 nm by UV-Vis spectrophotometer (Hitachi U-1800).

2.7 Biomass (Cell Dry Weight)

Total fungal biomass was determined by measuring the N-acetylglucosamine released
by acid hydrolysis of the chitin present in the fungal cell walls. The acid hydrolysis of the
sample was carried out by mixing 0.5 g of dry fermented OPF powder with 2 ml of 60%
(vol/vol) sulfuric acid, H>SO4 and the mixture was incubated at 25 °C in a fume hood for 24
h [16]. Then the mixture was diluted with distilled water to make a 1 N solution of sulfuric
acid that was then autoclaved at 121 °C for 1 h. The mixture was allowed to cool at room
temperature and neutralized with 5 N NaOH to pH 7 and the final volume was brought up
to 60 ml with deionized water. Later, the filtered acid hydrolysis sample (1 ml) was mixed
with 1 ml of acetyl acetone reagent (2% (vol/vol) of acetyl acetone in 1 N sodium
bicarbonate (Na,COs) before being placed in a boiling water bath for 20 min [12]. After
cooling, 6 ml of ethanol (95%) was added, followed by 1 ml of Ehrlich reagent (2.67% (w/v)
of p-dimethylaminobenzaldehyde (Merck) in 1:1 mixture of ethanol and concentrated
hydrochloric acid) [17]. The mixture was incubated in a water bath at 65 °C for 10 min.
After cooling, the optical density was read at 530 nm against the reagent blank, N-
acetylglucosamine (Sigma-Aldrich) as the external using a UV-visible spectrophotometer
[12,18].

2.8 Experimental Design

The red pigment production was developed and optimized using response surface
methodology (RSM) provided by Design Expert Software (Version 7.1.6, 2008,
Minneapolis MN, USA). A standard RSM design tool known as Central Composite Design
(CCD) was applied to study the significant production factor of red pigment. The three
identified independent variables were the initial moisture content (40-70%), peptone
concentration (2-5%), and initial pH (pH 6-8). The critical ranges of selected factors were
determined by preliminary experiment using OFAT and screening by factorial design (data
not shown). During the screening process of petiole used as a substrate, the initial moisture
content (IMC), initial pH, interaction of peptone, and pH were found to be significant. Thus,
three factors were chosen for optimization. Screening was done to eliminate the insignificant
factor. Table 1 lists the ranges and levels of the three independent variables with actual and
coded levels of each factor. The lower and upper levels were coded as -1 and +1; the middle
level was coded as 0. A total of 18 runs with 4 central points were generated. The center
points are usually repeated 4-6 times to determine the experimental error (pure error) and
the reproducibility of the result. Three responses, red pigment (AU/g), biomass (mg/g) and
glucose concentration (jg/g), were measured. The experiments were run in triplicate. The
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The infrared spectra of the untreated and treated RFW samples were assessed by FTIR
spectroscopy, as demonstrated in Fig. 2, whereas the obtained band positions are explained
in Table 3. There were significant differences in infrared spectra for the RFW after alkaline
treatment. The band at 3337 cm™ was assigned to O-H stretching vibration of cellulose,
hemicellulose, lignin, and pectin structures [11, 17, 20]. Alkaline treatment weakened this
band’s intensity due to removal of those constituents. Meanwhile, the band at 1646 cm™
decreased due to removal of C=0 stretching vibration of acetyl and carbonyl groups of
hemicellulose [17, 20, 24]. The finding of decreased intensity at 1329 cm is consistent with
alkaline treatment carried out by Ramadevi and his team [17]. It is associated with an alcohol
group of cellulose OH deformation. The band position of 1245 cm™ shows a peak decline,
indicating the removal of hemicellulose, pectin, and epidermal waxy tissue [11, 17]. The
C-O-C symmetry arises at the band position of 1241 c¢m™, containing polysaccharides,
mainly cellulose [23]. The vanishing band position at 997 cm' is explained by the removal
of cellulose and hemicellulose due to C-O stretching vibration subjected to the alkaline
treatment [11]. At band 771 cm™, the CH bond is out of plane demonstrating the elimination
of lignin during the alkaline treatment.

s i i
SRR A TR b
UIA 10.0kV x200 100um | UIA 10.0kV x200 100um

Fig. 3: Pictures of untreated (left) and treated (right) RFW at 200x magnification.

Figure 3 displays the micrograph of the untreated and treated RFW for SEM analysis
under 200X magnification. The untreated RFW in Fig. 3(a) shows vascular bundles (VB)
and parenchyma cells that were covered with the fibres’ main constituents, consisting of
hemicelluloses, cellulose, lignin, pectin, and other impurities. There was a wide metaxylem
vessel along with numerous protoxylem vessel elements amongst the vascular bundles [25].
In Fig. 3(b), the treated RFW exhibited cleaner fibres and increased cell walls indicating
that alkaline treatment had washed away impurities and removed cell wall components that
were stuck in vascular bundles [17, 23-26]. These made the vascular bundles become more
visible and the fibre surface rougher. The treatment process required the RFW to be
immersed in the solution where the fibres absorbed some solution and thus had a higher
swelling level that increased the particle sizes with more flexible fibres [11]. The rough
surfaces helped mechanical interlocking due to the release of the hydroxyl groups on the
fibre surface, thus increasing the fibre-fibre bonding [22]. The treatment also changed the
cellulose structure that increased the degree of crystallization with tighter chain packaging
so the RFW drastically absorbed less moisture [23, 24]. This resulted in improved
mechanical properties with better dimensional stability for the fabricated BPB.
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stall angle [22]. Genc and Kaynak [23] controlled the laminar separation over an airfoil by
using the blowing and suction through the hole along various locations on the chord. The
result shows the smaller blowing and larger suction velocity ratio gives the better result
irrespective of the position of the hole. The suction controller with multi-holes shows
better aerodynamic performance against the single hole [24]. Skarolek and Karabelas [25]
used a non-conventional active flow control scheme that results in excellent efficiency in
aerodynamic characteristics before and after the flow separation. Here the slots were
provided on both suction and pressure side at the trailing edge, that blows the air
perpendicular to the chord. The ANSYS tool is used to check, how the system performs
before going for the prototype. Ali and Ahmed [26] used Reynolds-Averaged Navier
Stokes (RANS) based two equation turbulence model (k-g), and the grid generation was
based on the body-fitted coordinate system to identify the separation point over an airfoil
surface. Kuwahara and Surugadai [27] predicted the flow around the airfoil using the
multi-directional finite difference method to solve the Navier-Stokes equation, which leads
to a computation approach much wider.

Most of the above works were employed with either passive or active control
techniques for flow separation. Recently, the hybrid control schemes have become more
popular for their effectiveness in controlling flow separation. Unlike existing hybrid
methods for control of flow separation, the present approach considers a continuous
blowing/suction jet impingement along with a passive controller using a slot that taps the
flow from the pressure side and releases it just before the trailing edge to enhance the
aerodynamic characteristics. Initially, the conditions of flow separation are identified and
the proposed concept of separation control is implemented on NACA 0015 airfoil, to
know its effectiveness. During the controller design, effects of controlling parameters such
as blowing/suction velocity, the position of the slot in the percentage of chord and size of
the slot on the aerodynamic performance of airfoil are studied. Based on these studies, the
surrogate models are developed based on two neural networks namely, general regression
neural network (GRNN) and radial basis function (RBF) network to predict the
aerodynamic characteristics more accurately and relatively faster with parameters of the
controller as an input.

2. METHODOLOGY
2.1 Hybrid Control Concept

Active controllers use the continuous blowing/suction of air through a slot using the
external sources. A passive controller is a technique that does not use any external aid and
the slot extends from the pressure side of the airfoil to the suction side. The combination
of both active and passive controllers is termed as the hybrid controller. The passive
control slot size effect studied by Belamadi et al. [12] is used in combination with the non-
conventional controller by Skarolek and Karabelas [25] in this work, but the blowing
(passive) slot is placed only on the suction side, just ahead of the trailing edge as shown in
Fig. 1.

The slot for the passive controller has a greater width on the pressure side and a lower
width on the suction side. The slot position on the suction side is about three percent of the
chord length from the trailing edge (T.E), and the width of the hole in terms of ratio of
chord is 0.0133m. Figure 1 shows the airfoil with slots for the active and passive
controller.
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If we denote g(¢)=B—G(x,,y,,t), the obtained integral is equation (15). Theorem 2 is
proven.

5. THE SOLUTION OF PROBLEM 3
In this section we find the solution of problem 3.

Theorem 3: Let B > 0 be a given number. At a time 7, the problem (1), (3), (6) has a
solution that satisfies (4) if #(z) a solution of the following integral equation

[Ktou@)dr = g(0) (16)
0

where

Wzii( 1 (- 1)"2][1—(—1)”]2 oyt s,

n=1 m=1

-5 1125151[ ~CD" ][1 " ][f (0 e Jo

n=1m=1

fm(r)—ijﬁ F(&n.0)sin §sinme“"’"")z’dr]d§dr,

12000 12

11 b

Cm H¢(¢n)sm S sin 2 dnd -
l IZ
mn wm

o (T] 3

Proof: We know that a solution of the problem (1), (3), (6) as follows
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where
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According to the conditions of theorem 3, a solution (17) must satisfy (4) which means
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receiver node through a specific cluster head on a multi-tier cluster-based topology is
designed to reduce actual data packet transmission in a wireless network [21, 22]. The
Power-Efficient Node Placement Scheme (PENPS) is based on optimisation of node and
distance to diverse route loss parameters on a linear WSN [23]. A hierarchical node
arrangement that segregates nodes into three groups with specific tasks assigned at each
level in the network. The basic sensor nodes at the lowest level of the network
communicate the data packets to the next level, which is the data relay nodes, before
sending the data packets to the data dissemination nodes in a linear network [13]. The
author in [24] introduces the flat data collection algorithm for wireless nodes that respond
to unplanned data packets in a network. The data packet is then forwarded to a node with
minimum waiting time in the neighbouring nodes.

In any wireless network, routing protocols are associated with network performance,
which is a crucial factor that reflects on various wireless measures. The most important
measure in any routing protocol is the link stability between nodes, wherein a link failure
state contributes to the loss of data packets in the network. A wireless node generates
broadcast-related packets in a periodic cycle (time interval) to all its neighbouring nodes
that are in its transmission/communication range to ensure their presence. This process
also ensures and helps the nodes to retain the existing route or to identify new routes in the
network. Hence, this process creates an overwhelming rate of broadcast along with control
packets in a wireless network. A simple data accumulation factor on a series of nodes is as
shown in Eqn. (1) where the shared network allocation towards a receiver node located at
the end of a certain network.

NTP = [(DP; + CP;) + X3_j41(DPy + CP)] < If Qlen; )

where total bi-directional packets are described as NTP for n number of source nodes, DP;
is the total data packets and CP; is the total control packets at node j with /<j<n with
IfOlen; is the default queue size set at 50 packets in a network. While DPy is the total data
packets and CPx is the total control packets at neighboring node .

The multi-hop linear topology is an important communication architecture on an
extended range pipeline network. Due to the unique geographical terrain and data
accumulation factor in a single path, communication contributes to the occurrence of
nodes without data transmission opportunity (passive nodes) between the sender and a
receiver node [19, 20]. Most of the traditional dynamic and hybrid routing protocols have
different characteristics from network initialization to a route discovery process [12, 21,
22]. One of the crucial factors in a multi-hop linear communication is queue
overwhelming from both data and control packets that lead to a bottleneck point in the
network. Such factors in routing protocols are often related to frequent communication
link instability. Link instability will trigger a route maintenance procedure at a certain
point in the network and increase the consumption of network resources, which will
eventually contribute to underperformance of network characteristics. This would result
in an increasing number of passive nodes or node failures (due to limited power), which is
a waste of network resources and allocation that subsequently degrades the overall
network performance [17]. The issues with higher routing overhead, queue overwhelming,
frequent updates on route and passive nodes, drives the research motivation to the
development of a static routing algorithm. This can eliminate broadcast related routing
overhead, predefine routing path, reduce the effects of queue overwhelming and
eventually enhance the overall network performance.
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all the floors. Static analyses are carried out initially to get the required loading for the
isolation design. For the conventional state, the building natural time periods are 0.50 (4
Story), 0.75 (6 Story), 0.80 (8 Story) and 1.00 (10 Story). Four types of HDRB system
have been used for all the buildings leading to a total number of 16 scenarios. Base
isolators are designed and evaluated for all the four variations of the studied building. The
isolators are attached at the base level confirming all the properties. The building
structures without and with HDRB are also analyzed for dynamic responses by using
SAP2000 [11].

(4@7.62 m bay both ways)
Fig. 1: Plan of the selected multi-storied buildings.

2.2 Design of HDRB

In this study, the HDRB isolators have been designed according to the procedure
mentioned by Kelly et al. [12]. A computer code, HDRB-NONLIN, has been produced to
design HDRB iteratively. The code requires initial input of total seismic weight,
dimension of bearing, and number and thickness of bearing layers. The high initial
stiffness, post elastic stiffness, effective damping, yield strength, as well as post yield
stiffness ratio of the isolation device are computed using this code. The bearings are
attached at the bottom of every column defining these parameters in the analysis package.
The flow chart in Fig. 2 shows the sequential process of designing HDRB. For smaller
dimensions, HDRB offers higher shear strain. Because of large vertical stiffness, HDRB
can withstand substantial structural loads [13]. The characteristics of materials and
parameters for designing the HDRB isolators are given in Table 1. The HDRBs are
demarcated by the circular shape, size of its plan, configurations of rubber layers, as well
as steel plates.

Table 1: Salient features of HDRB.

Elastomer Properties Unit Value
Modulus of elasticity KPa 1350
Shear Modulus KPa 400
Material Constant, k - 0.87
Ultimate Elongation % 650
Designed parameter
Shape - Circular
No. of bearings - 25
Diameter of bearing mm 950
Thickness of rubber layer mm 10
Height of cover plate mm 40
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autoclaved at 121 °C. The biological treatment started as Rhizopus oryzae grown on PDA
collected by shaving using L-loop and extracting it with 25 mL sterilized distilled water.
Size of the inoculum was 2-5 x 105 spore’s mL-1. The inoculums were then added into 250
mL Erlenmeyer flasks that contained 1 g DSF, 50 mL PDB and 50 mL deionized water. The
biological fermentation process was conducted at 25 °C for 7 days with an agitation speed
of 250 rpm (Nur Aimi et al. 2011).

The structure and crystallinity of DSNF was determined using a Shimadzu X-ray
diffractometer (XRD 6000) machine. The diffracted intensity of CuKa (wavelength of
0.1542 nm) was recorded between 10° and 35° (26 angle range) at 50 kV and 40 mA. The
crystallinity index (CI) of the DSNF was calculated according to Scherrer equation as in Eq.
.

D = (0.9 X 0.1541) + (B X Cos) (1)

PP and DSNF were mixed in Haake internal mixer at temperature 180 °C and 50 rpm
screw rotational speed. 3 % of DSNF were added in compounding. The mixing process was
carried out for 12 min. For composite with coupling agent, 2.5 g MAPP was added and pre-
mixing was conducted before the ingredients were discharged into internal mixer. The
composites were then compression moulded into specimens at 180 °C for 12 min for
characterization purposes.

The samples of composite material were placed in the Xenon arc tester (Q-sun Xe-
1) according to ASTM D2565. The samples were then exposed under UV light radiation by
using fluorescent lamp with wavelength of 420 nm (1.1 W/m2) at temperature 65 °C. This
UV intensity offers spectrum which is similar to sunlight conditions during sunny day. The
sunlight exposure provides different condition at different period of time due to different
climate. However, the sunlight exposure limits the intensity with the existence of weather
and humidity (Lopez 2006). Therefore, the UV radiation applied to samples was applicable
to acquire accurate correlations with outdoors exposure. In this study, samples were exposed
to 500, 1000 and 2000 h UV radiation. After UV radiation, all the composites specimens
underwent tensile test, physical and optical analysis.

Tensile tests were conducted in according to ASTM D638 using a universal testing
machine (LLOYD). The load cell was 10 kN and the crosshead speed was 50 mm/min.

For water absorption test, PP/DSNF composites were immersed in water as per
ASTM D570. The immersion took place until saturated data was obtained which was two
months. The dimension and weight of the samples were recorded every day for the first 14
days and once a week afterwards.

The degradation of composite due to ultraviolet exposure was analyzed based on the
colour index. The colour index measured by comparing the specimen before and after UV
exposure. According to Ramos et al. (2014), colour value was evaluated in terms of L* for
(0 =black and 100 = white), a* for (-a =red or +a = green) and b* for (-b = yellow or +b =
blue) index in CIE lab colour test. The colour index analyzed and compared using a Varian
50 CONC UV-visible spectrophotometer. The overall total colour difference index (E)
which states the deviation from the reference stage was used as an indicator of degree of
degradation. The colour index (E) is calculated as in Eq. (2).

AE=[(AL %)+ (Aa*)? + (Ab*)]” (2)
where, AL = L—Lref, Aa =a—aref, Ab=b—bref, L, a, b= colour accounted for the samples,

Lref, aref, bref = color coordinates of the control sample (DSNF/PP and DSNF/PP-MAPP
before UV exposure).
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4.2 Simulation in Dynamic Conditions

In this case, a constant load is in the circuit. At the time of 500 msec, a switchable
load enters the circuit and finally, the switchable load is output from the circuit at the time
of 1 second. Figures. 16 and 17 show effective phase voltage in the PCC and current of the

Q axis (i,) respectively. As can be seen, effective voltage of load is regulated with good
speed and accuracy at the nominal value of 45.5 volts, which reflects the good

performance of the controller in dynamic conditions.
o

50 T T i
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Fig. 16: Effective phase voltage in the Fig. 17: Current of the Q axis (iq) .
PCC.

5. CONCLUSION REMARKS

In this paper, the design and simulation of a multilevel STATCOM to regulate load
voltage are provided. Among conventional multilevel converters, the cascade multilevel
converter was chosen for use in the STATCOM due to fewer components and the
simplicity of control. For the cascade multilevel converter output voltage control, the
phase-shifted sinusoidal pulse width modulation method (PSPWM) was selected due to a
better harmonic spectrum and simplicity of producing the switching angles.

A cascaded multilevel converter STATCOM design was presented in two parts. In the
first part, the multilevel STATCOM to regulate load voltage in the test system was
designed and its nominal reactive power was obtained. Also, design of multilevel the
STATCOM passive components, based on cascade multilevel converter, was presented in
this section. Due to the factors that affect the size of these components, design of these
components was conducted optimally. In the second part, the multilevel STATCOM
control system was designed. The design by pole placement method to achieve the optimal
dynamic properties was performed. To balance the voltage of the capacitors, a voltage
balancer was added to the control system. The simulation results showed dynamic and
steady state responses of the control system at full load and dynamic conditions with good
speed and accuracy in the nominal value by balancing and stabilizing the voltage of
capacitors. The proposed method has a higher performance for power quality
improvement and is comparatively easy and possesses a high practical value with easy
hardware implementation.
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partial pressure. The enhancement of product yield with the La addition could be due to the
improved metal dispersion (see Table 2) and the basic property of the La,Os promoter [14]
increasing the adsorptive capacity of CO reactant and hence resulting high catalytic
performance.
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Fig. 4: Influence of Pcoz on Hz and CO yields at Pconson =20 kPa and T =973 K.

4.2 Influence of C:HsOH Partial Pressure

The effect of ethanol partial pressure on EDR performance was also studied by varying
Pconson from 20 to 50 kPa at Pcop = 20 kPa and T = 973 K. As seen in Fig. 5 and Fig. 6,
both catalysts experienced a considerable drop in reactant conversions and gaseous product
yield with increasing C;HsOH partial pressure from 20 to 50 kPa. The reduction in catalytic
performance with rising Pcomson, exceeding the stoichiometric feed composition was
rationally due to the excess presence of ethanol hindering CO; adsorption on catalyst surface
and hence lessening the EDR reaction. However, irrespective of C2HsOH partial pressure,
the catalytic performance of the La-doped catalyst was always greater than that of
unpromoted catalyst in terms of reactant conversion and product yield (see Fig. 5 and Fig.
6).
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Fig. 5: Influence of Pconson on C2HsOH and CO; conversions at
Pcoz=20kPaand T=973 K.

30





OEBPS/image/Vol-19-1-2018-wo-cover230.png
IIUM Engineering Journal, Vol. 19, No. 1, 2018 E’zzati et al.

photo yellowing mechanism occur in lignin (Beg et al. 2008). UV light encourages the
production of radicals by oxidation. Radicals cause the chains of matrix to breakdown.

-~ -PPOSNF
[ PPIDSNF MAPP |
R
Q
R
e 1 .eemeeen .
5 AN
2 ~o87
= L \
&= v 1449% 1362
| 2021
st oy e oo
\
A 9,,”
144 .
2905/“ 1376
T T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm™)
Fig. 4: FTIR of PP/DSNF composite before UV radiation.
----- PP/DSNF
1 —— PP/DSNF-MAPP
O e, T
< i Th s L B
3 \‘!‘{&\“2838 4 1732.21
§ 204959 1451.31
1 2917.65
o |
H—
(S P Rl
1 2866.20 1716.69
2049.76 145128 "~
4 2017.71 1375.30

T T T T T T
4000 3500 3000 2500 2000 1500 1000
Wavenumber(cm ™)

Fig. 5: FTIR of PP/DSNF composite after UV radiation.

Observation under FESEM in Figs. 6-7 revealed the debonding occurred possibly
due to UV radiation which evidenced by the decrement both in tensile strength and tensile
modulus of composites. In the absence of MAPP, fibres are easily pulled-out and debonding
from the matrix. Fibre breakage is also noticed in Fig. 6. Void spaces between fibre pull-out
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Fig. 10: The changes in the Nusselt number of fuel-oil-based nanofluid
with particles of 150 nm based on the Reynolds number.

8.3 Effect of Volume Fraction of Nanoparticles on Convective Heat Transfer
Coefficient

Figures 11, 12 and 13 show the changes in the convective heat transfer coefficient
based on the Reynolds number for nanofluids with particles of 60 nm, 90 nm, and 150 nm
of alumina with volume fractions of 1%, 3%, 6%, and base fluid (pure water). By
increasing the nanoparticle density with particles of 60 nm, 90 nm, and 150 nm from 1%
to 6% at the Reynolds number of 2100, the convective heat transfer coefficient has its
highest rate of increase. By comparing the figures, it can be found that convective heat
transfer coefficient increases with the reduction of particle size. Experiments showed that
convective heat transfer coefficient increased by adding nanoparticles to the base fluid.
The reasons for this increase are related to the increase in the turbulence of the vortices,
the reduction of the boundary layer thickness, the inverse dispersion of suspended
nanoparticles, the significant increase in the thermal conductivity and the thermal capacity
of the fluid. [39]. As can be seen, the convective heat transfer coefficient increases
significantly by increasing the Reynolds number. Regardless of the significant increase in
convective heat transfer coefficient of a nanofluid with increasing Reynolds number, it is
observed that this coefficient increases simultaneously with a decrease in particle size for a
constant Reynolds number. The distance between the curves in Fig. 13 is greater than Fig.
11 and Fig. 12. In the other words, the effect of particle size on the convective heat
transfer coefficient of a nanofluid is greater at higher Reynolds numbers in the present
study. Therefore, reducing particle size has a better effect on increasing the convective
heat transfer coefficient of nanofluids at higher Reynolds numbers. Another point that can
be derived from the figures is that by increasing the Reynolds number and for constant
sizes of nanoparticles, higher nanoparticle density is needed to achieve higher heat transfer
coefficients but at lower Reynolds numbers, the use of lower nanoparticle density also has
a good effect on increasing heat transfer coefficient.
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kajian menunjukkan komposisi optimum oksida logam apabila data ujikaji dipadankan
dengan menggunakan plot permukaan respon. Mangkin yang mempunyai kandungan AS
tertinggi bagaimanapun tidak berada pada puncak. Mangkin berasaskan Cu-Zn
menunjukkan hasil hidrogen tertinggi bagi suhu tindak balas antara 150 °C hingga 225 °C
dan mangkin yang ditambah vanadia bersama AS pula muncul sebagai mangkin optimum
pada suhu lebih tinggi.

KEYWORDS: Cu-Zn-V-Al; methanol reforming; autothermal; amorphous; string; fuel cell

1. INTRODUCTION

Proton exchange membrane fuel cell (PEMFC) is an attractive alternative to the
conventional power generators using coal and petroleum. Hydrogen, as the fuel for PEMFC,
reacts with oxygen from air on highly-sensitive Pt-impregnated electrolyte membranes to
produce electricity. A resource with high hydrogen selectivity and minimum CO level is
required to ensure a sufficient and clean supply to the fuel cell, especially for on-board
purposes.

Catalytic steam reforming of methanol (SRM) as shown in Eq. Error! Reference
source not found. is a favourable method of hydrogen production since its resource is
abundantly available from oil and gas industries.

catalyst

CH:OH+H,0 — CO»+3H, ()]

A Cu-based catalyst is usually employed in the synthesis of hydrogen from methanol.
The co-precipitated Cu-Zn-Al oxide catalyst was mostly studied in the SRM reaction as it
showed high activity and hydrogen selectivity at the temperature range from 200 °C to 320
°C [1]. Energy consumption of the endothermic reaction of SRM, which is 131 kJ mol™, is
considerably high and an additional energy supply is required if it is for on-board use.

Many metal oxides such as nickel [2], zirconium [1], cobalt, and chromium [3] were
promoted to investigate the potential of autothermal reforming of methanol (ATRM), the
reaction that combines SRM with partial oxidation of methanol as shown in Eq. (2).
Although the net heat of the reactions decreased, the selectivity of carbon dioxide (by-
product) to carbon monoxide dropped to below 95% when the reaction temperature was
raised higher than the reaction temperature of 220 °C at adiabatic conditions. The carbon
monoxide formation via the decomposition reaction shown in Eq. (3) can be poison to the
catalyst of reformers and PEMFC, and necessitates regeneration [4]. A new metal promoter
is therefore required to reduce the CO selectivity.

catalyst

CH:OH+% 0, —— > CO2+2H, (@)

CH,0H — 5 o +2m, 3)
Among other transition metals, vanadium oxide (vanadia) has a good track record in
most oil, gas, and petrochemical industries. It possesses a moderately-oxidizing catalyst
property to the dehydrogenation and partial oxidation reaction of hydrocarbons and alcohols
to form alkenes [5]. Besides the good selectivity, its physical structure is also strong to
support other catalysts and thus render better longevity.

In this study, cuprum nitrate and vanadium oxytrichloride were co-precipitated with
zinc and aluminium nitrate to form a Cu-Zn-V-Al oxide composite catalyst. The calcined
catalysts of Cu-Zn-V-Al oxides from various combinations were characterized using X-Ray
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2.3.2 Settling Velocity (Vs) Measurement

Settling velocity (7s) was used to determine the most effective coagulant form together
with SVL. Vs was also used as a response for process condition optimization. Vs was
measured using graduated beakers and a stopwatch and one reading was recorded each 1
min for 30 min. Then, the settling rate was determined by plotting the Vs values versus the
time, and the slope of the curve represents the final settling velocity [10].

2.3.3 Sludge Volume Index (SVI) Measurement

The sludge volume index (SVI) is the volume of one gram of sludge after 30 min of
settling. The SVI was determined by placing the samples into cylinder beakers and
measuring the settled sludge after 30 min [10]. The values of SVI was determined using
Eqn. (1):

__ settled sludge volume (ml/1) x 1000 (mg/g)
SVI= 55 (gD @

2.3.4 ANOVA Analysis

The results were analyzed using analysis of variance (ANOVA) approach and P-value.
The significance of each coefficient was analyzed by comparing the obtained P-value with
0.05 (95% confidence level). The model is significant if P-value was less than 0.05 [13].
The optimum Vs value was obtained using a regression model equation, and 2D and 3D plot
analysis.

3. RESULTS AND DISCUSSION
3.1 The Most Effective Coagulant Form

Settling rates were estimated from the slope of the straight-line portion of the plot
interface height versus settling time. From the results obtained, Vs for MO salt extract was
the highest settling velocity of 0.41 cm/min at 4000 mg/1 dosage, as shown in Fig. 1. Settling
velocities for salt extraction were 0.37 and 0.366 cm/min for 2000 and 6000 mg/l,
respectively. The defatted MO seeds showed lower settling velocities compared to the salt
extract. The settling velocities were 0.35, 0.36, 0.34 cm/min for dosages of 2000, 4000, and
6000 mg/l, respectively. The lowest settling velocities were recorded using crude MO seeds.
Settling velocities of 0.33, 0.34, and 0.32 cm/min were recorded for dosages of 2000, 4000,
and 6000 mg/1, respectively. The control sludge sample recorded a settling velocity of 0.32
cm/min.

Previous studies also reported the high efficiency of bioactive extraction using NaCl. A
study by Okuda et al. showed that the bioactive extraction using salts improved the
coagulation efficiency due to the increase in the dissociation of MO proteins, which then
led to the increase of the protein solubility in the salt medium. The study also showed that
there was no difference in the coagulation efficiency through the extraction of bioactive
compounds using NaCl, KNOs, KCI, and NaNO; [14].

The sludge volume index (SVI) is an indicator for characterization of settled sludge.
The lower SVI value indicates better settling efficiency. The lowest SVI value of 63.39 ml/g
was obtained using MO salt extraction at 2000 mg/1, as shown in Fig. 2. Unexpectedly, the
highest SVI value of 143.34 ml/g was also for MO salt extraction at a 4000 mg/l dosage.
The defatted MO seeds recorded the lowest SVI value at a dosage of 4000 mg/l. An SVI
range of 50-150 ml/g indicates good sludge-sedimentation properties. The SVI values
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a higher performance for power quality improvement and is comparatively easy and has
high practical value with easy hardware implementation. In the second section,
investigation of factors affecting passive components of CMC-based multilevel
STATCOM and its power circuit design to regulate the load voltage is done. The control
algorithm, STATCOM control system design and modeling of the test system and
multilevel STATCOM based on CMC are conducted in the third section and test system
and CMC-based multilevel STATCOM in the fourth section with the
MATLAB/SIMULINK software is simulated. Finally, conclusion is provided in the fifth
section.

ek

Fig. 2: CMC based STATCOM.

2. CMC-BASED MULTILEVEL STATCOM POWER CIRCUIT
DESIGN FOR THE LOAD VOLTAGE REGULATION

2.1 Nominal Reactive Power Design of STATCOM

The test system is shown in Fig. 3 and its characteristics are given in Table 2 in the
appendix. In this test system, constant and switchable loads are fed through a feeder and
the purpose of applying STATCOM is to regulate the load voltage in nominal value.
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Fig. 3: Test system.
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better wear resistance. MRR increased in the dielectric when peak current was increased
and MRR decreased with an increase in pulse duration.

QOjha et al. [13] studied the effect of a nickel micro powder mixed dielectric on EDM
performance measures on EN-19 steel and proposed that the tendency of MRR to increase
in any value of current and others factor is higher. The maximum MRR is obtained at high
current and MRR increases with the increase in tool diameter owing to the increase in
current. However, the MRR tends to decrease after a certain level of range of 12 mm due to
inefficient flushing. Also, with duty cycle and powder concentration, MRR tends to increase
but the effect was not significant

This study sought to investigate the effect of nickel powder mixed dielectric fluid on
machining characteristics of mild steel. Peak current, tool/electrode diameter, and
concentration of powder were chosen as process parameters while material removal rate
(MRR), tool wear rate (TWR) and surface roughness (SR) were chosen as process
performance indicators.

2. EXPERIMENTAL PROCEDURE

A pure copper electrode with a diameter of 15 mm and 20 mm was applied as a tool
electrode. The type of work piece was mild steel. Table 1 shows chemical composition of
AISI 1018 mild steel.

Table 1: Chemical composition of AISI 1018 mild steel

Element C Fe Mn P S

Content  0.14-20%  98,81-99.26 % 0.60-0.90 % <0.040%  <0.050 %

Nickel is the type of powder that was used for this experiment. Kerosene was used as
the dielectric fluid. To investigate the effect of the process parameters on PMEDM
performance, the Design Expert version 6.0.8 software was used. A full factorial experiment
was conducted for three independent factors: current, powder concentration, and tool
diameter, each with two levels to investigate their effect on material removal rate, tool wear
rate, and surface roughness. The total number of experimental runs was 8, as shown in Table
2.

Table 2: experiment design

Pattern Current Powder concentration  Tool diameter

A (€1)] (mm)
— 35 0 14
+—— 6.5 0 14
e 6.5 6 14
—++ 35 6 20
ot 6.5 6 20
et 6.5 0 20
—+ 35 0 20
—+— 3.5 6 14

*Note: (+) is the high level; (-) is the low level for each independent factor.
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be used to flocculate kaolin suspension, they show different flocculating ability for other
particles or colloids in aqueous solutions. Jebun et al. [18, 19] reported some filamentous
fungi isolated from river water samples showed good entrapment potentiality to reduce
turbidity from river water. Deng et al. [20] reported Aspergillus parasiticus produced a
coagulant with high flocculating activity for kaolin suspension and water-soluble dyes. Pu
et al. [21] reported that the compound coagulant produced by two strains of Rhizopus sp.
was successfully used to reduce turbidity from potato starch wastewater. The same
observation was made by Luvuyo et al. [22] for turbidity removal from kaolin clay by
bioflocculant produced by a mixed culture of Methylobacterium sp. and Actinobacterium
sp.

In the present study, we examine the suitable culture conditions for the production of
myco-flocculants by two novel L. squarrosulus RWFS and S. obclavatum RWEF6 for
reducing turbidity from synthetic turbid water. The screening tests were conducted to find
suitable nutrients, pH, nutrients concentration and inoculum size of these two potential fungi
to enhance flocculation performance. In addition, stability of the single and compatible
mixed culture supernatants (myco-flocculants) was investigated for chemical and
environmental conditions to reduce turbidity by jar test.

2. MATERIALS AND METHODS

2.1 Microorganisms and Growth Conditions

L. squarrosulus RWF5 and S. obclavatum RWF6 were isolated from river water
samples collected from the River Pusu on the IITUM campus for coagulant production. L.
squarrosulus RWFS and S. obclavatum RWF6 cultures were maintained on potato dextrose
agar (PDA) (Oxoid, UK) and initial pH was adjusted to 5.8+0.2. Distilled water was used
to prepare medium solutions and sterilized at 121 °C for 20 minutes. The culture plates were
incubated at 3242 °C for 10 days. Subculture was conducted twice in a month and sub
culture plates were stored at 25 °C in an incubator for further use.

2.2 Myco-coagulants Production
2.2.1 Screening of Nutrients

The screening medium consisted of 5 g/l starch, sucrose, yeast extract, and malt extract
and each of the medium was mixed with 1 liter of distilled water. The medium was then
sterilized by autoclaving it at 121 °C for 15 minutes and then inoculated with 2% (v/v)
fungal mycelial inoculum (340 mg/l). The liquid culture was then incubated in a rotary
shaker with agitation at 150 rpm at 30+ 2°C for 8 days. Initial pH of the broth was adjusted
at 7.0 0.1 using 1 M NaOH or 2 M HCL. Supernatants were taken at different time intervals
to determine the flocculation activity. The effect of cultivation time for myco-flocculants
production was investigated for 8 days.

2.2.2 Factors Affecting the Flocculating Rate

To study the effect of malt extract concentration of 0-1% (g/1), initial pH values of 5,
6, 7, and 8, and inoculum doses of 1-4% on the flocculating rate were investigated. In this
experiment, OFAT analysis was followed for three factors such as media concentration, pH,
and inoculum dose.

2.2.3 Single and Mixed Culture

The production medium consisting of 5 g/l malt extract was autoclaved at 121 °C for
15 minutes. The sterilized medium was inoculated with 2% (v/v) fungal inoculum for single
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nanoparticles enhanced the convectional heat transfer performance of the base fluid.
Sankar et al. [18] simulated the variation of the thermal conductivity in nanofluids using a
molecular dynamics approach. Zhao et al. [19] concluded that the addition of solid
nanoparticles with high thermal conductivity and the phenomenon of micro convection,
caused by a nonuniform shear stress in a nanofluids, are the main factors in the
enhancement of heat transfer coefficients. Khaled and Vafai [20] investigated the effect of
thermal dispersion on heat transfer enhancement of nanofluids. Wen and Ding [21] were
first to develop a theoretical model to predict particle migration in pressure-driven laminar
pipe flows of relatively dilute nanofluids. They showed that shear induced, viscosity
gradient-induced, and concentration gradient-induced particle migration results in the
large radial variation of particle distribution, viscosity, and thermal conductivity. Maiga et
al. [22] numerically studied the hydrodynamic and thermal behavior of turbulent flow in a
tube using the Al,Os/water nanofluid under the constant heat flux boundary condition. In
their study, a new correlation is proposed to calculate the fully developed heat transfer
coefficient for the nanofluid considered. Rostamani et al. [23] simulated the turbulent flow
of copper oxide (CuO), alumina (AlO;3), and oxide titanium (TiO2) nanofluids with
different volume concentrations of nanoparticles flowing through a two-dimensional duct
under constant heat flux condition. Their results showed that the CuO/water and
TiOz/water nanofluids have the highest and lowest shear stress values, respectively, due to
the higher viscosity of copper oxide (CuO) in comparison to other nanofluids. Moghari et
al. [24] numerically studied the pressure drop and thermal characteristics of Al2Os-water
nanofluid flow in horizontal annuli under constant heat flux boundary conditions applied
to both inner and outer walls. They analyzed the effects of nanoparticle volume fraction,
heat flux ratio, radius ratio, and Grashof number on heat transfer and showed that Nusselt
number increases with the increase of nanoparticle volume fraction, heat flux, radius
ratios, and Grashof number. Celik et al. [25] investigated laminar mixed convection in a
two dimensional symmetrically and partially heated vertical channel and also noted that
Aluminum oxide/water nanofluid was considered as working fluid. Their results showed
that the use of nanoparticles in fluid increases heat transfer rate in the channels. Also, the
rate of increase depends on both the Reynolds and the Richardson numbers. In this study,
two-dimensional laminar flow of fuel-oil-alumina and water-alumina nanofluids in a
channel was conducted. The main reason for choosing fuel oil-alumina nanofluid was that
nanoparticles are used as additives to engine oils in order to remove more heat from the
high heat flux parts of engines [26, 27]. These additives also have shown anti wear and
anti-friction characteristics due to their spherical shapes [28]. For this purpose the effect of
nanoparticle volume fraction and particles size in different Reynolds numbers
(900<Re<2100) on convective heat transfer coefficient has been studied. The simulation
was conducted for three volume fractions of 1%, 3%, and 6% and particle size of 60 nm,
90 nm, and 150 nm under laminar flow with a constant thermal flux of 8846.4 w/m>. For
validation, the results of this study had compared with the experimental data of Anoop et
al. [29] and numerical results of Moraveji et al. [30].

2. GEOMETRY AND BOUNDARY CONDITIONS

Figure 1 shows the geometry of the channel [30]. The input side of the channel was
considered as the inlet velocity boundary condition and the output side was considered as
the outlet pressure boundary condition. A laminar flow regime was considered under
boundary condition of constant temperature at the inlet and constant thermal flux was
considered on the walls of channel. Also, a no-slip boundary condition was considered on
the walls. In this simulation, the flow regime was laminar and the analysis was done for
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70 °C of maximum temperature difference of both sides that involving a cold plate, a heat
exchanger, a fan for the cooling part of system and an electronic board. The electronic
sub-system consists of an internal part and an external part. The internal part receives
feedback from temperature sensors inside the ice pack and transmits the ice pack
temperature to an Atmega32 processor for controlling the cryotherapy mechanism. The
external part of the electronic board involves a microprocessor sub-system that controls
the process of cryotherapy and also sends data through the COM port for “smart” process
control operations. Parts of the system in direct contact with the ice pack and must be
completely waterproof. We used plastic meld for this part which allowed easy insertion of
the main components of the cold side of the system, such as Peltier device, the fan and the
LM35 temperature sensor [23]. The heat sink and fan within the heating side of the system
are located on the exterior of the device whereas. The LM35 temperature sensors are
located on the inside of the device and are isolated from the water using varnish.
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Fig. 2: Computer-based 3-D visualization of the component parts of the system [20].

One of the biggest advantages of this approach to design and manufacture is that the
system can be coupled, with no change in its structure, to a conventional ice pack.
Different parts of the circuit diagram are shown in Fig. 3 and each section of this is
discussed separately.
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Fig. 3: Schematic diagram of the electronic board.
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ABSTRACT: This paper presents the calculation of maximum lightning overvoltage for
a transmission system consisting of overhead lines in combination with an underground
power cable. For this purpose, a 132 kV overhead transmission line combined with an
underground cable is considered. This combined line has been protected by surge
arresters. EMTP-RV and MATLAB software are used to conduct the modeling,
simulation and calculation works. Lightning strikes on the tower top and results in large
over-voltages appearing along overhead lines and cable. Underground cable
characteristics have significant effects on maximum lightning over-voltages. Therefore,
the three characteristics considered for these effects are: (i) cable length; (ii) cable core
resistivity, (iii) cable sheath resistivity. Tower footing resistance effect is also included in
the computer simulation.

ABSTRAK: Kajian ini berkenaan tentang pengiraan takat maksimum voltan kilat
berlebihan bagi sistem transmisi melibatkan kabel atas kepala termasuk kabel tenaga
bawah tanah. Bagi tujuan ini, talian kabel penghantaran atas kepala 132 kV termasuk
kabel bawah tanah telah diambil kira. Kombinasi kabel ini dilindungi dengan penahan
lonjakan voltan tenaga. Perisian EMTP-RV dan MATLAB telah digunakan untuk
membuat model, simulasi dan kerja-kerja pengiraan. Panahan petir di atas puncak
bangunan merupakan penyebab utama voltan berlebihan muncul bersama talian atas
kepala dan kabel. Ciri-ciri kabel bawah tanah merupakan faktor penyumbang utama ke
atas voltan berlebihan daripada kilat. Oleh itu, tiga kes telah diambil kira sebagai
penyumbang voltan berlebihan: (i) panjang kabel: (ii) rintangan teras kabel, (iii)
rintangan sarung kabel. Kesan rintangan tapak bangunan turut diambil kira dalam
simulasi komputer.

KEYWORDS: combined line; overvoltage; surge arrester; cable; lightning

1. INTRODUCTION

Overhead lines are important parts of power networks. They transfer electrical energy
from the point of generation to the place of consumption. The coexistence of overhead and
cable lines in the so called "combined" lines raises several questions regarding their
behavior both in steady state and in transient. In recent years, with the expansion of the
power system and increasing demand for power, cable lines and combined overhead
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ABSTRACT: In the recent years, there is an increasing demand on multi-hop wireless
sensor networks (WSN) especially for remote condition and integrity monitoring of oil
and gas pipelines. The sensing points are connected through WSN points, known as a
wireless communication medium, between the remotely measured locations on a pipeline
and a centralised monitoring station, located some distance away. Generally, WSN
deployment on a multi-hop linear topology has critical factors that contribute towards
overall degrading of network performance proportional to the number of nodes. This is
especially true in highly dense networks. In general, such a drawback contributes
towards poor network reliability, low network capacity, high latency, and inequality with
snowballing effect, increasing in the direction of the destination node. This paper
introduces the Dual Interleaving Linear Static Routing (DI-LSR) for a multi-hop linear
network with high reliability and efficiency to significantly enhance the overall network
performance of a pipeline network. The DI-LSR was tested and analysed according to
IEEE 802.11 standard in a various simulation environment for future real-time
deployment in a pipeline network.

ABSTRAK: Sejak beberapa tahun kebelakangan ini, terdapat permintaan yang drastik
pada rangkaian multi-hop sensor wayarles (WSN) terutamanya bagi pemantauan jarak
jauh dan integriti saluran paip minyak dan gas. Kesemua unit pengesan antara lokasi
disambung melalui satu saluran WSN yang dikenali sebagai medium komunikasi
wayarles dan diukur ke stesen pemantauan berpusat. Penempatan WSN pada topologi
linear multi-hop mempunyai faktor-faktor penyumbang kepada penurunan prestasi
keseluruhan rangkaian yang berkadar dengan jumlah bilangan nod dalam rangkaian yang
padat. Secara umum, kelemahan ini adalah penyumbang kepada kebolehpercayaan
rangkaian, kapasiti rangkaian rendah, respon rangkaian tinggi dan faktor pendorong
kesan ketidaksamaan terhadap nod destinasi. Kajian ini memperkenalkan Dual
interleaving Linear Static Routing (DI-LSR) iaitu algoritma jalinan komunikasi cekap
bagi mencapai peningkatan ketara keseluruhan prestasi dalam saluran paip rangkaian.
DI-LSR telah diuji dan dianalisa dalam pelbagai persekitaran simulasi mengikut
piawaian IEEE 802.11 bagi mengatur kedudukan pada masa depan saluran paip
rangkaian.
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to recognize healthy/unhealthy property classes. The results showed that the accuracy of
J48 diagnosis was 83.83%.

A Principal Component Analysis (PCA)-Cross Entropy Optimization (CEO)-SVM
[18] model, based on SVM and Entropy, was performed and tested on 155 hepatitis
patients. SVM was used for classification of samples and the PCA-CE for selecting the
features and entropy of effective and important features. The results showed that PCA-CE-
SVM model’s accuracy was 97.2%. A Multi-Layer Perceptron (MLP) [19] model was a
model of ANNs that was performed and tested on 155 samples to detect hepatitis. The
MLP model is a three-layer model and its testing and training stages are done by a middle
layer. The results showed that the MLP detection accuracy was 91.87%. The Incremental
Back Propagation Learning Network (IBPLN) [20] method is a model based on ANN’s
propagation that has been proposed for the diagnosis of hepatitis of 155 patient samples.
The results show that the IBPLN model had a higher detection accuracy compared with
KNN, Naive Bayes (NB), SVM and Particle swarm optimization models and its value was
93.34%.

Table 1: Comparison of Models for the Diagnosis of Diseases

Accuracy Computational

Type Model Dataset Instances [%] Complexity Ref
Diabetes PNN Pima 768 82.37 High [10]
FCS-ANTMINER Pima 768 8432 High 1]

CBR Data Types 2640 97.67 Medium [12]

LDA-ANFIS Pima 768 84.61 High [13]
K-Means-GA-SVM Pima 768 98.82 Medium [14]

MABC Pima 768 82.68 Low [15]

148 Pima 768 83.83 Low [16]

Hepatitis PCA-CE-SVM Hepatitis 155 97.2 Medium [17]
MLP Hepatitis 155 91.87 Medium [18]

IBPLN Hepatitis 155 93.34 High [19]

Breast Fuzzy-KNN ‘WBCD 699 99.71 High [20]
Cancer GONN WBCD 699 98.24 High [21]
CNN Data Types 3158 8243 Medium [22]

SVM ‘WBCD 699 97.13 Low 23]

KNN ‘WBCD 699 95.27 Low 23]

C45 ‘WBCD 699 95.13 Low 23]

NB ‘WBCD 699 95.99 Medium 23]

Heart Fuzzy-GA Cleveland 303 - High [24]
SVM Data Types 214 85.05 Low [25]

MLP Data Types 214 84.11 Medium [25]

RBF Data Types 214 82.71 Medium [25]

BN Data Types 214 80.37 Low [25]

J48 Data Types 214 76.65 Low [25]

c4.5 Cleveland 303 86.3 Medium [26]

ANN Cleveland 303 86.6 Medium [26]
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ABSTRACT: Thermostability is an important requirement for protein function, and one
goal of protein engineering is improvement of activity of the enzymes at higher
temperatures, particularly for industrial applications. Computational approaches to
investigate factors influencing thermostability of proteins are becoming researchers’
choice. This study investigates the influence of substrate binding on the protein
dynamics by comparing the molecular dynamics simulations of substrate-enzyme
complex against un-bound enzyme, using endoglucanase I from Fusarium oxysporum.
Endoglucanase-substrate complex was prepared by docking and molecular dynamics
simulations were carried out at three different temperatures, 313 K, 333 K and 353 K.
Our finding shows that the secondary structures for substrate-enzyme complex show
more fluctuations relative to un-complexed structure. The same trend was observed for
solvent accessible surface area and radius of gyration. At the highest temperature studied
(353 K), the substrate-enzyme complex form showed the highest fluctuations. The
fluctuations around the active site regions reach a minimum at the optimum temperature,
compared to the other structural regions and other temperatures.

ABSTRAK: Kestabilan (ketahanan) terhadap haba merupakan keperluan yang penting
untuk fungsi protin, salah satu matlamat kejuruteraan protin adalah penambahbaikan
aktiviti enzim pada suhu yang tinggi khususnya untuk aplikasi industri. Kini para
penyelidik memilih kaedah komputasi, bagi mengkaji faktor yang mempengaruhi
kestabilan terhadap haba. Kajian ini menyelidik pengaruh ikatan substrat pada protin
dengan membandingkan simulasi molekular dinamik diantara substrat-enzim kompleks
dan enzim sahaja, menggunakan endoglucanase I dari Fusarium oxysporum. Kompleks
endoglucanase-substrat disediakan melalui kaedah docking dan simulasi molekular
dinamik dilakukan pada suhu 313 K, 333 K dan 353 K. Kajian kami menunjukkan
struktur sekunder bagi substrat-enzim kompleks kurang stabil berbanding enzim sahaja.
Pola yang sama bagi luas permukaan boleh dicapai pelarut (SASA) dan jejari gyrasi.
Pada suhu tertinggi dikaji (353 K), substrat-enzim kompleks paling tidak stabil. Pada
suhu optimum, kadar ubah-ubah sekitar amino asid aktif adalah minimum berbanding
struktur dan suhu lain.
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Fig. 11: Response surface of hydrogen yield against catalyst metal mass
fraction of cuprum, zinc and vanadium, X1, X2 and X3, respectively,
at various SRM reaction temperatures.

3.2.2 Autothermal Reforming of Methanol (ATRM)

The hydrogen yield was plotted against temperatures of ATRM reaction as shown in
Fig. 12. Similar to the SRM result, the reference catalyst, CuzoZnsoAlso, also exhibits high
activity from 150 °C to 225 °C and from 250 °C to 300 °C, the reaction yields of the catalysts
promoted with vanadium that had an amorphous string were gradually dominant.

The response surface plot in Fig. 13 is between hydrogen yield and catalyst
compositions at different temperatures. The optimum composition apparently changed with
the elevation of reaction temperature. Initially, the peak appears at the Cu-Zn-Al catalyst.
This peak moves towards the region of the catalyst composed of vanadia and it is sustained
until 300 °C. Optimum catalyst compositions in Fig. 13 at the respective reaction
temperatures are summarised in Table 2. The Scheffe model was used to fit the data and the
significance of their fitness were confirmed by the ANOVA analyses.

Table 2: Optimum mixture of catalysts in ATRM

Reaction Temperature (°C) Catalyst Hydrogen Yield (%)
150 Cus12ZmossAlio 0.24
175 Cuss.6Zms8VosAlio 10.01
200 Cus.6Zm74Alo 46.96
225 Cuss2Zn133Als0 74.22
250 Cuz7.0Z123.4Vo6Alio 91.22
275 Cus1sZn108Vs4Alo 95.35
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heads in the network and the formation of balanced clusters. Cluster heads are selected
first in a weight metric based network; then a cluster formation is executed. This approach
aims to conserve the energy of the sensors and balances load in the network. In paper [18],
a distributed clustering and routing algorithm, jointly referred to as DFCR, is proposed.
The DFCR uses a distributed runtime recovery of the sensor nodes due to sudden failure of
the cluster heads. It takes care of the sensor nodes that have no CH within their
communication range. The algorithm is shown to be energy efficient and fault tolerant.

In paper [19], energy-efficient clustering and power management schemes for virtual
MIMO operation in a multi-hop WSN are suggested. Schemes are integrated into a
comprehensive protocol, which involves clustering the WSN into several clusters. This
protocol achieves energy efficiency by properly selecting the master CHs and slave CHs,
adapting the antenna elements and powers in the inter-cluster communications phase, and
using a cross layer MIMO-aware route selection algorithm for multi-hop operation. The
conditions on the transmission powers of CHs and non-CHs that ensure the connectivity of
the inter-cluster topology are established. Paper [20] focuses on designing a prediction-
based approach. It exploits both spatial and temporal correlations to form highly stable
clusters of nodes sensing similar values. The sink node uses only the local prediction
models of cluster heads to forecast all readings in the network without direct
communication.

In paper [21], clustering problem in lossy WSNs with a mobile collector is studied,
where a large number of links are unreliable and retransmission is required over such links
to provide successful data delivery. These retransmissions cause energy wasting in intra-
cluster communications. The objective is to construct clusters in the network such that
packets from cluster members can be transmitted to cluster heads over reliable links, and
the mobile collector can collect data from cluster heads directly. Two distributed
algorithms to construct one hop and k-hop clusters, are also introduced.

3. NETWORK AND ENERGY MODEL

In this section, we explain our assumed energy as well as network model. The
network model comprises a BS and some sensor nodes that are distributed in a target area.
‘We make a few assumptions as follows:

1. The network is shaped by N sensor nodes deployed in an MxM (m?) square field.

2. The base station is located outside the sensing field and it doesn’t have any energy
constraint so that it can increase its power to send data all around the network.

3. Nodes are deployed randomly and they are stationary after deployment. Our method
determines a fix inter-cluster and intra-cluster data transmission range, since this
works well on static networks.

4. Sensor nodes can be heterogeneous, which means that they can have different
transmission power (which we set properly), but are equipped with an unchangeable
battery. Our goal is to save energy in unchangeable sensors.

5. The nodes are equipped with power control capabilities to change their transmission
power.

6.  All sensor nodes are location-unaware. Therefore, no GPS is needed.

7. Each node has a unique ID to identify one to others.

The expended radio energy for transmitting [ -bit data E, is based on Eqn. (1) [7].

IX Egjee + I X &fs x d? d<d,

- . m
I X Egrec + 1 X empf x d d>d,
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design can lead to cable insulation failure and network outage. According to simulation
results, a lightning strike on top of the second tower in this paper, if cable length more
than 31 km, cannot be dangerous for the cable and the cable doesn’t need a surge arrester
at both ends because maximum voltage along the cable is less than the BIL of the cable.
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Fig. 7: Forward and backward voltage waves at end B of cable (10 km cable).
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Fig. 8: Forward and backward voltage waves at end B of cable (40 km cable).
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Figures 2a, 2b, and 2c show the 3D surface plots of the relationship between the main
factors X1X» (initial moisture content and peptone concentration), X1Xs (initial moisture
content and initial pH), and X>X; (peptone concentration and initial pH), respectively. In
Fig. 2a, the increment of initial moisture content from low level 40% to 55% leads to the
increase in red pigment to a maximum level. However, a further increase in the initial
moisture content (>55%) did not further increase the pigment. This result clearly shows that
the red pigment decreased above and below the 55% initial moisture content. The poor yield
of red pigment at high moisture content (>55%) was possibly due to the agglomeration of
substrate, consequently reducing oxygen supply for the growth of Monascus. While, the
decrease in red pigment at low moisture content was because of the insufficient nutrient
supply due to the low nutrient salt dissolution [19].

A similar trend of effect on the response was observed for the initial moisture content
and the initial pH. An increase of the initial moisture content and initial pH, up to the
optimum point, maximized the red pigment production and a further increase of the factors
decreased the red pigment, as shown in Fig. 2b. This reaction process was in agreement with
Orozco and Kilikian [20] in which changing the pH value of the medium from pH 5.5 to pH
8, caused the drastic excretion of the red pigment. In addition, they also claimed that the
best condition for red pigment production was at alkaline medium (pH 8.0 or pH 8.5).
Between these two pH values, pH 8 had been chosen to be the best condition due to the
maximum yield of red pigment production.

The interaction effect of the peptone concentration with initial pH as shown in Fig. 2¢
clearly suggested the best combination for production of red pigment. An increase in the
peptone concentration with initial pH, optimized the red pigment gradually. However, at
higher peptone concentration (> 3.5%) and higher initial pH (> pH 8), the pattern is reversed.
The decrease in yield may due to excessive nutrients provided in the medium that became
toxic and inhibited the red pigment production. Therefore, the optimum conditions for
maximum red pigment production were obtained at the initial moisture content of 55%,
peptone concentration of 3.5%, and initial pH value of 8. The maximum red pigment
achieved was 47.9 AU/g.

3.2 Optimization of Biomass Production

Based on the experimental results and regression analysis, a quadratic polynomial
equation was developed to determine the relationship between the biomass of Monascus
purpureus and the factors. The model of coded units can be stated as in Eqn. 2:

Y,(biomass) = 382.75 + 3.53X; + 3.29X, + 17.27X3 — 6.09X,X, — 0.86X, X3 —
0.29X,X; — 39.85X% — 60.15X3 — 96.95X3
2

where Y is the response for biomass production, X; is the code for initial moisture content,
Xz is for peptone concentration, and X is for initial pH value.

From the analysis of variance (ANOVA) as presented in Table 4, the model for biomass
was highly significant (P-value, 0.0044) and the R? (0.8956) was relatively good, as
evidenced by the significance of the model. There was no significance of a single factor or
interaction between factors that influenced the biomass production, however, the quadratic
terms of initial pH value was found to be significant. Furthermore, the lack of fit was not
significant with P-value of 0.0536 (>0.05), indicating that the experimental data obtained
fitted well with the model.
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maximum value will undertake a CH task and other nodes would join clusters as member
nodes. Therefore, there is no more than one cluster head within each cluster radius Rc.

Theorem 2: The cluster head set generated by DCDA can cover all nodes.

Proof: In DCDA each node would be a CH, a cluster member node or a relay.
According to CH selection function a node with the most competent would be specified as
a CH and broadcast CH-msg in cluster radius. Each node that receives this message
becomes a member node and would be covered with a CH. Relay nodes are those that
receive a CH-msg from at least two CHs so they would belong to a cluster. Any node that
has not received the CH-msg, forms a cluster alone and becomes a single CH. Thus, the
CH set generated by DCDA can cover all nodes in the network and avoid the generation of
isolated points [23].

Theorem 3: The overhead complexity of control messages in the network is O(N).

Proof: At the beginning of each round, all nodes broadcast intro-msg. Thus, at most,
N intro-msg messages are exchanged in the whole network. In each round, each CH
broadcasts a CH-msg, routing-msg, and a Schedule-msg. Besides, any relay node
candidate would broadcast a relay-msg in the network. Each member node joins a CH with
a Join-msg announcement. For example, if the number of clusters is ¢, the total number of
Join-msg is equal to N — ¢, the maximum number of relay-msg is equal to N — ¢ and the
number of each other message is ¢. Thus, the maximum number of control messages
exchanged in the whole network follows Eqn. (18) and the minimum Eqn. (19).

N+(N-c)+(N—-c)+c+c+c=3N+c (18)
N+ (N-c)+c+c+c=2N+ 2c (19)

Therefore, the overhead complexity of control messages in the network is O(N).

Theorem 4: DCDA can setup the clustering topology in O(1) time.

Proof: DCDA performs a distributed clustering strategy. Thus, the time complexity of
the entire network is equal to that of a single node O(1). Therefore, the time complexity is
constant and not related to the network size.

5. SIMULATIONS

In this section, we analyze the performance of a DCDA algorithm via simulations
using NS2.We assume that the BS is fixed and out of the monitoring region. 100 nodes are
randomly disseminated in a (200x200) m> network field with uniform distribution. The
simulation parameters are summarized in Table 2. We performed 100 simulations
independently and the statistics are averaged over these 100 runs. Fig. 5 shows the
network topology of the scenarios.

We compare our algorithm with HEED (a hybrid energy-efficient distributed
clustering algorithm) and LEACH (low energy adaptive clustering hierarchy), two known
clustering algorithms. These are two main protocols proposed for clustering techniques in
‘WSNs they perform clustering in a distributed manner in which each node independently
selects its state as we proposed. However, our algorithm overcame the shortage of these
methods. It considers much more relevant parameters and different aspects when
developing a routing tree to enhance energy efficiency in data transmission.
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Table 2: Mathematical characterization of column parameters of iron ions, zinc
ions, and residual oil at constant flow rate O (3 ml/min)

Adsorbate Bead qroral (ING) Moot (ng) Y% Geap Ceq (mg/l)
height (mg/g)
(cm)
Fe 9 17.09 167.30 10.20 095 92.72
Ci(103.3) 18 27.87 167.30 16.65 077 86.07
mgl 27 4475 167.30 26.75 0383 75.66
Zn 9 433 1215 35.60 024 4.80
Ci(1.5) 18 555 1215 45.67 015 407
mgl 27 932 1215 76.74 0.17 1.74
Residual oil 9 1366.45 175657 7178 75.90 240.80
Ci(1084.3) 18 1408.65 1756.57 80.20 39.13 21476
me! 27 1458.49 175657 83.00 27.00 183.99
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In Table (4), the accuracy for Diabetes with FS=5 and without FS is 96.35% and
89.34%, respectively. The accuracy for Hepatitis with FS=10 and without FS is 94.05%
and 90.13%, respectively. The accuracy for Breast Cancer with FS=5 and without FS is
91.16% and 86.39%, respectively. As well, in Table (4), the accuracy for Heart with FS=9
and without FS is 94.34% and 87.04%, respectively. In Figure (4), a comparison chart of
the modified model based on FS is shown. In Figure (4) it is clear that if the number of
features is low, then the Error Rate will also be lower, because FS is directly related to the
Error Rate and it is effective in determining accuracy error.
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5. CONCLUSION AND FUTURE WORK

Some diseases are diagnosed early and appropriate treatment for them would be
considered. Unfortunately, in the world 70 to 90 percent of diseases are not diagnosed in
time and patients are sick (advanced illness) before visiting the doctor, when there would
no longer be an appropriate treatment for them. In this paper, by improving the KNN and
using FPA, a model for predicting diseases was developed. In the modified model, the FS
method was used to increase the efficiency and accuracy of the diagnosis system. FS can
identify the important features that can help doctors to diagnose the disease in the earliest
instance. Results on the datasets of Diabetes, Hepatitis, Breast Cancer and Heart disease
showed that the modified model has better recognition accuracy than a KNN model. If the
number of features is less, the processing will be better and also the key features will be
extracted. As future work, we intend to construct a computational model in which, instead
of combining feature subsets, we will combine the mathematical formulas that define the
feature selection metrics with the goal to achieve a more impartial formula.
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respectively. The PWM signal has been generated by using an Arduino microcontroller,
which makes it easy to control the switching frequency and duty cycle.

Fig. 5: Experimental setup of the proposed active voltage balancing circuit

The main hardware components used in this experiment are listed in Table 1

Table 1: Components and their values

Component Value

Arduino microcontroller UNOR3

2s LiPo battery 1500mAh, 7.5V

MOSEFET switches 2N7000 (nMOS)

Inductor 100 uH (SDR0403- BOURNS)
Capacitor 220 uF

Figure 6 shows the Ms and Mp gate voltage signals, LC-tank inductor current and
capacitor voltage. It is observed that when the switching frequency (fs) and resonant
frequency (f;) are same maximum energy has been stored in and released from the series
LC-tank circuit. Fig. 7 shows the charging and discharging effect of the LC circuit when the
switching frequency is double of the resonant frequency. In this case, the inductor
magnetizing current is not enough to achieve the soft switching and it occurs additional
voltage stress in the switch. As a result, the circuit takes a long time for balancing the cell
voltage.
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For the optimization of box girders of a capacity range of 50~120 ton and for a span
of 10~32 m, a detailed 3D nonlinear finite element analysis is performed. Initially, a 120
ton girder is optimized as the reference girder first by adding horizontal and vertical
stiffeners to control torsion, buckling, and deflection within allowable limits [46]. Later, this
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radius of 10c and width of 12c¢ is shown in Fig.5 and flow considered is incompressible
and subsonic in nature.
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Fig. 4: Flowchart of the methodology.
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Fig. 5: CFD physical modeling.

When the flow passes around the airfoil, separation begins in absence of the
controller at a certain angle of attack and free-stream velocity. When the controller comes
to effect along with the freestream velocity, the air impingement or suction will take place
through the inlet for the active controller, and the air will enter through the passive
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3.4. Effect of Ultra Violet Radiation on Optical Properties of PP/DSNF Composites

The effect of UV radiation on optical properties of PP/DSNF composites are shown
in Fig. 10. The optical properties investigated were compared for samples before and after
UV exposure on composites with and without MAPP. The optical properties are given as L-
value measured the effect of UV radiation on the physical appearance of PP/DSNF
composites. The strength of colour were gained from the elements presence in the
composites (Ramos et al. 2014)

Fig. 10 demonstrated the L-value for PP/DSNF composites at 0, 500, 1000 and 2000
hours of UV exposure. Sample with 2000 h UV exposure showed the highest L-value as
compared to other UV exposure time. The changes in colour lightness was due to
photodegradation process via UV exposure time. Thermoplastic composites subjected to
UV radiation may experience yellowish before photo-bleaching mechanism took place after
250 h exposure (Matuana et al. 2011). This showed that longer UV exposure time resulted
in increased of colour index (AE) of PP/DSNF composites. According to Lopez et al. (2006),
samples exposed longer under sunlight or outdoor would resulted in easy detect in terms of
colour changes in the samples.

However, the presence of MAPP as coupling agent slightly changed the colour of
PP/DSNF composite. Bajwa et al. (2015) also reported that discolouration of composite
occurred due to UV radiation and oxidation of degraded polymer took place owing to chain
scission between matrix and reinforcement. The presence of MAPP also protected the
penetration of UV radiation in PP/DSNF composite.
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Table 6: Optimum factors of RSM on red pigment

Predicted Actual Percentage

Factor Value (AUlg)  (AUlg)  ervor (%)

Initial moisture

content (%) 36

45.85 46.03 0.39
Peptone (%) 35
pH 82

4. CONCLUSION

This study shows that response surface methodology is a fast and error-free approach
for optimization of media composition to obtain the best performance of red pigment
production and biomass. Besides, an interaction study among all the components was an
additional advantage of employing RSM. Results obtained from response surface
methodology critically point out the importance of initial pH value of the substrate for red
pigment production as well for the fungal biomass.
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ABSTRACT: In this study, a novel adsorbent was prepared, namely alginate and
mangrove composite beads coated with chitosan (AMCBCC), and performed well to
remove heavy metals and residual oil from palm oil mill effluent (POME) using
continuous adsorption studies in a fixed bed column under different bed heights. Thomas
and Yoon—Nelson models were applied to predict the breakthrough curve and to compute
the characteristic parameters such as maximum capacity and the time required for 50% of
adsorbate breakthrough. It was found that the total removal percentage of iron ions, zinc
ions, and residual oil were 26.75%, 76.74%, and 83% respectively at pH 3, and a bed
height 27 cm. Both models can well describe the breakthrough curve of heavy metals and
residual oil. These results indicated that AMCBCC can be used to remove heavy metals
and residual oil from industrial wastewater.

ABSTRAK: Kajian ini menyediakan tentang penjerap baharu iaitu alginat dan manik
komposit bakau bersalut kitosan (AMCBCC), berfungsi menyingkirkan logam berat dan
sisa minyak daripada efluen kilang minyak sawit (POME) dengan sempurna,
menggunakan kajian penjerapan berterusan dalam lapisan lajur tetap pada ketinggian
berbeza. Model Thomas dan Yoon-Nelson telah digunakan bagi meramal lengkungan
terbaik dan mengira parameter cirian seperti keupayaan maksimum dan tempoh diperlukan
bagi 50% lengkungan terbaik penjerap. Jumlah peratusan penyingkiran ion besi, ion zink,
dan sisa minyak masing-masing sebanyak 26.75%, 76.74%, dan 83% pada pH 3, dan pada
ketinggian lapisan 27 cm. Kedua-dua model mampu menggambarkan lengkungan terbaik
bagi logam berat dan sisa minyak dengan sempurna. Dapatan ini menunjukkan AMCBCC
sesuai digunakan bagi menyingkirkan logam berat dan sisa minyak daripada air sisa
industri.

KEYWORDS: continuous adsorption; heavy metals; residual oil; palm oil mill effluent;
adsorbent
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‘While the results of Fig. 4 at Re =300 represent the qualitative measure of the effect
of Womersley parameter on the temperature profiles for a moderate irregular stenosis with
48% area reduction, the profiles of Fig. 5 for exhibit how they are being influenced
significantly by the non-Newtonian rheology of the streaming blood. The combined effect
of heat and mass transfer on non-Newtonian idealization of the streaming blood indicates a
gateway to draw linkage to atherosclerosis [68].
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Fig. 4: Profiles of the temperature for irregular stenosis with k = 0.1% and 48% area
reduction at Re = 300 [68].
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Fig. 5: Profiles of the temperature for irregular stenosis with 48 % area reduction for k
=0.1 and a=2 at Re =300 [68].
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The distribution of inertia has been computed as the effective inertia height, Hc which
is the ratio of highest overturning moment by the product of design base shear and
building height. This effective height indicated linear inertia distribution when the value is
0.5 and triangular for 0.67 magnitude. The centroids of inertia loads are at half and two-
third of the buildings” height respectively. For Hc equaling to 1.0, distribution of inertia
forces concentrates at the top story. Figure 8 plots these distributions for four building
configurations comprising four types of HDRB as well as fixed based buildings in terms
of normalized values. It is observed that without bearing the effective height of building
inertia is around 0.5 tending to be triangularly distributed. Accordingly, it generates a
conformist moment for most of the buildings. For the BI buildings, the effective inertia
height Hc ranges between the two-thirds of building elevation (Fig. 8) showing triangular
distribution concentrating at top story level except the low-rise building. This trend is
followed by all types of HDRB. It is also revealed that in general, the lengthier the
isolation period the more flexible the structures are.

©No Bearing ®HDRB1 @HDRB2 WHDRB3 =HDRB4
3

Height of Inertia Load/H
o

il

4 Story 6 Story 8 Story 10 Story

Fig. 8: Normalized height of inertia force for different buildings.

This behavior is reasonable because of the fundamental mode shape produced by the
bearing devices. Unfortunately for the 4-story building, the HDRBs provide effective
inertia height exceeding building height by a large extent as 1.63~2.67 times. The
tendency of effective inertia height exceedance increases with the increase of the isolator
period. It indicates the moment distribution has very high shear at the top story. The
phenomena of increasing top story shear and moment is also supported by the effective
inertial height where the distribution offers a high moment corresponding to the shear.
Obviously, it confirms the kicking back of building at the base.

The consequences of the analyses disclose that the high damping bearing device is
expected to diminish the cormresponding moments at different floor levels, the
superstructure’s relative displacement as well as upsurge to the effective inertia height.
The superstructure-foundation contact part acts as a passive control system, through the
HDRB device, and can be the main reason behind the stability of the building structures in
seismic-prone areas.
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The effect of UV exposure on the tensile modulus of polypropylene composites is
shown in Fig. 3. In general, tensile modulus for PP composites are lower with UV exposure
time. The trend was similar to tensile strength as seen in Fig. 2. Deterioration of polymer
chain bonding in PP molecules downgraded the tensile modulus with time. In Fig. 4, the
carbonyl groups detected at peaks 1732.38 and 1716.69 cm-1 in FTIR spectrum are strongly
believed to be one of the reasons that contributed to the absorption of 420 nm UV light and
helped initiation of photochemical reactions (Matuana et al. 2011). In Fig. 4, there is a peak
appeared at 2908 cm-1 and 2921 cm-1. This indicates the C-H stretching vibrations or
known as carboxylic group. In Fig. 5, the carboxylic is seen in the region 2949.59, 2949.76,
2917.65 and 2917.71 cm-1. Carboxylic groups were formed throughout the oxidative
degradation of UV radiation (Munajat et al., 2018). During oxidation process, UV radiation
generated carbon-oxygen bond react with oxygen-hydrogen single bond where cause
increasing carboxylic functional groups. The reaction rate increased with number of broken
polymer chains bonds in the exposure sample. Fig. 5 also illustrated the same peak at this
region as in Fig. 4. As shown in Fig. 4 (b), one broad peak appeared in sample exposed
under UV which related to O-H functional group located between range 3400 to 3200 cm™.
This peak appeared due to reaction O-H bond with aging of oxidation process (Munajat et
al., 2008). Meanwhile, this peak not invisible in Fig. 4(a). According to Bajwa et al. (2015),
the peak presented in UV exposed specimens are typically related with existence of

carboxylic group. This indicates that photodegradation occurred under UV light in PP
composites.
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Fig. 3: The effect of DSNF content on tensile modulus of PP/DSNF composites under UV
irradiation.

Aging or degradation of PP/DSNF composites are also attributed to lignin. DSNF
composes of about 10% lignin (Nur Aimi et al. 2015). Lignin absorb the UV radiation and
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in a network with the implementation of DI-LSR is relatively lower when compared in
terms of received data packets among the other routing protocols between a low network
density with 12 source nodes to a larger network density with 120 source nodes. With a
reduced rate of control packets, particularly with broadcast related packets, help to reduce
the control packet traffic in a network especially with an increasing number of source
nodes in a network. The lower routing overhead reduces queue overflow and enables
better network resources allocation for data packet transmission between a source and a
destination node. A routing algorithm with lower routing overhead is a viable solution for
a long-range multi-hop linear architecture such as the pipeline network.

3800

—+—ADDV —#—DSDV —+—DILSR —o—FRP

3400

3000

2600

2200

1800

1400

1000

Network routing load (packets)

600

12 24 36 48 60 72 84 95 108 120
Number of source nodes in network
Fig. 10: Graph of network routing load versus the number of source nodes.

40
—+—AODV —=—DSDV —4—DILSR = FRP

Passive source nodes (%)

0w = b
12 24 35 48 &0 72 84 96 108 120

Number of source nodes in network

Fig. 11: Graph of passive nodes (%) versus the number of source nodes.

6.7 Passive Nodes

Passive nodes are known as the nodes in a certain network without the opportunity to
successfully send data packets to a destination node. The passive nodes are a result of
inequality or bias sharing of the network resources that are undesirable in a multi-hop
linear topology. A network with DI-LSR has no issues with passive nodes in all simulated
environments whereas the other routing protocols have an incrementing factor on passive
nodes with the increasing number of source nodes as shown in Fig. 11. A routing protocol
that requires broadcast packets contributes towards a higher number of passive nodes due
to overwhelming of the queue and uncontrolled data packet flow as shown in Fig. 11. The
fluctuation rate of passive nodes is due to the characteristic of a routing protocol that
changes in real-time during the simulation based on the data or traffic pattern in the data
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Table 3: Regression value and standard deviation

Std. Dev. 0.018 R-Squared 0.9129
Mean 0.27 Adj R-Squared 0.8345
CV.% 6.63 Pred R-Squared 0.1695
PRESS 0.030 Adeq Precision 10.045

From the optimization step, multiple solutions were obtained with a desirability of 1. The
first five solutions were listed in Table 4.

Table 4: Optimization solutions

No. dosage of MO contact mixing speed Settling Desirability

seeds (mg/l)  time (min) (tpm) velocity
(cm/min)
1 3245.993 28.794 101.906 0.321 1.000 Selected
2 3641.710 27.892 52.399 0.321 1.000
3 4148.779 29.743 149.907 0.321 1.000
4 3299.708 26.667 146.186 0.321 1.000
5 3474.074 29.444 125.185 0.325 1.000

4. CONCLUSION

Different coagulant-forms derived from MO seeds were investigated as sludge
conditioners. The MO coagulant extracted by NaCl showed the highest settling velocity of
0.41cm/min and lowest SVI of 63.39 ml/g, compared to the crude and defatted MO seeds.
Due to the soluble proteins of the MO seed, salt extraction can improve the coagulation
efficiency through the salt-in mechanism. The coagulant derived from salt extraction was
used in the optimization stage and the optimum process conditions were 3246 mg/1, 29 min,
102 rpm for dosage, contact time, and mixing speed, respectively, at an optimum 75 of 0.321
cm/min. All the coagulant forms showed a significant improvement compared to the control
sample. Moringa oleifera can be used as a natural conditioner, and it has the opportunity to
be used as a single coagulant or combined with chemical conditioners.
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8.5 Effect of Nanoparticle Size on Convective Heat Transfer Coefficient

Figure 19 shows the changes of convective heat transfer coefficient for nanofluids
with particles of 60 nm, 90 nm, and 150 nm with a volume fraction of 1% and water base
fluid at Reynolds numbers from 900 to 2100. It is quite obvious that nanofluids have
higher convective heat transfer coefficient than the base fluid [29]. By increasing the
Reynolds number, the convective heat transfer coefficient increases with a large slope.
Also, smaller nanoparticles have larger Nusselt numbers than larger nanoparticles. For
example, it increases about 4% at ¢ = 1% and Re=2100 for nanoparticles of 60 nm, for
nanoparticles of 90 nm at ¢ = 1% and Re=2100 it increases about 3% and for
nanoparticles of 150 nm at ¢ = 1% and Re=2100 it increases about 2% than base fluid.
The effect of the Reynolds number on increasing the convective heat transfer coefficient is
greater than the effect of nanoparticle size, so that the maximum amount of increase in
convective heat transfer coefficient for nanoparticles of 60 nm and at a Reynolds number
0f 2100 is about 28%.
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Fig. 19: Comparing the changes of convective heat transfer coefficient for water-based
nanofluid with particles of 60 nm, 90 nm, and 150 nm with a volume fraction of 1%
and water-based fluid.
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Fig. 20: Comparing the changes of convective heat transfer coefficient for fuel-oil base
nanofluid with particles of 60 nm, 90 nm, and 150 nm with a volume fraction of 1%
and fuel-oil based fluid.

Figure 20 shows the changes of convective heat transfer coefficient for nanofluids
with particles of 60 nm, 90 nm and 150 nm with volume fractions of 1% and fuel-oil based
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where NTP is the network total packets at the destination for » number of nodes which
could be odd/even and the value of TPO/TPE is from Eqn. (3/4). The proposed routing
algorithm designed with a dual interleaving technique would add great performance
enhancement when implemented in a pipeline network compared to any conventional
routing algorithm. One of the key features of DI-LSR is the reduced basic control packets
especially broadcast packets as the nodes in the network is permanently fixed. With
limited control packets, DI-LSR enables a significant increase in data packet transfer rate
as desired in any wireless network.

5. SIMULATION SETUP

In all simulation setups using Network Simulator 2 (NS2) [25], DI-LSR was
compared with a reactive routing protocol (AODV), a proactive routing protocol (DSDV),
and a manual routing algorithm (FRP) for performance comparison. The results are from
an average value of five runs with different seed number (1-10) over 500 seconds
(simulation duration) with all nodes in a fixed location. The data size is set at 512 bytes at
arate of 1 packet/sec with a random start time generated between 0 — 2 seconds. The agent
type used in the simulation is Transmission Control Protocol (TCP) and traffic type is
Constant Bit Rate (CBR). Table 1 indicates the basic predefined simulation settings in
NS2.

Table 1: NS2 simulation parameters

Parameters Value
Channel type Wireless channel
Radio propagation model Two Ray Ground
MAC type 802.11
Interface queue type DropTail/PriQueue
Source nodes 12, 24, 36, 48, 60, 72, 84, 96, 108, 120
Destination node 1
Max packet in ifqlen 50 (packets)
RX Thresh/CS Thresh 100 meters/125 meters

6. SIMULATION RESULTS

In all the simulation environment, the DI-LSR was tested and evaluated along with
AODV, DSDV and FRP on the following wireless metrics:

6.1 Packet Delivery Ratio

The most fundamental and crucial parameter measured in any wireless network is the
packet delivery ratio that indicates the rate of receiving data packets over send data
packets [10, 13, 14]. The packet delivery ratio in Fig. 5 for all compared routing protocols
is in reverse proportion to the increasing number of source nodes. Referring to Fig. 5, at
low network densities with 12 source nodes, the packet delivery ratio is almost at the same
rate among all routing protocols due to the small network size. The packet delivery ratio of
DI-LSR with the technique proposed in section 4 outperforms all the other routing
protocol with varying numbers of source nodes in the simulated environment. The
implementation of the predefined dual routing path (splits the traffic into two paths)
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The motion equations have been transferred for the dynamic analysis into a normal
coordinate system. Modal superposition technique is employed to perform the RSA. The
values of modal superposition have been combined according to the complete quadratic
combination (CQC) approach. The square root sum of the squares (SRSS) progression
provides the directional combination of the modal values.

2.5 Numerical Study

All sixteen (16) base isolated buildings of varying height comprising the four
variations of HDRB isolation systems as well as four fixed based buildings of different
elevations have been investigated. Each isolation system is incorporated to satisfy the
stiffness and strength properties essential for the assessment. The HDRB systems have
been designed for 1.5's, 2.0 s, 2.5 s and 3.0 s effective isolation periods.

The properties of HDRB are functions of shear strain applied with around 3 MPa shear
modulus for very little strains dropping to 0.75 MPa at 250% strain. Yield displacements,
Ay, is chosen as 0.05~0.10 times the rubber thickness. Relying on the individual isolation
periods, the damping percentage ranges in between 15%~19%.

Dynamic analyses of the three-dimensional (3D) buildings are carried out with
consideration for the associated nonlinearities. After assigning stiffness values to the
isolators, all the isolated structures have been analyzed in SAP2000 [11] and the results
are critically evaluated.

3. RESULTS AND DISCUSSION

Due to the additional flexibility of the superstructure, the structural behavior of the
base-isolated structure changes. The following sections describe the viability of bearing
incorporation as well as improvement of structural responses by applying various HDRB
systems.

3.1 Viability of HDRB Incorporation

The fundamental time periods of the selected FB buildings for isolation are <1.0
second, which can be considered suitable and within reasonable limits [12]. The horizontal
base displacements of the buildings, as per site requirements, are within the allowable
limit of 200 mm. Furthermore, the lateral shear force imposed by wind is clearly less than
10% of building weight [17], as required. From the static analysis of the fixed base
building, it is observed that the maximum wind-induced shear experienced by the 10-story
building is around 2.11 % of the building weight. This tendency is closely followed by all
other scenarios analyzed. Thus, isolators could be inserted at the structural base as an
alternative to the conventional fixed base strategy.

The isolators’ designed parameters need to meet two conditions: the isolation bearings
are capable of securely withstanding the imposed loads and overall performance of the
bearings has to be satisfactory. The ability of isolation bearings to carry the loads has been
checked using factors of safety (FS). As FS is more than 1.0, the ability of the HDRBs for
carrying loads safely can be considered satisfactory. The performance of BI buildings is
assessed for both the design basis earthquake (DBE) and maximum credible earthquake
(MCE) choosing soil profile S3 with the zone factor Z = 0.15. The assessments for
earthquake levels, DBE and MCE have been found to be satisfactory. Each and every
value of maximum displacements remains within the allowable isolator design static
displacement (292.61 mm) under the MCE. Therefore, the properties of the HDRB devices
maintain good agreement and can be reasonably employed.
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3.3 Hybrid Controller Effect

The combination of the active and passive controller is employed in this work. Here
the active controller is to mitigate the flow separation as mentioned earlier, but the work of
the passive controller is to reduce the total drag instead of controlling the flow separation.
Figure 12 shows the pressure coefficient over a baseline airfoil NACA 0015 with hybrid
controller off and on cases. The flow over the suction side gets decelerated and the
pressure starts rising on the upstream of the passive controller as the blowing of the air jet
is carried out. The increase in the static pressure improves the L/D ratio by reducing the
drag value.
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Fig. 12: Pressure distribution over a baseline airfoil NACA 0015 with hybrid
controller on and off cases, (a), (b), (c) are blowing and (d), (e), (f) are suction
(1=17.5 m/s, v2=35 m/s, v3=52.5 m/s, w1=0.0015 m, w2=0.002, and w3=0.0025)
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Fig. 1: Hybrid controller design in airfoil.

2.2 Artificial Neural Networks

An artificial neural network is designed based on the biological neural system and it is
widely used as a surrogate model in many engineering applications. Of all neural networks
(NN), the three-layer RBF and its variants, like PNN, GRNN, CPN, etc., have become
famous due to limited network parameters and reliability in giving output results. The
RBF is one of the neural network tools [28] that is a feed-forward with three layers, one is
input, the other is hidden or known as a radial basis layer, the last is the output layer.
Figure 2 shows the block diagram of the RBF.

XC
¥x0) Output
R hRBF layer —— v

yer

ol

Fig. 2: RBF neural network structure.

The hidden layer comes with a non-linear RBF activation code. RBF represents a
local effect and its range is identified by the center element and width. The output layer is
the sum of the weighted outputs of the hidden layer defined below:

Y(X) = Wo(X,©) O]

where X is input vector, W is connection weight, C is central vector, and ¢ is radial basis
function which in most of the cases is Gauss function defined by following equation:

1 2
9.0 = Gllx ) exp[—; X-q| ] @

where o represents the width. The RBF is trained using the estimation of parameters such
as centers, widths of RBF, and connection weights.

2.3 General Regression Neural Networks

The GRNN is a combination of radial basis layer and a special linear layer [29].
GRNN comes under probabilistic neural networks, and it is a simple one-pass algorithm
with a parallel structure that requires only a few training sets compared to back
propagation neural networks (BPNN). In addition, parameters such as the optimum
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path that can be corrected with a modification of the data packet transmission rate.
Generally, such a network state contributes to waste of network resources, poor delivery
ratio, lower throughput rate and can lead towards communication termination that may
lead to a certain point in a network due to a single point failure factor in a multi-hop linear
topology.

7. CONCLUSION

The outcome of the implementation of the DI-LSR in a pipeline network has
emphasized optimization towards the overall network performance in a scalable linear
network. The proposed DI-LSR features a beaconless routing algorithm that reduces the
network routing load which is a crucial factor in a multi-hop linear wireless architecture.
The predefined odd and even path further enhances the overall network performance with
better network allocation to eliminate issues with passive nodes. Simulations to remake a
pipeline network were executed to evaluate the proposed DI-LSR in varying network
densities that result in a significant level of enhancements in reliability (packet delivery
ratio), latency (end-to-end delay), and responsiveness (passive nodes) that has critical
implication to the sustainability of a pipeline network.

8. FUTURE WORK

The overall performance enhancement with DI-LSR has functional implications
mainly in network capacity and fairness at this state of research that is a common
limitation in a multi-hop linear topology, especially with a single destination node. This
factor can be further analysed to optimise both performance and fairness using DI-LSR.
Hence on the next stage of work, the DI-LSR is proposed to be implemented on a cluster-
based topology to further improve the network capacity as well as dealing with passive
nodes in the long run. Whereas the network equality issues can be improvised with a
model of TCP delayed acknowledgement that can be incorporated with DI-LSR to
optimise fairness in a network. The performance and fairness are often related to the
energy consumption on a network. Thus, an efficient energy model will add benefit for the
implementation in a remote location especially with a non-infrastructure setup.
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ABSTRACT: The production and stability of two novel myco-flocculants produced by
river water fungus (RWF) were investigated. Screening tests were conducted to find
suitable nutrients, pH, nutrient concentration, inoculum dose, and stability for two myco-
flocculants L. squarrosulus (RWES) and S. obclavatum (RWF6). The strains showed good
flocculating activity in reducing turbidity of kaolin suspension while malt extract was used
as nutrient source. Supernatants of RWF5 and RWF6 were able to reduce turbidity from
900+10 NTU to 46 NTU (95%) and 195 NTU (78%), respectively. In order to enhance the
production, optimization of cultivation conditions were studied using a one-factor-at-a-
time (OFAT) method. L. squarrosulus (RWFS) reduced 96% of turbidity at optimum
conditions, comprising of 0.1% (w/v) malt extract, 3% (v/v) inoculum dose, and initial pH
7.0 for 6 days. The results of the compatible mixed culture showed good flocculation
activity at 88% compared to a single culture of S. obclavatum at 78%. On the other hand,
L. squarrosulus showed better turbidity reduction in the single culture rather than the
mixed culture. The stability of L. squarrosulus and S. obclavatum supernatants showed
excellent turbidity reduction over a wide pH range of 4-8 with the maximal flocculation
rate of 96% and 90%, respectively, at pH 7.0. They also exhibited high turbidity removal
ability in a temperature range of 4 °C — 55 °C for 24h with a maximum turbidity removal
rate of 96% (RWS5) and 87% (RW6) at 25 °C. Time stability of the L. squarrosulus
supernatant showed good turbidity removal potential at above 90% at room temperature
(28+ 2 °C) and 85% at low temperature (4 °C) for 12 days. The high flocculating rate of
the myco-flocculants and their good stability under wide range of temperature indicated
their potentiality as biodegradable flocculants for water and wastewater treatment industry.

ABSTRAK: Keberhasilan dan kestabilan dua myco-gumpalan baharu oleh kulat air sungai
(RWF) telah dikaji. Ujian penapisan telah dijalankan untuk mencari nutrien sesuai, pH,
kepekatan nutrien, dos inokulum dan kestabilan dua myco-gumpalan L. squarrosulus
(RWEFS5) dan S. obclavatum (RWF6). Rantaian menunjukkan aktiviti gumpalan yang baik
dalam mengurangkan kekeruhan air sungai dengan penggantungan koalin di mana ekstrak
malt telah digunakan sebagai sumber nutrien. Larutan supernatan RWF5 dan RWF6,
masing-masing mampu mengurangkan kekeruhan dari 900+10 NTU kepada 46 NTU
(95%) dan 195 NTU (78%). Bagi meningkatkan pengeluaran, keadaan optimum bagi
menggalakkan hasil telah diselidiki menggunakan kaedah Satu Faktor pada Tiap Masa
(OFAT). Pada takat optimum, L. squarrosulus (RWF5) mengurangkan 96% kekeruhan,
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Fig. 4: The 3D contour plot of the interaction of dosage with contact time at mixing
speed of 100 rpm.

Figure 5 shows the regression value of actual and predicted settling velocity. Using
ANOVA analysis, the Model F-value of 11.65 implies the model is significant. There is
only a 0.03% chance that an F-value this large could occur due to noise. Values of "Prob >
F" lower than 0.05 indicate that the model terms are significant. Due to noise, the "Lack of
Fit F-value" of 7.88 implies the Lack of Fit is significant. There is only a 2.04% chance that
a "Lack of Fit F-value" this large could occur. The "Predicted R-Squared" of 0.1695 is not
as close to the "Adj R-Squared" of 0.8345. The Final Equation, in terms of the actual factors,
is:

Settling velocity = 0.15646 +7.05342x10°° 4 -0.69091x10 B
+3.68182x10* C +4x107 4B -1x10” AC -6x10° BC -1.0278
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Where 4 is the MO dosage, B is the contact time, and C is the mixing speed.
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Fig. 5: Regression value of actual and predicted settling velocity.
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considered for the BI buildings with the structural coefficient of 1.0 [15] as per the
occupancy.

Dynamic analysis has been carried out using the response spectrum analysis (RSA).
The FB structures are investigated by RSA along with the equivalent static analysis. The
structures are then linked to the isolator system and such BI structures are analyzed by
RSA to predict the dynamic behavior. The site-specific Dhaka earthquake seismic record,
generated from the recent nearby earthquake occurrence of 2009, has been chosen for
seismic analysis to assess the isolation effect especially at the site condition. The design
response spectra [16] of this selected earthquake for fixed and base isolated conditions are

shown in Fig. 4.
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Fig. 4: Response spectra of the selected earthquake.

The dynamic equation for the building super structure after the bearing insertion can
be designated [2, 10] by means of in Eqn. (4).

M) + 3} + [C1} + (K1Y} = —[M][Tg] {3} @

where, [C] is damping matrix; [K] is stiffness matrix and [M] is mass matrix of the
building superstructure for respective DOF at the slabs. [T] is the coefficient matrix of
earthquake effect. In addition, {y} = [yx, ¥y, y]" is the displacement vector at the
structure’s floor levels associated with the base mass; {y5} = [ysx, yby, yez]” is the base
displacement vector relative to the ground and {j_} is the ground acceleration vector.

This analysis technique uses the design response spectra engendered from seismic
excitation of FB buildings. However, for BI buildings, the design response spectrum has
been adapted to cope with the damping offered by bearing devices by using a composite
spectrum. The B factor has been used to reduce the 5% damped composite spectrum in the

isolated modes (Fig. 4).
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ABSTRACT: When a person suffers from an injury, there are specific methods of
treatment which are recommended according to the type of injury. One of these methods
involves Cryotherapy, in which the part of the affected body is exposed to cooling for
decreasing the temperature. The aim of this therapeutic method is to decrease cellular
metabolism, increase cellular survival, decrease inflammation and reduce pain and
spasm. The system designed in the present study involves the possibility of “smart™
treatment using portable thermoelectric cooling devices based on electronic hardware,
software and digital control techniques. In the proposed system, all stages of treatment
have been performed automatically by using Arduino as the microcontroller to
controlling temperature in cryotherapy methods. This research focus on usage of
thermoelectric effect with Peltier module for smart electronic cooling and does not
involve the usage of chemicals or cooling materials e.g. ice. Smart cooling methods have
significant advantages that they are highly accurate and allow precise timing of the
treatment especially for the athletes, and for whom the recovery time from injuries is
critical. This approach can be fundamentally important for practical investigations
relating to the timing of cryotherapy for any type of users.

ABSTRAK: Apabila seseorang mengalami kecederaan, terdapat kaedah rawatan khas
yang disyorkan berdasarkan jenis kecederaan. Salah satu kaedah ini melibatkan
Krioterapi, di mana sebahagian kawasan badan yang terlibat didedahkan kepada
kesejukan untuk megurangkan suhu badan. Tujuan kaedah terapeutik ini adalah bagi
mengurangkan metabolisme sel, menambah sel selamat, mengurangkan radang dan
mengurangkan sakit dan sentakan. Sistem yang direka dalam kajian ini berkemungkinan
melibatkan rawatan bijak yang menggunakan alat penyejuk termoelektrik mudah alih
melibatkan peranti elektronik, perisian dan teknik kawalan digital. Dalam sistem
cadangan ini, kesemua peringkat rawatan telah dilaksanakan secara automatik
menggunakan Arduino sebagai alat mikro-kawalan bagi mengawal suhu dalam kaedah
Krioterapi. Fokus kajian ini adalah dengan menggunakan kesan termo-elektrik dengan
modul Peltier untuk penyejuk elektronik bijak dan tidak melibatkan penggunaan bahan
kimia dan bahan penyejuk seperti ais. Kaedah penyejuk bijak ini mempunyai faedah
ketara seperti sangat tepat dan memberi masa rawatan yang jitu terutama untuk atlet, dan
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The result of the spectrum from the energy-dispersed X-ray scan in Fig. 6 shows no
evidence of unknown species. Thus, the amorphous structure was a combination of the

metals, most likely zinc and vanadium.

Cux(OH):COs

Intensity (a.u.)
ALOs

0 0 ) @ @

M
Angle 20 (°)

Fig. 4: XRD diffractograms of the catalyst samples (a) CuzoZnsoAlso oxides, (b)
CuszoV30Also oxides and (c) ZnzoV3oAlso oxides.

204





OEBPS/image/Vol-19-1-2018-wo-cover231.png
IIUM Engineering Journal, Vol. 19, No. 1, 2018 E’zzati et al.

and matrix is clearly seen in Fig. 6. The DSNF particle was weak attached to the PP matrix
when load is applied it lead the fillers to be debond from the PP matrix and easily leaving
behind evidences of voids. Manshor et al. (2014) mentioned in their analysis that the
formation of void is appeared due to poor fiber orientation. Meanwhile, in Fig. 7 where the
biocomposites with presence MAPP shows the DSNF were embedded in PP matrix. There
is less traces of fiber pulled out due to strong interlocking bonding between fiber and matrix.
However, the size of fiber tends to increase due to agglomeration and some error during
produce DSNF. The nanofiber size already be proved in XRD test (Fig 1) and under TEM
observation (Fig. 11). Therefore, further experiment required to improve this problem.

El 100KV X1000 102

Fig. 7: FESEM micrograph of PP/DSNF-MAPP composite after UV radiation.

3.3. Effect of Ultra Violet Radiation on Water Absorption of PP/DSNF Composites

The effect of UV radiation on the water absorption of PP/DSNF composites are
presented in Fig. 8. The water greatly affects the composite with regards to DSNF content
in PP matrix from 0 to 5 wt%. It was noted in Fig. 8, the first two weeks of immersion
process demonstrated substantial water uptake by all the composites. Polypropylene matrix
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static and Lanczos modal analysis. The static analysis was carried out for self-weight and
applied load cases for loaded and unloaded cases. The loaded case was concluded critical
under both the static and dynamic loading conditions.

Most of the available works have considered a single capacity or single span for
optimization and take almost no consideration for industrial or manufacturing strategies.
This paper discusses the results of automated optimization code developed using ANSYS
Parametric Design Language (APDL) and implemented for design optimization using
developed correction factors without considering the industrial constraints. The box girder
without industrial constraints (WOIC) is the one in which design variables such as Hyzx-
maximum height of the girder, RD - web plate thickness factor, and PT- flange plate
thickness factors are modified independently as mentioned by Abid et al. [40, 41]. Later,
using an automated optimization routine considering industrial constraints, optimized
cutting lengths, welding lengths, edge preparation lengths, and manufacturing strategy is
developed for reduced waste, mass, and efforts, after which the results are recorded. The
box girder with industrial constraints (WIC) is one in which Hyax is constrained equal to
the sizes available in the market. The width of the top plate is also constrained to one-third
of Haux. Two approaches for box girders with industrial constraints have been considered:
(1) keeping all thicknesses the same i.e. Tsp (thickness of side plate) = T7p (thickness of top
plate) = Tzp (thickness of bottom plate); (2) keeping web and flange thickness different.
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Fig. 1: Front view of box girder .
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Fig. 2: Section view of box girder, (b) vertical stiffener, (c) horizontal stiffener
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1. INTRODUCTION

The EVs (electric vehicles) are becoming an important field of business interest in the
automobile industries, because of the high price of fossil fuel, economic and ecological
issues [1]. In the transportation sector, EVs becoming emerging technology instead of
conventional fossil fuel engine. It has proven, that many industries and combustion engines
produce CO2, CO, NO, etc. which is the main source of the greenhouse effect. EVs would
be solving the environmental and fuel energy issues that are correlated with zero-carbon
emission policies. Since most of the vehicles are using fossil fuel and producing huge
amounts of CO, CO2 and others gas. The renewable energy sources are environment-
friendly, electricity can be generated by using this energy sources. Electric vehicles (EVs)
use electricity without emitting the CO, CO2 and other gases, which will help in solving
environmental and energy issues. The rechargeable battery and supercapacitor i.e., ESD
(Energy Storage Device) provides continuous electrical power in electric motors to operate
an EV. The ESD such as supercapacitors or batteries are playing a vital part in the hybrid
electric vehicle (HEV), plug-in HEV and EV to microgrid [2-4]. Becouse, some small urban
city and rural area are started to produce electricity by utilizing the renewable energy
sources. They extracted the generated electricity by using microgrid system and charges
their HEV and EV battery from the microgrid. Nowadays, Li-ion (Lithium-ion) and LiPo
(Lithium Polymer) battery are widely used in EV and portable power equipment due to its
high-power capacity, high energy density, low memory effect, low self-discharge, low-
temperature impact, long life cycle etc. [5]. The voltage of a Li-ion/LiPo cell is relatively
low. So, for a required load voltage and current, it is connected in series and parallel
arrangement. EVs and many systems use rechargeable battery packs such as Li-ion, Lipo,
NiCd etc. A battery pack is made by using many unit cells. The battery pack is charged and
discharge during application, however at this time there is no guarantee, that each unit cell
can be equally charged and equally discharge. As a result, few unit cells of the battery pack
may be damaged within a short time and make the whole battery pack imbalance and
useless. So, this is a big issue for using a rechargeable battery pack, when the pack is made
by many unit cells. The manufacturers make the only unit cell and the users make their own
customized size battery pack by using required numbers of the unit cell. In a battery pack,
Li-ion/LiPo cells have some drawback, due to different manufacturing, environmental
condition and purpose of using. When cells are overcharged then have a chance of the
explosion, similarly, undercharged cell reduces its lifetime [6]. For an unbalance charging
and discharging affect the capacity and efficiency of a cell is gradually reduced inside the
battery pack [7-8].

The cell capacity, input/output current, balancing etc. issues can be overcome by using
a battery management system (BMS). The researchers are still working on battery charge
balancing to improve battery cell performance [2, 9-10]. There are two types of battery
charge balancing methods are used; namely, passive balancing method and active balancing
method. In passive charge balancing method uses a resistor. As a result, the excess charge
of the higher energy cell is dissipated by the resistor in the form of heat and to make a
balance with the weaker cell. On the other hand, in the active charge balancing method, the
excess charge from the higher energy cell is transferred to the lower energy cell through the
inductor, capacitor, and transistor [8, 11-12].

In this paper, a single resonant LC-tank converter based cell to cell active balancing
circuit has been proposed. The switching frequency of this circuit has been chosen same as
the resonant frequency of the LC-tank circuit, so that, the charging or discharging time of
the resonant can just to run half period of the resonant frequency.The proposed circuit uses
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Fig. 7: Mechanism of alkaline treatment process.

3.2.3 Effects of Alkaline Treatment on Morphology of Panels

The SEM analysis was conducted to observe the surface morphology of the fabricated
BPB panels made from the untreated and treated RFW, as illustrated in Fig. 8. It clearly
showed that the fibres were completely compressed when heat and pressure were applied in
the hot-pressing process [3, 4, 7]. The untreated BPB panel in Fig. 8(a) had a smooth surface
attributable to the good fluidity of lignin to fibre surface when the heat was applied to the
fibres. Lignin acts as a natural binder in the fabrication process of BPB panels [4]. However,
the treated BPB panel in Fig. 8(b) had rough surface that was obvious to the naked eye, as
alkaline treatment removed various constituents inside the fibres [20-26]. Fibres attached
closely to each other without impurities at the fibre surfaces, increasing interlocking strength
between the RFW fibres. This observed figure is evidence of removal of chemical
components inside the fibre after the alkaline treatment process, as explained in the previous
sub-section.

15.0kV 8.1mm 500x | UIA 15.0kV. 8.1mm 500x

Fig. 8: SEM micrographs of untreated and treated BPB.
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Generally, the flowchart of calculating maximum overvoltage along a cable has been
found in Fig. 2.

Use EMTP-RYV for calculating surge arrester
current and voltage at end B of cable

Determine forward and backward waves at
end B of cable by using equations 1 and 2
and MATLAB program.

Determine maximum overvoltage by adding
peak value of the forward and backward
voltage waves at end B of cable

Compare obtained maximum over voltage
with voltage at both cable ends

Fig. 2: Flowchart for determining maximum overvoltage along the cable.

3. DESCRIPTION OF THE NETWORK CONFIGURATION AND
MODEL

In this paper, a three phase combined transmission line (consists of overhead lines and
cable lines) is selected to determine the maximum lightning overvoltage at one phase of
the network. This system is simulated in EMTP-RV software. In this system, voltage and
frequency are 132 kV and 50 Hz, respectively. Overhead line length at both ends of the
cable is infinite; and span lengths of overhead line are assumed to be 200 m cables per
phase, protected by surge arresters at both ends. Figure 3 shows the basic configuration for
one phase.

Lightning Stroke

1510 W 4510
yﬁﬁ W Nom 0w S 200m ﬂ_e

=T =

777
Fig. 3: System basic configuration.
The steel towers are usually represented as a single conductor distributed parameter

line terminated by a resistance representing the tower footing impedance [15]. It has been
known that the footing impedance tends to be capacitive in the case of a high resistivity
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RMSD changes differently for different secondary structure components, for beta sheets
(excluding bridge beta sheets) the fluctuations at 333 K for the both the un-bound enzyme
and the enzyme-susbtrate complex is the lowest among the fluctuations at other
temperatures. As shown in Fig. 1, the substrate is surrounded by beta sheets and the
temperature at which the beta sheets structures are maintained will preserve the active site.
The highest temperature at which the active site is retained will be the optimum
temperature for the enzyme activity. The current simulations reveal that even though the
substrate binding on the enzyme can influence the dynamics of the different parts of the
enzymes differently, the fluctuations around the active site (beta sheets in this case)
around the optimum temperature is distinctly maintained thus offering an avenue for
further exploration for enhancing the thermostability of the enzymes.

The accessible surface of a molecule is the part of the molecular surface that is
exposed to the solvent [19]. The solvent accessible surface areas (SASA) of atoms are
related to hydrophobicity and folding process of proteins. The folding process is usually
accompanied by a significant decrease in SASA value [20]. SASA is higher for enzyme-
susbtrate complex than EGuia (enzyme only) at the corresponding temperatures (Fig.4).
The SASA for both the enzyme and the enzyme-substrate complex are larger at higher
temperatures, implying the presence of the substrate at the active site do not change the
temperature dependence of SASA. At 313 K, SASA of EGuia is the least although in the
increasing trend after 10 ns. It is interesting to note that at the end of simulation (20 ns),
EGuia and complex had the same SASA. Except at 313 K, the SASA at 353 K and 333 K
increased sharply after 15 ns. This may be an indication that the enzyme starts to unfold at
these temperatures.

7500 1 —313K Complex — 333K Complex
—353K Complex - - 313K EGuia
- -333KEGuia - - 353K EGuia

Simulation Time (ns)

Fig. 4: SASA of Complex and EGuia. Black solid (enzyme-substrate complex at 353 K),
black dash (EGuia at 353 K), red solid (enzyme-substrate complex at 333 K), red dash
(EGuia at 333 K), blue solid (enzyme-substrate complex at 313 K) and blue dash (EGuia
at 313 K).

Radius of gyration (Rg) were calculated for the 20 ns simulation time and depicted in
Fig. 5. In general, all the structures maintained its Rg between 20.5 to 21.0 A except for
enzyme-substrate complex at 353 K which showed a steady increment beyond 21.0 A.
Radius of gyration is an indicator of protein structure compactness [21]. EGuia and
enzyme-substrate complex maintained its structure at all temperatures studied except for
enzyme-substrate complex at 353 K, at which the compactness has decreased (increase in
Rg).
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6. CONCLUSIONS

After detailed FEA of box girders, the following conclusions are made;

Optimization of an overhead crane box girder for capacity (50~120 ton) and span
(10~32 m) is performed for safe bending stress and deflection with minimum mass
and volume with and without consideration of industrial constraints using a
customized developed optimization resulting in accuracy and automation.

The cutting and welding plan is optimized to reduce wastage and control
manufacturing overheads.

The finite element model used solid186 elements because their use offers better
control during parametric modeling. The shell elements on the other hand are not
suitable for horizontal stiffener and rail sections as they cannot be treated as shells.
Also, after the inclusion of height modification in the height reduction in specific
cases is made possible at the cost of thickness addition, thus, the error in shell
element calculation is avoided.

The parametric optimization of the reference girder (120 ton x 32 m) concluded a
14.63% (or 5449 kg) mass reduction, 27.3% and 2.18% thickness reduction of web
and flange plates respectively with respect to the existing box girder model. Similar
savings are observed in all the range of capacity and spans.

Linear interpolated capacity-wise and span-wise relations were developed for the
calculation of the design parameters (Hyx, PT and RD) for the required capacity
(50 ton~120 ton) and span (10 m ~ 32 m) of the box girder. Before performing span-
wise optimization, with the only input as span and fixed capacity (100 ton), mesh
sensitivity analysis was carried out and an element edge length of 170 mm was
concluded (for a 100 ton girder).

The combined optimization using combination/correction factors was performed in
three steps (capacity, correction and span control block).

The optimized parameters concluded were modified according to the industrial
constraints i.e. standard section libraries of plates and rolled sections available in the
market. The addition of standard libraries increased the mass of the girder as the
code selected an upper bound thickness.

The height of the girder (Haux), as calculated during the earlier optimizations, was
modified keeping in mind the losses during the crane construction. Hix was
concluded to be equal to the size of a given standard plate to avoid cutting along the
height of the web. Wrp was concluded to be 1/3 of the height of the girder (Hazx).
Two optimization studies were performed to modify the height considering first web
and flange thicknesses to be equal (approach-1), and secondly top/bottom plate
thickness of 0.9 times and 1.25 times the thickness calculated in approach-1. All the
optimization case studies performed were compared and it was concluded that the
case studies with no height modifications had lower masses for greater spans (15 m
~ 32 m). The addition of mass due to height modification increases with the increase
in both span and capacity. Hence, the mass of the height modified cases for lower
spans was observed to be less than the non-modified case studies.
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It is illustrated by Table 4 that by increasing the bed heights from 9 cm to 27 cm, the
time required to reach 50% adsorbate breakthrough (7) increased from 174.92 min to 502.36
min, 196.60 min to 754.62 min, and from 550.70 min to 1617.94 min for iron ions, zinc
ions, and residual oil, respectively. This trend had been reported in a previous study [32].
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Fig. 13: Yoon-Nelson model of iron Fig. 14: Yoon-Nelson model of zinc
ions at different bed heights. ions at different bed heights.
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Fig. 15: Yoon-Nelson model of residual oil at different bed heights.

Table 4: Mathematical characterization of Yoon-Nelson of iron ions, zinc ions,
and residue oil at constant flow rate QO (3 ml/min)

Adsorbate H (cm) Kyv(1/min) T (min) R?
Fe 9 0.0042 17492 09776
Ci(103.3) 18 0.0015 48833 0.8874
mgl 27 0.0011 50236 08214
Zn 9 0.0075 19660  0.8933
Ci(1.5) 18 0.0071 288.29 09642
mgl 27 0.0024 75462 09678
Residual oil 9 0.0057 55070 08877
Ci(1084.3) 18 0.0065 598.01 08171

mel 27 0.0018 1617.94 1
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ABSTRACT: Mathematical models of thermo control processes in a rectangular plate
are considered. In the model under consideration, the temperature inside a plate is
controlled by heat exchange through one boundary while the other three are insulated.
The control parameter is a function that satisfies certain integral equations. Sufficient
conditions for achieving the given projection of the temperature at a fixed point on the
plate and given average temperature are studied.

ABSTRAK: Model matematik bagi proses kawalan suhu dalam bekas segi empat tepat
telah dipilih. Melalui model ini, suhu bekas dikawal dengan menukar haba melalui salah
satu sisi bekas, manakala tiga sisi lain telah ditebat. Parameter kawalan ini ialah fungsi,
di mana ia sesuai dengan persamaan sesetengah integral. Keadaan sesuai bagi mencapai
suhu tetap bekas seperti cadangan dan suhu purata yang diberikan turut dikaji.

KEYWORDS: non-homogeneous heat equation; control of heat conduction; boundary
conditions; initial conditions

1. INTRODUCTION

Many physical processes and engineering problems are described by heat/diffusion
equations and the study of the properties of the solutions is important. Methods of the
solutions of various boundary value problems and problems with the initial conditions can
be found in [1]. For the first time, a detailed explanation of the problems of control of the
system with distributed parameters, described by partial differential equations were given
in[2].

In recent years, interest in the study of a system with distributed parameters has
increased significantly. In works [3-5] by II’in and Moiseev, the questions of boundary
control by the various systems described by a wave equation are studied. Notable works
[6, 7], studied problems related to the process of control associated with the equations of
parabolic type, particularly the heat transfer process.

Equation (1), in the homogeneous case, describes the problem of heat control studied
by Alimov in [8-12]. The problem for the non-homogeneous equation (1), in the case of
heat transfer, is a rod studied in [13].

2. FORMULATION OF PROBLEMS

Consider the non-homogeneous heat equation
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Fig. 6: Block diagram of PLL [28].

Since the purpose of applying multilevel STATCOM is voltage regulation, the
effective voltage in PCC is compared with the desired value in the loop Q and is given to
the PI controller. PI controller output is the reactive current value that multilevel
STATCOM should produce or attract. In other words, the current is the reference value of

i, . Then, i, is compared with the reference value of itself and is given to the PI controller.
The controller output forms switching function of Q axis.

In loop D, the average capacitor voltage is initially compared with the reference value
and is given to the PI controller. The PI controller output is the active current value that
multilevel STATCOM should produce or attract. In other words, the current is reference
value of 7, . Then, i, is compared with the reference value of itself and is given to the PI

controller. The controller output forms switching function of D axis. When switching
functions of axes D and Q were obtained, their amplitude and angle are estimated. These
values are initial amplitude and phase of reference signals of PSPWM.

To determine the coefficients ,, k,, k;, k,, ksand &y of PI controllers, the closed

loop equations are obtained based on the test system, multilevel STATCOM, and
controller. Equations (13) and (14) are the average model of CMC based STATCOM [5]
and open loop state equations of the studied system and multilevel STATCOM in ABC
coordination.

di, ~ R, .
Lote _ Lvdc Dy — vaccabc - 7fiabc
dt L L L
f f ! (1 3)
Dy 1 v, _ 1 F N
ar Rhm,-c dc 3C abg labe »J T Lses
die 1o 1o R
a I sabe I ‘pecabe I sabe
di, . 1 . R, - 7 - -
dL;b = 7 Ve T Tabe >izabe = Tsabe T labe
df Lot Lot (1 4)
? e
;:C = ~Labe
dv,.
dt
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ABSTRACT: Sludge treatment is one of the most important and expensive steps in water
and wastewater treatment plants. Chemical conditioners such as polyaluminum chloride,
aluminum sulfate, Fenton’s reagent, gypsum, and polyacrylamide can produce byproducts
that cause health and environmental problems. Moringa oleifera (MO) seeds can be used
as a natural alternative to chemical conditioners. The bioactive materials have to be
extracted from MO seeds for better performance. In this study, the treatment methods of
MO seeds were the bioactive extraction by NaCl (1 M) and oil extraction by hexane
solvent, as well as the untreated (crude) seeds powder. Synthetic sludge samples were
prepared using kaolin suspension (5% w/v). The most effective coagulant-form was
determined based on the values of settling velocity (75) and sludge volume index (SVI).
Results showed that extraction by NaCl gave the best results of 0.41 cm/min of settling
velocity and 63.39 ml/g of SVI. A SVI value greater than 150 ml/g indicates poor settling
qualities whereas the control sludge of the current study was 100 ml/g. The most effective
coagulant-form was optimized with respect to three process conditions: MO seeds dosage,
mixing speed, and contact time. The experiments were designed using 2 Level Factorial-
Design by Design-Expert software. The optimum process conditions were seeds dosage of
3246 mg/l, mixing speed of 102 rpm, and mixing time of 29 min. MO seeds can be
considered as a natural coagulant that can be used as main sludge conditioner.

ABSTRAK: Rawatan kotoran mendapan adalah salah satu rawatan penting dan termahal
dalam merawat air dan sisa kumbahan loji. Perapi kimia seperti poli-aluminium klorida,
aluminium sulfida, reagen Fenton, gipsum, dan poli-akrilamida menghasilkan sisa, di
mana memberi kesan kepada kesihatan dan alam sekitar. Benih Moringa oleifera (MO)
boleh digunakan sebagai bahan ganti semula jadi kepada perapi kimia. Bahan bio-aktif
perlu diekstrak daripada benih MO bagi memberi kesan terbaik. Dalam kajian ini, kaedah
rawatan menggunakan benih MO adalah dari ekstrak bio-aktif NaCl (1 M) dan ekstrak
minyak dari bahan larut hexane, serta serbuk benih tidak dirawat (mentah). Sampel sintetik
kotoran mendapan disediakan dengan menggunakan ampaian kaolin (5% w/v). Bentuk
kogulan yang paling efektif didapati berdasarkan nilai halaju malar (¥:) dan indeks
ketumpatan kotoran mendapan (SVI). Keputusan menunjukkan ekstrak NaCl memberi
keputusan terbaik pada halaju malar 0.41 cm/min dan bacaan pada SVI 63.39 ml/g. Nilai
SVI lebih besar daripada 150 ml/g menunjukkan kualiti kadaran malar kurang baik
berbanding 100 ml/g kajian kawalan semasa kotoran mendapan. Bentuk kogulan yang
paling efektif telah dioptimumkan pada tiga keadaan proses: dos benih MO, halaju
campuran dan tempoh campuran. Eksperimen dibentuk menggunakan 2 Level Factorial-
Design daripada perisian Design-Expert. Keadaan optimum proses adalah pada 3246 mg/1
dos benih, 102 rpm halaju campuran, dan tempoh campuran selama 29 min. Benih MO
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Fig. 4: Effect of inoculum dose of culture medium on myco-flocculants production.

3.1.3 Compatible Mixed Culture

Figure 5(A) shows ten day old single and mixed culture plates of L. squarrosulus and
S. obclavatum. Figure 5(B) shows the turbidity removal (%) of single and mixed cultures.
The flocculation rate was higher at 88% of mixed culture compared to the single culture of
S. obclavatum (78%). The mixed culture showed significant growth of L. squarrosulus in
the PDA plate, which indicated that the compatible mixed culture of L/S may have produced
more substances to enhance flocculation to reduce turbidity compared to single S.
obclavatum culture. Alam et al. [12] reported the fungal mixed culture of Aspergillus
niger and Penicillium corviophilum was enhanced the separation process of wastewater
sludge. Two strains of Rhizopus sp. produced a compound coagulant that was used to reduce
turbidity of 91.1% from potato starch wastewater [21].
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Fig. 5: Compatible mixed culture (A) L. squarrosulus (A-a), S. obclavatum (A-b), L.
squarrosulus and S. obclavatum (L/S) front side of plate (A-c), L/S reverse side of plate
(B) Turbidity removal by single and compatible mixed culture.
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CHs that received a relay-msg in routing tree construction stage decide whether to
send data directly or via relay nodes to the upper CH to finally reach the BS. d, and d,, are
illustrated in Fig. 2. The pseudo-code segment 1 gives the details of the CH selection
stage.

Relay-node-candidate

Cluster-head
Data transmission path

leo

Fig. 2: Three inter-cluster communication paths.

Begin (CH selection algorithm)
IfE7; > Ethreshota then
state « candidate CH
Calculate Re and broadcast intro-msg in Re
End
If state = candidate CH then
Calculate funCH and compare with neighbors
If Max value of funCH neign < funCH ; do
state < CH
Broadcast CH-msg in Re
End
End
If receive CH-msg from at least two CHs && Er; >
Erypthen
state « candidate relay node
Calculate d and send relay-msg to CHs
End
End

The pseudo-code segment 1

¢) Cluster Formation Stage

According to CH-msg information each member node has to choose a proper CH
from the eligible CH set to join it. To do this, some assumptions are considered as follow.

1. If a member node receives a CH-msg from just one CH, it joins that cluster by
broadcasting a join-msg and sets its next hop to be that specific CH.

2. If a member node receives CH-msg from two or more CHs with equal distance, it joins
the CH with more residual energy and less distance to the BS in a low density area.
Eqn. (12) indicates the level of competence for each CH.

funJ; = ax ErCH; + b x 1/ CHdtoBS; + ¢ x 1/ den; (12)
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nearest neighbors. Usually, the Euclidean distance is used to measure the closeness of the
samples. The KNN model is also a supervised learning-based classification algorithm. In
classification, the KNN model is a type of instance-based learning. It classifies objects
based on the closest training examples in the feature space. The classification function is
only approximated locally and all computation is deferred until classification. The KNN
model is amongst the simplest of all machine learning algorithms. The object is classified
by a majority vote of its neighbors with the object being assigned to the class most
common among its k nearest neighbor (k is positive integer).

In FPA, each feature subset can be seen as a position of pollen. Each subset may
contain N features, where N is the number of features in the original set. The fewer the
number of features in the solution and the higher the classification accuracy, the better is
the solution. Each solution is evaluated according to the modified FF, which depends on
two objectives: the solution’s accuracy obtained by the KNN classifier and the number of
selected features in the solution. The FF used in the modified method is designed to have a
balance between the number of selected features in each solution and the classification
accuracy obtained by using these selected features, Eqn. (6) represents the FF to evaluate
solutions.

Ist

FF = pacc+ pi— (6)

M

In Eqn. (6), acc expresses the classification error rate of a given classifier KNN is used
here. |S] is the cardinality of the selected subset and [N] is the total number of features in
the dataset, 4 and p are two parameters corresponding to the importance of classification
quality and subset length. In Eqn. (6), u € [0,1] and p = (1 — p).

The modified model’s results should be analyzed in order to determine its value at the
evaluation stage, and its methodology identified in its wake. These criteria can be
calculated for educational data collection in the learning stage and also for the collection
of trial records in evaluation stage. There are various criteria such as Precision, Recall, F-
Measure and Accuracy for the evaluation and we use accuracy criteria in order to examine
the modified model [32, 33].
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indicated the same variety of results in the research. The experimental data of Anoop et al.
[29] and numerical results of Moraveji et al. [30] were considered for validation in the
present study which the changes of convective heat transfer coefficient were investigated
based on the Reynolds number (Fig. 3). The geometry of the study of Moraveji et al. [30]
is the same as the experimental study of Anoop et al. [29]. The results showed that the
present study was in good agreement with the experimental data of Anoop et al. [29] and
numerical results of Moraveji et al. [30].
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200
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Fig. 3: Comparing the changes of convective heat transfer coefficient based on the
Reynolds number with the experimental data of Anoop et al. [29] and numerical
results of Moraveji et al. [30].

8. RESULTS AND DISCUSSION

8.1 The changes in the thermal conductivity ratio based on the percentages of the
volume fraction of nanoparticles

Figure 4 shows the increase in thermal conductivity rate based on the volume fraction
percentages of nanoparticles for water-alumina and fuel-oil-alumina nanofluids as
calculated from the formula provided by Patel et al. [33]. As can be seen, the thermal
conductivity rate is greater than 1 for all nanofluids and it increases by increasing the
volume fraction of nanoparticles [35]. The highest rate of increase is for the fuel-oil-
alumina nanofluid with a volume fraction of 6% and a particle size of 60 nm. It should be
noted that the effective thermal conductivity of nanofluids depends on the thermal
conductivity of solid particles and the base fluid, the volume fraction of the particle,
particle shape, thickness, and thermal conductivity of the nano layer [36]. Also, thermal
conductivity depends on the particle size, nanoparticle density, and the combination of
characteristics of the base fluid and the nanoparticles [37, 38].

o Water Alurmina 60nm X
-0 Watar/Alomina S0nm -
--6-- Water/Alomina 1500m

-+ - Foel il Alpevira-60nm -

—-x— Foal-cill Alueira S0nm - -
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Volume Fraction (%)

Fig. 4: The changes of thermal conductivity rate based on the percentages
of the volume fraction of nanoparticles.
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The main aim of system is about vigilant the Cryotherapy process and make the
system adjustable to use for finding the effective time of protocol for different medical
applications. According to the adjustable structure of macro controller, using a suitable
program will fulfill all targets. Paper sampling of ice bag temperature and controlling the
cooling process are the important parts of providing design's target. This part is provided
by microcontroller analog part that it's server's code in 2.4.2 and the other part is about a
comparison of time schedule which is provided by a micro counter timer, is mentioned in
2.4.2 effective voltage of the whole controllable system which is contain of micro
controller and some 5 voltage sensors and the sample frequency are provided by the 32.67
k external crystal, that change the system to a clock so it can control the cooling process
all the time and does a current comparison among differences of temperature and time of
cooling process. For controlling the microcontroller, we use code vision Avr software for
programming the processor and controlling the cryotherapy process. The software consists
of several parts:

2.4.1 Code for Measuring the Value of the Temperature from Inside the Ice Pack
ADMUX=adc_input | (ADC_VREF_TYPE & 0xff):
delay us(10); ADCSRA|=0x40; while (ADCSRA & 0x10): B
ADCSRAI=0x10; t=(ADCW*2.56)/1023)¥100; while (1) {t0=read_adc(0)}:

2.4.2 Code for Introducing the Time for the Course of Treatment

Interrupt [TIM2_OVF] void timer2_ovf_isr (void)

{if(second==59)

{second=0;

if(minute==59) {minute=0;

if(hour==24) hour=0: else

hour++:}else

minute++:}else

second++:}

2.4.3 Start of Cryotherapy Involving Algorithm in While Loop

Control of the Cryotherapy process is in accordance with the following:

if (5<=T)

{PORTD.7=1; PORTD.5=1; PORTD.6=0:}

if (T<5)

{PORTD.7=0; PORTD.6=1; PORTD.5=0:}

Even though all controlled items, for the best temperature transferring in the ice bag a
vibrator is used to help the pack to achieve the exact temperature sooner. Besides two
sensors are used in the systems, so in investigator samples one of them is used for skin
feedback temperature and the other one is used inside the ice bag. In reality the average of
sensors temperature can be used for controlling the process in micro. This is sample
program for a normal working system. This allows the users to make different patterns for
different subjects. This is one of the biggest advantages that can reduce the duration of

treatment for special categories of subjects such as professional athletes and the elderly or
for animals such as race horses.

2.4.4 Displaying Information about the Treatment and Time of Cryotherapy
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Where: Veg is the volume of effluent (ml) = O X 7 toral

The total removal percentage of metal ions or oil () is the ratio of the total capacity (grora)
to the total amount of metal ions and oil sent to the column (Miorar) can be obtained from
equation (6):
_atotal
Mtotal

100 ©)

2.7 Modeling of the Fixed Bed Column

In this research, the description of the breakthrough behavior of iron ions, zinc ions and
residual oil on the AMCBCC and the characteristic parameters Kz, gx, Krv, and T were
determined by two well-known models: the Thomas model and the Yoon-Nelson model.

2.7.1 Thomas Model

The Thomas model is designed to determine the maximum capacity of adsorption,
which is one of the most important factors for column design. This model is also used in the
description of the breakthrough curve of the column [12-21]. The linearized form of the
Thomas equation is illustrated in equation (7):

[n[c_i_1]=w_](nat @

ce Q
‘Where: C;and C; are the inlet and outlet adsorbate concentration respectively (mg/l), O is
the volumetric flow rate (ml/min), # is the contact time (min), m is the mass of adsorbent
(8), kmnis Thomas kinetic coefficient (ml/min.mg), gx is the maximum adsorption capacity
(mg/g). With plot In [% — 1] versus ¢ from the slope and the intercept, values of Kz and gx
are determined.

2.7.2 Yoon-Nelson Model

This model is developed based on the assumption of adsorption and breakthrough of
adsorbate probability [12]. It is less complicated and needs fewer parameters than the other
models; moreover, it is usually used to determine the time required for 50% of the adsorbate
breakthrough (7). The linearized form of Yoon-Nelson equation is illustrated in equation

@®):
=S = K t- K G 8
In ==K t - K ®)
Where: Kyv is the Yoon-Nelson rate of constant min™, 7 is the time required for 50% of
[
ci—ct
determine the slope and the intercept, and from the slope and the intercept, the values of Ky

adsorbate breakthrough min, and ¢ is the contact time min. Plot In versus 7 is to

and T are calculated.

3. RESULTS AND DISCUSSION
3.1 Characterization of AMCBCC

From Fig. 2, it can be seen that the main peak was at the wave number 0£3395.96  cm
! which refers to a hydroxyl group. This group was present in the mangrove bark, alginate,
and chitosan [16, 24-25]. The wave number 1642.59 cm™ refers to a carboxyl group, which
was present in the alginate [26]. Moreover, the wave numbers 1034.87 and 779.23 cm™
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have shown their capabilities in a wide range of issues from transmission to distribution
levels [2]. These controllers increase the power transmitted from transmission lines and
improve the voltage profile along a line with an appropriate control of reactive power. In
addition, parallel controllers can improve transient stability and cause the damping of
power oscillations during an error [1]. Using high-speed power converters, parallel
controllers can be used in distribution for applications such as voltage regulation [3],
voltage balancing, reducing Flicker, and mitigating voltage sag [4].

Basically, all parallel controllers inject an additional current to the system at the point
of common coupling (PCC). Parallel controller impedance that is connected to the PCC,

creates a changing current. As long as the injected current has 90° phase difference with
voltage, parallel controllers can only produce or absorb changing reactive power [2].
Parallel controllers include two groups: static reactive power (Var) compensators (SVC)
and static synchronous compensators (STATCOM) [5]. SVC attracts or produces
controllable reactive power by connecting the inductor or capacitor to or from the power
system and therefore SVC is very slow for problems with rapid transition states. Using the
semiconductor equipment with shutdown feature, power converters can be used at higher
switching frequencies and provide faster response. This has caused voltage source
converters (VSC) to be an important part of FACTS controllers, creating a parallel
controller known as STATCOM, with its single-line diagram illustrated in Fig. 1 [1].

Voitage | V \/
c Loss | Source X
Converter £ Power System

Fig. 1: single-line diagram of STATOM.

Among the structures of power converters that have been recently introduced,
multilevel converters are useful structures that can be used in high power applications such
as FACTS devices. Several structures of multilevel converters are presented, most notably
Diode Clamed Multilevel Converter (DCMC) [6], Flying Capacitor Multilevel Converter
(FCMC) [7], Generalized P2-cell Multilevel Converter (P2MC) [8], Cascaded Multilevel
Converter (CMC) [7], Reversing Voltage Multilevel Converter (RVMLC) [9], and
Modular Multilevel Converter (M2MC) [10]. With these converters, switches with lower
nominal power can be used in medium voltage [2]. Among the diverse structures provided,
the cascaded multilevel converter (CMC) has a possible and useful structure for reactive
power compensation without voltage unbalancing [2, 11].

Cascaded multilevel converters are made with a number of identical H-bridge
converters [12]. The modular structure not only simplifies the construction of the
hardware, but also the overall system on power capability enables flexibility. Moreover, it
has far fewer components compared to other structures and all its components are the
same for any number of levels [5, 13]. A STATCOM structure based on CMC is shown in
Fig. 2.

Several studies were performed on CMC-based STATCOM for improving dynamic
response and stabilization of DC capacitor voltage [2, 5, 11]. According to the advantages
of multilevel converters in power quality applications and CMCs in particular, this paper
recaps the design and simulation of CMC-based multilevel STATCOM for load voltage
regulation. Compared to the previous control strategies [14-17], the proposed method has
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9. CONCLUSION

In this study, convective heat transfer of fuel oil-alumina and water-alumina
nanofluids flow in a channel in a laminar flow was conducted using Fluent. The effects of
nanoparticle volume fraction, nanoparticle size, axial position and the Reynolds number
on the convective heat transfer coefficient and the Nusselt number were studied. The
simulation was conducted for three volume fractions of 1%, 3% and 6% and particle sizes
of 60 nm, 90 nm, and 150 nm in laminar flow with a constant thermal flux of 8846.4 w /
m? where the following results were obtained from this study:

Increasing of the nanoparticle volume fraction causes an increase in the convective
heat transfer coefficient and the Nusselt number of the nanofluid.

The Reynolds number has a significant effect on convective heat transfer
coefficient of water-alumina nanofluid and increase of the Reynolds number
increases this coefficient. By increasing the Reynolds number, convective heat
transfer coefficient of fuel oil-alumina nanofluid slightly increases.

By increasing the axial position, the amount of convective heat transfer coefficient
in both nanofluids decreases. It is also observed that in a constant volume fraction,
a nanofluid with smaller particles has a higher convective heat transfer coefficient
than larger particles in the same axial position.

According to the axial position, the amount of convective heat transfer coefficient
at the inlet of the channel is more than in the other parts of the channel for water-
alumina nanofluid and by increasing the axial position, this coefficient decreases
with a large slope. The axial position of this coefficient is reduced with a large
slope which the convective heat transfer coefficient decreases with almost the same
slope along the channel for the fuel oil-alumina nanofluid.

The rate of thermal conductivity for all nanofluids is greater than 1 and this amount
increases by increasing the volume fraction of nanoparticles so that the highest
increase rate is for a fuel oil-alumina nanofluid in a volume fraction of 6% and a
particle size of 60 nm.

The effect of the Reynolds number on increasing the convective heat transfer
coefficient for water-alumina nanofluid is more than the effect of nanoparticle size
so that in a volume fraction of 1%, the highest increase rate for convective heat
transfer coefficient is about 28% for nanoparticles of 60 nm and at a Reynolds
number of 2100. But for fuel oil-alumina nanofluid, the effect of increasing of the
size of nanoparticles is greater than the effect of the increase in the Reynolds
number.

The results of this study can be used in refineries and petrochemical industries where the
fuel-oil fluid flows in channels.
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ianya terdiri daripada ekstrak malt 0.1% (w/v), dos inokulum 3% (v/v) dan pH awal 7.0
selama 6 hari. Keputusan kultur campuran yang sesuai menunjukkan aktiviti
penggumpalan yang baik pada 88% berbanding kultur sendirian S. obclavatum pada 78%.
Pada waktu sama, L. squarrosulus menunjukkan pengurangan kekeruhan yang lebih baik
dalam kultur sendirian berbanding kultur campuran. Kestabilan larutan supernatan L.
squarrosulus dan S. obclavatum menunjukkan pengurangan kekeruhan yang sangat baik
pada pH yang luas iaitu 4-8 dengan kadar maksimum kekeruhan pada 96% dan 90%, pada
PH 7.0 masing-masing. Keduanya menunjukkan kebolehan penyingkiran kekeruhan yang
tinggi pada skala suhu 4 °C — 55 °C selama 24 jam dengan kadar nyah kekeruhan
maksimum pada 96% (RW5) dan 87% (RW6) pada suhu 25 °C. Kestabilan masa larutan
supernatan L. Squarrosulus menunjukkan potensi penyingkiran kekeruhan terbaik atas
90% pada suhu bilik (28+ 2 °C) dan 85% pada suhu rendah (4 °C) selama 12 hari. Kadar
gumpalan yang tinggi oleh myro-gumpalan dan kestabilan yang baik pada julat suhu yang
luas menunjukkan potensinya sebagai agen biodegradasi gumpalan kepada air dan industri
rawatan loji air.

KEYWORDS: flocculation; jar test; Lentinus squarrosulu; mixed culture; Simplicillium
obclavatu; stability; turbidity

1. INTRODUCTION

Chemical flocculants are widely used in wastewater and drinking water treatment, food
and fermentation industries, as well as in downstream processing due to their high
flocculating efficiency and cost-effectiveness. [1, 2] Generally, flocculating agents that have
the most usage in water treatment are the synthetic ones such as aluminium sulphate, ferric
chloride, lime, and synthetic polymers. [3, 4] Aluminium salts are the most widely used
coagulant in water and wastewater treatment because of their proven performance and cost
effectiveness. However, chemical coagulants cannot be easily degraded in nature and may
result in various health and environmental problems. [5] Compared with chemical
flocculants, bioflocculants have more advantages, such as being environmentally friendly
due to their biodegradability, largely nontoxic with no secondary pollution, and harmless to
both humans and animals. [6] Therefore, bioflocculants have recently gained global
attention in research because they hold immense potential in replacing chemical flocculants.
For example, Li et al. [7] reported that B. licheniformis produced ZS-7 bioflocculant is
expected to be a potential replacement for conventional synthetic flocculants such as PAC
(polyaluminum chloride) and PAM (polyacrylamide) for the treatment of low temperature
and room temperature (25 °C) drinking water. Similarly, Gong et al. [8] reported Serratia
ficaria produced bioflocculant SF-1 showed 91.8 — 93.7% turbidity removal from
wastewater, which is better than that of PAC and PAM. Aspergillus flavus produced IH-7
bioflocculant showed better flocculation performance than PAC and IH-7 was significantly
used to flocculate different types of suspended solids such as activated carbons, kaolin clays,
soil solids, and yeast cells [9]. Moreover, bioflocculants are widely used for the recovery of
suspended solids (SS) from wastewater treatment [10-12].

Bioflocculants are secondary metabolites produced during the growth of
microorganisms such as bacteria, yeast and fungi that are composed of polysaccharides,
proteins, lipids, glycoproteins, and glycolipids [13-15]. The composition and properties of
coagulants depend on the type of flocculant-producing microorganisms (BPMs),
composition of the media, and many conditions. The differences in the composition and
properties of polysaccharides and proteins lead to differences in the charge of coagulant
[16]. Culture conditions screening is a powerful approach to increase the production of extra
polymeric substances from microorganism cultivation [17]. Although most flocculants can
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3. INTRODUCTION AND BACKGROUND WORKS IN PIPELINE
NETWORK

Generally, oil and gas pipelines can be categorised as a fixed infrastructure that is
commonly stretched over an extensive distance from one point to another. This is the
concept of chain communication over a series of intermediate nodes between detection
points (sensing nodes) to the centralised monitoring station (receiving node) in order to
transfer data as required by the user [13, 14]. The static WSN comprises a sequence of
source nodes (sensing points) that operate as hosts when changes are detected on a sensor
and also act as routers in a communication path towards a destination node. In general, a
data packet generated at the source node requires a navigated wireless communication
path to successfully transmit the data packet to a designated receiver node (destination).
The route discovery or route identification on a multi-hop linear network among source
nodes (multiple nodes) to a destination node (usually one located at the end of the
network) is accomplished with a sequence of broadcast packets referred to the used
routing protocol characteristic. The four common routing protocols are; (1) reactive
routing protocol also known as the on-demand routing protocol, (2) the proactive routing
protocol also known as the table-driven protocol, (3) the hybrid routing protocol (a
combination of both reactive and proactive protocols), and (4) manual routing protocols
[15, 16]. All these routing protocols are different in nature and have a unique process flow
with respect to the route discovery and data transfer process, which in turn has significant
implication when applied in a wireless network.

The Ad hoc On-Demand Distance Vector (AODV) is the most common and popular
reactive routing protocol [16-18]. The route search or identification is completed based on
demand and real-time changes in a network. The newest route to a destination node is
identified from a sequence of numbers at the destination. In a scenario with two nodes
located in a transmission radius (range in meter), the node has the possibility to bypass the
next immediate node based on the circumstances and real-time changes in the network.
Another on-demand routing protocol that has a similarity to AODV is the Dynamic Source
Routing (DSR) [16, 18] where sender and receiver node route navigation is incorporated
with transmitted data packets. The route to a designated destination node is generated by
referring to the accumulated route information that is temporarily stored in all the nodes.
The drawback of DSR is higher overhead that makes it unreliable for long range multi-hop
linear communication. The Destination-Sequence Distance-Vector routing protocol
(DSDV) is a common proactive routing protocol [14, 17, 18]. There is a minimum delay
between the route identification and route setup process in DSDV for an accessible path to
a receiver node. The major drawback with DSDV is that frequent routing table updates are
required throughout the active period of the network, referred to as a dynamic changing
environment in the network. Hence, this results in a network that consumes higher energy
cost as well as bandwidth allocation even in an idle network state. A table-driven routing
protocol that has similarities with DSDV routing protocol is Optimised link-state routing
(OLSR) [16], which identifies the routing path to a receiver node from recognized paths
prior to data packet transmission. Thus, the accessible path to a designated node requires
zero duration in the route discovery process. The drawback of OLSR is the higher routing
overhead.

Fixed routing path (FRP) is a static manual routing algorithm that is efficient with
suppressed broadcast related packets for a pre-calculated optimal shortest path [19, 20].
The multi-hop routing algorithm takes into account all possible paths between nodes in a
network with the shortest path. The data merging technique prior to transmission to the
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bond with water and hydrogen exhibit more tendencies to water. The higher volume fraction
of fibre, the higher cellulose content, thus increase the moisture absorption. Moisture swells
the fibres and break apart the fibres. The humidity absorbed by the composite without
compromising decreased the mechanical and physical properties of the composite (Badia et
al., 2014). Jana and Zhong (2007) reported that during ambient condition, fungal may be
developed on surface of flax fibre when expose to hygrothermal condition for only 3 days.
Therefore, the surface treatment is applied on biocomposite substance to overcome fungal
growth. The chemical treatment using maleic anhydride polypropylene (MAPP) is one of
methods to modify the hydrophilicity of natural fibre apart from strengthening the bonding
between matrix and fibre (Joseph et al. 2002).

Food packaging is one of the main growing industry within plastic packaging market.
Those of product packaging made from conventional plastic. Due to their durability and
resistance to degradation tends to stay within landfill after been used (Yousif and Haddad,
2013). Recently, new research on food packaging industry essential for the composite
materials developed to degrade under the exposure of ultraviolet. The polypropylene,
polyethylene and polystyrene matrix are usually sensitive to ultraviolet rays. The plastic
products will degrade their polymer chain via scission and destroyed the cross linking
between polymeric molecules (Lopez et al. 2006). Exposure to ultraviolet radiation leading
to reduction in mechanical properties of composite. Different type of radiations results in
different kind of damage in products. Jana and Zhong (2007) revealed that composite used
for outdoor application are exposed to UV radiation from sunlight and degraded the integrity
of matrix. The degradation process by UV exposure are significance for food packaging
application. Degradation of composite leads to significant change in its structure, usually
characterized by a loss of its fragmentation properties and also reduction of its molecular
weight when placed under UV environmental conditions. Several damaging effects on
composite are dimensionless, surface erosion, and colour faded. Natural fibres however
contributed to UV light absorption. Alternatively, to increase the lifespan of composite
materials, coupling agent such as MAPP can be employed to alter the compatibility of
composite constituent subsequently increase the durability of composite material.

The current work discussed the effect of UV radiation on the tensile properties, water
absorption and optical properties of PP/DSNF composites. Different exposure times were
studied to determine the degradation of composite. The influence of coupling agent in
prolong the performances of PP/DSNF composite under ultraviolet radiation was also
deliberated. Comparison was made with unexposed PP composite in terms of mechanical,
physical and optical properties.

2. EXPERIMENTAL METHOD

Polypropylene grade 6331 was bought from Titan Pro Polymers (M) Sdn. Bhd.
Maleic anhydride polypropylene was supplied by Sigma-Aldrich. Durian skin waste was
collected from Pahang, Malaysia.

Preparation of DSNF started with chopped, ground and sieved of durian skin fibre
(DSF) into 100-250 pm mesh-size. Then, durian skin nanofibre (DSNF) was produced
through mechanical pre-treatment of DSF. The treatment process was continued with
biological fermentation of Rhizopus oryzae. Rhizopus oryzae is a type of fungi that is
naturally occurred from the expired bread and its strain with reference collection of
American type culture collection (ATCC). It was sporulated and grown on potato dextrose
agar (PDA). It was stored at 37 °C for 3 days. The medium for fermentation was potato
dextrose broth (PDB) which was prepared under controlled of pH 6 and sterilized in an
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loading (Cu10ZnaoVi0Also and Cui0Zn10Va0Also) exhibits two peaks, which are most-likely
attributed to the stepwise reduction of vanadia (V205 = VO = V,03) as reported by Botto,
Vassallo [21]. In general, a low loading vanadia (below 40%) exhibits the single tall peak
that reveals the prefect combination by giving a single reduction characteristic.
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Fig. 9: TPR results for the prepared catalyst.

3.2 Reaction Yield Study

The catalysts were tested in a methanol reforming reaction, both SRM and ATRM, at
temperatures ranging from 150 °C to 300 °C in order to obtain optimum metal compositions.
The same samples were employed from one temperature to other temperatures. The
hydrogen and CO yields, Yz and Yco respectively, at steady state, were calculated according
to Egs. (8) and (9), respectively, the normalised version of Choi and Stenger’s [22].

F,
Ty, = —2-x100%

2F, ®)
¥, = oo« 100%
Fyo ©)

where Frp, Fuo and Fyy are flows of hydrogen, fed methanol, and unconverted methanol,
respectively. The normalisation is based on the stoichiometry of the steam reforming
reaction that produces 3 moles of hydrogen for each mole of methanol converted.

3.2.1 Steam Reforming of Methanol (SRM)
The plot of the hydrogen yield against reaction temperature is depicted in

Fig. 10. The reference catalyst, CusoZn3oAlso shows high activity from 150 °C to 225
°C. However, from 250 °C to 300 °C, the reaction yields of the catalysts promoted with
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As it was done in the previous problem, by evaluation of the integrals, we obtain following
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Fig. 9: Maximum overvoltage along the cable as function of cable length.
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Fig. 10: Maximum overvoltage as function of resistivity of the cable core
(1 km, 10 km and 40 km cable).

4.3 Effect of Resistivity of the Cable Sheath on Maximum Overvoltage

Figure 11 compares maximum overvoltage along the cable with three different values
of sheath resistivity for different cable lengths (1 km, 10 km and 40 km). As seen from the
simulation results, maximum overvoltage decreases when sheath resistivity for each length
of the cable increases. For example, for every 10 km length of the cable, maximum
overvoltage along the cable for sheath resistivity 2.8x107° Q-m, 1.678x10~% Q-m, and
2.1x107° Q-m are 481.9 kV, 474.1 kV, and 405.7 kV, respectively.

4.4 Effect of Tower Footing Resistance on Maximum Overvoltage

One of the transmission line parts that can have a significant effect on maximum
overvoltage is the tower. During a back flashover, the major part of the strike current flow
is transferred toward the ground via the guard wires and towers. The tower footing

113





OEBPS/image/Vol-19-1-2018-wo-cover200.png
IIUM Engineering Journal, Vol. 19, No. 1, 2018 Mahmud et al.

Diffraction (XRD), Temperature Programmed Reduction (TPR), and Scanning Electron
Micrograph (SEM) methods. In the XRD analysis, crystal was determined and accordingly
compared with SEM images. Well-dispersed cuprum oxide crystal was usually shown by
small peak and was favourable for high selectivity catalysts [6]. The lowest reduction
temperature that corresponds to the activity of catalyst for SRM was determined from TPR
analysis [7]. Alumina as the support in crystal form is favourable for high thermal resistance
and low catalyst sintering [8]. The catalysts activity in hydrogen via SRM and auto thermal
reforming of methanol (ATRM) reaction were finally tested in order to delineate the
selectivity of hydrogen and carbon monoxide.

2. EXPERIMENTAL

Methanol, anhydrous nitrates of cuprum, zinc and aluminium, vanadium
oxytrichlorides, and sodium carbonate were supplied by Fluka Chemie AG with the purity
greater than 98.95%. 99.95% Argon, 99.995% Nitrogen and 99.995% hydrogen gases were
supplied by Malaysian Oxygen (MOX) and standard gas from Perkin Elmer for catalyst
reduction and analysis.

Similar to the work conducted by Lima et al. [9], metal compositions mixed were
initially determined using the statistical mixture design method namely, Simplex Centroid,
with the aid of the Design Expert® 6 software. The compositions of metals, Cu, Zn and V
based on mass (Fig. 1), were varied based on the Scheffe model in a ternary diagram where
BET surface area, the lowest reduction temperature, the hydrogen yield and the reaction
temperature responded according to either quadratic or cubic equations, depending on the
fitness of the surface response plot as generally expressed in Eq. (4). The subscript at the
end of each metal acronym signifies their respective mass percentage. Al was inactive in
SRM or ATRM reaction as proven in the preliminary blank tests. The Al ratio was fixed to
40% by mass out of other metals, imitated from the best composition (CuzeZnzoAlso) of the
catalyst that had the lowest CO formation and cuprum sintering [6, 10].

1* = CugoAlso

2 *= ZngoAlso

3 *=VeAls

4= CuzoZn3oAlao

5 = Zn3oV30Als

6= CuzV3oAlao

7* = CwoZnioVieAlso
8 = Cui0ZmuoVi0Alsp
9 = CuioZnoViaoAlso
10= Cuz0Zn20V20Also

Fig. 1: Simplex Centroid Design on metal mass composition.
Starred numbers denote the replicated samples.

q q q q q q
EW) =2 A+ 2 2 B+ 220 D kX%
(= [EgEn i joirl k= (4)
Co-precipitated Cu-Zn-V-Al oxide catalysts were prepared according to the method
proposed by Begum [11]. A 200 ml aqueous mixture of VOCl; and Cu, Zn and Al nitrates
were precipitated by 1.1 of required stoichiometry of Na>COs. Reactions that occurred in
the precipitation may be expressed as in Egs. (5) and (6).
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structures. Nonetheless, for base isolated structures, displacement occurs almost uniformly
in the whole upper structure and the displacement at the base remains within acceptable
limits. As the relative displacement of adjacent stories is minimal, such structures can
resist high seismic tremors in a safe and efficient manner against seismic ground
excitation.

The key points in investigating the dynamic responses of base-isolated buildings are
the base displacements and story forces. Here, base displacement indicates the
superstructure translation in isolation interface. The analyses reveal that the structure is
shifted by 87.15 mm ~ 130.15 mm while the bearing is inserted. For BI buildings, the
superstructure gets such significant displacement even at base namely, at isolation
interface. But in case of FB structures, base displacement is zero and the floor
displacements vary nonlinearly commencing from zero to maximum at top story.
Conversely, the variation of horizontal translation in between floor to floor for BI
buildings are not substantial (below 3%), ensuring almost uniform shape of distribution.

Figure 7 plots the variation of horizontal translation of different number of stories
using a unique type of high damping rubber bearing HDRBI. It is logical that with
increase of building elevation, the displacements at bearing interface are gradually
increased. The 4-story building shows around 33.04% less shift than that of the 10-story
building. However, the rate of increment from 8- to 10-story structure is 10%, which is
less than the rate of increment for lower story buildings of 16~17%. The observation
suggests that the pattern of results is comparatively oblivious to the structural period and
so representative HDRB1 induced responses are described. The higher the isolator period,
the larger the displacement and lesser the equivalent viscous damping. Again, to compare
the structural response for different bearings, the scaling of the selected ground motions
and the choice of the damping reduction factor are of great importance. If both are
addressed well, the model developed could be a very useful tool for base isolated
buildings, especially in the preliminary stage of structural design.
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Fig. 7: Superstructure Displacement of BI buildings at bearing interface.

3.4 Inertia Behavior

The shear force of buildings is maximum at base level, which is computed from the
concurrent summation of maximum inertia forces at each floor above bearing level. The
modal inertia force is a function of structural mass, spectral acceleration, and the
participation factor at the respective level. The inertia forces at the respective floor denote
the design shears at each level, leading to computation of base shear as well as overturning
moment of the building.
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Shin et al. developed a pressure-scanning capillary viscometer that used a pressure
transducer to measure the viscosity of non-Newtonian fluids including blood [52]. Shin et
al. also developed a blood hemorheometer, featuring a vacuum suction-type pressure
scanning mechanism, that has been successfully employed to detect the mechanical
behavior of red blood cell aggregation [53]. Lee et al. [54] studied the applicability of two
non-Newtonian constitutive models (Casson and Herschel-Bulkley models) in the
determination of the blood viscosity and yield stress using a pressure-scanning
microfluidic hemorheometer. The present results were compared with the measurements
through a precision rheometer (ARES2). For a Newtonian fluid (standard oil), the two
constitutive models showed excellent agreement with a reference value and the
measurement of ARES2. For human blood as a non-Newtonian fluid, both the Casson and
Herschel-Bulkley models exhibited similar viscosity results over a range of shear rates and
showed excellent agreement with the ARES? results. The Herschel-Bulkley model yielded
a slightly higher value than other results at low shear rates (Y< 10), which may be due to
the relatively high value of the yield stress. The yield stress values for whole blood were
14.4 mPa for the Casson model and 32.5 mPa for the Herschel-Bulkley model,
respectively. Thus, their study showed that the Casson model would be better than the
Herschel-Bulkley model for representing the non-Newtonian characteristics of blood
viscosity [54]. Kang et al. [55] proposed a unique microfluidic device for simultaneously
measuring viscosity and flow rate of whole blood circulating in a complex fluidic network.
Based on the microfluidic device, three sequential flow controls were applied to identify
viscosity and flow rate of blood, with label-free and sensor-less detection. To quantify the
effect of flow stabilization on flow fluctuations, a formula for the pulsation index (PI) was
analytically derived using a discrete fluidic circuit model. Using the PI formula, the time
constant contributed by the half-circular chamber is estimated to be 8 s. Furthermore, flow
fluctuations resulting from the peristaltic pumps are completely removed, especially under
periodic flow conditions. The result showed that the flow rate and viscosity of blood can
be simultaneously measured with satisfactory accuracy. In addition, the proposed method
was successfully applied to identify the viscosity of rat blood, which circulates in a
complex fluidic network. These observations confirm that the proposed method can be
used for simultaneous measurement of viscosity and flow rate of whole blood circulating
in the complex fluid network, with sensor-less and label-free detection. Furthermore, the
proposed method will be used in evaluating variations in the viscosity of human blood
during cardiopulmonary bypass procedures or hemodialysis [55]. Kang et al. presented the
first experimental work on the viscosity measurement of adult zebrafish whole blood using
a capillary pressure-driven microfluidic viscometer. After the device calibration with
water, the viscosity measurement of human whole blood was performed and in good
agreement with published data, demonstrating the reliability of the device. Power law and
Carreau-Yasuda rheological models were used to model the non-Newtonian behaviors of
the human and zebrafish blood [56]. The viscosity measurement of adult zebrafish whole
blood is shown in Fig. 3. Furukawa applied an electromagnetic spinning sphere (EMS)
viscometer to the measurement of human blood viscosity for the first time. They collected
blood samples from 100 healthy outpatient volunteers in order to analyze viscosity
dependence on blood cell parameters and on the shear rate. This study demonstrated a
strong exponential correlation between the hematocrit and blood viscosity. However, the
total count of RBC and platelets correlated more strongly with blood viscosity than the
hematocrit. This result indicates that blood viscosity is likely to be more affected by blood
cell particle numbers than by blood cell volume. Although this comparison has not been
addressed in human clinical studies, a previous animal study demonstrated that the blood
cell count had a stronger influence on blood viscosity than the hematocrit [57]. This study
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pemangkinan dan hasil pengeluaran, biarpun pada tekanan separa reaktan. Kedua-dua
penukaran C;HsOH dan CO, meningkat dengan ketara dengan kenaikan separa tekanan
CO; daripada 20 kepada 50 kPa bagi kedua-dua pemangkin, sementara penurunan dalam
aktiviti pemangkinan dilihat dengan kenaikan tekanan separa C;HsOH. Penambahan La
meningkatkan penukaran C,HsOH dan CO,. masing-masing sebanyak 74.22% dan
33.80%.

KEYWORDS: Co-based catalyst; ethanol dry reforming; hydrogen; syngas

1. INTRODUCTION

Global warming issues, increasing greenhouse gas emissions, and the diminishing
availability of fossil fuels have resulted in growing interest in exploring an ecofriendly and
alternative energy for substituting petroleum-based energy. Hydrogen, a green energy
carrier, has received significant attention from both academia and industry due to its
outstanding energy capacity of 120.7 kJ.g"', zero emission during combustion, and
employment as a main feedstock for Fischer-Tropsch synthesis (FTS) to produce synfuel
[1, 2]. However, currently, industrial hydrogen production uses unsustainable fossil fuels,
namely; natural gas and oil-derived naphtha leading to considerable emissions of
undesirable CO. greenhouse gas [3]. Hence, ethanol dry reforming (EDR) has been regarded
as an attractive route for Ha synthesis since ethanol is a renewable and CO»-neutral feedstock
that can be easily derived from lignocellulosic biomass via hydrolysis-fermentation [4].
Additionally, EDR not only consumes unwanted CO> gas but also converts it to a value-
added syngas, a mixture of H, and CO for the downstream FTS.

In reforming processes, y-Al,O3 is normally used as support material owing to its
mechanical stability, high melting temperature, and low cost [5-7]. In addition, Ni-based
catalysts are conventionally employed for ethanol reforming reactions because of their low
cost and high capability of cleaving C-C and C-O bonds [8-11]. However, carbon deposition
via Boudouard, methane cracking, and ethylene polymerization reactions, as well as catalyst
sintering, are the major issues resulting in the deactivation of Ni-based catalysts during the
EDR reaction [12, 13]. In order to improve the stability of the catalyst and suppress the
formation of deposited carbon, Ni-based catalysts are normally modified with promoters.
La;0s has been employed as a dopant for reforming catalysts due to its basic properties
enhancing CO; adsorption [14] and outstanding oxygen storage capacity hindering carbon
formation on the catalyst surface [15]. However, to the best of our knowledge, there is no
previous study about promoted Co-based catalysts for EDR reaction. Thus, the objective of
this study was to investigate the promotional effect of La dopant on the physicochemical
properties and catalytic performance of Co/Al,Os catalyst for hydrogen production from
EDR reaction.

2. EXPERIMENTAL
2.1 Catalyst Preparation

Both 3%La-10%Co/ALOs and 10%Co/ALOs catalysts were synthesized using a wet
impregnation method. Alumina support purchased from Sasol (Puralox SCCa-150/200) was
calcined in air at 1023 K for 5 h with a heating rate of 5 K min™ to ensure thermal stability.
A measured amount of La(NOs)3 and Co(NOs), aqueous solutions (Sigma-Aldrich) were
mixed and stirred with pretreated AOs support for 3 h followed by drying overnight at 383
K and subsequent air-calcination for 5 h at 823 K with a heating rate of 5 K min™. The

25





OEBPS/image/Vol-19-1-2018-wo-cover75.png
IIUM Engineering Journal, Vol. 19, No. 1, 2018 Musavi et al.

centric metric. Qualified nodes are selected as candidate relay nodes that could undertake
transmission of data between clusters. In cluster formation stage, each usual node joins to
the proper CH, considering the three assumptions related to the number of received CH-
messages and distance to the CHs. A lot of energy is wasted in inter-cluster data
communications, the key issue of our protocol scheme is that in the routing tree
construction stage, we construct a routing tree with a wiser approach; CHs form routing
tree edges, BS at root and member nodes and leaves of this tree. For effective inter-cluster
communications, in relay node selection, each CH selects an eligible relay node based on
residual energy and distance to that CH, which directs CH data closer to the BS.
According to the energy that will be consumed, each CH communicates with its parent
cluster head or relay node and then finally, in the data transmission phase, data reaches the
BS through a constructed routing tree. Effective CH selection and routing tree construction
leads to power savings in more sensor nodes.

The remainder of this paper is organized as follows. Section 2 provides a brief survey
of some closely related works. Section 3 describes the network and energy model in our
algorithm. Section 4 presents the clustering protocol in detail. Section 5 analyzes several
properties of the protocol. Section 6 evaluates the performance of the algorithm and
analyzes the results obtained from simulations. Finally, Section 7 gives the concluding
remarks.

2. LITERATURE SURVEY

Much research has been done to cope with the energy consumption constraint
problem in wireless networks. Clustering techniques have mostly been the focus, since
data is aggregated and fused in each CH and energy would be conserved in every sensor
node. This would lead to longer lifetime of the overall wireless sensor network. However,
these algorithms face some problems. One of these limitations is that the energy metric is
not directly considered while selecting CHs. Also, more relevant parameters, such as
distance, density of nodes, and number of hops to reach the BS, are available that are not
considered in the selection of the basic nodes. Considering equal cluster sizes causes the
early death of CHs near the BS and those in the denser areas. Besides, constructing an
optimal routing tree based on an accurate method is a key to saving energy. Therefore,
defining a protocol to overcome these shortages is needed. Some proposed algorithms are
listed herein. Low energy adaptive clustering hierarchy (LEACH) [7] is a well-known
distributed clustering protocol in which most nodes transmit to cluster heads, and the
cluster heads aggregate and compress the data and broadcast their decisions to the base
station. The remaining nodes join the closest cluster head in terms of the communication
energy cost. Then the role of the cluster head is periodically rotated among the nodes to
balance energy consumption, since cluster heads have the extra burden caused by a long-
range transmission to a distant BS. Nodes that have been cluster heads cannot become
cluster heads again. Thus, LEACH counteracts the non-uniform energy dispensation
problem by rotating the CH role. However, in LE4ACH, node energy is drained quickly as
in CH selection the energy parameter is not involved. A hybrid, energy-efficient,
distributed clustering algorithm (HEED) [8] is also an energy-efficient protocol designed
for sensor networks. It introduces a variable known as the cluster radius which defines the
transmission power used for intra-cluster broadcast. The initial probability for each node
to become a cluster head depends on its residual energy and other parameters like
adjustment degree and intra-cluster communication cost. HEED relies on the assumption
that cluster heads can communicate with each other and form a connected graph. In article
[9], a cluster-based routing protocol for wireless sensor networks with a non-uniform node
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Fig. 6: Influence of Pconson on Hz and CO yields at Pcoo=20 kPa and T=973 K.

5. CONCLUSIONS

EDR reaction runs over both La-promoted and unpromoted 10%Co/Al,Os catalysts
were evaluated in a quartz fixed-bed reactor at different CO,:CoHsOH ratios 0of 2.5:1 to 1:2.5
with a reaction temperature of 973 K and atmospheric pressure. The Co3O4 and CoAl,O4
phases were formed on both promoted and unpromoted catalysts. However, the La;O3 phase
was not detectable, indicating high metal dispersion. The La-addition improved metal
dispersion from 9.11 to 16.64% and the degree of reduction from 86% to 98%. The BET
surface area, pore volume, and pore diameter were reduced with the introduction of Co and
La metal oxides indicating the successful penetration of these metal oxides into the porous
ALO; support. Additionally, the catalyst was reduced completely at a temperature beyond
1000 K, based on H>-TPR measurements. Regardless of CO, and Co:HsOH partial pressure,
the La-promoted catalyst performed superior catalytic activity and product yield to those of
the unpromoted catalyst due to the oxygen storage capacity of the La,O3 promoter resistant
to carbon deposition and the improvement of active metal dispersion as well as the basic
attribute of La)O; dopant. Regardless of catalysts, reactant conversions improved
significantly with increasing CO, partial pressure. However, a considerable decline was
observed for both CO, and C;HsOH conversions with rising C;HsOH feed composition.
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aluminium holder using double tape before being placed in the SEM machine. Observation
of the samples” morphology was then conducted.

2.3 Fabrication of Binderless Particleboard (BPB) Panels

The untreated and treated REW in chip form were blended to reduce them to the size of
50 pm that were sieved using an electronic sieve machine with a parameter of 10 mm
amplitude for 30 minutes. The sieved powders were dried in an oven for 3 days at 31 °C
before being used to fabricate the BPB. After that, the dried powder was put in a mould of
110 mm x 110 mm dimension, and subsequently pressed using a hot-press machine at a
pressing temperature of 180 °C for 5 minutes. The fabricated BPB panels were labelled
according to their types.

2.4 Evaluation of Panel Properties

These panels were prepared for property performance evaluation in terms of mechanical
properties (three-point bending and internal bonding tests), dimensional stability properties
(water absorption and thickness swelling tests), as well as their morphologies to validate the
results from the tests. The panels were cut and labelled according to JIS A5908 [14]
depending on their type of test

2.4.1 Three Point Bending Test

This test was performed to determine the strength of BPB panels through the modulus
of rupture (MOR) in Eqn. 1. The measurement of panel width and thickness were taken
before being placed in between two parallel supporting pins. The procedures were followed
as described in the board standard, where the loading force of 10 mm/min per load was
applied to the middle of the sample as in Eqn. (1).
MOR (MPa) = 22

(6]

where, P = maximum load (N), L = length of span (mm), 5 = panel width (mm), # = panel
thickness (mm)

2.4.2 Internal Bonding Test

The panels were cut into a dimension of 50 mm x 50 mm, according to the board
standard, where the width and thickness of the panels were measured. The device-testing
metallic grip was covered with masking tape to prevent an over-gripped clamping onto the
panel during testing. The vertical tension loading speed of 2 mm/min was applied, and the
internal bonding (IB) was calculated using Eqn. (2).

IB (MPa)= £ ©)

where, P ‘= maximum load (N) at the time of failing force, b = panel width (mm), L=
panel length (mm)

2.4.3 Dimensional Stability Test

The panels with a dimension of 50 mm x 50 mm were used to perform water absorption
(WA) tests according to board standard. Each sample was weighed (w1) using an electronic
balance and thereupon the panels were fully immersed in the water for 24 hours. After that,
the panels were taken out and dried on tissue paper for 10 minutes to remove excess water.
The panels were weighed again, w2, and the WA was calculated using Eqn. (3).
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1. INTRODUCTION

Chronic diseases such as diabetes, hepatitis, breast cancer and heart disease are the
main cause of death in many countries [1, 2]. Early diagnosis and treatment of these
diseases can provide a tremendous effect on improving patients’ quality of life and
reducing the costs of their treatment. An effective treatment can be performed either based
on the direct and subjective diagnosis by a clinical care team and their advice or based on
prediction-based diagnosis. In the prediction-based method, retrospectively collected data
from patients and healthy subjects are exploited to determine the probability of particular
disease incidence in each person based on his/her medical data. Appropriate computer-
based methods can handle huge medical data sets in a short time period in order to predict
disease incidence based on collected data.

Different symptoms of the particular disorder can be considered based on their
importance and occurrence. For instance, diabetes, a metabolic disease due to the lack of
insulin production or to resistivity to insulin, is characterized by high blood glucose levels
[2]. Hepatitis, on the other hand, is known by inflammation of the liver parenchyma and
can be resulted from several etiologies; some of them are contagious and others are not.
Among the factors creating hepatitis are excess in alcohol consumption, the effects of
some medications, and infection with bacteria or viruses [3]. Heart disease is mainly
manifested by partial or complete arterial occlusion. Arterial disorders consequently affect
the availability of the blood supply and therefore nutrients and oxygen to different organs
including the heart itself [4]. One of the most effective strategies to cope with
cardiovascular disorders is to identify the risk factors that play a critical role in the
development of such diseases. Breast cancer is also one of the most common diseases in
modern societies, and a combination of the genetic and environmental factors can affect its
incidence [5]. Its early diagnosis, by targeting the risk factors involved, plays a critical role
on efficiency of the treatment.

As the number of features for a particular disease increases, the disease’s diagnosis
and prognosis become increasingly challenging, even for a well-qualified medical
professionals. To cope with this issue, in recent decades, computer-based diagnosis tools
have been developed to assist physicians. Computer-based tools offer several advantages
including higher speed, precision, and lack of fatigue or condition-dependent decisions
[6]. Analysis and modeling tools such as artificial intelligence algorithms possess great
potential to deal with huge data sets collected from patients, a feature that can significantly
improve medical decisions including diagnosis and treatment selection.

The purpose of this paper is to offer a new way of diagnosis for diseases such as
diabetes, hepatitis, breast cancer, and cardiovascular disorders. In the modified model,
FPA [7] helps feature extraction and KNN [8] is used for data classification. The basic FS
problem is an optimization problem with a performance measure for each subset of
features to measure its ability to classify the samples. The aim of modified model is to
reduce the dimensions and characteristics of the sample space, and ultimately, improve the
accuracy of diagnosis and classification of patients. Final results showed that the modified
model has more diagnosis accuracy compared with KNN [8]. Classification, belonging to
supervised learning, is one of the most popular data mining techniques [9]. In supervised
learning, each instance in the training data is labeled with a class. The task of classification
can be divided into two parts: training and testing. Testing uses a classifier that is trained
to assign a class label to a new unlabeled instance.
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daya, momen dan perubahan relatif struktur menggunakan HDRB dapat memastikan
reka bentuk lebih ekonomi dan selamat pada bangunan tinggi daripada sebarang
gelombang seismos.

KEYWORDS: bearing isolation; high damping rubber bearing; seismic prone building;
structural flexibility

1. INTRODUCTION

Earthquakes are sudden and overwhelming natural calamities. During earthquakes,
extreme ground motion may cause severe damage to structures. The vulnerability of
structures to seismic damage has been highlighted by numerous recent earthquakes
worldwide. They cause inertia forces on the building structures that are a function of
ground accelerations induced by the earthquake and the building mass. When the ground
movement accelerates, the strength of the structure must be augmented to prevent the
structural damage. However, continuous increase of building strength is not a practical
way to solve the issue. It is neither easy nor economic to design seismic-prone buildings
for such strength levels. Conversely, instead of increasing the strength capacity, seismic
base isolation can give a potential solution by reducing the structural responses. Though
the occurrence of a natural earthquake cannot be controlled, its influence on structures can
be diminished by separating superstructures from their foundations. The isolation system
provides additional flexibility as well as energy dissipation capability by offering such
separation [1]. A new generation device, the high damping rubber bearing (HDRB), has
brought an innovative aspect for analyzing and designing base isolated (BI) structures [2-
6]. The HDRB rheology model [7], mechanical models [8] and the stiffening importance
of HDRBs [9] are some of the investigations done to predict structural responses of BI
buildings.

Even though the use of isolators is well known, there is a lack of appropriate research
on the efficient practical implementation of high damping rubber bearing devices. The
actual in-situ earthquake simulations have rarely been done because of lengthy analysis for
dynamic response and expensive computation process. Due to advancements in computer
software and hardware, it has become relatively easier to conduct the numerical
investigation [10] precisely.

Therefore, the present study evaluates the viability of using rubber bearing isolation
devices, HDRB, at the base of the buildings and evaluates its effect on superstructure.
Static and dynamic analyses have been carried out inserting isolators for different
configurations of the structures. Design parameters of the isolators required for the
selected buildings are assessed. Moment and displacement behavior of fixed base (FB) and
BI buildings have been evaluated. Furthermore, the effective height of inertia forces has
been appraised.

2. MATERIALS AND METHODS
2.1 Idealization of Building Frames

Reinforced concrete (RC) multi-storied building frames with plan areas and
elevations, as shown in Fig. 1, are modelled. Four moment resisting frame (MRF)
buildings of 4 bays @ 7.62m at x and y directions comprising story height @ 3.05m with
gradual increase of numbers of stories to 4 (four), 6 (six), 8 (eight) and 10 (ten) have been
chosen. For each building, the total seismic weight is disseminated in equal manner over
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decades ago, AgNPs have been applied as antibacterial agents in health industry, food
storage, textile coatings and number of environmental applications [6].

Generally, AgNPs can be synthesized through several methods such as chemical,
physical, photochemical and biological synthesis. Among those methods, chemical
synthesis via chemical reduction method is the most frequently applied for the preparation
of AgNPs in water or organic solvent. The silver ions (Ag®) are reduced by the reducing
agents such as borohydride, citrate and ascorbate. However, most of these reducing agents
are highly reactive and non-environmetally friendly components [7]. Therefore, the
alternative synthesis routes have been developed through green methods to prepare AgNPs.
Green synthesis method is simpler and will minimize or eliminate the toxic waste.The
preparation of AgNPs via green synthesis should be evaluated from the choices of the
medium, no-toxic reducing agent and stabilizer material. Generally, water is used as the
environmental friendly solvent. Meanwhile, glucose is widely used as a green reducing
agent becuase of its chemical reaction rate which allows a compromise between the nuclei
created and the growth of the AgNPs [#°1. Further, polysaccharide such as starch, chitosan
and gums are used as the stabilizer in the preparation of AgNPs [4,10]. In some cases,
polysaccharides serve as the reducing agent, capping agent and stabilizer.

Sago is a starch, a type of natural polymer available in nature. In Malaysia, large scale
commercial sago plantations are found in Mukah, Sarawak and Beaufort, Sabah. Sago or
scientifically named as Metroxylon sago is a white, tasteless, and odourless natural polymer
extracted from the pith of sago palm stems. The extracted sago is manufactured into powder
or “pear]” form. Currently, sago industry became one of the country’s important agricultural
export commodities [11]. Sago is traditionally cooked and eaten in various forms. It is also
used commercially in making noodles and bread. However, the use of sago is not just limited
to the food industry. Sago is also used as a key material input in various industries, such as
in the paper, plywood, and textile industries [12]. Similar to other kind of starch, sago is
also categorized as polysaccharides which consist of aldehyde groups. The presence of
hydroxyl will facilitate the complexation of silver ions by electrostatic binding in the helical
structure of polysaccharide [13-14]. Therefore, these silver ions oxidize the hydroxyl groups
to carbonyl groups, during which the silver ions are reduced to elemental silver as shown in
Equation (1) below.

AgNOs(aq) + RCHO(aq) = Ag(s) + RCOOH (aq) 1)

Therefore, sago is a great candidate to be utilize as the reducing agent to synthesize
AgNPs. Thus, the aim of this work is to eliminate the toxic waste by using sago as the
reducing agent and also to simplify the method of synthesizing AgNPs via autoclaving
method which is simple and quick.

2. MATERIAL AND METHODS

Silver nitrate (AgNOs, Sigma-Aldrich) of analytical reagent grade was used for the
synthesis. Sago powder was purchased from Dhulau Enterprise, Putatan, Sabah, Malaysia.
The materials were used without purification. All the solutions were prepared in deionized
water. Sago solutions were prepared by adding 0.4, 0.8, 1.2, 1.6 and 2.0 volume/weight
percentage (w/v %) of Sago powder into 50 ml deionized water. Then, the sago solutions
were mixed with ImM of AgNO; solution with mixture ratio of 1:1.5. The mixtures were
autoclaved at 121 °C for 20 minutes to synthesize the AgNPs. The autoclave used in this
work is as shown in Figure 1. Then, the AgNPs solution were characterized through UV-
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Fig. 14: Skin friction coefficient over the suction side: (a) blowing, (b) suction
(c) hybrid with blowing and (d) hybrid with suction (v3=52.5m./s, and w3=0.0025).

Figure 15 show the streamlines over the NACA 0015 airfoil with control. In airfoil
with the control off case, the flow gets separated near L.E and when control (velocity
(blowing/suction)=52.5 m/s, hole width 0.002 m, and position of hole is 10% chord ) is on
the flow separation over an airfoil gets delayed is seen in Fig. 15. This shows the
controller works effectively to delay the separation of flow over the suction side of an
airfoil.

3.4 Surrogate Model

The GRNN and RBF are used as the surrogate models in this work. Inputs for the
training sets are the blowing/suction velocity, width of the slot, and the position of the slot
from the leading edge and the output variable is the L/D ratio. The surrogate models are
trained with training sets shown in Table 3 and 4, for the blowing and suction case
separately. The training time is around 20 seconds and the convergence trend of the RBF
model is shown in Fig. 16(a). Here, a spread constant is taken as one and a Matlab neural
network toolbox is employed for training both networks. Fig. 16 (b) shows the outputs
computed from GRNN against target values.
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resulting solid catalyst was further crushed and sieved to the desired particle size of 125-
160 pm before being employed for EDR evaluation.

2.2 Catalyst Characterization

The catalysts were characterized using Brunauer-Emmett-Teller (BET) surface area, X-
ray diffraction (XRD), and H» temperature-programmed reduction (H.-TPR) measurements.
The multipoint BET surface area was conducted in a Micromeritics ASAP-2010 apparatus
using N> adsorption-desorption isotherms at 77 K. Before BET measurement, the sample
was degassed in N, flow at 573 K for 1 h for moisture removal. XRD measurement for
identifying crystal structure was studied in a Rigaku Miniflex I system using a Cu target as
a radiation source with a wavelength of 2 = 1.5418 A at 30 kV and 15 mA. All specimens
were recorded within 26 range of 3° to 80° with low scan speed of 1° min™ and step size of
0.02°. H>-TPR experiments were carried out on a Micromeritics AutoChem II-2920
apparatus for both support and as a catalyst. Roughly 0.1 g of sample sandwiched by quartz
wool in a quartz U-tube was initially pre-heated at 373 K for 30 min under 50 ml.min! of
He flow for removal of volatile compounds. The specimen was subsequently heated to 1173
K at 10 K min™ with flowing 10% Hy/Ar mixture (50 ml.min") and kept isothermally at this
temperature for 30 min.

2.3 Ethanol Dry Reforming Experiment

About 0.1 g of catalyst was mounted by quartz wool in the middle of quartz fixed-bed
reactor (L = 17 in. and O.D. = 3/8 in.) placed vertically in a split tubular furnace. Ethanol
dry reforming reaction was conducted at different CO> to CoHsOH ratios of 1:2.5 to 2.5:1
and reaction temperature of 973 K and atmospheric pressure. High gas hourly space
velocity, GHSV of 42 L ge" .h! was used for all runs to ensure the negligible internal and
external transport resistances. A KellyMed KL-602 syringe pump was employed for feeding
ethanol to the top of the reactor whilst CO; reactant and N, diluent gas were accurately
regulated by Alicat mass flow controllers. The composition of gaseous products from the
bottom of the reactor was analyzed on an Agilent GC 6890 series gas chromatograph
equipped with a thermal conductivity detector (TCD).

3. RESULTS AND DISCUSSION
3.1 BET Surface Area Measurements

The multipoint BET surface area, pore volume, and pore diameter of the y-AlO3
support promoted and unpromoted catalysts are shown in Table 1. Gamma-Al,O3 support
possesses a BET surface area of 175.29 m”.g™’. The loading of Co active metal and La dopant
on the support surface resulted in a drop in surface area, pore volume, and pore diameter
from 175.29 to 136.04 m%.g, 0.46 to 0.34 cm® g}, and 10.65 to 10.41 nm, in that order. The
reduction in textural properties for unpromoted and promoted catalysts was reasonably due
to pore blockage indicating the successful diffusion of both Co and La metal oxides on the
support surface during the impregnation and calcination processes.

3.2. X-ray Diffraction Analysis

The X-ray diffraction patterns of calcined y-AlLOs support, La-promoted and
unpromoted 10%Co/ALOs catalysts, displayed in Fig. 1, are analyzed using the Joint
Committee on Powder Diffraction Standards (JCPDS) database [16]. The y-Al,Os phase on
catalysts and support was detected with typical peaks at 260 = 18.92°, 32.88°, 36.84°, 45.71°
and 67.17°. In addition, the characteristic diffraction peaks of Co3O4 phase were observed
at 26 value of 31.45° and 36.84°, 55.61° and 56.12° whilst the spinel CoAl>O4 phase was
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Hence we can now see a direct relationship between K and the temperature
coefficient (2') and resistance (R) and the current flow. To reduce the temperature, it is
necessary to reduce the temperature by an amount (AT) at the hot side of the
thermoelectric module and we can use the heat sink and fan for this purpose. To enhance
the process of reducing the temperature of the ice packs and also accelerate the decreasing
of temperature without increasing the power consumption, we used a larger heat sink than
the system required but it should be noted that in this treatment method the required
temperature is 5 °C. We do not need to make use of the full capabilities of the
thermoelectric module. The use of feedback control of the temperature of inside of the ice
pack ensures that the desired temperature can be maintained throughout the treatment
period. Compared with other technologies thermoelectric cooling has a number of
advantages. For example, the cooling equipment involves no moving parts and so requires
less care and maintenance and has an extended lifetime which may be as much as one
hundred thousand hours of stable working.

Unlike cooling systems containing chlorofluorocarbon materials that need to be
constantly filled up, thermoelectric systems require relatively little routine attention.
Temperature control of the component parts of a system of this kind is recognized as being
generally good and an approach of this kind can provides a cooling environment which is
of the right size and sensitivity for medical applications [22]. Based on the problems
mentioned above, in this paper, the aim is to provide smart and programmable methods of
water-cooling  based on the use of a thermoelectric system that is suitable for a wide
range of medical applications.

2. MATERIALS AND METHODS
2.1 Hardware Design and Manufacture of the System

According to Fig. 2 the hardware components for installation on the ice pack include
a TEC with four centimeters width and four centimeters length, 12 volt effective voltage,
15.2 volt maximum permissible voltage, 6 amperage maximum consumption current and
70 centigrade of maximum temperature difference of both sides that involving a cold
plate, a heat exchanger, a fan for the cooling part of system and an electronic board. The
electronic sub-system consists of an internal part and an external part. The internal part
receives feedback from temperature sensors inside the ice pack and transmits the ice pack
temperature to an Atmega32 processor for controlling the cryotherapy mechanism. The
external part of the electronic board involves a microprocessor sub-system that controls
the process of cryotherapy and also sends data through the COM port for “smart” process
control operations. Parts of the system in direct contact with the ice pack and must be
completely waterproof. We used plastic meld for this part which allowed easy insertion of
the main components of the cold side of the system, such as Peltier device, the fan and the
LM35 temperature sensor [23]. The heat sink and fan within the heating side of the system
are located on the exterior of the device whereas. The LM35 temperature sensors are
located on the inside of the device and are isolated from the water using varnish.
According to Fig. 2 the hardware components for installation on the ice pack include a
TEC with four centimeters width and four centimeters length, 12 volt effective voltage,
15.2 volt maximum permissible voltage, 6 amperage maximum consumption current and
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melebihi daripada cecair-nano air-alumina. Penambahan pada pecahan isipadu
nanopartikel ini menyebabkan peningkatan pada nilai pekali pemindahan haba
perolakan dan bilangan Nusselt dalam cecair-nano. Perkara penting dalam kajian
ini adalah pada pecahan isipadu sama, kesan penambahan nanopartikel alumina
kepada cecair berasaskan minyak mempunyai kesan yang lebih besar daripada
penambahan zarah-zarah ini kepada cecair berasaskan air. Pada masa sama, kesan
peningkatan bilangan Reynolds dalam cecair-nano air-alumina pada pekali
pemindahan haba perolakan lebih besar daripada kesan peningkatan bahan bakar-
minyak-alumina. Selain itu, pada bilangan Reynolds yang sama dan dengan
peningkatan saiz nanopartikel pecahan isipadu, nilai pekali pemindahan haba
perolakan turut menurun. Hasil kajian ini boleh digunakan dalam industri
penapisan dan petrokimia di mana bahan bakar cecair minyak mengalir dalam
saluran.

KEYWORDS: blood rheology; blood rheology; non-newtonian fluids; shear-thinning
behavior; thixotropy

1. INTRODUCTION

Heat transfer is a vital process in all industries around the world. Low thermal
conductivity of conventional heat transfer fluids such as water, oil, and ethylene glycol
mixture is a serious limitation in improving the performance and compactness of
engineering equipment [1]. Nowadays, new strategies are used in order to improve the
effective heat transfer behaviors of such fluids. Using particles of nanometer dimensions
in liquids is one of these strategies that led to the production of nanofluids. The term
‘nanofluid’ refers to a two-phase mixture with the continuous phase generally being a
liquid and the dispersed phase constituting ‘nanoparticles’ i.e. extremely fine metallic
particles of size below 100 nm [2]. Numerous studies have revealed the advantages of
nanofluids over base fluids regarding higher thermal conductivity. A theoretical analysis
of nanofluid flow was reported by Prasher et al. [3]. They compared the pressure drop of
base fluids and nanofluids when the heat transfer coefficient for both fluids was equal.
Literature exists [4-10] on single-phase nanofluids forced convection flow in such various
geometries as flat plates, circular tubes, noncircular channels, annuli, and cross flow over
circular tubes. The previous results have underscored the enhancement of heat transfer due
to the presence of nanoparticles in the fluids. Xuan and Li [11] and Xuan and Roetzel [12]
have identified two causes of improved heat transfer by nanofluids: the increased thermal
dispersion due to the chaotic movement of nanoparticles that accelerates energy exchanges
in the fluid and the enhanced thermal conductivity of nanofluids. On the other hand
Kelbinski et al. [13] studied four possible mechanisms that contribute to the increase in
nanofluid heat transfer: Brownian motion of the particles, molecular-level layering of the
liquid/particle interface, heat transport in the nanoparticles, and nanoparticle clustering.
Similarly to Wang et al. [14], they showed that the effects of the interface layering of
liquid molecule and nanoparticle clustering could provide paths for rapid heat transfer. Pak
and Cho [15] investigated the heat transfer performance of Al, Os-g and TiO:
nanoparticles dispersed in water inside a horizontal tube. They observed that an increase in
Re number and particle concentration leads to an increase in Nu number, but the
convective heat transfer coefficient of nanofluid with 3% volume fraction decreases by
12% compared to the base fluid. Li et al. [16,17] also experimentally studied the
convective heat transfer of CuO/water nanofluid inside a horizontal tube with constant
heat flux in both laminar and turbulent regimes. Their studies showed that the suspended
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The overall structure of this paper is organized as follows: In Section 2, we explain
the related models that have been developed for diagnosis of diabetes, hepatitis, breast
cancer, and heart disease. In Section 3, the modified model is explained. The results of the
modified model are presented in Section 4. Finally, our results are compared with previous
models in Section 5.

2. RELATED WORK

Previous methods that have been tried on disease diagnosis include Probabilistic
Neural Networks (PNN) and Fuzzy Classification Systems based on Ant Colony
Optimization (FCS-ANTMINER). PNN is a model of Artificial Neural Networks (ANNs)
that has been used on 768 samples and 8 features for diabetes diagnosis using [10] a Pima
dataset. PNN often learns more quickly than many ANN models, such as back propagation
networks, and has been exploited for different applications. Different neurons are used for
testing and training in MATLAB. The results showed that a PNN model with 82.37%
accuracy has better prediction power compared to other models. Fuzzy Classification
System based on an Ant Colony Optimization (FCS-ANTMINER) [11] is a hybrid of the
Ant Colony Optimization (ACO) and fuzzy is implemented and tested on a Pima dataset
for the diagnosis of diabetes. An ACO-based classification system extracts a set of fuzzy
rules for diagnosis of diabetes, named FCS-ANTMINER. The ACO model is used for
rules and the fuzzy for data classification. The results showed that the accuracy of the
FCS-ANTMINER model is 84.32%.

A case-based reasoning (CBR) [12] model is a fuzzy-ontology hybrid that was
implanted and tested on 2,640 diabetic patients. The system was implemented in six
modules: case source preparation, case-based ontology engineering, terminology server,
fuzzy case-based ontology population, case retrieval engine, and case query parser. The
ontology model was used for communication between the diseases and attributes. Fuzzy
classification was used to establish rules and diagnosis. The results showed that the
accuracy of the fuzzy-ontology model was 97.67%. The Linear Discriminant Analysis and
Adaptive Network Based Fuzzy Inference System (LDA-ANFIS) [13] model is a hybrid
of neural networks and fuzzy that was implemented and tested on 768 subjects for diabetes
diagnosis. In LDA-ANFIS mode, fuzzy rules have been used to derive and obtain a precise
amount. Results showed that the recognition accuracy in LDA-ANFIS model was 84.61%.

The hybrid K-Means-Genetic Algorithm-Support Vector Machine (K-Means-GA-
SVM) [14] model was implemented and tested to detect and predict diabetes on 768
people. The K-Means model was used for data clustering and preparing data for SVM
classification. The basic concept of SVM is finding an optimal separating hyper-plane to
classify the separable data by maximizing the margin between points from each class. The
points lying on the boundaries are called support vectors. As well, GA has been used for
selecting the appropriate features. The results showed that the accuracy of K-Means-GA-
SVM model was 98.82%. The Modified Artificial Bee Colony (MABC) [15] Model is a
hybrid of the Artificial Bee Colony (ABC) and fuzzy that was suggested for classification
of diabetic patient data. ABC was used for FS and fuzzy for the formation of
healthy/unhealthy laws. Results of more than 768 data have shown that the MABC model
was more accurate when compared with ABC and was equal to 82.68%. A J48 Decision
Trees [16] model is a data mining algorithm implemented and tested on the 768 samples to
detect diabetes. The J48 algorithm was based on a decision tree, which is a predictive
machine-learning model that decides the target value (dependent variable) of a new
sample based on various attribute values of the available data [17]. Rules have been used
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vanadium are gradually prominent. This is consistent with the result of low TPR shown
before.

The change of the maximum yield is clear when it is plotted against the composition of
catalyst metals using the response surface method. The Scheffe model was used to fit data
and the significance of their fitness was confirmed using the ANOVA analyses. The plots
were stacked as can be seen in Fig. 11. Initially, the peak appears at the Cu-Zn-Al catalyst.
This peak apparently moves towards the region of metal composition that contains vanadia
and it is sustained until 300 °C. Catalyst samples with AS that had a high vanadium loading
of 40 wt% were not optimal. The optimum catalyst compositions in Fig. 11 at the respective
reaction temperatures are summarised in Table 1.
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Fig. 10: Hydrogen yield versus reaction temperature at the steady state SRM

process for various catalysts. The catalyst legends added with superscript ¥
to denote having an amorphous structure.

Table 1: Optimum mixture of catalysts in SRM

Reaction Temperature (°C) Catalyst Hydrogen Yield (%)
150 Cuss2ZmossAlao 6.85
175 CussoZnno4 oAl 35.32
200 Cuso.sZn198VosAlio 70.68
225 Cus72Zn222Vos Al 73.45
250 Cus2Zm21.6V126Ak0 86.62
275 Cus4ZmssVosAlio 96.88
300 Cus4Z121.6V114AL0 95.10
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Fig. 8: Aerodynamic coefficients of NACA 0015 airfoil by CFD for uncontrolled
case in comparison with experimental value [18].

From the earlier work [18] it was experimentally found that the stall occurs at
approximately 12.6° and a separation of flow takes place at 40% of the chord from the
T.E. The flow separation starts at L.E over an airfoil at AOA=16.6° as shown in Fig. 9.

Fig. 9: Flow separation over an airfoil at AOA=16.6°.

The present study focuses on the suppression/delay of the flow separation over an
airfoil at AOA of 16.6°. The residual and aerodynamic coefficients convergence graphs of
uncontrolled flow over a NACA 0015 airfoil at an AOA 16.6° are shown in Fig. 10 using
numerical simulation and Table 1 displays the aerodynamic characteristics values in
comparison with available experimental results [18].

Table 1: Aerodynamic characteristics at AOA=16.6° uncontrolled case

Aerodynamic characteristics Present simulation Experimental [14]

C 0.90 0.85
Ca 0.25 0.26
L/D 3.6 3.27

3.1 Parametric Study

For the influence of parameters such as blowing velocity, and the position of the slot
in the percentage of chord and size of the slot on the output factor, the aerodynamic
characteristics are studied. Fig. 1 shows the airfoil NACA-0015 with a chord (c) of 0.375
m. The Taguchi method is employed for three levels and three parameters, as given in
Table 2 and then the Lo (3*3) orthogonal array is used to find the possible number of
experiments. As the essential objective is to maximize the efficiency of the airfoil in terms
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ABSTRACT: Adopting suitable seismic protection techniques is presently a foremost
concern worldwide and has become a governing principle in the growing construction
industry globally. Thus, a rapid upsurge in infrastructure development in seismic-prone
areas requires proper treatment for building structures. Therefore, the aim of the study is
to incorporate a rubber bearing isolation device in a building base in order to diminish
the seismic effect on the superstructure. The changes of structural parameters and
responses of fixed-based buildings for applying High Damping Rubber Bearing (HDRB)
are investigated under site-specific ground excitation. Twenty representative buildings
have been used to examine the responses employing four types of HDRB systems. The
study reveals that the HDRB makes the structure more flexible, offering reduced
structural responses. The introduction of HDRB may help to decrease floor moment by
31~55%, which can allow the structures to withstand comparatively high seismic tremors
safely and efficiently. The base isolated structures experience significant lateral shift
between 87.15 and 130.15 mm, and relative floor displacement is below 3% because of
additional flexibility. The effective inertia height for the BI buildings remains under two-
thirds of building elevation showing triangular distribution concentrating to the top story
level. The reduction in forces, moments, and relative displacements of the structural
members by applying HDRB can ensure economic design and higher structural safety
against seismic excitation.

ABSTRAK: Penerapan teknik yang sesuai bagi pelindungan gelombang seismos menjadi
penekanan semasa di seluruh dunia dan telah menjadi prinsip penentu dalam industri
pembinaan secara global. Oleh itu, kenaikan yang cepat dalam pembangunan infrastuktur
dalam kawasan terdedah kepada gelombang seismos memerlukan penyelenggaraan yang
betul bagi struktur bangunan. Jadi, matlamat kajian ini adalah bagi menggabungkan
getah alat pengandar asing dalam teras bangunan bagi mengurangkan kesan seismos
pada struktur asas. Perubahan pada parameter struktur dan tindak balas tapak-tetap
bangunan bagi penggunaan teknik High Damping Rubber Bearing (HDRB) dikaji di
bawah setiap kenaikan getaran gelombang sebenar bawah tanah. Dua puluh bangunan
telah digunakan bagi menilai tindak balas terhadap penggunaan empat jenis sistem
HDRB. Kajian menunjukkan HDRB membuatkan struktur lebih fleksibel, dan
mengurangkan tindak balas terhadap struktur. Penggunaan HDRB dalam pembangunan
membantu mengurangkan momen lantai sebanyak 31~55%, di mana struktur bangunan
lebih tahan terhadap gegaran tinggi secara selamat dan berkesan. Struktur asas yang
terasing mengalami peralihan sisi yang ketara antara 87.15 dan 130.15 mm, dan anjakan
lantai relatif di bawah 3% dengan penambahan sistem fleksibel ini. Ketinggian inertia
berkesan bagi bangunan BI kekal di antara dua pertiga ketinggian bangunan. Ini
menunjukkan pengagihan segitiga tertumpu pada aras atas bangunan. Pengurangan pada
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visible spectrometer within the wavelenght range of 400 — 800 nm to monitor the surface
plasmon resonance. X-Ray Diffraction (XRD) analysis was carried out in 26 range of 30 -
80° to confirm the crystal structure of the AgNPs. Further, the size and morphology of the

synthesized AgNPs were also characterized through Field Emission Scanning Electron
Microscope (FESEM).

Fig. 1: Autoclave machine used to synthesize AgNPs at 121 °C for 20 minutes.
3. RESULTS AND DISCUSSION

3.1 UV-Visible spectroscopy (UV-Vis) Analysis

The presence of nanoparticles in liquid is commonly observed by using UV-Vis
spectroscopy. It is a sensitive and quick technique to confirm the formation of AgNPs by
monitoring the absorption spectra and the wavelength. The range of wavelength for AgNPs
must be in between 400-450 nm. Physically, the colour changes of the AgNPs solution also
indicated the formation of AgNPs. Figure 2 (a) shows the absorption spectra of AgNPs
solution with varies Sago concentrations synthesized via autoclaving at 121 °C for 20
minutes. Each of the solution exhibits absorption peak in the range of nanoparticles
wavelength which are 411, 410, 408, 410 and 413 nm with increasing percentage of Sago
from 0.4 — 2.0 (w/v) %. However, only AgNPs solution with 1.2 (w/v) % of Sago
concentration did not show any peak around 330 nm as shown in the highlighted area in the
figure. This result indicated that there were no aggregations of particles within the solution.
Figure 2 (b) shows a clearer view of the absorption and the wavelength of the AgNPs
solution. The absorption of AgNPs solution showed a direct proportional increment to the
concentration of Sago. The higher the absorption is referred to the higher amount of AgNPs
that have been formed. Further, the wavelength is referred to the size of the AgNPs. Larger
AgNPs tend to agglomerate to minimize their higher surface energy. When AgNPs
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Fig. 5: Network topology.

As previously mentioned, LEACH [7] forms clusters using a distributed algorithm. It
contains several rounds and each round is divided into two phases that are the
establishment of cluster and data communication. In the setup stage, CHs are specified
randomly and clusters are formed. In steady state phase, cluster members transmit sensed
data to CH. After data aggregation each CH sends data directly to BS. Due to data fusion
and communication with BS, cluster heads consume more energy. Besides, HEED [8] is
also a distributed clustering protocol for ad-hoc sensors, and it uses a hybrid criterion for
cluster head selection that considers the residual energy of the node and a secondary
parameter, such as the node’s proximity to its neighbors or the node’s neighbor degree.
Nodes join clusters such that communication cost is minimized. It assumes quasi-
stationary networks where nodes are location-unaware and have equal significance. It
exploits the availability of multiple transmission power levels at sensor nodes.

Table 2:Parameters of simulations

Parameter Value
Number of nodes 100
Sensor field 200 m X 200 m
BS location (250,100)
Data packet size 500 bytes
Eetee 50 nj/bit
efs 10 pJ/(bit m?)
emp 0.0013 pJ/(bit m4)
Initial energy of nodes 147
Eeen 0.2 I/bit
Ecom 5 nJ/(bit signal)

5.1 Cluster Head Distribution

To evaluate our algorithm in different cases, first we set Rr = 160. Additionally, we
consider equal weight for each part used in the equations. For example, in Eqn. (7) a =
b = 0.5. Fig. 6 shows the number of cluster heads in 30 randomly selected rounds for
LEACH, HEED and DCDA. The number of CHs varies wildly in LEACH since in
LEACH, cluster heads are determined by a probability with random number generation.

85





OEBPS/image/Vol-19-1-2018-wo-cover296.png
TIUM Engineering Journal, Vol. 19, No. 1, 2018 Abid et al.

(PT)c=(PT)g-[( RC-CC )/ 200] 3

)
(Huu()c:{(ﬂmx Jr-{0.11 x [(HL )g— “
(HL)B3}+ 75 )
(RD)={(RD)g+ {0.0000365 x [(HL )g- (HL ) 1}}- 0.05 (5)
(PT)={(PT)z-{ 0.00009375 x [(HL)- ©
(HL )3} 0.002 )

Where, RC is the capacity of the reference girder; CC is the capacity of the current girder;
HCF is the height correction factor; (HL)r and (HL)c are half of the span length of reference
and current girder respectively; and RD and PT are reduction factors.

In order to develop relations for any given span and capacity, a generalized (APDL)
code is developed based on the factors and relations developed during the span-wise and
capacity-wise optimization routines and a generalized optimized code for combined
capacity and span is developed and tested, with its results discussed in detail.

The following relations are introduced for more useful dependencies:

Hyux = f(Hwmaxi, HL) @]
RF =f{RF1, HL) ®
PT =f(PT1, HL) ©)

‘Where, Hyx1, RFI and PT1 are the maximum height, web thickness, and flange thickness
optimization factors calculated during the capacity-wise optimization and Hyx, RF and PT
are the height and thickness factors calculated during span-wise relations. The aim is to
define dependencies in such a way that the span-wise optimization relations are in terms of
capacity-wise relations. Thus, the optimization factors calculated in the capacity-wise
calculations become inputs for the relations developed in the span-wise calculations. There
are some correction or combination factors used to make these relations compatible with
each other. Finally, the capacity-wise relations act as the capacity control block and
correction factors form correction block and finally the span-wise relations control the span
related issues.

(Hyax)1 = 2600 — ((2600 x 0.0025 x (120 — CC)) + (120 — CC)) (10)
(RF); = 0.727 — (0.0025 x (120 — CC)) an
(PT), = 1.85 — (0.005 x (120 — CC)) (12)

The span control block consists of the following modified span-wise interpolative
relations:

(Hyax) = (Hyax): — (CMF x (16000 — HL))) + SPC 13)
(RF) = (RF); + (0.0000365 x (16000 — HL))) — RDC 14
(PT) = (PT); — (0.00009375 x (16000 — HL))) — PRC 15)
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The voltage of the Cell-1 can be expressed as (1),
. d[—icen, ()] .
Veen, = Reeu, [=icen, (£) + Lr+ + R, [—ic, (1)] @

Where, Rcey, is the internal resistance of the Cell-1. The current in the LC-tank can be
expressed as (2),
Veeu, Veeu, e% (t-to) )

L® =3 "% i
Cell; Celly

Where, iz,(to) is the initial current, which increases by the switching time 7.

Case 2: The MOSFET switches, Ms are OFF and Mp are ON states, the series LC-tank
circuit is connected with the Cell-2 and makes a closed loop as shown in Fig. 4(c). The LC-
tank circuit releases its stored energy into the Cell-2. The voltage of the Cell-2 can be
expressed as (3),

Vee, =~y (ORcen, + Vie () 3)
‘Where, the LC-tank circuit voltage V¢ (t) can be expressed as (4),

@

azve(t)
ac?

Vie(@® = LC + Veen, (1)

The PWM signal allows for continuous voltage balance through the LC-tank circuit. The
duty cycle and pulse timing of the PWM signal relation can be expressed as (5),

i,DT —i,(1-=D)T =0 )
‘Where, D is the duty cycle and 7 is the switching time as shown in Fig.4(a).

4. Result and Discussion

A DC to DC converter based active voltage balancing circuit simulation has been
established by using MATLAB SIMULINK. A hardware prototyping has been developed
to verify the design and effectiveness of the proposed voltage balancing circuit (as Fig. 5.).
In this experiment, two 2s LiPo (lithium polymer) battery has been used, each battery pack
has 1500 mAh capacity at 7.5V. For experimental setup, initially, the LiPo batteries have
been made imbalance charge, which makes the battery voltages as 7.8V and 8.4V
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Fig. 2: Response surface curve showing combined effect between the main factors: (a)
initial moisture content (X;) and peptone concentration (Xz), (b) initial moisture content
(X1) and initial pH value (X3), (c) peptone concentration (Xz)and initial pH value (X3).

The residual analysis was carried out for the confirmation of the adequacy of the model.
This was done by observing the normal probability plot of the residual in Fig. 3 where the
residuals were on a straight line, suggesting that the errors were distributed evenly.

Normal Plot of Residuals

Internally Studentized Residuals

Fig. 3: Normal plot of residuals for biomass response (Y2).

Figures 4a, 4b, and 4c show the 3D surface plots of biomass responses after combining
the effect of the main factors. The effect of the initial moisture content and peptone
concentration on the biomass is shown in Fig. 4a. An increase of initial moisture content
with peptone concentration up to the optimum point increased the fungal biomass to a
maximum level and a further increase in the initial moisture content and peptone
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water. The spore numbers were counted using a Neubauer hemacytometer (Cole-Parmer
79001-00). The adjusted spore suspension (10% v/w) was used for further solid state
fermentation [12].

2.3 Substrate Preparation

Fresh oil palm fronds (OPF) were obtained from the Federal Land Development
Authority (FELDA) Bukit Goh, Kuantan, Pahang. The leaflets and petioles were separated
from the OPF. The petioles were then cut into small pieces approximately 3-4 cm in length,
washed, and dried at 60 °C for 3 days. The dried petiole was shredded and ground using a
commercial grinder (Retsch ZM-200, Germany) to a particle size smaller than 1 mm by
passing through 1 mm sieve screens using a vibrator sieve shaker (Retsch, Germany).

2.4 Solid State Fermentation

The experimental work was done based on the experimental design being set by Design
Expert (Version 7.1.6, 2008, Minneapolis MN, USA), (Table 1 and Table 2). The best range
of each factor was selected by applying the One Factor at A Time (OFAT) method as in the
preliminary experiment (data not shown). All experiments have been carried out in
replicates and the whole flasks were discarded. Each substrate was inoculated and incubated
in the dark at 30 °C for 8 days.

Table 1: Independent variables, responses and the levels in the experimental design.

No Designation ~ Factors -1 0 +1
1 Xi Initial moisture content (%) 40 55 70
Xa Peptone concentration (%) 2 35 5
3 X3 Initial pH value 6 8 10
Response
Y1 Red pigment production (AU/g)
5 Y2 Biomass (mg/g)
6 Y3 Glucose concentration (1g/g)

Table 2: The central composite design matrix developed for three independent variables

Run X1 X2 X3
1 0 0 -1
2 -1 -1 -1
3 +1 -1 -1
4 -1 +1 -1
5 +1 +1 -1
6 0 0 0
7 -1 0 0
8 0 0 0
9 0 0 0
10 0 0 0
11 +1 0 0
12 0 +1 0
13 0 -1 0
14 +1 -1 +1
15 +1 +1 +1
16 0 0 +1
17 -1 +1 +1
18 -1 -1 +1
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Thus we obtain the following integral equation
jK(t, T)u(t)dr =B —-G(1)-
0
If we denote g(r)= B—G(r) then
jK(t,f)/l(f)dT =g().
0
Theorem 1 is proven.
4. THE SOLUTION OF PROBLEM 2

In this section we study problem 2.

Theorem 2: Let B > 0 a given number. At time 7 a solution of the problem (1) — (3)
satisfies the condition (5) if function x(#) satisfies following integral equation

[ Koyt @) = g(0). (1s)
0
where

© o [1-(—1
K(x,,v,.t,7) = izzz[ v ][(A”ma)zje’”""'”)z(”” sina,x, -sin 3, y,,

T

n=1m

§0=B-33 /) + cm]e’(‘”””’z’ sina,x, -sin f,,

n=1 m=1

Proof- 1t is known that a solution of problems (1) — (3) has the form of (13). Let this
solution satisfies condition (5). Then obtain the following equality

e (o) +

1

+i i [J_:,m ®+c,, ] & Vma)’t i a,x,-sinf,y, .

n=1 m=1

B=u(x,.y,.0=

Using equality (14) obtain following
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The experiments were conducted using the EDM die-sinking machine, MITSUBISHI
EX22 Model C11E FP60E. The machine was located at the tool and dies lab, ground floor
of engineering building EO, Faculty of Engineering, International Islamic University
Malaysia.

3. RESULTS

Material removal rate, tool wear rate, and surface roughness were measured and are
displayed in Table 3.

Table 3: MRR, TWR, and Ra

Pattern  Current Powder Tool MRR TWR Ra

A concentration  diameter (g/min) (mg/min) (nm)
(€1)] (mm)

- 35 0 14 0.0137 0.814 329
+-= 6.5 0 14 0.724 3.517 32.05
++— 6.5 6 14 0.3112 1.669 28.06
—++ 35 6 20 0.0133 0.216 2217
+++ 6.5 6 20 0.4082 2.055 21.463
+—+ 6.5 0 20 0.4768 2.239 32.203
——+ 35 0 20 0.014 0.317 297
—+— 35 6 14 0.0144 0.053 2.993

4. STATISTICAL ANALYSIS

Regression analysis and analysis of variance (ANOVA) are the most frequently applied
statistical analyses in engineering research. The analysis of variance for the quadratic
models was conducted. The results of the suggested models for a 5 % level of significance
were implemented. Table 4, 5, and 6 show the ANOVA tables for the MRR, TWR, and Ra
respectively.

Table 4: ANOVA table for MRR

Source DF Sum of Mean F Ratio
Squares Square

Model 4 0.46527562 0.116319 11.5595

Error 3 0.03018787 0.010063 Prob>F

C. Total 7 0.49546350 0.0362*

Table 5: ANOVA table for TWR

Source DF Sum of Mean F Ratio
Squares Square

Model 4 9.1224735 2.28062 14.2283

Error 3 0.4808624 0.16029 Prob>F

C. Total 7 9.6033359 0.0272*
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Table 2: Chemical composition of untreated and treated REW

Chemical Untreated RFW  Treated RFW
Composition (%) (%)
Lignin 21.0 18.4
Hemicellulose 45.6 31.0
Cellulose 343 385
Ash 5.4 35

Table 2 lists the chemical composition of the main components in the untreated and
treated RFW. Lignin, hemicellulose, and ash content decreased after the alkaline treatment.
The hygroscopicity properties of the fibres decreased significantly as the hemicellulose
content was removed by almost 32% from the original content, thus affecting properties of
the BPB panels and improving its dimensional stability [11,17]. Furthermore, mechanical
interlocking of fibres improved by removing impurities through the alkaline treatment [22].
Although lignin plays an important role in producing BPB panels with good properties, the
removal of lignin was replaced by other factors that contributed to binding the fibres
together such as physical consolidation or mechanical interlocking after the treatment
process [22,23]. This analysis also indicated that cellulose content increased by about 10.9%
from the original cellulose content of the untreated RFW. This resulted in an increased
degree of crystallization of fibres resulting in fabricated panels that have good strength
[23,24]. All these factors significantly contributed to improving properties of the fabricated
BPB panels in terms of their mechanical and physical characteristics.

Transmittance

4000 2000 2000 1000
Wavenumber / o

Fig. 2: Comparison of FTIR spectra of untreated and treated RFW.

Table 3: Comparison of FTIR spectra of untreated and treated REW

‘Wave number (cm™) FTIR band position
3337 O-H stretching, cellulose, hemicellulose, lignin, pectin
1646 C=O0 stretching, acet_yl and carboxyl group of
hemicellulose
1329 Alcohol group of cellulose OH deformation
1245 Hemicellulose, pectin, epidermal waxy tissue
1241-1003 C-0O-C symmetric, polysaccharides mainly cellulose
997 C-O stretching, vibration of cellulose and hemicellulose
771 Lignin components
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is the intersection of the vertical axis that passes from center of the cable 1 to the ground
surface. In this paper, ground resistivity is considered 100 Q.

Table 3: Technical data for cable

Cable layers Outer radius Resistivity Relative Relative
[m] [ohm-m] permittivity permeability
Conductor 0.01525 1.946E-8 - 1
Internal 0.03725 - 3.052 1
insulation
Sheath 0.038087 1.678E-8 - 1
External 0.043087 - 3.125 1
insulation

Conductor radius , r1 [m] —

Internal insulation radius , r2 [m] ——

Sheath radius , r3 [m] ————!

Outer insulation radius , r4 [m]

Fig. 4: Diagrammatic representation of underground cable in EMTP-RV.

Table 4: Technical data for the conductor and guard wire

Characteristics Input data
Conductor name Moose/olive
Number of conductors 6
Conductors radius [m] 0.013
DC resistance of the conductor [ohm/km] 0.1
Vertical height at midspan for conductors [m] 5
Guard wire name opal
Number of guard wires 2
Guard wire radius [m] 0.00653
DC resistance of the guard wire [ohm/m] 29
Vertical height at midspan for guard wires [m] 5
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where the 7N parameter indicates the number of records with a negative category and that
the classification algorithm correctly detected it as a negative one. TP represents the
number of records that their category is positive and classification algorithm correctly
detected it as a positive one. FP represents the number of records that their actual category
is negative and that the classification algorithm mistakenly detected them as positive. FN
represents the number of records that their actual category is positive and that the
classification algorithm mistakenly detected them as negative.

4. EVALUATION AND RESULTS

In this section, the evaluation and results of the modified model is done on Diabetes,
Hepatitis, Breast-Cancer, and Heart disease in the MATLAB 2016 environment. The
experiments are tested on an Intel machine Core i7 CPU 2.60 GHz and 6 GB RAM and
the values of initial population parameters and the number of iterations are considered as
50 and 100. The values of this parameter are effective in the diagnosis and accuracy of
data. To study the impact of the standard parameters of the FPA, a set of extensive
experiments has been performed using different values of the main parameters in the
algorithm, (i.e., number of initial population and the number of iterations). In Figure (2),
an overview of program implementation is shown.

O Breast-Cancer

Fig. 2: Overview of Implemented Program in MATLAB 2016a Environment.

In Table (2), the results of the models on different datasets are shown. As shown in
Table (2), each criterion has a different value based on the data within the dataset. The
modified model was much more accurate and had a lower Error Rate than KNN models.
The accuracy of the modified model for Diabetes, Hepatitis, Breast-Cancer, and Heart
disease datasets was 86.34%, 85.13%, 82.39%, and 83.04%, respectively.

In Figure (3), a comparison chart of the models based on the Error Rate criteria is
shown. In Figure (3), it is clear that the modified model has less error than the KNN
model.
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4. CONCLUSION

The alkaline treatment removed impurities consisting of hemicellulose, lignin, ash,
and pectin, which was proven through observed change in colour, chemical tests, and
FTIR analysis.

SEM micrographs of the REW illustrated cleaner and rougher fibres after the alkaline
treatment, which helped in improving the mechanical interlocking between the fibres.
The treated BPB panels met the requirements of the board standard especially in terms
of thickness swelling.

Removal of hemicellulose was responsible for the reduction of hygroscopic properties
of the fibres.

The hydrogen molecules were disrupted and released during the alkaline treatment
which reduced the moisture absorption by the fibres.
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u, —az(u +u,, )+ f(x,p,0), 0 L, 0O 1, t>0 (O]
= x + gy Wit)s 0<x<l, 0<y<l, t>
with the boundary conditions
u(0,y,0)=u(t), ulh,y,)=0, @
w(x,0,0=0, u(xln=0, 120
w(©0)=0, | u(t)|<M
and initial conditions
u(x,5,0) = 9(x, ), 0<x<l, 0<y<l, 3)

where ¢(x,y) —a given function and M — a positive number.

It is known that the boundary condition (2) means u(#) heat entry from the x = 0 side
of the rectangle and zero temperature kept in other sides. In the present paper we study

following problems:

Problem 1: Let B > 0 be given number. It is required to find such a temperature ()
that problems (1) — (3) has a solution satisfying following integral relation (Fig. 1):

hh
Ifu(x,y,t)dvdr =B
00

A

hh

jju(x,y,t)dydx =B
00

way
|

Fig. 1: Total heat.

(@)

Problem 2: Let B > 0 be a given number. Find a temperature u(#) such that the
problem (1) — (3) has a solution that at time ¢ at inside point A(x,,y,) satisfies the

condition (Fig. 2):

u(%,,5,.1) =B

(©)
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Table 3: Mathematical characterization of Thomas model of iron ions, zinc ions
and residual oil at constant flow rate O (3 ml/min)

Adsorbate m (g) K73 (nl/min.mg) gx (ng/g) Ge.exp (INg/Z) R?
Fe 18 0.040 3.06 095 09777
Ci(103.3) 36 0015 420 077 0.8874
me! 54 0011 286 0.83 0.8247
Zn 18 098 025 024 0.9011
Ci(1.5) 36 0.94 018 015 0.9636
me! 54 032 032 017 0.9677
Ol & Grease 18 526 x 102 99.52 75.90 0.8877
Ci (1084.3) 36 599 x 10° 54.15 30.13 08171
me/ 54 1.66 x 10° 97.40 27.00 0.999

Figures 10, 11, and 12 illustrated that the Thomas model fitted better with zinc ions
than with iron ions and residual oil, because the predicted values of zinc ions by the Thomas
model were more agreeable with experimental values than for iron ions and residual oil. The
values of R? from Table 3 also showed that Thomas models fitted better with zinc ions.
Lastly, in comparison between the experimental ge.exp and the Thomas theoretical qx for iron
ions and residue oil, it was clear that there was a prominent difference between them, and
this was a normal trend that was mentioned in a previous research [31]. On the other hand
the values of ge.exp and gx were in greater agreement for zinc ions.

—m-Hom —5—Thomas (i %cm)
—e—H1scm —O—Thomas (H 18cm)
——H2m i Thomas (H 27

3 Zus
o °
04
w2 | [FHom =5 Thomas (4 9m) 0
—i—H(18cm) - &~ Thomas (H 18
RIS e - & = Thomas (H2Tem) ,
0 W0 M N M0 N0 60 R

time(min)

Fig. 10: Effect of bed height on iron
ions removal predicted by Thomas

time (nin)

Fig. 11: Effect of bed height on zinc
ions removal predicted by Thomas

model. model.
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Fig. 12: Effect of bed height on residual oil removal predicted by Thomas model.
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Fig. 2: Effect of media concentration of the flocculation activity on myco-flocculants.

Figure 3 shows the effect of the initial pH of the culture medium on bio-coagulant
production. The flocculating activity increased when pH was varied from 5 to 7 with the
maximum flocculating activity of 95%. The removal rate (77%) decreased at an alkaline pH
(8) for both of the cultures. Salehizadeh et al. [1] investigated that the initial pH of the
production medium influences the electric charge of the cell and oxidation-reduction
potential, which in turn affects the nutrient absorption and enzymatic reaction.

BL. squarrosulus  BS. obclavatum
100

90

80

70

60

Turbidity removal (%)

50

5 6 oH 7 8
Fig. 3: Effect of the initial pH of the culture medium on the flocculating
activity of myco-flocculants.

The flocculating rates obtained from the culture inoculated with 1 to 4% (v/v) inoculum size
of two fungal strains are shown in Fig. 4. The use of 2 to 3% of L. squarrosulus inoculum
dose in production medium recorded the highest flocculating rate of 96%. S. obclavatum
was gradually decreased when inoculum dose was increased due to excessive overlapping
of cells, resulting in inhibition of coagulant production. Aljuboori et al. [13] reported an
optimal coagulant production by Aspergillus flavus at 2% (v/v) inoculum size, whereas a
higher inoculum size of 10% (v/v) was most suitable for coagulant production by Rhizopus
sp- [21]

53





OEBPS/image/Vol-19-1-2018-wo-cover136.png
IIUM Engineering Journal, Vol. 19, No. 1, 2018 Subramaniam et al.

outing table and data flow process at source
nodes

Generating
predefined source node
routing @ble

Even numbered source
node routing table

Odd numbered source
node routing table
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the Even numbered source node

Data packets send request from
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Is the bidirectional
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pl—

Data packets in node £n queue
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Data packets dropped
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Data packets dropped at destination Data packetsin queue at
node dueto queue overflow destination node

\ Datapackess recelved at
End: Data packats destination node

Fig. 4: Process flow of data packets in DI-LSR.

Where TPE is the total packets for a nn number of nodes (even), DPE; is the total data
packets and CPE; is the total control packets at node j with 1<j<nn with IfQlenE, as the
queue length in the network. While DPE} is the total data packets and CPE is the total
control packets at neighbouring node k4. Any incoming data packets at an intermediate
node where the queue length > JfOlenO,/IfQlenE, is discarded at this point. With the
proposed dual path technique and low routing overhead routing algorithm further reduce
the effect of routing overhead hence allocates more bandwidth for data packets. The end
source nodes in odd and the even path will be connected to the destination node with the
same queue limitation. The data accumulation factor at a destination node is as described
in Eqn. (4).

NTP = TPO + TPE < IfQlen (@)
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Table 2: 50, 80, and 120 ton capacity girders after combined optimization

Capacity Span Hwax Tss Tr Wr Hm Tas MBS USUM  UZ MASS
Ton m mm mm mm mm mm mm MPa  mm  mm kg

120 32 2525 12 22 878 70 8 154.1 39.4 6.1 30330
30 2400 13 22 834 66 7.5 156.4 35.1 53 27900
20 1850 16 21 643 51 6 154.4 18.9 3.0 14604
10 1313 17 14 457 36 35 154.8 6.5 1.6 3058
80 32 2160 11 19 751 60 6.75 1559 442 6.0 23050
30 2125 11 18 739 59 6.75 154.4 39.0 55 20910
20 1670 14 16 580 46 525 1515 19.5 29 11150

10 1178 16 10 410 33 375 1502 6.4 14 3530
50 32 1950 9 14 678 54 6 154.4 46.5 6.3 16848
30 1895 9 13 659 53 6 156.5 42.3 5.8 15002

20 1445 12 12 502 40 45 155.5 21.7 29 8020
10 975 15 8 339 27 3 1552 7.1 12 2640

4. OPTIMIZATION METHODOLOGY CONSIDERING
INDUSTRIAL CONSTRAINTS

The aim of the research is not only the optimization of the overhead crane box girders
but also to optimize it in accordance with industrial constraints. The size of the plates for
side, top, bottom, and vertical stiffeners; rail and horizontal stiffener sections calculated
during the optimization were not realistic, being in fractions and mostly not corresponding
to sizes available in the market. Therefore, in order to make the optimized design more
practical: standard libraries for the standard sections i.e. standard plates, rails, and horizontal
stiffeners [48] as available in the market are added. The optimized parameters are modified
according to the standard size libraries. Finally, standard section libraries are added in the
APDL code and optimized sections are achieved by selecting the closest available option
for a given design variable that is used in the modeling and analysis instead of the ones
calculated without considering industrial constraints.

Figure 9 compares the mass of 100 ton box girders before and after the addition of
standard sizes. With the inclusion of standard sizes, the mass of the optimized box girders
is increased and the maximum bending stresses are mostly found to have decreased due to
the fact that a bigger or thicker section is always selected. Hence, the over-design caused is
unavoidable as the selection of the small or thin sizes mostly tends to cause under-design.
However, in order to control mass and waste of material during cutting, and to reduce
manufacturing cost: cutting and welding plans, modification of height and width of the
plates is introduced and are discussed in the following sections.

4.1 Height Modification

The design variables of the box girders optimized without industrial constraints are
modified and re-optimized to design box girders with industrial constraints. The sizes of
A36 structural steel plates, in terms of height and width, are according to State Steel USA’s
product catalogue [48], and are presented in Table 3. It is observed that the difference
between the heights is 304mm (1524-1219.2 = 304.8 mm) except the last size. Therefore, if
a constraint is added in such a way that the APDL code selects the closest, then the mass
increases, which is not desired. Another methodology is to sustain the heights of the plates
calculated during the WOIC optimization and cutting and welding the plates together. This
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of pressure on the pressure side when compared to the airfoil with a control-off case. It
shows the active controller has a global effect over the suction side pressure distribution.
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Fig. 11: Pressure distribution over a baseline airfoil NACA 0015 with active
controller on and off cases, (a), (b), (c) are blowing and (d), (e), (f) are suction
(v1=17.5m/s, v2=35m/s, v3=52.5m./s, w1=0.0015m, w2=0.002, and w3=0.0025)
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4. CONCLUDING REMARKS

Subsequent findings have been outlined from the analyses conducted in the present

study.

e Anticipated base isolation technique is intended to draw attraction of using the

high damping rubber bearing at structural base in seismic-prone areas as a suitable
alternative to structural retrofitting.

e The moment will be highly overestimated by 31~55% if the bearing is not

incorporated in building base. Reduction of moments allow the structures to
withstand comparatively high seismic tremors in a safe and efficient manner.

e For HDRB isolated structures, the superstructures experience significant lateral

shift as 87.15 mm ~ 130.15 mm due to structural flexibility. The increase of
superstructure shift is 16~17% for low-rise but around 10% between high-rise
buildings. The relative floor displacement remains below 3% of adjacent floor.

o The lengthier the isolation period, the more flexible the structures are.
o The effective inertia height for the BI buildings remains between two-thirds of

building elevation showing triangular distribution concentrating to the top story.

o The distribution of effective inertia offers high moment corresponding to the shear

at top story. Obviously, it confirms the kicking back of the building at the base.

e The superstructure-substructure contact part acts as a passive control system,

through the HDRB device, and might be the main reason behind the stability of
these structures in active seismic zones.

e High damping bearing device can reduce the forces, moments and relative

displacement of structural members which can lead to economic design and
structural safety against seismic excitation.
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ABSTRACT: Sago (metroxylon sagu) is a polysaccharide bio resource, which is
biodegradable and low in toxicity that can be found in large scale in Mukah, Sarawak. A
simple green method of synthesizing silver nanoparticles (AgNPs) has been developed
using sago dissolved in water as the reducing agent. The mixture of dissolved sago and
silver nitrate (AgNO3) were autoclaved at 121 °C for 20 minutes. The size, morphology
and structures of the AgNPs formed in the sago solution were investigated through UV-
Vis spectrophotemeter, XRD and FESEM analysis. The synthesized AgNPs were
spherical in shape and well distributed with average particle sizes of 19.3 + 2.7 nm.

ABSTRAK: Sago (Pokok Rumbia) adalah sumber bio polisakarida yang bioterurai dan
rendah ketoksikan yang boleh didapati dalam skala yang besar di Mukah, Sarawak. Satu
kaedah hijau yang mudah untuk mensintesis nanopartikel perak telah dihasilkan dengan
menggunakan sagu yang larut dalam air sebagai ejen penurunan. Campuran sagu yang
dilarutkan dan perak nitrat (AgNOs) telah autoklaf pada suhu 121°C selama 20 minit. Saiz,
morfologi dan struktur nanopartikel perak yang terhasil di dalam larutan sago telah disiasat
melalui analisis spektrofotometer UV-Vis, XRD dan FESEM. Nanopartikel perak yang
dihasilkan adalah berbentuk bulat dengan purata saiz partikel 19.3 + 2.7 nm.

KEY WORDS': green synthesis; silver nanoparticles; antibacterial; autoclaving; sago

1. INTRODUCTION

Global problem associated with environmental concerns have resulted in wide approach
of ‘green‘ method in most of activities worldwide. This awareness involves in most
industries and have attracted many researches to work on ‘green‘ materials and methods
applicable in varied of applications. One of the most critical field to be concerned about the
manufacturing process is the medical field. Therefore, researches are working and
innovating the method and process in manufacturing the devices to be applied in
biomedical-related field. Some of the key issues that need to be focused is the utilization of
nontoxic chemicals, environmentally benign solvents and renewable materials 21, One of
those field is the process of synthesizing nanoparticles to be applied as the antibacterial
agent in medical application. Silver nanoparticles (AgNPs) field of research has become the
as the focus attention among other metal nanoparticles such as copper, zinc, titanium,
magnesium and gold [3]. The applications of AgNPs involved in renewable energies, water
treatment, cosmetics and biomedical devices [4]. One of the best properties of AgNPs is the
antibacterial efficacy against bacteria, viruses and some other micro-organisms [5] . Since
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Q=Y gy +Vpecily (10)
If we put v, =0 in the above equations, the equations are as follows:

P=v,i, an

O =V, (12)

As can be seen in these equations, active and reactive power is controlled by i, and

i, respectively. In fact, active and reactive power control is camried out completely

independently. If the STATCOM produces reactive power, then #, will be negative and if
STATCOM attracts reactive power, i, will be positive. Similarly, if the STATCOM

q
produces active power, then i, will be positive and if STATCOM attracts active power, i,
will be negative [27].

3.2 CMC Based STATCOM Control System Design

Figure 5 shows the multilevel STATCOM controller. In this controller, first, voltages

Of Vpeeas Vpeep A0 Voo, and currents of 7, i,and i, canbe changed tov, .V, i;andi,

using Park’s transformation matrix. Angle @ in Park’s transformation matrix is obtained
by phase-locked loop (PLL). Figure 6 shows a block diagram of PLL [28]. According to
the block diagram and description of previous section, v, is first compared by zero
value and the difference between these two is given to PI controller. Since reference
coordination is synchronous, the PI controller output is summed with @=1207. By
integrating the obtained value, angle @ is obtained.

Distbuion  Disvibuton Load
o seer L

7 Level CMC

e o)
for (o120
g = MIcox0 4120

Fig. 5: Multilevel STATCOM controller.
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8.4 Effect of Nanoparticle Size on Nusselt Number

Figure 17 shows the changes in the Nusselt number for a nanofluid with particles of
60 nm, 90 nm, and 150 nm with volume fraction of 1% and water-based fluid at Reynolds
numbers from 900 to 2100. It is concluded from the figures that smaller nanoparticles have
a larger Nusselt number than larger nanoparticles. So that it is increased about 20% at ¢ =
1% and Re=2100 for nanoparticles of 60 nm but it is increased about 15% for
nanoparticles of 90 nm at ¢ = 1% and Re=2100 and for nanoparticles of 150 nm at ¢ = 1%
and Re=2100, it is increased about 10% higher than the base fluid. Also, the increase of
Reynolds number causes an increase in the Nusselt number and the maximum amount of
increase in the Nusselt number is for nanoparticles of 60 nm is about 29%.

6.5

35

900 1100 1300 115{00 1700 1900 2100
e

Fig. 17: Comparing the changes in the Nusselt number for a water-based nanofluid
with particles of 60 nm, 90 nm, and 150 nm with a volume fraction of 1%
and water-based fluid.

Figure 18 shows the changes of Nusselt number for a nanofluid with particles of 60
nm, 90 nm, and 150 nm with volume fraction of 1% and fuel-oil-based fluid at Reynolds
numbers from 900 to 2100. As the Reynolds number increases, the Nusselt number
increases with a slight slope. It is concluded from the figures that smaller nanoparticles
have a larger Nusselt numbers than larger nanoparticles. It is increased about 16% at ¢ =
1% and Re=2100 for nanoparticles of 60 nm but it is increased about 13% for
nanoparticles of 90 nm at ¢ = 1% and Re=2100 and for nanoparticles of 150 nm at ¢ = 1%
and Re=2100, it is increased about 7% higher than the base fluid.

13 + Fuel-Oil
- 60nm-4=1%
12 - =& = 90nm-g=1%
- %= 1500m-4=1%
1 " " " .
900 1100 1300 1500 1700 1900 2100

Re

Fig. 18: Comparing the changes of Nusselt number for fuel-oil-based nanofluid
with particles of 60 nm, 90 nm, and 150 nm with a volume fraction of 1%
and fuel-oil based fluid.
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kepada sesiapa yang tempoh masa pemulihan kecederaan amat penting untuknya.
Pendekatan ini boleh menjadi asas penting bagi penyelidikan praktikal berkaitan masa
krioterapi untuk pelbagai jenis pengguna.

KEYWORDS: cryotherapy; thermoelectric effect; medical devices; microprocessor controls

1. INTRODUCTION

Given the type of damage that occurs in tissues, e.g. in a sprain, strain or muscle-pull
or tear, suitable primary measures have been suggested for treatment through the PRICE
approach which is an acronym for Protection, Rest, Ice, Compression and Elevation. This
method begins with the protection of the affected members against further damage and
harmful movements and actions. This involves, for example, the use of bandages, splints
and immobilisation by means of special coatings which can protect the injured member
against damage or deterioration. Resting is the next step and, at this time, the affected
member must be prevented from moving and this stage is important to prevent increasing
the level of inflammation. In the next part of the therapy, the member must be cooled,
since cooling the damaged member reduces inflammation. Cooling should, ideally, be
started from the first minute of injury and, depending on the extent and severity of injury,
the cooling period should last between 48 and 72 hours [1]. This usually involves putting
an ice pack on the affected area. The next step is to apply pressure to the injury which
prevents further inflammation in the damaged tissue. This lowers the level of
inflammation of the member and is effective in producing a more rapid improvement.
Pressure on the vulnerable area by means of a bandage or the use of elastic bands may also
be helpful. In the final treatment, the damaged member is supported to reduce the pressure
on it [2, 3]. In this paper, novel structures and algorithms have been proposed for
developing optimal Cryotherapy effective time for different users based on the most well-
known therapeutic methods. We suggest the use of a “smart” Cryotherapy device to
replace the use of ice within the PRICE system. This involves placing an electronic device
on the ordinary ice packs. With cooling liquid within it, the system is based on new
programmable cryotherapy methods which are suitable for all kinds of users (human &
animal).

1.1 Cryotherapy

There are various common methods for cooling injured members within the PRICE
system in connection with rehabilitation therapy to reduce inflammation and pain relief.
Cooling has been accepted as a treatment of choice for acute soft tissue injury [4, 5]. In
this case, part of the patient's body or his/her whole body is exposed to reduce
temperatures and therefore the cooling effects reduces the physiological changes that lead
to negative effects in both muscle and other tissues [6-11]. This kind of Cryotherapy can
be performed using a number of different methods, namely, immersion in cold water, ice
massage and use of a gel ice pack, an instant ice pack and a spray or a cooling device [12-
16]. In the proposed approach mentioned in this paper a smart treatment based on
thermoelectric cooling (TEC) device has been used for ice pack temperature adjustment.
In this system, the temperature of TEC device being controlled by means of a processor
and a temperature sensor which is connected to a microcontroller.

1.2 Thermoelectric Cooling (TEC) Device

In a TEC system, the electronic element is located so that the parts that must be
cooled are positioned up against the cold side, with a heat sink positioned appropriately
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Table 10: Summary of fit

MRR TWR Ra
RSquare 0.939071  0.949928  0.990314
RSquare Adj 0.857833  0.883164  0.977399
Root Mean Square Error 0.100313  0.400359  2.080737
Mean of Response 0.257238  1.420375  15.88763
Observations (or Sum Wgts) 8 8 8
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4. OPTIMIZATION

The three models have been optimized using a desirability function method in JMP
software. Figure 1 shows the desirability function for multi-objective optimization for three
objectives: maximization of MRR, minimization of TWR, and minimization of surface
roughness. The results show that an MRR of 0.046 (g/min), TWR of 3.6 (mg/min) and Ra
of 1.4 (um) can be achieved with 68% of desirability with current of 3.5 (A), powder
concentration of 6 (g/1) and tool diameter of 20 (mm).
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Fig. 3: Micrographs for the bi-metal co-precipitated catalysts at 2 magnifications:
(a) ZnzpAly at 1000 times, (b) CusoAlso at 15000 times, (c) ZnsoAlso at 1000 times,
(d) ZneoAlso at 15000 times, (e) VoAl at 1000 times and (f) VeoAlso at 15000 times.

Diffractograms of two-metal-oxide precipitations with alumina at the same ratio are
shown in Fig. 4. The XRD analysis of the CusoZnsoAlso sample, as depicted in Fig. 4(a),
resulted in two predominant peaks of zinc and three broad peaks of alumina. However, no
peak of cuprum or its oxides appeared in combination with zinc suggesting that their crystals
dispersed well and were small in size [1]. The micrographic image in Fig. 5(a) shows the
structure of the CusoZnszoAlsp sample at 10K magnification. Fig. 4(b) depicts the
diffractogram for the catalyst mixture of cuprum, vanadium, and aluminium. The numerous
peaks of vanadia that appeared in the previous V-Al oxide catalyst became only two in
Cuz0V30Als, appearing at 14.2° and 23° due to the addition of cuprum at the same mass
ratio. Cuprum crystal peaks in this diagram appeared at the same angle to the CuO one with
smaller sizes suggesting dispersion action by vanadia on the crystals. A small AIV3Oo peak
appeared between 25 — 27° similar to what was reported by Reddy and Varma [17] who
prepared vanadia-alumina catalysts by impregnating a vanadium precursor onto y-alumina.
The alumina peak was not present. Its micrograph image shows very little crystal, as can be
seen in Fig. 5(b). In the Zn3oV3oAlsy diffractogram of Fig. 4(c), zinc crystals might not
disperse with the addition of vanadia as the peak characteristics of zinc oxide and zinc oxide-
alumina remains relatively similar to  Fig. 2(b) seen previously. Although the peaks of
vanadia were fewer, no combined Zn-V crystal was detected. However, the trio-combination
of zinc, vanadium and aluminium might create an amorphous structure, since no crystal
appeared for this form. Fig. 5 (c-i), (c-ii), and (c-iii) depict images of the SEM of the catalyst
at 10K, 15K, and 1K magnification, respectively. Whitish strings were among the catalyst
crystals.
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Ahmad et al. investigated the mathematical solution of unsteady, viscous,
incompressible, electrically conducting blood flow and heat transfer through a parallel
plate channel when the lower plate is stretching. The effects of flow parameters namely
Grashof number (G;), Prandtl number (P;), heat source parameter (N), Hartmann number
(M) and decay parameter (%) on the velocity and heat functions have been observed. The
mathematical analysis and graphical presentations of velocity and temperature
distributions are very simple and help to understand physiological fluid dynamics. The
results show that temperature field increases with increase in the values of heat source
parameter (N), Fig. 6 presents the distribution of the temperature for different values of
decay parameter (1). The temperature distribution decreases against the decay parameter
(A). Fig. 7 shows respectively that the effect of Grashof number (Gy), Prandtl number (Py),
and heat source parameter (N) on the axial velocity. It is noticed that velocity increases
with an increase in the values of these parameters [69].

b 9 a8 9 a4z , b 0z o [3 s 1

Fig. 6: Graph of temperature distribution for different values of decay parameter (1) [69].

Fig. 7: Graph of axial velocity for different values of heat source parameter (N) [69].
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1. INTRODUCTION

The palm oil industry is considered to be a major industry and a key contributor to
economic prosperity in Malaysia. A huge amount of effluent is discharged during the palm
oil production process, which is known as palm oil mill effluent (POME).

POME is a thick brown liquid owing to the presence of lignin, humic acid, lipids, fatty
acids, and tannin [1]. It is hot with a temperature between 80 °C and 90 °C and acidic with
apH of 4.5-5 [2]. POME is oily wastewater mainly consisting of the following: water 95%
- 96%, total solid 4% - 5%, and oil and Grease 0.6% - 0.7% [3]. The presence of residual
oil in POME can pollute water sources and cause harmful effects to all aquatic creatures if
it is discharged without treatment because POME has the ability to form an oily layer on the
water surface. This reduces the light penetration into the water and subsequently has an
adverse effect on photosynthesis. Moreover, this oily layer decreases the transfer of oxygen
from air to water, leading to a low level of dissolved oxygen in water. This creates a direct
threat to marine living organisms, which in turn leads to adverse effects on humans through
the food chain [4]. The residual oil content in untreated POME is is very high, at an average
of 9065 mg/l [5], which exceeds the permissible limits issued by the Department of
Environmental (DOE) Malaysia (50 mg/l). Moreover, POME contains many heavy metals
in critical levels such as iron and zinc. Iron ions have the highest concentration and are found
at a dangerous levels in POME with an average of 119.5 mg/l [6], which exceeds the
permissible limits (5 mg/L) issued by DOE Malaysia. Heavy metals are non-biodegradable,
toxic, and bio-accumulate in aquatic living organisms. They can also be transferred to
humans through the food chain, and can cause many diseases such as cancer [7-8]. Untreated
POME causes severe water and soil pollution. It changes the water to brown, stinky, and
slimy, which may eliminate living marine organisms and also endanger the planet in the
case of discharging POME on land [9-10]. Although various methods have been used for
the treatment of effluents containing heavy metals and residual oil, the adsorption process
using natural adsorbents is a very encouraging method for pollutant removal [11]. A
continuous adsorption process is very applicable to the batch adsorption process because a
continuous process is cost-effective, feasible, requires less amount of adsorbent, and can be
controlled [12]. Limited studies have been conducted on the treatment of POME using
natural materials as adsorbents by a continuous adsorption process.

In this study, a novel type of adsorbent was prepared. It is known as alginate-mangrove
composite beads coated with chitosan (AMCBCC). The adsorbent is in the shape of beads,
which is the best form of biopolymer adsorbent for the removal of pollutants in wastewater,
and also to prevent column clogging problems [13]. In addition, it is easy to separate the
beads from the wastewater after treatment and they can also be easily regenerated.
Mangrove bark is obtained from charcoal factories, alginate is a biopolymer obtained from
the cell walls of brown algae, and chitosan is a copolymer obtained from chitin, which is
produced from arthropods. These materials are natural and contain effective functional
groups such as carboxylic, phenolic, and hydroxyl in mangrove bark, carboxylate and
hydroxyl in alginate, and hydroxyl and amino in chitosan [14-16]. These functional groups
are well known of their ability to remove pollutants from industrial wastewater [17].

The main purpose of the present research was to remove heavy metals and residual oil
from actual POME using a new type of adsorbent (AMCBCC) by continuous adsorption
studies in a fixed bed column under different bed height. Moreover, two kinetic models
Thomas and Yoon-Nelson were also conducted in this work.
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organized to standardize and regulate the manufacturing and safe operation of these cranes.
Greiner's Crane Handbook [23] provides important information regarding crane design,
manufacturing, and operation. Otani et al. [24] described the vertical seismic response of a
150-ton box girder crane of 35m and concluded that a linear analysis was sufficient to find
the reaction forces on the wheels even when the leap phenomenon had occurred in the
overhead crane. Alkin et al. [25] used shell and solid elements for the optimization of 32-
ton and 13 m span crane. Farkas [26] studied the economy of the crane as a function of yield
strength of the material used for the crane construction. Niezgodzinski and Kubiak [27] used
experimental, analytical and numerical methods to study the effect of a local stability
problem in box girder cranes and concluded that the addition of strips stiffens the web and
reduces the chance of buckling. Zuberi et al. [1] used non-linear Generalized Reduced
Gradient optimization code for the optimization of overhead crane box girders using
available standards by CMAA and Greiner's Crane Handbook. Case studies were performed
using 10-50 ton capacity and 22 m, 25.5 m, 27.5 m, and 30 m span cranes. The diaphragm
spacing and proper thickness was concluded vital for mass minimization. Imrak et al. [28]
studied the linear and non-linear finite element behavior of a portal crane of 200x2 ton
capacity and 100 m span. Beam and shell elements were used during the modeling of the
crane. Blum and Chodorowska [29] investigated the pre-stressing phenomenon in plate
welded girders, mostly of the fillet welds. They concluded that the pre-stressed model is
significantly stable and stiffened as compared to the non-pre-stressed model. Abid et al. [30]
optimized box girders of 150 ton and 32 m span to control buckling with proper quantity
and positions of stiffeners. Pinca et al. [31, 32] performed finite element analysis using shell
elements for box girders and achieved a 21% theoretical mass reduction. Gerdemeli et al.
[33, 34] performed finite element analysis using ANSYS and ABACUS software for gantry
cranes and concluded that simulation helps in the optimization of structures, increased
reliability, durability, reduced cost, and manufacturing duration. Gasi¢ et al. [35] performed
a dynamic analysis of cranes. Zhang et al [36] presented finite element analysis of box girder
beams for transport bridges. Be¢irovi¢ et al. [37] analyzed box girders of a 7 ton and 20 m
span crane for cross-section optimization by changing its height-to-width ratio and the
thicknesses of the plates and concluded a 38% mass reduction. Gaska and Pypno [38]
studied static and dynamic stability of 20 ton cranes of various spans according to Polish
and English standards. Lerga [2] proposed a design modification in existing designs of box
girders of overhead cranes and concluded a 5.5% mass reduction. Djelosevic et al. [39]
studied the local stress parameters of box and trapezoidal girders and concluded that
trapezoidal sections have lower localized stress influence as compared to the straight
sections. Capacity and span-wise optimization were performed by Abid et al. [40, 41] and
relations and optimization factors were developed for a capacity range of 50~120 ton and a
span range of 10 m ~ 32 m. Chauhan and Bhatt [42] performed finite element analysis using
three different steels (EN-22, Steel-20 and Forged steel) for the hook for a 10 ton and 22 m
span crane girder to study possible increase in its durability and minimum stresses were
recorded for EN-22. Suratkar and Shukla [43] performed finite element simulation of a 10
ton and 12 m span crane box girder using a five-point load model i.e. four points for the
divided load and one point for the displaced centered load for the payload. It was concluded
that the stresses produced were much less than the allowable stress values, thus proposed
the optimization of the analyzed model. Rabey [44] using a ST-3-PS steel girder, performed
an analysis with 1, 8, and 16 ton payloads and studied the behavior of the girder under
collision. He proposed to implement standardized dynamic parameters for the collisions of
bridge cranes and end stops. Haniszewski [45] performed dynamic modeling of an overhead
travelling crane and interaction of the dynamic geometric model with the finite element
mode. An intricate geometric model was generated for a 5 ton and 20 m span crane for both
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ABSTRACT: Binderless particleboard (BPB) has become an alternative to avoiding the
usage of synthetic resin, possessing excellent properties but having low dimensional
stability characteristics. Hence, this study aims to investigate the effects of alkaline
treatment on properties of rattan furniture waste (RFW) and fabricated BPB. The RFW
was fully immersed in a 1% sodium hydroxide (NaOH) solution for 10 minutes and dried
in an oven at 35°C for two days. Then, the treated RFW was used to fabricate the BPB via
a hot-pressing process at pressing parameters of 180°C and 5 minutes. The colour of the
RFW changed to dark yellowish and chemical analysis showed some reduction in
hemicellulose, lignin and ash content after the alkaline treatment, which have been
confirmed through peak decline in Fourier Transform Infrared Spectroscopy (FTIR). Only
cellulose content increased after treatment due to a disruption of hydrogen bonding on the
fibre surface. The treated BPB panels had improved mechanical and dimensional stability
compared to untreated BPB panels, and achieved the minimum requirement of board
standards. Removal of the fibres” impurities, led to tremendous physical consolidation
among fibres. The nature of the panels changed from hydrophilic to hydrophobic as water
molecules were released from the fibres during the treatment process. These results were
supported by Scanning Electron Microscopy (SEM) analysis that displayed cleaner RFW
fibres and rougher surfaces on the treated BPB panels.

ABSTRAK: Papan partikel tanpa pelekat (papan BPB) menjadi salah satu alternatif bagi
menggelak penggunaan pelekat sintetik, ianya mempunyai sifat-sifat terbaik walaupun
keseimbangan dimensi papan masih berada pada tahap rendah. Oleh itu, tujuan kajian ini
dijalankan adalah bagi menyelidik kesan rawatan alkali ke atas sifat sisa perabot rotan dan
papan BPB yang dihasilkan. Sisa perabot rotan direndam penuh ke dalam cecair alkali
Natrium Hidroksida (NaOH) berkepekatan 1%, selama 10 minit dan sesudah itu
dikeringkan di dalam ketuhar pada suhu 35°C selama dua hari. Kemudian, sisa perabot
rotan yang telah dirawat ini digunakan bagi menghasilkan papan BPB melalui kaedah
tekanan haba pada suhu tekanan 180°C selama 5 minit. Warna sisa perabot rotan telah
berubah kepada kuning gelap. dan hasil analisa kimia menunjukkan pengurangan pada
hemi-selulosa, lignin dan komposisi abu dalam serat rotan selepas rawatan alkali dan
terbukti melalui pengurangan nilai puncak pada analisa Fourier Transform Infrared
Spectroscopy (FTIR). Hanya kandungan selulosa meningkat selepas rawatan alkali,
disebabkan gangguan pada ikatan hidrogen pada permukaan serat. Papan BPB yang
terhasil menggunakan serat dirawat telah menunjukkan peningkatan pada sifat mekanikal
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3. DETERMINANTS OF BLOOD VISCOSITY

Much research has been performed to formulate a theory that completely accounts for
the viscous properties of blood, and some of the key determinants have been identified
[17, 18]. The four main determinants of whole blood viscosity are (1) plasma viscosity, (2)
hematocrit, (3) RBC deformability and aggregation, and (4) temperature. The first three
factors are parameters of physiological concern because they pertain to changes in whole
blood viscosity in the body. The second and third factors, hematocrit and RBC (red blood
cells) aggregations, are the main contributors to the non-Newtonian characteristics of
shear-thinning viscosity and yield stress.

4. YIELD STRESS

In addition to non-Newtonian viscosity, blood also exhibits a yield stress. The source
of the yield stress is the presence of cells in the blood, particularly red cells. When such a
huge amount (40-45% by volume) of red cells of 8-10 microns in diameter is suspended in
plasma, cohesive forces among the cells are not negligible. The forces existing between
particles are van der Waals-London forces and Coulombic forces [19, 20]. Hence, in order
to initiate a flow from rest, one needs to have a force that is large enough to break up the
particle-particle links among the cells. However, blood contains 40-45% red cells and still
moves relatively easily. The healthy red cells behave like liquid drops because the
membranes of red cells are so elastic and flexible. Note that in a fluid with no suspended
particles, the fluid starts to move as soon as an infinitesimally small amount of force is
applied. Such a fluid is called a fluid without yield stress. Examples of fluid with no yield
stress include water, air, mineral oils, and vegetable oils. Examples of fluids having yield
stress include blood, ketchup, salad dressings, grease, paint, and cosmetic liquids. The
magnitude of the yield stress of human blood appears to be at the order of 0.05 dyne/cm?>
(or 5 mPa) [21,22] and is almost independent of temperature in the range of 10-37 °C [23].
Blood shows a Newtonian fluid’s character when it flows through larger diameter arteries
at high shear rates, but it exhibits a remarkable non-Newtonian behavior when it flows
through small diameter arteries at low shear rates [24, 25]. Moreover, there is an increase
in viscosity of blood at low rates of shear as the red blood cells tend to aggregate into the
Rouleaux form [26]. Rouleaux form behaves as a semi-solid along the center forming a
plug flow region. In the plug flow region, we have a flattened parabolic velocity profile
rather than the parabolic velocity profile of a Newtonian fluid. This behavior can be
modeled by the concept of yield stress. The yield stress for blood depends strongly on
fibrinogen concentration and is also dependent on the hematocrit. The yield stress values
for normal human blood is between 0.01 and 0.06 dyne/cm? [27]. The Casson fluid model
is a non-Newtonian fluid with yield stress, which is widely used for modeling blood flow
in narrow arteries. Many researchers have used the Casson fluid model for mathematical
modeling of blood flow in narrow arteries at low shear rates. It has been demonstrated by
Blair [28] and Copley [29] that the Casson fluid model is adequate for the representation
of the simple shear behavior of blood in narrow arteries. Casson examined the validity of
the Casson fluid model in his studies pertaining to the flow characteristics of blood and
reported that at low shear rates, the yield stress for blood is nonzero [30]. Venkatesan et al.
investigated the flow of blood through a narrow artery with bell-shaped stenosis, treating
blood as Casson fluid. Results are compared with the results of the Herschel Bulkley fluid
model obtained by Misra and Shit for the same geometry [31]. Resistance to flow and skin
friction are normalized in two different ways such that (i) with respect to the same non-
Newtonian fluid in a normal artery, it gives the effect of a stenosis and (ii) with respect to
the Newtonian fluid in the stenosed artery, it spells out the non-Newtonian effects of the
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contributed to tremendous mechanical properties in the BPB panels. RFW is categorised as
anatural fibre that has high hygroscopic properties due to the presence of the hydroxyl group
and other polar groups in fibre components [23, 24, 28]. Therefore, this resulted in poor
wettability and weak interfacial bonding between the fibres. On the other hand, the hydrogen
bonding on the fibres’ surfaces were disrupted through the alkaline treatment, where it also
increased the cellulose crystallinity of the fibres that contributed to increasing the surface
roughness of BPB panels [22, 24, 28]. Results additionally suggested that this disruption
condition facilitates mechanical interlocking between fibres.

05
04

03 Minreq
0.3MPa

B
(MPa) 02

01

Treated RW

Samples

Fig. 5: Graph of Internal Bonding (IB) for untreated and treated RFW BPB.

3.2.2 Effects of Alkaline Treatment on Dimensional Stabilities of Panels

The dimensional stabilities in terms of water absorption (WA) and thickness swelling
(TS) of BPB panels are illustrated in Fig. 6. The percentage of WA for the untreated and
treated BPB panels are 54.5% and 42.9%, while the percentage of TS for the untreated and
treated BPB panels are 19.6% and 6.8%, respectively. The standard JIS A5908 set the
normal Type-18 particleboard at no more than 12% TS, which means the treated BPB panel
achieved the standard requirement [14]. One of the components that is responsible for the
hygroscopic properties of the RFW and natural fibres is hemicellulose. Fibre hemicellulose
have been removed by chemical modification throughout the alkaline treatment [11, 17, 25],
thus decreasing the percentage of WA and TS of the BPB panels. In addition to that, the
treatment destroyed the hydroxyl group on the fibre surfaces such that the fibres had less
affinity to water [24]. As previously reported by Esteve and Pereira [23], the chemical
modification leads to high cellulose cross-linking where molecules become less elastic, so
micro-fibrils have less possibility to expand and absorb water. Therefore, the alkaline
treatment has improved dimensional stabilities of the treated BPB panels, a fact that was
verified in the great strength and excellent IB properties of the BPB panels. The mechanism
of the alkaline treatment is demonstrated in Fig. 7, where the hydrophilic properties of the
fibres were turned into hydrophobic properties as the water molecules were released from
the fibres during the treatment process [17, 24, 25, 27].
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The influence of each and every parameter is analyzed in detail. The Lo orthogonal
array and aerodynamic characteristic of an airfoil for nine experiments is shown in Table 3
and Table 4. All the experiments show the improvement in aerodynamic characteristics.
Figure 13 shows the variation of parameters against means of mean and the parameter
with a higher value of mean has a more significant influence on lift to drag ratio (L/D
ratio).

Table 3: L9 Orthogonal array-blowing

Position of  Size of Blowing aerodynamic coefficients
Velocity N N
S.No in [ m/si 510:, ;1: % sl[or:l ]l[l Active Hybrid
C Ca L/D C Ca L/D
1 175 10 0.0015 0.87 0.225 39 0.887  0.205 43
2 175 30 0.002 103 0.181 57 1.02 0.158 6.5
3 175 50 0.0025 101  0.1974 51 0977 0.1717 5.7
4 35 30 0.0015 114 0.161 71 1156 0.133 8.7
5 35 50 0.002 111 1.84 0.6 1043 0.1607 6.5
6 35 10 0.0025 1.08 0.133 8.1 118 0.0953 124
7 525 50 0.0015 1.211  0.181 6.7 1127 0.15 75
8 525 10 0.002 14 0.1 14.0 152 0.0657 231
9 525 30 0.0025 129 0.143 9.0 132 0.12 11.0
Table 4: L9 Orthogonal array-suction
. Position of  Size of Suction aerodynamic coefficients
S.No ‘i;el[‘:;‘;g slot in % slot in Active Hybrid
of e [m] a ca LD « ca LD
1 175 10 0.0015 119 0.135 8.81 117 0.108 10.8
2 175 30 0.002 113 0.172 6.57 1.06 0.152 7.0
3 175 50 0.0025  1.023  0.202 5.06 1.02 0.182 5.6
4 35 30 0.0015 119 0.161 7.39 1147  0.133 8.6
5 35 50 0.002 1.09 0.198 5.51 1.084 0.191 5.7
6 35 10 0.0025 148 0.069 21.45 149 0.0424 351
7 525 50 0.0015 111 0.198 5.61 1.09 0.191 5.7
8 525 10 0.002 155 0.061 2541 154 0.033 46.7
9 52.5 30 0.0025 1.36 0.132  10.30 134 01109 12.1

First, the influence of velocity on mitigation of flow separation on a surface is taken
as one of the primary parameters. The velocities of the jets considered are 0.5, 1, and 1.5
times of freestream velocity. Both, active and hybrid controllers with jet velocity of 52.5
m/s shows a superior performance compared to other velocities, irrespective of other
parameters. The jet velocity of 17.5m/s in the active and hybrid controllers leads to the
increase in total performance, but with decreased Ci value in active/hybrid blowing as
shown in Table. 3. For other cases, the C; value is increased and Cq value is decreased.
The performance of the system increases proportionally to the velocity of the jet, as shown
in Fig. 13.

The width of the slot is taken as another parameter to study the controller effect. The
slot sizes of 0.0015, 0.002, and 0.0025 m are considered. The slot of 0.002 m gives high
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2. MATERIALS AND METHODS
2.1 Materials

A sample of POME was collected from a palm oil mill in Seri Ulu Langat, Malaysia.
The sample was left to cool and kept in a cooling room at about 4 °C. The characteristics of
the sample are specified in Table 1.

Mangrove bark was obtained from a charcoal factory in Kuala Sepetang, Perak,
Malaysia, and chitosan with a medium molecular weight was obtained from a local factory
in Malaysia. The other chemicals (sodium alginate ~98.5%, acetic acid 99.8%, nitric acid
65%, calcium chloride 99.5%, hydrochloric acid 37%, sodium hydroxide 99%, and
sulphuric acid ~95%) were purchased from R&M Chemicals. Hexane was supplied from
H&M Chemicals, and sodium sulfate anhydrous ~99% was supplied from Bendosen
Chemicals.

Table 1: Characteristics of raw POME sample

Characteristics Values
Oil and grease 10843 mg/l
COD 42240 mg/l
Fe 103.3 mg/l
Zn 7.5 mg/l
pH 49

2.2 Preparation of the Adsorbent

The mangrove bark was washed with distilled water, dried at room temperature, ground,
and sieved using a 250-mesh sieve. It was then treated by 0.1 M NaOH for 2 hours, as NaOH
is the best agent for improving the bark by increasing the active sites to obtain the maximum
adsorption capacity [18]. Moreover, this modification was conducted to increase the
hydrophobicity of the mangrove bark to adsorb residual oil [11-19]. Next, the bark was
washed many times with distilled water until the pH of the solution became neutral. After
that, the bark was filtered and dried in an oven at 60-63 °C for 24 hrs. The treated bark was
kept in a glass container for later use.

The mixture of alginate and mangrove bark (AM) was prepared by adding 5 g of sodium
alginate into 200 ml of distilled water. The mixture was then stirred continuously until the
alginate had completely dissolved. Next, 2.5 g of the treated mangrove bark was added to
the sodium alginate solution and mixed together until they became homogenous. A syringe
pump device was used to form the alginate-mangrove composite beads (AMCB) by
dropping the alginate-mangrove mixture into a solution of 0.2 M CaCl.. The beads were
kept in the solution for 24 hrs before being washed with distilled water to remove the excess
CaClo. They were then left to dry at room temperature and kept in a glass container for later
use.

To coat the beads, a chitosan solution was prepared by adding 7.5 g of chitosan powder
to 250 ml of 0.2% acetic acid solution. The mixture was stirred continuously for 3 hrs at 45-
50 °C to obtain a viscous gel [20], Then, the chitosan solution was inserted into an ultrasonic
device for 10 mins, after which, the solution was left at room temperature for 24 hrs. 40 g
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3.1.4 Myco-coagulants Stability by Jar Test

Figure 6(a) shows that L. squarrosulus was stable at a wide range, from pH 4.0 to 8.0
and more than 90% flocculation was achieved within this range. At pH 7.0, the turbidity
removal rate was higher for both myco-coagulants and the flocculation rate decreased
slowly as the pH increased further. The mixed culture also showed good stability at pH 7.0.
Thus, these myco-coagulants are suitable to be applied at acidic and neutral conditions. This
may be due to the fact that myco-flocculants show different electric charges at different pH
levels and affect the flocculation ability of the bio-flocculant for kaolin particles [27].

QL. squarrosulus ~ @S. obclavatum — BMixed culture
100

2

Turbidity removal (%)
S5

REGEELRET

BL. squarrosulus  @S. obclavatum — @Mixed culture
100

95

90

85

Turbidity removal (%)

4 25 35 45 55
Temperature (°C)

—=—28+2C ——4C

Turbidity removal (%)

50 +

0 2 4 6 8 10 12 14 16 18 20 22
Time (Day)

Fig. 6: Myco-flocculant stability: a) The pH stability of L. squarrosulus, S. obclavatum
and mixed culture; b) Temperature stability of L. squarrosulus, S. obclavatum and mixed
culture; ¢) Time Stability of myco-flocculant (L. squarrosulus).
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based on Eqn. (1) and local pollination based on Eqn. (2) operations, updating and the
position changing operations were done on the values [7].

X =x L8~ xp) O]

xf" =x/+ g(x; —x;) )
In Eqn. (1), x} it is the i® pollen or solution vector x; at iteration t, and x{** is a candidate
solution for iteration t + 1. G is the current best solution, where g* = g1,g2,...,gD . The
variable L is the strength of pollination, basically a D-dimensional step size, where L =
11,12,...,1D , and y is the scaling factor to control the step size. Local Pollination will
cause the diversity of weight ranges and poor neighbors run for the classification process.
These operators make the weight ranges have closely adjacent properties for KNN
classification and they increase the classification accuracy. Since the FS problem is meant
to select a specific feature or not, the solution is represented as a binary vector, where 1
indicates a feature will be selected to compose the new dataset and 0 otherwise. A
Sigmoid function is used to build this binary vector by the Eqn. (3).

S/ () =— ®

1+e

Firstly, for each element x; of the solution vector xi, a probability S (xi’ (1)) is
calculated using the sigmoid function defined by Eqn. (3). Then, using the probability
vector S(x] (t)), each element in the solution vector x; (¢) will either have the value 1 or 0
by applying the condition represented by Eqn. (4). Thus, Eqns. (1) and (3) will be replaced
by Eqn. (4).

= {1 i S(x,f(r))m} @

0 otherwise

In which xi’ (t) represents the new pollen (solution) i with the j® feature vector, where i =
1,2,..,mand j = 1,2,...,d at the iteration t and 6 ~ U (0, 1). In the modified model, the
FF vectors are calculated based on the amount of features that are 1. The vector with
higher value of FF is selected, and the vectors that are not optimized undergo local
pollination operations to create a new generation of population. Selected features are
imported into the KNN model. Training and testing processes are performed in the KNN
model. The evaluation is done based on the accuracy of the testing process. The final
recognition accuracy is displayed in the output model. In the KNN model, a non-classified
sample may easily be found by comparing it with the most similar samples in the training
set. Thus, it is necessary to specify criteria for determining the distance between the
samples. If we have a feature vector of<a(x),a,(x),..a,(x)>, to obtain the distance

between two features of x; and x; according to Eqn. (5) we will use the Euclidean distance
[8].

n

(@) =a,(x)’ ®)

=

d(x,x;)

05X

KNN is a model for classifying test samples based on k closest training examples in
feature space. The test sample is assigned to the class occurring most often amongst its k
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ABSTRACT: The effect of ultraviolet radiation on tensile properties, water absorption
and optical properties of polypropylene (PP) reinforced with durian skin nanofibre (DSNF)
composites was investigated. DSNF was obtained from fermentation of durian skin fibre
using Rhizopus oryzae. X-ray diffraction (XRD) analysis and Sherrer equation were
applied to measure the average particle size of DSNF which was determined as 51.2 nm.
PP and DSNF were melt-blended in a Haake internal mixer before compression moulded
into composite specimens. The composites were exposed under ultraviolet (UV) radiation
to simulate the effect of sunlight. The significant effect of maleic anhydride polypropylene
(MAPP) was observed by the improvement recorded in tensile properties and reduction of
water absorption in PP/DSNF composite. The colour index of composites increased with
UV radiation exposure. Transmission electron microscope (TEM) images showed DSNF
was well-dispersed in PP matrix in the presence of MAPP.

ABSTRAK: Kesan ultraungu (UV) terhadap sifat tegangan, penyerapan air dan sifat optik
bagi polypropylene (PP) diperkuatkan dengan nanofiber kulit durian komposit telah
disiasat. DSNF telah diperolehi daripada process penapaian fiber kulit durian
menggunakan Rhizopus oryzae. Analisis difraksi sinar-x dan persamaan Sherrer telah
digunakan untuk mengukur purata saiz zarah untuk DSNFyang telah diperolehi sebanyak
51.2nm. PP dan DSNF telah dicampur dalam pembancuh Haake sebelum mampatan
dibentuk menjadi spesimen komposit. Komposit telah didedahkan di bawah radiasi
ultraungu (UV) untuk mensimulasikan kesan cahaya matahari. Kesan yang penting
terhadap polipropilena maleik (MAPP) telah diperhatikan dan setiap peningkatan dalam
sifat tegangan dan pengurangan penyerapan air dalam komposit PP / DSNF telah direkod.
Indeks warna komposit meningkat dengan pendedahan radiasi UV. Imej mikroskop
elektron penghantaran (TEM) menunjukkan DSNF telah disebarkan dengan baik dalam
matriks PP dengan kehadiran MAPP.

KEY WORDS: Durian skin nanofibre, ultraviolet radiation, MAPP, color index, water
absorption, Rhizophus oryzae.

1. INTRODUCTION

Natural fibre reinforced composite for external application might experience exposure
to harsh environments with high humidity. Biodegradable fibres are hydrophilic in nature
and tend to attract water although in air (Ahmad et al. 2015). Celluloses present in the natural
fibres are responsible for water uptake. In cellulosic cell wall fibre, the hydroxyl groups

223





OEBPS/image/Vol-19-1-2018-wo-cover21.png
IIUM Engineering Journal, Vol. 19, No. 1, 2018 Saedi et al.

Table 2: Experimental design for process conditions optimization

std  Run Factor 1 A: Factor 2 B: Factor 3 C: Response Predicted
concentration of contact time mixing speed Settling velocity ~ Settling velocity
seed (mg/) (min) (tpm) (cny/min) (cm/min)
14 1 3250 175 150 0.31 0.31
12 2 3250 30 100 0.3 0.29
6 3 6000 5 150 0.19 0.20
15 4 3250 175 100 0.3 0.31
1 5 500 5 50 0.19 0.21
10 6 6000 175 100 0.2 0.22
20 7 3250 175 100 0.32 0.30
13 8 3250 175 50 0.28 0.31
17 9 3250 175 100 0.31 0.31
4 10 6000 30 50 0.28 0.28
9 11 500 175 100 023 0.22
18 12 3250 175 100 0.3 0.31
19 13 3250 175 100 0.3 0.31
5 14 500 5 150 0.25 0.25
2 15 6000 5 50 022 0.22
3 16 500 30 50 023 0.22
7 17 500 30 150 0.24 0.25
11 18 3250 5 100 0.3 0.28
8 19 6000 30 150 0.27 0.28
16 20 3250 175 100 0.3 0.31

Settling velocity (cm/min)

Design-Expert® Software
Factor Coding: Actual
Settling velocity (cm/min)
® Design Points

032 >
0.19

20

Actual Factor
C: mixing speed = 100

B: contact time (min)

1800 2700 300 s000
A: MO dosage (mg/L)

Fig. 3: The 2D contour plot of the interaction of dosage with contact time at mixing
speed of 100 rpm.
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Figure 22 shows the changes of Nusselt number for a nanofluid with particles of 60
nm, 90 nm, and 150 nm with volume fraction of 1% and fuel-oil base fluid based on the
axial position. Similar to water-based fluid, the value of the convective heat transfer
coefficient in the inlet is more than the other parts [31]. Also, this coefficient decreases by
increasing the length of the channel but its reduction is not similar to the water-based fluid
and it decreases with almost the same slope along the length of the channel. As it is clear,
the amount of convective heat transfer is greater in nanoparticles with smaller sizes.

8.7 Comparison of the Changes of Temperature at the End of the Channel

Figures 23 and 24 show the changes in temperature at the end of the channel for
water-alumina and fuel oil-alumina nanofluids at Reynolds numbers of 900 and 2100 for a
volume fraction of 6% and nanoparticles of 60 nm. Nanofluids have heated through the
channel wall, and their temperature is increased along the length of channel [30] so that a
higher temperature is observed near the channel wall as compared to the other parts of the
channel. Little changes are observed at Reynolds numbers of 900 and 2100 for fuel oil-
alumina nanofluid. Also, the maximum temperature of nanofluid at a Reynolds number of
900 is higher than at a Reynolds number of 2100, because the convective heat transfer
coefficient at higher Reynolds numbers is higher than at low Reynolds numbers [30].

() Re=900

i
i
i
i
i
i
|
i

(6) Re=2100

Fig. 23: The changes of temperature at the end of the channel for
water-alumina nanofluid (60 nm-6%).
(a) Re=900

(b) Re=2100

Soomaz sowa o sowa sowa e s 3w

Fig. 24: The changes of temperature at the end of the channel for
fuel oil-alumina (60 nm-6%).
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R, and L, are load resistance and inductance respectively in full load condition

(constant and switchable load on the circuit). By multiplying the Eqn. (14) in park
transformation matrix, open-loop model in DQO coordination is obtained as Eqn. (15).
Since the test system was a three-phase three-wire, the axis O is ignored.
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dr L, L, o R
LI
av, 1 1 5r-
—de __ Voe———dg i
dt R, C*“ 20 %%

In these equationsiy ,is,, iy, i

, and v, are state variables, d,and d, are control

variables, v,

s

o and vy, are input variables, respectively. The state variables in these
{im By By 0y Ve By iy dy dq]. By linearization of equations at the
operating point and applying a pole placement method for designing PI controllers, the
gains of PI controllers are obtained to achieve optimal response and damping as &, =0.1,

k, =100, ky=1, k,=30, k;=0.5 and k =100 to achieve optimal response and

damping. Table 1 shows eigenvalues of the test system and multilevel STATCOM with or
without controller.

equations arex

Table 1: Eigenvalues of system in full load condition.

Eigenvalues of system and Eigenvalues of system, multilevel
Multilevel STATCOM STATCOM and controller
—242.37+384.34) —1666+807;
—159.91+£404.5; —862.04+842.17)
—31.43 —221.35+378.38;
-33.78
—14.44+23.68j
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Fig. 2: Forward path routing table in DI-LSR.
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Fig. 3: Reverse path routing table in DI-LSR.

sequence of nodes in the network. The DI-LSR generates two bi-directional odd and even
route between source to a destination node as shown in Fig. 4.

The flow of packets (data and control packets) in both source and a destination nodes
in DI-LSR is restricted on a dedicated path without path crossing possibilities. There is a
standard queue limitation as in any routing protocol as mentioned in Table I. The concept
of queue limitation and data accumulation factor on both odd and the even path is as
described in Eqn. (2) and Eqn. (3) respectively.

TPO = [(DPO; + CPO;) + Y ;,1(DPOy + CPO;)| < IfQlenO, )

where 7PO is the total packets for a nn number of nodes (odd), DPO; is the total data
packets and CPO; is the total control packets at node j with 1<j<nn with IfQOlenO, as the
queue length in the network. While DPO is the total data packets and CPOk is the total
control packets at neighbouring node .

TPE = [(DPE; + CPE}) + X3;,1(DPEy + CPEy)] < IfQlenE, 3)
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Table 2: Bearing characteristics

Bearing Period of Damping Initial lateral Post-elastic
Device Isolator (sec) (%) Stiffness (KN/mm)  stiffness (KN/mm)
HDRBI1 15 15 11.085 3.034
HDRB2 2.0 16 10.977 2452
HDRB3 25 17 10.932 2.001
HDRB4 3.0 19 10.921 1.557

2.3 Model of HDRB

The effective horizontal stiffness of HDRB is contemplated in terms of K. Equivalent
viscous damping is employed. The bearing’s force-deformation has been considered in the
modelling as equivalent to linear. The shape of force-deformation of HDRB under loading
is shown in Fig. 3. The post elastic stiffness has been derived as Eqn. (1).

k-G
T

r

(6]

The hysteresis loop area obtained for the respective shear modulus and equivalent
viscous damping provides the hysteresis loop area. The parameter shear modulus, G, is a
function of shear strain. The unloading stiffness is named elastic stiffness, K, and is

defined by Eqn. (2).
K, =K, 2

Attachment Rubber Layers
Plate

Fig. 3: Deformation pattern of HDRB (not to scale).

The force intercept, Q, follows the Eqn. (3), which is estimated from effective
stiffness, damping g, , maximum displacement A and yield displacement A  [14].

O=By *K, *8 (2 -7, )*A-A,) (©)

2.4 Structural Analysis

Simple linear static analyses have been performed with minimum complexity. The
lateral loads for ground excitation are obtained using structural parameters such as
modification factor response, seismic zone factor, soil profile, etc. In addition to this, the
lateral shear force imposed by wind loading has been determined from the related
coefficients and code requirements for earthquake and wind analysis that follow the code
UBC 1997 [15]. The prototype buildings have been simulated and loaded in the finite
element package. The equivalent static analysis considers R;= 8.0 for the traditional FB
buildings. On the other hand, a reduced response modification factor of R;=2.0 has been
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number of neurons, learning rate, and momentum are not required, as in BPNN. The
biggest advantage is its ability to converge with few training sets and a smooth transition
is observed from one value to another. GRNN comes with four layers: the input, pattern,
summation, and output layers as shown in Fig. 3.

Fig. 3: GRNN structure.

The input layer consists of the same number as the features of a model and it will be
passed to the pattern layer. Next is the summation layer, consisting of two units where all
nodes in the third layer are connected to both units. Finally, the output layer is the quotient
of two units in summation layer, which is given below:

LY EXI{* zd?J
YX)= <" ©)

d2
o EXI{* 2(‘;2 J

where y; is the connection weight between the first summation node and the i node of the

pattern layer, » is number of data samples, d; = (X -X ’)T(X -X ’) is Euclidean distance
between the weights and the input vector, and ¢ is the spread parameter.

Figure 4 shows the flowchart of the methodology and it starts with the selection of an
airfoil to identify the flow separation point, which in turn helps to identify the parameters
such as slot size, location along the chord, and blowing/suction velocity (active controller).
As a next step, aerodynamic characteristics are calculated using both active and hybrid
controllers to find their effectiveness on the control of flow separation. Then comes the
training of surrogate models and its performance is compared with ANSYS Fluent.

3. NUMERICAL SIMULATION

The baseline airfoil model employed in this work is NACA 0015 with a chord of
0.375 m with a free stream velocity of 35m/s, leading to a Reynolds number of
(Re)=8.96e5 and a turbulence intensity of 0.3 percent. The experimental data [18] is used
to validate the results of the numerical simulation without controller. 2-D simulation is
efficient in the studies where large amounts of simulation cases are needed for an
investigation of the effect of aerodynamic parameters. All the flow studies are carried out
using ANSYS Fluent. The physical two-dimensional model in C-type domain with the
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was the least absorbed water due to it hydrophobic characteristic. The water absorption test
was conducted up to 70 days until saturated trend was obtained.

There were seven different compositions presented in Fig. 8. Sample without MAPP
absorbed more water than the sample with coupling agent. Lack of wettability adhesion in
composites resulted in poor interlocking between fibre and matrix (Joseph et al. 2002). In
addition, water molecules are easily entrapped in gap of interfacial area leading to increasing
of water absorption in fibre-matrix interphase. Composite with 5 wt% DSNF was dominated
in water uptake with more than 5.74% water absorbed through 70 days. The amount of water
uptake showed that the amount of fibre content influenced the behavior of composite
material. Composites with 5 wt% DSNF absorbed the highest amount of water and vice
versa. The fibres consist of cellulosic components giving rise to hydrophilic characteristic
and thus tend to attract water. According to Patpen et al. (2015), natural fibre are exposed
to water molecules in moisture condition. Therefore, the composite experienced swelling
due to water absorption through voids spaces generated between fibre and matrix. Fig. 9
showed mechanism in biocomposites in the presence of water.
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Fig. 8: The effect of DSNF content on water absorption of PP/DSNF composite under UV
radiation.

Fig. 9 demonstrated the effectiveness of coupling agent where composite with
MAPP able to stop the water absorbed into PP/DSNF composite as compared to composite
without MAPP. Similar observation was reported by Badia et al. (2014) where the presence
of MAPP reduced the water uptake into biocomposites. MAPP provides increase interfacial
adhesion where less water accumulated in the interfacial voids and prevent water from
entering DSNF. The effectiveness of MAPP decreased amount of water uptake by bamboo
reinforced polymer which was reported by Thwe and Liao (2002). With the improvement
as seen in Fig. 8, it is believed that MAPP induced less hydrophilicity in the PP/DSNF
composite and promotes interfacial adhesion.
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Because of different carrier signals, unbalancing usually occurs in capacitor voltage.
In practice, this unbalance increases due to the lack of uniformity in components.
Therefore, we need a balanced capacitor voltage.

Figure 7 shows the block diagram of the voltage capacitor balancer [29]. Each of the
capacitor voltages is compared with its nominal value and is given to the PI controller.
The controller output changes the angle that is deduced from the angle of reference signal
related to its H-bridge converter.

Aa,]
Pl >
+
PWM
%y Generator
m—

Fig. 7: Block diagram of capacitor voltage balancer [29].

4. SIMULATION

In this section, simulation of the system is presented using the MATLAB/SIMULINK
software.

4.1 Simulation in Full Load Condition

In a full load condition, both constant and switchable loads are in circuit. A 7 level
CMC converter with PSPWM control method was implemented. Figure 8 shows PSPWM
switching control for a 7 level CMC converter. Figure 9 shows the output voltages of the
CMC converter. Figures 10 and 11 respectively show the load voltages and effective phase
voltages in the PCC. As can be seen, effective voltage of the load is regulated with good
speed and accuracy at the nominal value of 45.5 volts, which reflects the good
performance of the controller.
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Fig. 8: PSPWM switching control for the 7 Fig. 9: Output voltages of the CMC
level CMC converter. converter.

Figures 12 and 13 respectively show the output current of a multilevel STATCOM
and current of the Q axis(i,). As can be seen, multilevel STATCOM is capable of

injecting reactive current in less than 200 msec. Figure 14 shows the FFT analysis of
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J'K(t, Du(t)dr =B —G(t)-
0
If we denote g(7) = B-G(1) then we obtain integral equation (16). The theorem is proven.

6. CONCLUSION

The results of this study have been analyzed and it can be concluded that both a fixed
average amount of heat and a fixed heat at a given internal point of the rectangular plate
can be controlled from the one of the boundaries. In this paper, a control function must be
a solution of the integral equations found in this study.
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Fig. 5: Radius of gyration of complex and EGuia.
Black solid (enzyme-substrate complex at 353 K), black dash (EGuia at 353 K),
red solid (enzyme-substrate complex at 333 K), red dash (EGuia at 333 K),
blue solid (enzyme-substrate complex at 313 K) and blue dash (EGuia at 313 K).

4. CONCLUSION

MD simulations are carried out at three different temperatures to study the impact of
ligand binding on the thermal stability of an endoglucanase, EGuia. It is found that even
though the fluctuation of the overall structure of the enzyme and the enzyme-substrate
complex changes at higher temperatures, there is a tendency to maintain the compactness
with minimum RMSD around the active site region of the enzyme. This remarkable
ability of the active site region determines the optimum temperature for the enzyme
activity of endoglucanase. The simulation findings should be validated experimentally.
However, care should be taken in extending this argument for other enzymes. For enzymes
with flexible active site, such as protein kinases [22], a much longer simulation is
necessary to confirm this trend.
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resistance effect on maximum overvoltage is caused by back flashover. Therefore,
maximum overvoltage along the cables can be reduced by using a suitable tower footing
resistance. Figure 12 shows maximum overvoltage for three different values of tower
footing resistance for three different cable lengths (1 km, 10 km and 40 km). According to
this figure, for each length of the cable, maximum overvoltage increases when tower
footing resistance increases. Results also show that maximum overvoltage decreases when
cable length increases under certain tower footing resistance values. For example, for
every 10 ki length of the cable, maximum overvoltage along the cable for each tower
footing resistance of 10 Q, 30 Q, and 90 Q is 398.7 kV, 474.1 kV, and 514 kV,
respectively.
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Fig. 11: Maximum overvoltage as function of resistivity of the cable sheath
(1 km, 10 km and 40 km cable).
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Fig. 12: Maximum overvoltage as function of tower footing resistance
(1 km, 10 km and 40 km cable).
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A high damping bearing device can be chosen to reduce the forces, moments, and
relative displacement of structural elements that can lead to economic design.
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Fig. 6: Change of moment after HDRB isolation.

Table 3: Percentage reduction of moment by using HDRB.

Floor Reduction of Moment (%)

level 4-story 6-story 8-story 10-story
FoO 79.40 82.64 87.59 92.43
F1 53.29 54.98 9.87 -6.01
F2 36.98 53.06 18.13 15.12
F3 37.64 25.82 99.10 -17.87
F4 31.05 41.94 28.51 2221
F5 31.57 3.97 -16.67
F6 11.60 46.13 11.32
F7 - - 33.77 423
F8 - -7.60 8.20
F9 - - 14.76
F10 - - - -6.01

3.3 Displacement Behavior

For the fixed base structures, the tendency of inertia is to keep structures in place at
the time of ground excitation resulting in large displacements at different stories in
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the Reynolds numbers of 900<Re<2100. The inlet temperature was 300 K and the constant
thermal flux was 8846.4 w/m? on the walls of channel.

0.00475m

Inlet— 1 > Outlet

1.2m

Fig. 1: Schematic geometry of channel [30].

3. THE BASIC GOVERNING EQUATION ON NANOFLUID FLOW

Finding the thermophysical properties of nanofluids is one of the most important
issues in simulating the flow and heat transfer of nanofluids. Among these properties, it
can be noted that study results are significantly dependent on the actual values for the
viscosity and thermal conductivity coefficient. The assumption of a single-phase model
was considered and the simulation was carried out for the steady state of fluid flow in this
channel. Also, the conservation equations are shown respectively below including
conservation of mass, conservation of momentum, and conservation of energy.

V. (pugV) = 0 )

V.(pufVV) = =VP + V. (upfVV) ®

V. (pnfCVT) = V. (knfVT) (3)

4. EQUATIONS OF NANOFLUID PROPERTIES

For solving the conservation equations, determination of the thermophysical
properties of nanofluids such as density, specific thermal coefficient, and thermal
conductivity coefficient is required. In this study, different relations were proposed to
determine these characteristics.

Pny = (1= @)pr + @ps (&)
0B)ny = (1= 9)(PB)s + ©Bps )
(PCo)nr = L= @) (PCp)r + (PCp)s ©6)
= ot %)

Where ¢ is the volume fraction of particle and the nf, f, and p indices represent the
nanofluid, base fluid, and particle respectively. Pak et al. [31] experimentally showed that
Eq. (4) is a precise definition of the nanofluid density. For solving the equations, the
nanofluid thermophysical properties were required. Density, volumetric expansion
coefficient, heat capacity, and thermal diffusion coefficient of the nanofluid were
calculated from the following relations [32] with the help of fluid and nanoparticle
properties. For nanofluid viscosity, various relations were presented in the references
where the Brinkman relation [32] is more interesting for researchers than other relations.
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ABSTRACT: La-promoted and unpromoted 10%Co/Al,O; catalysts were synthesized
using wet a impregnation method and evaluated in a quartz fixed-bed reactor at different
CO,:CHsOH ratios of 2.5:1-1:2.5 and a reaction temperature of 973 K under atmospheric
pressure. X-ray diffraction measurements detected the presence of Co3O4 and CoAlO4
phases on the surface of both promoted and unpromoted catalysts. BET surface area of
promoted and unpromoted 10%Co/ALOs catalysts was about 143.09 and 136.04 m>.g™,
respectively. The La promoter facilitated Co3Os reduction, improved the degree of
reduction from 86 to 98% and increased metal dispersion from 9.11% to 16.64%. The La-
promoted catalyst appeared to be a better catalyst in terms of catalytic activity and product
yield regardless of reactant partial pressure. Both C;HsOH and CO; conversions improved
significantly with an increase in CO; partial pressure from 20 to 50 kPa for both catalysts
whilst a decline in catalytic performance was observed with rising C,;HsOH partial
pressure. La addition improved C;HsOH and CO, conversions up to about 74.22% and
33.80%, respectively.

ABSTRAK: Penggalak-La dan bukan penggalak-La mangkin 10%Co/Al,O3 dihasilkan
menggunakan kaedah impregnasi basah dan dinilai dalam reaktor alas-tetap quarza pada
pelbagai nisbah CO,:C,HsOH sebanyak 2.5:1-1:2.5 dan suhu tindak balas sebanyak 973
K di bawah tekanan atmosfera. Hasil daripada ukuran pembelauan X-ray. didapati terdapat
kehadiran fasa Co304 dan CoAl;O4 pada permukaan kedua-dua mangkin penggalak dan
bukan penggalak. Permukaan kawasan BET pada penggalak dan bukan penggalak
mangkin 10%Co/ALOs adalah masing-masing sebanyak 143.09 dan 136.04 m’g’.
Penggalak-La membantu dalam pengurangan CosOs, membaiki peratus penurunan
daripada 86 kepada 98% dan menambah penyebaran logam daripada 9.11% kepada
16.64%. Mangkin penggalak-La dilihat sebagai mangkin terbaik dari segi aktiviti
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distribution which includes an energy-aware clustering algorithm and a cluster-based
routing algorithm, is proposed. A cluster-based routing protocol (EADC) constructs
clusters of equal sizes using competition range to balance the energy consumption of the
cluster nodes. The criteria used to select cluster heads are the residual energy of each
sensor node and some relevant parameters. Simultaneously, the routing algorithm
increases forwarding tasks of the nodes in scarcely covered areas by forcing the cluster
heads to choose the next hop with more remaining energy, less cluster members and not
further away from the BS than the relay node. To balance the energy consumption among
cluster heads a cluster-based inter-cluster routing algorithm that adjusts intra-cluster and
inter-cluster energy consumption among sensor nodes is proposed. This protocol may
prolong the network lifetime significantly.

Article [10] presents an energy constrained minimum dominating set based efficient
clustering called (ECDS) to model the problem of optimally choosing cluster heads with
energy constraints. A randomized distributed algorithm for the constrained dominating set
runs in few rounds with high probability. Multiple extensions to the distributed algorithm
for the energy constrained dominating set are also proposed. These extensions perform
relatively well in terms of energy usage, node lifetime, and clustering time and, thus, are
very suitable for wireless sensor networks. In article [11], the energy and coverage-aware
distributed clustering protocol, which is an integrated protocol involving both energy and
coverage in the clustering stage, is proposed. For different application coverage problems,
corresponding coverage importance cost metrics are introduced. Only nodes with higher
energy and smaller coverage importance are reliable to be selected as cluster heads and
routers. The idea behind this approach is that nodes deployed in sparse areas, or those that
can cover fewer interest points alone, are less selected as routing nodes such that they can
collect data for a longer period of time. In article [12], an energy efficient clustering
algorithm for data aggregation is proposed. The cluster head is selected considering the
node's residual energy as well as the distance between the node and its neighbors.
Furthermore, a type of data aggregation tree is constructed with the help of the clusters to
reduce the amount of data transmission, which effectively extends the network's lifetime.

In order to solve the problem of minimum energy, data aggregation enhanced
converge cost operations in wireless sensor networks paper [13] presents two algorithms:
one based on minimum spanning tree and the other on single source shortest path spanning
tree. These algorithms are shown to be energy efficient for different extreme values of data
growth factor. Besides, the data latency was reduced by re-structuring the energy-efficient
tree. The goal of the method proposed in article [14] is to lay the foundations to develop
algorithms and techniques that simultaneously minimize the data gathering latency and
balance the energy consumption among the nodes, thus maximizing the network lifetime.
Following an incremental-complexity approach, several mathematical programming
problems focused on different network performance metrics are proposed. In article [15],
an energy-efficient distributed clustering protocol for wireless sensor networks is
introduced. The proposed GESC protocol is based on a localized metric for measuring the
value of a node in covering the neighborhood when rebroadcasting. The protocol achieves
small and linear communication and computation complexity, respectively.

In article [16], a structure-free and energy-balanced data aggregation protocol, SFEB,
is proposed. SFEB features both efficient data gathering and balanced energy consumption
resulting from its two-phase aggregation process and the dynamic aggregator selection
mechanism. In article [17], a cluster head weight selection method that takes service
parameters for enhancing performance of the overall network has been discussed. In a
clustering-based approach, one of the main concerns is the selection of appropriate cluster
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1. INTRODUCTION TO WSN ON OIL AND GAS PIPELINES

The multi-hop WSN has been vastly used for oil and gas pipeline condition
monitoring from a centralized location. The WSN plays a major role as a communication
medium in relaying real-time happenings from sensing points placed throughout the
pipelines. In general, a network of pipelines is known as the safest shipping and most cost-
effective medium [1] in the oil and gas industry, which is still at risk of physical damage
or hazardous accidents [2-4]. In recent years, numerous studies have indicated a series of
failures in pipeline transportation yet, when compared to railroad transportation, the
percentage of reported incidents or accidents are still very low [1]. Pipeline accidents
(unpredictable) that lead to oil leaks would result in irregular temperature readings beneath
the pipe, whereas a ruptured gas line causes a temperature decrease above the pipe. Hence,
continuous monitoring of both temperature and pressure on oil and gas pipelines would
prompt the process of detecting leaks or ruptured pipes, which would enable faster
response to any new accidents that could be a threat to the surrounding environment [2, 5,
6].

2. STATIC PIPELINE NETWORK: CHALLENGES AND
LIMITATIONS

The three common key features in a WSN deployment on oil and gas pipelines are:
(1) data reliability, (2) network scalability, and (3) long-term robustness in the all-weather
environment of the application. The sustainability of a multi-hop linear WSN is often
related to the overall performance of a network over long-term usage. Due to the linear
geographical layout of oil and gas pipelines, major limitations on overall network
performance result in unfeasible WSN deployment on a highly dense network [7, 8]. In
any WSN context, the limitation factors can be categorized as the (1) transmission and
carrier sensing range between nodes, (2) queue length, usually referred at a certain node in
the network, (3) network capacity to handle the generated data packets, (4) energy
consumed in the network and (5) bandwidth allocation. In a conventional static multi-hop
linear network, the source node is not only limited to detecting anomalies on pipelines but
also as an intermediate node that is required to transfer bi-directional packets throughout
the network. Thus, the data and control packet accumulation at a certain node would result
in a bottleneck state and further create node starvation in the network.

Referring to the IEEE 802.11 standard, a series of impending factors in terms of
performance can be related to the unpopularity of a multi-hop linear topology when
associated with other topologies [9-11]. The three most common factors in a static multi-
hop linear network are; (1) limited scalability that (2) contributes towards passive nodes in
the network due to the data accumulation factor at a specific node in the network
(commonly close to the destination node). Apart from that, (3) wastage of network
resources due to competitive data transfer in a large network with a high data rate is a
waste of the network allocation, especially of energy usage. Technically, with the
proposed routing algorithm, these factors can be manipulated with a tailored and improved
routing algorithm based on the nature of the application such as the pipeline network,
particularly in enhancing the overall network performance [12].
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(thixotropy) [7]. The rheological complexity of blood is attributed to its constituents.
Rheologically, blood is primarily characterized as a concentrated suspension of elastic,
deformable red blood cells (RBCs). However, it also contains other ingredients such as
leukocytes and platelets within plasma. Yield stress is an important characteristic of blood
theology and an essential component of its non-Newtonian nature. Experimental evidence
for its association with blood has been provided in many investigations [8, 9] and with
different experimental techniques, as described by Picard et al. [10]. From a modeling
point of view, the role of yield stress is most clearly evaluated under steady-state shear
flow conditions. As a shear, thinning fluid, blood is also characterized by a thixotropic
behavior, which is confirmed experimentally by a number of studies [11], due to the
intimate relation between these two non-Newtonian properties [12]. This may also explain
a possible controversy about the thixotropic nature of blood [13] as the thixotropic-like
behavior may be explained by other non-Newtonian characteristics of blood. Despite the
fact that thixotropy is a transient property, due to the pulsative nature of the blood flow,
the thixotropic effects may have long term impact on blood circulation. This equally
applies to the time-dependent effects of viscoelasticity. Thixotropy is more pronounced at
low shear rates with a long-time scale. The effect, however, seems to have a less important
role in blood than other non-Newtonian effects such as shear thinning [14], and this could
partly explain the limited amount of studies dedicated to this property. The thixotropic
behavior of blood is very sensitive to blood composition and hence it can demonstrate big
variations between different individuals and under different biological conditions [11].
Blood is an important fluid in the human body therefore, measuring the viscosity and other
properties can be used in the diagnosis of various cardiovascular system diseases.
Measuring viscosity is an important property of blood requiring the use of the right tools.
Different tools are used to measure blood viscosity including capillary tube viscometers,
cone and plate viscometers, concentric cylinder viscometers, rotating disc viscometers and
acoustic wave viscometers. The body’s internal heat transfer is controlled by the blood
circulatory system. The blood circulatory system reduces the temperature differences in
the body. The most important applications of modeling heat transfer in the body can be
noted in surgery (especially open-heart surgery), dialysis devices, and also in the making
of artificial blood vessels. The current study, which is basically a brief overview of the
rheological properties of blood, is trying to explain the rheological behavior of blood and
discuss the four main determinants of whole blood viscosity. We consider the yield stress
and thixotropy behaviour that describe the blood rheology and finally investigate heat
transfer in blood.

2. RHEOLOGY OF BLOOD

Blood behaves like a non-Newtonian fluid whose viscosity varies with shear rate. The
non-Newtonian characteristics of blood come from the presence of various cells in the
blood (typically making up 45% of the blood’s volume) that make blood a suspension of
particles [15,16]. When the blood begins to move, these particles (or cells) interact with
plasma and among themselves. Hemorheologic parameters of blood include whole blood
viscosity, plasma viscosity, red cell aggregation, and red cell deformability (or rigidity).
From a biological point of view, blood can be considered as a tissue comprising various
types of cells (i.e., RBCs, WBCs, and platelets) and a liquid intercellular material (i.e.,
plasma). From a rheological point of view, blood can be thought of as a two-phase liquid;
it can also be considered as a solid-liquid suspension, with the cellular elements being the
solid phase. However, blood can also be considered as a liquid-liquid emulsion based on
the liquid-like behavior of RBCs under shear.
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indicate the amine functional group, which can be considered as evidence of the coating by
chitosan [27]. The physical characteristics of one bead are 0.0715 g weight, and 2.89 mm
diameter. Figure 3 shows image of the AMCBCC bead.
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Fig. 2: FTIR spectrum of AMCBCC.

Fig. 3: Image of AMCBCC.

3.2 Effects of the Bed Height

The breakthrough curve of iron ions, zinc ions, and residual oil at different bed height
are illustrated in Figs. 4, 5, and 6 respectively.

It is shown in Figs. 4, 5, and 6 that by increasing the bed heights from 9 cm to 27 cm,
a slower breakthrough curve occurred and the adsorbent (AMCBCC) needed a longer time
to reach the exhaustion point (which was the point where the outlet concentration was equal
to the inlet concentration). The explanation for this can be that increasing the adsorbent led
to more available binding sites, more contact time, and more surface area [28]. On the
contrary, decreasing the bed height led to a faster breakthrough curve and less time to reach
the exhaustion point, and this trend had been reported in other research [29]. The
mathematical characterization of the column parameters for iron ions, zinc ions, and residual
oil can be seen in Table 2.
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At the beginning, BS broadcasts an init-msg message. All nodes set their state as
usual node. Each node that receives a message from BS and its residual energy is higher
than threshold value (E7; > Egpyresnoia)s takes part in the CH selection competition. CHs
Candidate compute distance to the BS based on received signal power strength and
broadcast intro-msg in Re based on Eqn. (7). Competition radius (Rc) is a fraction of the
transmission range (Rr). This equation shows how Rc is determined for each sensor node.
The intro-msg contains information that is required for a CH selection procedure, such as
residual energy and distance to the BS.

Rc=1/2 x (a x dtoBS; + b X Er;) X Rr 7)

where dtoBS is each node’s distance (Euclidean distance) to the BS and ET is the residual
energy of that node. a and b are real values uniformly distributed in [0,1] such that their
summation is equal to one. CHs near the BS have to collect and aggregate data from
member nodes. Besides, they are located in the path of the entire network traffic directed
to the BS. For load balancing between inter-cluster and intra-cluster communications,
clusters closer to the BS should have a shorter radius. Moreover, when energy decreases,
cluster radius has to be decreased and a smaller number of member nodes would be
covered.

Each CH candidate that receives an intro-msg from others, computes the average
energy of neighbor nodes as in Eqn. (9), a node —centric metric with Eqn. (10) and funCH;
value with Eqn. (8) and compares these values. If this new node has a maximum value,
then it becomes a CH and promulgates a CH-msg message in Rec.

= L
funCH; = a x T +bx pror cX P ®)
1
Eray = =X 3 By ©
cent; = i X Y, dtos; (10)

where Er; denotes the residual energy of node S;, and E,; is the residual energy of
neighbor node. dtoBS; is used to measure node’s distance to the BS. m is the number of
adjacent nodes. dtos; is each adjacent node’s distance to nearby node. a, b and c are real
values uniformly distributed in [0,1] such that their sum is equal to one. A node with more
energy, less distance to the BS, and fewer member nodes’ average distance to the CH
would be a better choice to undertake the CH task. By selecting CHs closer to the cluster
members, less intra-cluster transmission energy would be consumed. In the proposed
scheme, just CHs take the responsibility of data aggregation in the network.

b) Relay Node Candidate

Each node that receives a CH-msg from at least two CH and its residual energy is
more than the threshold value (Er; > Eryy,) changes its state to relay node candidate and
determines its distance to each CH based on received signal strength. After distance
estimation, relay node candidates compute d with Eqn. (11) and send this value to CHs in
relay-msg message.

d=d,+d, an

where d, and d,, are the distance of the relay node candidate to each of two CHs used in
relay node selection decision.
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sprintf(led_buff."Time=%d:%d:%d\nT:%i'c" hour, minute, second,T):

led_clear():

led_puts(led_buff);

delay_ms(100):
This code just shows all result of timing in display. On/off control is just for controlling
cooling system.
2.4.5 End of Treatment and Shut-down of System

In this section cryotherapy is ended and the device is switched off. The program
shown above is a sample program for operation of the cryotherapy system and provides an
illustration of how the time of cryotherapy could be established for any other type of
subject. As shown in Fig. 7 the smart cryotherapy system is suitable for use as part of an
emergency first aid kit. The system is portable and can be powered from the electrical
systems in a car or from a mains electrical supply.

Fig. 7: Smart cryotherapy system in physiotherapy centers and
emergency ambulance service.

3. CONCLUSIONS

This paper outlines the design of a “smart” system for cryotherapy as Fig. 7 instead of
using the systems based on simple ice packs or chemicals that are currently available. It
also provides a platform for investigating new procedures for cryotherapy.

The designed prototype has smaller size and lighter weight compared to existing
products and traditional designs. The system gets feedback of the temperature of the
icepack water and the environment and this allows it to reach the required temperature of 5
° C through the use of suitable and flexible algorithms. The objective of the system
outlined in this paper is to make it possible to perform Cryotherapy treatment using a
portable charging the system by battery or charging it with automobile charger and
programmable system which can be used for a wide range of human patients and for
animals. Results presented in the paper show that this has been achieved. This paper has
been suggested new device that can find new temperature and time for different type of
users and also work fundamentally.
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The capacity control block consists of the following modified capacity-wise
interpolative relations:

‘Where SPC is the maximum span control factor with a value of -125 and is only used for 32
m span box girders for any capacity; CMF is the height compensation factor for all spans;
RDC is the side plate control factor that works for all spans in the range; PRC is the top and
bottom plate control factor; CC is the capacity of the giver sized girder; and HL is the half
of the span.

The general methodology for combined optimization is given in Fig. 7. As a case study,
correction factors for 50~120 ton capacity and different spans are summarized in Table 1.

Table 1: Correction factors for capacity 50~120 ton for different span ranges

Capacity (ton) Span (m) Correction Factors
from to CMF RDC PRC
50~60 30 32 0.180 0.050 0.002
24 26 0115 0.050 0.002
10 12 0.100 0.050 0.002
60~80 30 32 0175 0 0
22 26 0115 0 0
10 16 0.097 0.050 0.002
80~100 30 32 0175 0 0
24 28 0115 0 0
10 12 0.102 0.050 0.002
100~120 30 32 0175 0 0
24 26 0115 0 0
10 12 0114 0.100 0.002

As a case study, calculations are presented below using combined optimization strategy for
a sample girder of 75 ton capacity and 26 m span box girder.

3.1 Capacity Control Block

Using equations 10 through 12; the values of Hizx, (RF)1 and (PT)1 are calculated to
be 2262.5 mm, 0.6145, and 1.625 respectively.

3.2 Correction Block

The correction factors are used from Table 1 i.e. for 75 ton x 26 m, SPC=0 (as the span
is not equal to 32 m), CMF=0.143, RDC=0, and PRC=0.

3.3 Span Control Block

From relations 13 through 15; as the span is 26 m, AL (half-length in mm) =26/2*1000
= 13000 mm, Hyux, RF, and PT are calculated as 1833.5 mm, 0.724, and 1.34375,
respectively. Therefore, the optimized 75 ton x 26 m girder will have the Hjx = 1833.5
mm, RD=0.724, PT=1.34375. However, thickness of side and top plates can be calculated
using equations 16 and 17 respectively,

Tsp = 16 X RF (16)
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Fig. 7: The changes in the Nusselt number of water-based nanofluid with particles of
150 nm based on the Reynolds number.
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Fig. 8: The changes in the Nusselt number of fuel-oil-based nanofluid
with particles of 60 nm based on the Reynolds number.
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Fig. 9: The changes in the Nusselt number of fuel-oil-based nanofluid
with particles of 90 nm based on the Reynolds number.

Reynolds number of 2100 for a nanofluid with particles of 60 nm compared to the base
fluid, for a nanofluid with 90 nm particles, about 44% compared to base fluid, and for a
nanofluid with particles of 150 nm about 33% compared to base fluid.
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Figures 16, 17, and 18 illustrated that the Yoon-Nelson model fitted better with
zinc ions than with iron ions and residual oil because the predicted values by the
Yoon-Nelson model of zinc ions were more agreeable with experimental values than
for iron ions and residual oil. Moreover, the values of R? from Table 4 also showed
that the Yoon-Nelson model fitted better for zinc ions.

C [ HYm 5 Yoon Nelson (H 9cm)
1 | |e-mise —O— Yoon Nelson (F 186m)
—— Yoon-Nelson (1 27cm)

-8~ Yoon-Nebon (H9 em)
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Fig. 16: Effect of bed height on iron Fig. 17: Effect of bed height on
ions removal predicted by Yoon- zine ions removal predicted by
Nelson model. Yoon-Nelson model.
0.6
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Fig. 18: Effect of bed height on residual oil removal predicted by Yoon-Nelson
model.

4. CONCLUSION

In this work, the investigation of removal heavy metals and residual oil from POME
was explored in a fixed bed column by a new type of adsorbent (AMCBCC). The adsorbent
was characterized by FTIR to reveal the main functional groups in the beads. It was found
that by increasing the bed heights from 9 cm to 27 cm, the adsorbent (AMCBCC) needed a
longer time to reach the exhausted point. Moreover, by increasing the bed height, the
removal percentage for iron ions, zinc ions and residual oil increased from 10.20 % to 26.75
%, 35.60 % to 76.74 %, and 77.78 % to 83.00 %, respectively. Furthermore, the Thomas
model and the Yoon-Nelson model can both describe the adsorption of iron ions, zinc ions,
and residual oil well, but the prediction data for both models are in greater agreement with
the experimental data for zinc ions. Lastly, this research suggested that alginate-mangrove
composite beads coated by chitosan (AMCBCC) are a promising adsorbent for the removal
of heavy metals and residual oil from industrial wastewater.
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as shown in Fig. 1 [17, 18]. When a DC voltage is applied to a thermoelectric system of
the type shown in Fig. 1, thermal energy is transferred from the one layer (the cold end)
and this is released at the other side (the hot end). Thus the cold part of the electronic
element becomes colder and heat naturally flows from the system. The hot side and cold
side temperature formulae for the thermoelectric device are:

Th = Tamb + O .Qn €8}
Qu=Qc +Pin )]

Heat absorbed from environment(Cooling)

A Qc TC(Cold End)

Peltier cooling

peltier heating conductors

TH(Hot End)

B Qh
I
e

DC source ~ i ‘
Fig. 1: Schematic of thermoelectric cooler.

In these equations Th is the temperature of the hot side and Tamb is the second
temperature level, the parameter O is the system thermal resistance (° C / watt). The
quantity Qu is the heat released (watts) and Qc is the heat that is absorbed (watts). The
quantity Pi is the thermoelectric power input (watts). The parameters Gp, Gu, Ap, and Ay
represent the electrical and thermal conductivities of the p and n legs and involve a block
of length L. The index i refers to either p or n, the thermal conductance K is given by [19]:

Ki= A/L; 3
The total thermal conductance K for N elements is given by [19]:
K=KpKu=N[Ap Ap/Ly+ hn.An/La] @

The quantities K; and Ky are the thermal conductance of the two side of the TEC. We need
also to determine the electrical resistance as calculated by [20]:

R=Rp+Ru=N((0p.Ap/Lp) +(0n.An/Ln) ®)

Here Rpand Ry are the electrical resistances of the two side of the TEC. For calculating
Qn and Qc, we need to know the coefficient for the two junctions calculated from:

a=(52) Jpe (@P — aN) dt ©

The quantity ais the coefficient for the two junctions. Then the magnitudes of the heat
input and output are [21]:
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Fig. 8: Micrographs of four-metal co-precipitated catalysts at various magnifications:
(a) Cus0Zni10Vi0Als at 10000 times, (b) Cui0ZnaoVieAlso at 10000 times,
(¢) Cu10Zn10VaoAlso at 1000 times, (d) CuioZnioVaoAlso at 15000 times,
(e) Cu20Zn20V20Al4o at 10000 times and (d) CuzoZnzoV20Also at 15000 times.

3.1.2 Temperature Programmed Reduction

The activity of oxide metal species in the calcined catalyst was observed from the TPR
analysis spanning from 50 °C to 630 °C as illustrated in Fig. 9. CusoAlso and VeoAlso runs
exhibit the reduction in temperature at a minimum of 278 °C and above 600 °C respectively.
CusoAlso TPR shows two broad peaks that may be attributed to the stepwise reduction of
cuprum oxide (Cu?* = Cu" 2 Cu®) [18]. Zn-Al could not be reduced at all observed
temperatures since both are more electropositive than hydrogen. As discussed in
diffractogram results, the Zn addition enhanced Cu crystal dispersion on alumina [8, 14]
and as a result, this effect decreased the reduction temperature of the Cu-based catalyst [19]
as exhibited by CusZnioVioAlso and CuszoZnzoAlso trends. Inversely, the addition of V
increased the reduction temperature and this might be due to the high reduction temperature
of vanadia as exhibited by CujoZnioVaoAlw and CusoVioAly trends. Similarly, the
Cuz0Zn20V20ALo reduction exhibits slightly higher temperature than the CusZnioVieAlo.
The loading of vanadium seemed to start increasing the reduction temperature between 10%
and 20% which might be 20% lower than reported by K. Inumaru et al. [20], who prepared
'V-Al using an incipient wetness impregnation method. VeoAlsy or with the lower cuprum
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ABSTRACT: Static synchronous compensators (STATCOM) are increasingly
implemented in power systems. Moreover, cascaded multilevel converters (CMC) are
more frequently taken in consideration because of their strong capabilities. In this paper,
the design and simulation of a multilevel STATCOM for voltage regulation of load is
presented. Design of the passive components, active and reactive power controller, and
balancer of capacitor voltage are parts of proposed system design. The pole placement
method was used for the design of the controller. Simulation results with
MATLAB/SIMULINK show good performance of voltage regulation in full load and
dynamic load conditions.

ABSTRAK: Penyelaras pengimbang statik (STATCOM) semakin dilaksanakan dalam
sistem kuasa. Selain itu, penukar pelbagai aras tingkatan (CMC) lebih diutamakan kerana
mempunyai banyak kelebihan. Dalam kajian ini, reka bentuk dan simulasi bertingkat
STATCOM bagi pelbagai voltan beban dibentangkan. Reka bentuk komponen pasif,
penyelenggara kuasa aktif dan reaktif dan pengimbang voltan kapasitor adalah
sebahagian daripada sistem yang dicadangkan. Bagi reka bentuk penyelenggara, kaedah
penempatan titik telah digunakan. Hasil simulasi melalui MATLAB/SIMULINK
menunjukkan keputusan yang baik pada regulasi voltan pada beban penuh dan pada
keadaan beban dinamik.

KEYWORDS: cascaded multilevel converter; STATCOM; power quality; voltage regulation;
pole placement

1. INTRODUCTION

In a deregulated power system, market and business are key factors in the design and
operation of the network and lead to effective and efficient operation of the power system
at all three levels: generation, transmission, and distribution. Therefore, power quality is of
great importance, more so than any other issue, reactive dynamic power control is
especially important in urban and local areas.

Flexible AC transmission systems (FACTS) are AC transmission systems combined
with power electronics-based controllers that perform control of load flow and increase
stability by controlling one or more system parameters such as voltage, phase angle, and
impedance [1]. Among the FACTS controllers, parallel controllers, due to cost issues,
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Cell-2, MOSFET switches (AMp) and the LC-tank circuit from a closed loop, and the current
flows in the loop in the counter-clockwise direction as shown in Fig. 3(b). In this situation,
Cell-2 is charged by the stored energy of the LC-tank circuit.

Moz Mox

C L
— T
(@)

Moz Mozas
C L
=TI —>
(d)

Fig. 3: Voltage balancing process of the proposed circuit.

3.2. Working Mode II: Cell-2 voltage > Cell-1 voltage

In this mode, charging and discharging are just opposite of the working Mode I, as shown
in Fig. 3 (c) and 3(d).

For controlling the MOSFET switches a PWM signal has been used as shown in
Fig. 4(a). An excess charge of the higher potential cell is transferred to the lower potential
cell via a single series resonant LC-tank circuit as shown in Fig. 4(a) and (b). The MOSFET
switches are turned ON and OFF by the high and low voltages of the PWM signal
respectively. The analysis of the circuit has been performed casewise based on the voltage
condition of Veer1 > Veea.

Case 1: The MOSFET switches Ms are ON and Mp are OFF states, the series LC-tank
circuit is connected with the Cell-1 and makes a closed loop as shown in Fig. 4(b). The
Cell-1 starts to discharge through the LC-tank circuit and store the energy in the tank circuit.
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concentration did not further increase the trend. This finding was supported by Krishna [21],
who stated that the low initial moisture content could reduce nutrient diffusion consequently
affecting the growth of the Monascus. However, if the initial moisture content is too high,
water will occupy the voids where airflow is required for fungal growth.

Increased factors of initial moisture content and initial pH up to the optimum point,
maximized the biomass production (Fig. 4b). From the 3D plot, it was obviously shown that
Monascus was grown successfully at pH 8 indicating that the biomass achieved the
maximum yield. However, the fungal biomass production started to decrease with a further
increase of initial pH (> pH 8) of substrate.

The interaction effect of the peptone concentration with initial pH in Fig. 4c clearly
suggested the best combination for the production of fungal biomass. An increase in the
peptone concentration and initial pH optimized the biomass gradually but at higher peptone
concentration and initial pH, the pattern is reversed. It was studied that nitrogen is the major
element of cell membranes and nucleic acid, therefore supplying nitrogen sources to the
medium may facilitate the growth of the fungus. However, if the nitrogen concentration is
too high (> 3.5%), it might inhibit the fungal growth. Therefore, the optimum biomass was
observed at the initial moisture content of 55%, peptone concentration of 3.5%, and initial
PH of substrate of pH 8. The maximum biomass achieved was 430.8 mg cell dry weight/g
dry matter.

Biomass (me/g)
Biomass (me/e)

93 i mosiwe onlent

I

]
[0 75 Peplone coentaion
it pH e W

Fig. 4: Response surface curve showing combined effect between the main factors:
(a) initial moisture content (X1) and peptone concentration (Xz),
(b) initial moisture content (X1) and initial pH value (X3),
(c) peptone concentration (X>) and initial pH value (X).
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pVOCI;(1) + 2pNa>COs(aq) + [Cu,Zn,Al](NOs3)p(aq) — 3pNaCl(aq) + 2pCOx(g)
+pNaNOs(aq) + [Cu,Zn,Al}(VO3),(s) )

g[Cu,Zn,Al](NOs)p(aq) + rNaCOs(aq) — gpNaNOs(aq) + [Cu,Zn,Al]4(COs).(s)
©)

where p, ¢, and r are stoichiometry coefficients.

Vanadium salt and aluminium nitrate tended to create an acidic environment in the
mixing that had a detrimental effect on the chemical bonding of metal oxides and alumina.
Thus, pH was maintained around 7 to 8 under vigorous stirring at room temperature (28 °C)
using sodium carbonate. The resulting sludge was washed with deionized water at least
thrice and was dried at 100-120 °C in a ventilated oven overnight, prior to crushing. Finally,
the dry sludge powder was calcined at 500 °C for 3 hrs in the furnace while blanketed with
pure nitrogen.

Catalyst samples at around 250 — 400 pm in particle size were used in each
characterization and reaction study. Crystallinity of each 1-g sample was characterized using
the SIEMENS X-Ray diffractometer (D5000) within the angle range of 2° to 60°. Species
phases of the signal peak were identified according to the international diffraction data
library.

TPR characterization for the weight range from 800 to 900 mg of each sample was
carried out using the Altamira Instrument 200 apparatus, which was equipped with a thermal
conductivity detector (TCD). All samples were initially treated by flowing argon at 120 °C
for 1hr prior to flowing 5% H» in Ar at the temperature range of 50 to 600 °C. The signal
from the TCD was interpreted by referring the average of at least 10 pulses of the same
amount and ratio of feed into a calibrated volume (526 pl) of spiral tube.

The surface metal compositions of the calcined samples were scanned and mapped
using the LEO-1450VP electron microscope equipped with energy dispersive X-ray (SEM-
EDX) and were integrated in the Inca® software. The gold-coated samples were scanned
within 1000, 10,000 and 15,000 times of magnification. The electron beam accelerated at
12 kV to the coated sample in a vacuum space from various angles and the reflection was
then collected by a probe within a distance of 9 to 13 mm from the sample. Although the
metal topography was measured, the results will not be discussed in detail here.

Each 500 mg-calcined catalyst was tested in a stainless steel tubular reactor with 5-mm
diameter in an automated system developed by Zeton Altamira [12] using the automation
software, LabView®. After the catalyst was pre-heated and reduced at 150 °C in a nitrogen-
hydrogen flow, methanol (MeOH) was fed through at 0.5 ml/hr along with air and steam at
the ratios of H,O:MeOH: = 1.3:1 (for both SRM and ATRM) and O.:MeOH = 0.2:1
(ATRM) at 150 °C, 200 °C, 250 °C and 300 °C as similarly tested by Agrell and co-authors
[13, 14] and inlet pressure allowable from 1 to 2 atm. The reformate effluent, at the steady
state, was then analysed using an online Perkin Elmer gas chromatograph (GC). During the
analysis, the reformate was carried along with He after a gas mixer to three stages of
sequence by using auto-switching multichannel valves so that various gaseous product
components such as hydrogen, carbon dioxide, carbon monoxide, water, methanol, oxygen,
methane, acetylene, ethane and ethylene could be measured separately through pack
columns using a thermal conductivity detector (TCD) and a flame ionization detector (FID).
The GC was calibrated with a standard gas of all components prior to the analysis.
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Therefore, the number of cluster heads in LEACH varies and is not controlled. In HEED
and DCDA, their competition radius ensures that there is only one cluster head within any
cluster radius and good distribution of CHs over the network is ensured in most rounds.
Compared with HEED and LEACH, DCDA can obtain a better distribution of CHs in the
network because it considers residual energy, distance to the BS, and each member node
distance to the CH when selecting CHs. Furthermore, the mentioned parameter density
and hop-count are also utilized when constructing the inter-cluster routing tree.

25

2
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10

#HEED
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Fig. 6: Distribution of the number of cluster heads in three protocols.
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5.2 Energy Consumption

Fig. 7 illustrates the energy consumption of nodes in LEACH, HEED and DCDA. It
shows that in LEACH nodes, the residual energy decreases at a higher rate because, in
LEACH, a node with very low energy may be selected as a CH in several rounds which
may drain its energy more quickly. In addition, CHs would be selected randomly with a
certain probability in a cyclic way through which the energy load of the entire network
may not be distributed efficiently among nodes. Each CH sends data directly to the BS so
it may lead to earlier death of the CHs far from the BS. In HEED due to considering a
hybrid of the node’s residual energy and a secondary parameter, such as node proximity to
its neighbors or node degree, more energy is saved in each sensor node. However, HEED
doesn’t take into account network structure, which causes an imbalance in energy
consumption among the clusters. DCDA could greatly prolong the network lifetime and
reduce energy consumption of nodes within the clusters by considering proximity to the
CHs when the CHs are selected. Moreover, as the great amount of energy is consumed in
inter-cluster communication, an energy efficient routing tree is established using effective
parameters like energy, adjacent degree, distance to the BS and number of hops to the BS.
One more solution considered for energy dispensation among sensor nodes is to
determine a set of eligible relay nodes that forward CH data to the CHs closer to the BS.
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multi-hop communications. According to the distance between CHs, each data could
traverse through a routing tree with the help of relay nodes. By this approach, energy
conserves in sensor nodes and hence leads to a longer lifetime of the sensor network.
Descriptions of control messages, which are used in the proposed scheme, are illustrated in
Table 1.

Table 1: Description of control messages

Message Description
init-Msg Tuple(token)
intro-Msg Tuple(node-id,node-energy,node-distoBS)
CH-Msg Tuple(node-id,node-energy,node-distoBS,node-ndeg)
routing-Msg Tuple(node-id.node-energy,node-distoBS,node-
ndeg.node-hopcount)
Relay-Msg Tuple(node-id,node-energy,node-distoCH)
Join-Msg Tuple(node-id, ch-id)
Schedule-Msg Tuple(scheduleorder)

4.1 The Protocol Details

In the cluster setup phase of DCDA, CHs and relay nodes are specified and the
routing tree is constructed among sensor nodes. In the data transmission phase, each
member node sends its data to the corresponding CH. Afterward, each CH sends data
directly or via an intermediate relay node to the BS. To increase the network lifetime and
reduce the overhead of the algorithm, the data transfer phase is much longer than the
cluster setup phase. In each round, the cluster heads are changed and a new path is created.

4.1.1 Min-Max Normalization

Min-Max Scaling or normalization means that one function linearly transforms real
data values such that the minimum and the maximum of the transformed data take certain
values frequently by 0 and 1. This depends on the context. For example the Eqn. (5) maps
avalue d of S to d’ in the range [new_ming, new_maxs].[22]:

d' = [d—ming]

= Tmaxy—ming] X [new_maxs — new_ming| + new_ming %)

where ming is the minimum value of the attributes and max; is the maximum value of the
attributes. For normalization purposes, we want to map a value d of S to d’ in the range
[0,1], therefore we consider the value of new_maxs equal to one (new_maxs = 1) and
the value of new_ming equal to zero (new_ming = 0) in the above Eqn. (5). So the
formula is converted to the simple min-max normalization as Eqn. (6).
s _ _ [d-ming]

d'= [maxs—mins] ©®

Later on, to evaluate our results in an identical condition and eliminating the effects of

different units, the data is scaled to a fixed range (0 — 1). So min-max normalization based
on Eqn. (6) is used in all equations.

4.1.2 Cluster Setup Phase
a) CH selection stage
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Morphological observation of tensile fracture specimen was conducted under field
emission scanning electron microscope (FESEM) Jeol JSM-6700F. Transmission electron
microscope (TEM) was used to observe the dispersion of DSNF in PP matrix. The sample
were cut using ulra-microtome under glass transition temperature, Tg. Then, it is mounted
using cryogenic tool. The sample were prepared with dimension 0.5mm x 0.5mm by cutting
it used glass knife before placed inside the copper grid. In 12 hours, the sample were dip in
osmium tetroxide. The CM 12 PHILIPS transmission electron microscope (TEM) (The
Netherlands) with different magnification analysis was used to assess nano- to micro-scale
dispersion.

3. RESULTS AND DISCUSSION
3.1. Crystal Structure of DSNF

The crystal structure of durian skin nanofibre (DSNF) was analyzed using X-ray
diffractometer and X-ray diffractogram of DSNF is demonstrated in Fig. 1. The particle
dimension was calculated using Scherrer equation in Eq. (1).

Relative Intensity %

15 n 5 30 35 40  2-theta

Fig. 1: X-ray diffractogram of DSNF.

According to Fig. 1, the maximum peak of diffraction occurred at 22.4°. Another
significant peak also appeared are at 35.1° and 29.5°. Thus, the average diameter according
to three maximum peak is 51.2 nm. The end result indicates that the fibres were in nanometer
range size. Roncero et al. (2005) reported that the intensity of crystalline peak is within 22°
and 23° of 26 angle, whereas for amorphous materials are between 18° and 19°. The particle
size of DSNF were calculated and tabulated in Table 1. The average diameter based on three
maximum peak is 52 nm. Table 1 shows the fibre diameter was reduced to nanometer scale.
1 g of DSF produced about 0.5 g of DSNF due to the removal of hemicellulose, lignin and
pectin.
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1. INTRODUCTION

In recent years, colorants have been extensively used in the food industry. However, to
overcome the unlimited usage of synthetic pigment, which is found to be hazardous and
toxic to human health, the development of alternate sources for the production of natural
pigment has been focused on. Nowadays, productions of pigment from microbial origin
have attracted more attention from the food industry. Particular focus has been given to
Monascus sp., which is a nontoxic fungi that has been widely used as a natural colorant and
food additive in East Asia. Monascus pigment can produce three groups of pigment: orange,
red, and yellow. Among these pigments, the red pigment is gaining high market demand for
its use [1].

It is important to study the effect on the red pigments produced by Monascus sp. under
different culture conditions, for the safe and successful application in food and
pharmaceutical industries [2]. Previous study was done on the usage of petioles and leaflets
of oil palm frond (OPF) as a substrate [3]. The finding revealed that 100% petiole rendered
the best results. Thus, the goal of this study was to optimize the most significant of the
multivariable factors for substrates made solely of petiole, in order to influence red pigment
production. Factors observed include initial moisture content, peptone concentration, and
initial pH value.

The traditional ‘one factor at a time’ (OFAT) approach used for optimizing a
multifactor system is not only effort and time consuming, but also often misses in
representing the interaction effect between different factors [4]. However, OFAT could be
used as a preliminary experiment to set the range of the factor efficiently, making the results
more reasonable and credible [5]. Therefore, the traditional approach of OFAT still can be
applied. The range of factors obtained in OFAT can be used by adopting a statistical
approach, such as response surface methodology (RSM), to solve the complexity involved
in red pigment production. Recently, many types of statistical experimental design methods
have been discovered for optimization [6-8]. Among them, RSM is the most suitable
technique to reduce the number of experimental trials needed. It is also used to evaluate the
most significant single factors and to effectively seek the optimum conditions for the
multivariable system [8]. Several studies have applied RSM for optimization of red pigment
[9-11]. However, to the best of our knowledge, no research has been reported on the
application of RSM for optimization the red pigment production using Monascus purpureus
FTC 5356 on petioles of oil palm fronds (OPF). Therefore, in order to determine the
significant optimization factors in red pigment production, response surface methodology
was applied in the present study.

2. MATERIALS AND METHODS
2.1 Microorganism

The strain used in this study was Monascus purpureus FTC 5356 obtained from
Malaysian Agricultural Research and Development Institute, Serdang, Malaysia. The stock
culture was maintained on potato dextrose agar (PDA) media and incubated at 28-30 °C for
7 days, preserved at 4 °C and sub-cultured once every 4 weeks [12].

2.2 Inoculum Preparation

Monascus purpureus FTC 5356 was grown on PDA slants at 30 °C for 7 days. The
spores were then scrapped off and suspended in 5 ml sterile distilled under aseptic conditions
at room temperature. The suspension was adjusted to 10° spores/ml with sterile distilled
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Fig. 15: Streamline flow over an airfoil: (a) blowing, (b) suction, (c) hybrid with
blowing and (d) hybrid with suction.

The identified results are shown in Table 6, and they are in good agreement with
those obtained from a conventional flow solver (ANSYS) outputs for a few test cases.
Performance wise, both the surrogate models are similar and RBF has bagged the best
performer in blowing operations in terms of training speed and accuracy. These models
can be used to optimize the parameters of the controller without redesigning the airfoil
model in the software front end and saves a lot of computational time.
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Fig. 16 (a) Convergence plot of RBF neural network, and (b) GRNN target
versus output L/D ratio.
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identified at about 59.51° and 65.38° for both promoted and unpromoted catalysts.
Additionally, as seen in Fig. 1(c), La20s phase was not observable in XRD pattern of La-
promoted catalyst was reasonably due to the high metal dispersion with small La;O3
crystallite size lower than the detection limit

Table 1: Textural properties of y-Al,O3 support, La-promoted and unpromoted
10%Co/AlLOs catalysts

Sample BET surface area Pore volume Pore diameter
[ g] [em’ g'] [nm]
7-ALO3 175.29 0.46 10.65
10%Co/ALO3 143.09 0.36 10.63
3%La-
10%Co/ALOs 136.04 0.34 10.41
O y-ALO.
® o0, °

10 20 30 40 50 60 70
2-theta Angle (°)

Fig. 1: XRD patterns of (a) y-ALOs support, (b) 10%Co/ALOs and (c) 3%La-
10%Co/ALOs catalysts.

As seen in Table 2, the average crystallite size of catalyst was computed using Debye-
Scherrer equation (see Eq. (1)) [17].
0.944

d(um)= Bcosé

O]

where d is the crystallite size, B is the line broadening at half of the maximum intensity
(FWHM) and / is the X-ray wavelength while 6 is the Bragg angle. Based on the relative
molar volumes of Co3O4 and metallic Co® phases, cobalt metal particle size, d(Co% may be
estimated via Eq. (2) [18].

d(Co®) =0.75xd(Co,0,) 2)
Hence, the dispersion, D (%) of metallic cobalt can be computed from the average

cobalt metal particle size (see Eq. (3)) assuming spherical and uniform Co° particles with
Co° density of 14.6 atoms nm [18, 19].

_ 9%
d(Co®)

3)

27





OEBPS/image/Vol-19-1-2018-wo-cover244.png
IIUM Engineering Journal, Vol. 19, No. 1, 2018 Fatahian et al.

also performed a comparison of hematological and rheological parameters between rats
and dogs. Although no significant differences were observed in the hematocrit between
rats and dogs, blood viscosity and the RBC count were significantly greater in rats than in
dogs. Finally, this study revealed that its dependence on blood cell parameters varied with
the shear rate, while its dependence on the shear rate varied with individual differences,
suggesting that actual individual measurements are important for the assessment of blood
viscosity. Based on this necessity, the EMS viscometer has a high degree of usability to
measure blood viscosity because of its advantageous measurement characteristics,
including less blood contamination, less blood sedimentation and the minimal requirement
of a sample volume of only 0.3 ml. Therefore, the measurement of blood viscosity with
the EMS viscometer appears to be promising for understanding the hemodynamic-related
pathogenesis of vascular diseases [58].

30 30
: a ? b
27 (@ 5] ©
= 24 & 20 * Power law model
£, = —— Carreau-Yasuda model
o Is g 15
=1
5 2
&'15 S 10
12 Adult zebrafish whole 5 .
0.9 blood, n=0.99814 o STy
35 30 25 20 15 10 100 1000 10000
log, [v(m/s)] Shear rate (1/s)

Fig. 3: The viscosity measurement of unadulterated adult zebrafish whole blood at
20 °C. (a) n=0.99814. (b) Shear rates range from 184.2 s to 15399.9 s [56].

7. HEAT TRANSFER OF BLOOD FLOW

Internal heat transfer of body is controlled by the blood circulatory system. Blood
circulatory system reduces the temperature differences in body. The most important
applications of modeling heat transfer in the body can be noted in surgery (especially
open-heart surgery), dialysis devices, and also making artificial blood vessels. In 1948,
Pennes investigated the thermal conductivity in human body tissue and the effects of blood
flow on the temperature of tissue. According to his model, mass transfer rate between
blood and adequate tissue was the difference between the amount of a substance in the
tissue and blood multiplied by the intensity of blood flow. So, when the heat transferred
from the blood to the tissues’ temperature, differences between the arterial blood into the
tissues and venous blood coming out of it were adequate [59]. Here, we present a
simplified model of the bioheat equation for steady-state, one-dimensional heat transfer.
From a one-dimensional energy balance in the x-direction:

2
@1/ T 2o )
where g is the metabolic heat source term and gj is the perfusion heat source term, both
per unit volume and the thermal conductivity, %, is a constant. Pennes [60] proposed an
expression for the perfusion term by assuming that the temperatures of blood entering and
exiting capillaries are both constant for any small volume of tissue. We can say that the
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WA (%) = 221 x 100 3)

w1
where, w; = weight before immersion (g), w2 = weight after immersion (g)

The same panels were used for the thickness swelling (TS) test. The thickness of each
panel was measured at 4 different points at using a Vermier calliper, and the average
thickness was taken as 7;. Then, the panels were immersed in water, in a transparent beaker
container at room temperature for 10 minutes. After 10 minutes, the panels were taken out
from the beaker and the average thickness (#2) was measured at the same locations as the
previous measurement. The TS was calculated using Eqn. (4).

TS (%) = % x 100 @

where, 7; - thickness (mm) before immersion in water, 7> = thickness (mm) after immersion
in water

2.4.4 Morphology Test

The morphology test of the panels was carried out using a SEM machine to observe the
internal structure of the BPB, using the same procedures applied as above.

2. RESULTS AND DISCUSSION
3.1 Characterization of Rattan Furniture Waste

For a natural fibre composite, alkaline treatment is one of the most effective techniques
to modify the surface of the fibre. Previous studies [15-20] described the treatment, applied
sodium hydroxide (NaOH) at different concentrations, to have diverse effects on the fibre
surface. High concentration of alkali caused deterioration to the fibres, which was proven
by the occurrence of holes seen in SEM micrographs [19, 20]. Alkaline treatment eradicates
impurities on the fibres such as hemicelluloses, lignin, and pectin, yet it surges the degree
of crystallization of cellulose that results in a roughened surface on the fibres [11, 21, 22].
Figure 1(a) and 1(b) show the original colour of the RFW taken from the furniture factory
and the RFW after alkaline treatment, respectively. The colour changed after the RFW
underwent alkaline treatment, from light yellow to dark yellowish, which was proof of a
chemical modification occurring during alkaline treatment. This change was in agreement
with a previous study [11] that stated that degradation products from hemicelluloses caused
darker tonality to the material used.

Untreated RFW Treated RFW

Fig. 1: Pictures of (a) untreated and (b) treated REW fibres.
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aggregate and the conduction electrons near each particle surface become delocalized and
are shared amongst neighbouring particles. Hence, the surface plasmon resonance shifts to
lower energies, causing the absorption peaks shift to longer wavelengths. From the figure,
AgNPs solution with 1.2 (w/v) % Sago concentrations show the lowest wavelength at 408
nm which indicate the formation of smaller size AgNPs. Physically, the colour changes of
the AgNPs solution from translucent to light yellow as shown in Figure 2 (c) also proved
the formation of AgNPs. The colour changes may be due to the excitation of surface
Plasmon resonance and reduction of AgNOs[15].From this UV-Vis analysis, it is proved
that the aldehyde groups from sago have reduced the silver ions, to the elemantel silver [14].
The basic reduction mechanisme of silver ions by aldehyde group to elemantel silver is
shown in Equation (1).

1.0
—=— Control (AgNO,)
5 0.8+ —+—0.4 (Wh)% Sago
S —4—0.8 (WV)% Sago
8 0.6 - —v—1.2 (w/)% Sago
g —+— 16 (W)% Sago
S04 —=—2.0 (Wh)% Sago
2
S
D o, R
& Tomes g

£ ¥ =5 =SS RORe—

i e SRR

300 400 500 600 700 800
Wavelength (nm)
(b) (c)

414 1.0
—_ |
E anz 08 & —
= 7] ——e
A 3 &
£ o
o 410 06 ©
5 2
2 3]
= 408 04
; —— AgNps Wavelength =

—@— AgNps Absorbance
406 0.2
0.0 04 08 12 16 20 24 Ry

Sago Concentration [(w/v)%)]

Fig. 2: (a) The UV-Vis absorption spectra of the synthesized AgNPs with varies Sago
concentration (b) Wavelength and absorbance of AgNPs with varies Sago
concentration (c) The colour changes of the mixture before and after autoclaving
process.

3.2 X-Ray Diffraction(XRD) Analysis

The crystal structure of the synthesized AgNPs were confirmed through XRD analysis.
Figure 3 shows the XRD pattern of the synthesized AgNPs with 1.2 (w/v) % of Sago. The
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justifies the reasons for the higher end-to-end delay in Fig. 7. To reduce the end-to-end
delay to a reasonable rate, controlling the number of generated packets in the network will
be applicable as a short-term solution in a multi-hop linear topology.

110

Throughput (Kbps)

50
—4—40DV —8—DSDV —+—DILSR —*—ERP

40
12 21 35 48 60 72 84 96 108 120

Number of source nodes in network

Fig. 6: Graph on throughput (Kbps) versus the number of source nodes.

100

——AODV —8—DSDV —4—DLLSR —o—FRP

9.0
80
70
60
50
40
30

End-to-end delay (ms)

20

10

0.0
12 24 36 48 50 72 84 s6 108 120

Number of source nodes in network

Fig. 7: Graph of end-to-end delay (ms) versus the number of source nodes.

6.4 Fairness Index

Fairness or data transfer equality in a multi-hop linear topology is a crucial factor
from the perspective of network stability and scalability. The scalar measurement of
resources (data packets) allocation discrimination among all source nodes [22] is known as
the throughput fairness index. Achieving the optimum throughput fairness index is a
challenging task for the routing algorithm in multi-hop linear wireless networks,
particularly in a large scale implementation. In a small size linear network, faimess is
hardly visible as shown in Fig. 8. The result of the faimess index indicated that a network
with DI-LSR has a reasonable rate of equality in the network when compared to AODV,
DSDV and FRP. The throughput faimess index of DI-LSR outperforms all the other
routing protocols with a significant difference of 0.2711 to 0.3735 in all simulated
environments. A network with DI-LSR has a better data flow and transmission opportunity
among source nodes in the proposed dual path instead of a single path as in a traditional
multi-hop linear network. With a reasonable rate of throughput fairness index and higher
throughput capacity ensures a network with DI-LSR to achieve a fair network allocation
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ABSTRACT: This paper presents the effects of airfoil geometry on flow separation
behavior and obtains the transition patterns at a specific angle of attack. A strong adverse
pressure gradient field is observed at the leading edge of the airfoil, and it results in a
flow detachment. Leading edge flow separation is studied along with the variation of
skin friction coefficient over the airfoil. Novelty in the approach is the development of a
hybrid control scheme to delay the flow separation with blowing/suction of air (termed
active control) over the airfoil together with the tapping of flow from the pressure side as
in a classical passive control procedure. The active controller delays the flow separation,
while the passive controller is used to reduce the drag coefficient significantly and
increases the total performance of an airfoil. The effectiveness of these controls is
examined by varying the control parameters including blowing/suction velocity, the
position of the slot in terms of percentage of chord and size of the slot. All the numerical
simulations are carried out using ANSYS-Fluent software. A surrogate model is also
developed to predict the aerodynamic characteristics conveniently without much
computational effort. The outcome of this study reveals that the blowing/suction velocity
has a higher influence in delaying the flow separation.

ABSTRAK: Kertas ini membentangkan tentang kesan geometri aerofoil pada perubahan
pemisah aliran udara dan memperoleh bentuk peralihan pada darjah yang tepat. Terdapat
tekanan kuat yang tidak sesuai pada kawasan kecerunan di hujung hadapan permukaan
aerofoil, dan ini menyebabkan aliran udara terpisah. Pemisah aliran udara pada hujung
hadapan ini dikaji bersama koefisien geseran pada permukaan aerofoil. Pendekatan baru
pada kaedah ini adalah berkaitan pembangunan skim kawalan hibrid bagi melengahkan
aliran pemisah udara melalui tiupan/sedutan udara (kawalan aktif) ke atas aerofoil
bersama ketukan pada aliran dari tepi tekanan seperti mana prosedur klasik kawalan
pasif. Kawalan aktif ini melengahkan aliran pemisah udara, sebaliknya kawalan pasif
telah digunakan bagi mengurangkan koefisien penangguhan dengan ketara dan
menambahkan jumlah prestasi aerofoil. Keberhasilan kawalan-kawalan ini dikaji dengan
mengubah parameter kawalan termasuk kelajuan tiupan/sedutan udara, posisi slot
berdasarkan peratusan garis temu dan saiz slot. Semua simulasi-simulasi numerikal ini
dijalankan menggunakan perisian Ansys-Fluent. Model pengganti turut dibangunkan
untuk menjangka ciri-ciri aero-dinamik dengan mudah tanpa usaha pengiraan yang
banyak. Keputusan kajian ini mendedahkan tentang kelajuan tiupan/sedutan udara
berpengaruh besar dalam melambatkan pemisahan aliran udara.

KEYWORDS: flow separation; aerodynamic characteristics; hybrid control;
boundary layer; skin-friction coefficient
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causes an increase in the cost of manufacturing. This also causes an increase in deformations
during welding, resulting in structural weakening. In order to overcome the above
mentioned issues, the box girders are re-optimized for maximum height (Hz4x) equal to the
ones that are available in the market. The first four sizes (1219.2 mm, 1524 mm, 1828.8 mm
and 2133.6 mm), as mentioned in the Table 3, were selected. As all parameters other than
the height and thickness of plates depend upon the Hvax optimization factor, therefore, the
only design variables left after having Hax, is the thickness of the side, top, and bottom
plates. Thus, the optimization for height modification is done by changing the thicknesses
of web and flange plates. The height of the plates is selected according to the Hmax
calculated in the previous optimizations and is divided into ranges as mentioned in Table 4.

11500

9500

=
G
=}
S

Mass (kg)

5500

3500 7
10 12 14 16 18

~o—With Lib. —m=Without Libs Span (m)

Fig. 9: Mass comparison of 100 ton girder with and without industrial constraints.

Two approaches were used during this optimization:-

e Keeping all thicknesses the same i.e. Tsp = Ttp = Tsp. (Approach 1).

e Keeping web thicknesses and flange thicknesses different from one another, but
keeping the thickness of the top and bottom flange the same and left and right web
plates the same. (Approach 2).

Table 3: Standard available heights and widths of plates

W(nm)  H (mm) Difference between
heights (nm)
6000 12192 304
6000 1524.0 304
6000 1828.8 304
6000 2133.6 304
6000 2438.4
6000 3048.0

Table 4: Ranges for height modification

Hyx (mm)  Hyggx (mm)

850 ~ 1500 1219.2
1500 ~ 1755 1524.0
1755 ~ 2049 1828.8

2049 ~ 2650 2134.0
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Fig. 10: Convergence graph of residual and aerodynamic coefficients at AOA 16.6°
for an uncontrolled case.

of aerodynamic characteristics, one has to predict the best level of each factor. Minitab 16
is used to carry out the Taguchi method and the aerodynamic characteristics of 9
combinations are predicted using CFD, then fed into Minitab to get the means graphs for
analysis. The slot for the controller is placed at a different position along the chord with
various width and blowing/suction velocities, as shown in Table 2.

Table 2: Parameters of the controller

Level Blowing/suction velocity in  Position of slot in % of Size of slot in
[m/s] c [m]
1 175 10 0.0015
2 35 30 0.002
3 525 50 0.0025

3.2 Active Controller Effect

From Fig. 9, it can be witnessed that for the control-off case, the flow separation
starts below the 10 % of chord from the L.E and the active controller used is to mitigate
the flow separation over an airfoil by continuous blowing/suction of air tangentially over
the suction side of the airfoil and as a result, it lead to an improvement of aerodynamic
characteristic. In Fig. 11, pressure distribution over the baseline airfoil with active
controller on cases, shows the rise in the peak on the suction side along with the increase
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paper, various frequency-dependent surge arrester models and transmission line models
have been compared. Simulations of lightning transients in the analyzed power system
have been performed and presented for various surge arrester and overhead line models.
Also, influence of models application during calculations on simulation results has been
analyzed.

In this paper, maximum overvoltage along the cable is calculated by adding the peak
value of the voltage wave in the forward direction and the peak value of the voltage wave
in the backward direction. This sum is greater than the voltage at the remote end when the
two maxima do not appear simultaneously. This paper is aimed at determining the effect
of cable and tower characteristics on maximum lightning overvoltage in combined
overhead/cable lines, which is explained in different sections. These characteristics are
cable length, cable core resistivity, cable sheath resistivity and tower footing resistance.

2. THEORY OF DETERMINE THE MAXIMUM OVERVOLTAGE

Figure 1 shows an overview of the under studied system and cable status. The lengths
of the overhead lines on both sides of the cable are to be assumed infinite and the cable is
also protected by surge arresters at both ends. The aim is to calculate the maximum
overvoltage along the cable caused by lightning strikes on the overhead line.

Lightning Stroke

Guard Wire

A Cable B
5]
Zc l

[
| Cable Length |
[ | x—o XL |

Fig. 1: Combined transmission line.

The voltage at any point x along the cable is calculated by the sum of a forward
voltage (+) and a backward voltage (-) propagating wave [3].

V(x, t) = Vi(x, t) + V_(x,t) (€Y)

Where the forward voltage wave (V) is generated at the exposed end (x=0) and the
backward wave (V_) generated at the remote end (x=L) [3].

. _ 2@y vy | vy

fary(£) = 20 V00 | V0O @
Where Z; and Z; are the characteristic impedance of the cable and overhead line,
respectively. These characteristic impedances are determined by EMTP-RV. Then,
according to equations 1 and 2, forward and backward waves are calculated by the
following equations:

Vi 0) = (%) tarr () + (5 2) V(00) ®
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transfer coefficient is observed to be about 55% at ¢ = 6% and Re=2100. The remarkable
point is that at the same Reynolds number and volume fraction, the amount of convective
transfer heat transfer coefficient is decreased with the increase of the size of the

nanoparticles.
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Fig. 14: The effect of particle volume fraction and Reynolds number on
convective heat transfer coefficient for particles of 60 nm.
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Fig. 15: The effect of particle volume fraction and Reynolds number on
convective heat transfer coefficient for particles of 90 nm.
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Fig. 16: The effect of particle volume fraction and Reynolds number on
convective heat transfer coefficient for particles of 150 nm.
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boleh di kategori sebagai kogulan semula jadi dan boleh digunakan sebagai perapi utama
bagi kotoran mendapan.

KEYWORDS: sludge treatment; Moringa oleifera; dewatering; environmental friendly

1. INTRODUCTION

The major aim of wastewater treatment is to eliminate or minimize the dangerous
effects on public health and the environment. Various types of contaminants should be
removed from wastewater, such as suspended solids, biodegradable matter (organic
compounds), inorganic solids, nutrients, metals and pathogenic microorganisms. In order to
remove these contaminants, wastewater treatment requires physical, chemical, and
biological processes. The physical and chemical processes are usually used for potable water
treatment while the biological process is mainly for wastewater treatment due to the high
organic concentration [1].

Sludge can be generated from settling tanks during primary, secondary and advanced
treatment processes. These processes separate the suspended solids and colloidal materials
from the liquid body and produce sludge at high solids content of 0.25 - 12% by weight [2].
With the high range of solid concentration, sludge management is considered to be one of
the most difficult and expensive processes in wastewater treatment [3]. Sludge should pass
through many treatment stages before disposal, which may include thickening, anaerobic
and aerobic digestion, and dewatering. Thickening and dewatering processes reduce the
content of water and increase solid concentration. The dewatering process occurs during use
of mechanical systems such as belt filter presses, centrifuges or gravity drainage, and
evaporation in sand drying beds. Usually, mechanical dewatering equipment is expensive
and consumes high amounts of energy [1]. Dewatering by chemical conditioners is very
efficient and it is used worldwide, but has negative impacts on human health and the
environment associated with the formation of byproducts [4].

Moringa oleifera (MO) seed is a natural polymer and a highly biodegradable coagulant
that is affordable and environmentally friendly. The seeds have potential to be used as
sludge conditioner for thickening and dewatering. These seeds were investigated for the
removal of turbidity, heavy metal ions, color, and as disinfectant [5-8]. MO seeds with a
cationic property are expected to be efficient in adsorbing the sludge particles and
neutralizing the charge on their surface resulting in effective coagulation and elimination of
the hazardous impacts on human health and the environment.

2. MATERIALS AND METHODS
2.1 Materials and Equipment

Dry MO seeds were imported from Genius Herbs Company, India. Kaolin suspension
was used as the synthetic sludge, which was bought from R&M Chemicals Sdn Bhd. NaCl
from HmbG was used for bioactive material extraction. A kitchen blender was used for seed
blending. Soxhlet apparatus was used for oil extraction from MO seeds. Jar test apparatus
was used for process condition optimization. Vacuum filtration with a Buchner-funnel and
‘Whatman-filter-paper #3 were used to determine TSS. A 500 ml graduated cylinder and
stopwatch were used for the sludge volume index (SVI). Other laboratory equipment
included a magnetic stirrer, a drying oven, and a weighing balance.
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ABSTRACT: In this study. the effect of nickel powder mixed dielectric fluid on Electrical
Discharge Machining (EDM) performance of mild steel has been carried out. Peak current,
tool/electrode diameter and concentration of powder are the process parameters. The
process performance is measured in terms of material removal rate (MRR), tool wear rate
(TWR), and surface roughness (SR). The experiment has been designed using a Full
Factorial in Design of Experiment (DOE) software. The research outcome is to identify
the important process parameters that maximize MRR and minimize TWR and SR. The
experiment has been carried out using 2 levels of current (3.5 A and 6.5 A), tool diameters
(14 mm and 20 mm) and Nickel powder concentrations (0 g/l and 6 g/I). The weight of the
mild steel work piece and copper electrode are measured before and after each run. Based
on the results, current is the most significant parameter affecting MRR, TWR, and SR. It
was also found that with added nickel powder in the dielectric fluid, the tool life is longer
and surface roughness of the work piece is improved. Furthermore, it was shown that both
MRR and TWR increased with the increase in tool diameter. However, SR was improved
as tool diameter increased but its effect was not very significant.

ABSTRAK: Dalam kajian ini, mutu keberhasilan campuran serbuk nikel cecair dielektrik
pada Sisa Mesin Elektrik (EDM) ke atas besi ringan telah dijalankan. Arus tertinggi,
alat/diameter elektrod dan ketumpatan serbuk adalah parameter kawalan. Pencapaian
proses diukur dari segi kadar penyingkiran bahan (MRR), kadar penggunaan alat (TWR)
dan kekasaran permukaan (SR). Eksperimen ini direka bentuk dengan menggunakan
perisian Faktorial Penuh dalam Rekaan Eksperimen (DOE). Hasil kajian ini adalah untuk
mengidentifikasi kepentingan parameter kawalan yang mengoptimumkan MRR,
meminimumkan TWR dan SR. Eksperimen ini dijalankan pada 2 peringkat arus elektrik
(3.5 A dan 6.5 A), diameter alat (14 mm dan 20 mm) dan ketumpatan serbuk nikel (0 g/I
and 6 g/l). Berat bahan uji seperti besi ringan dan elektrod tembaga diukur pada sebelum
dan selepas setiap ujian. Berdasarkan keputusan, arus elektrik adalah faktor paling ketara
yang mempengaruhi MRR, TWR, dan kekasaran permukaan. Turut didapati pada setiap
pertambahan serbuk Nikel ke dalam cecair dielektrik, jangka hayat alat turut bertambah
dan kekasaran permukaan pada bahan uji turut bertambah baik. Selain itu, kedua-dua MRR
dan TWR bertambah dengan setiap pertambahan diameter alat. Sebaliknya, kekasaran
permukaan bertambah baik dengan pertambahan diameter alat tetapi kesannya tidak
ketara.

KEYWORDS: EDM; dielectric fluid
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Table 6: ANOVA table for Ra

Source DF Sum of Mean F Ratio
Squares Square

Model 4 1327.9161 331.979 76.6790

Error 3 12.9884 4.329 Prob>F

C. Total 7 1340.9045 0.0024*

ANOVA tables show that all the three models had significant effect with p values 0f 0.0362,
0.0272 and 0.0024 for MRR, TWR, and Ra respectively, as shown in Tables 4, 5, and 6. For
more detail, the sorted parameter estimates were created for the three responses as shown in

Tables 7, 8, and 9.

Tables 7: Sorted parameter estimates for MRR

Term Std Error | t Ratio t Ratio Prob>|t|
current (A)(3.5.6.5) 0035466 | 628 || 0.0081*
powder concentration(0,6) 0.035466 -1.99 ‘ 0.1411
current (A)*powder concentration 0.035466 -1.41 ‘ 0.2542
powder concentration*tool diameter 0.035466 0.92 ‘ 0.4263
()

Tables 8: Sorted parameter estimates for TWR
Term Estimate | tRatio t Ratio Prob>|t|
current (A)(3.5.6.5) 0949625 | 671 || . .| . 0.0068*
powder concentration(0,6) 0422125 | 298 || 1| Cifr ] o.0sss
powder concentration*tool diameter 0.230125 1.63 ‘ S P i ‘ 0.2025
(mm)
current (A)*powder concentration -0.085875 | -061 || @ | || 0.5869

Tables 9: Sorted parameters estimate for Ra

Term Estimate | t Ratio t Ratio Prob>|t|
current (A)(3.5.6.5) 12.556375 | 17.07 0.0004*
powder concentration(0,6) -2.204375 | -3.00 0.0578
current (A)*powder concentration -1.478125 | -2.01 ‘ 0.1381
powder concentration*tool diameter -1.132625 | -1.54 || 0.2213
()

Sorted parameters estimate figures show that the most effective factor on the dependent
responses is the current value. The current affected positively on the MRR. In contrast, the
influence of increasing the current value leads to negative effect on both the TWR and Ra.
Finally the measures of fit were extracted from the software and concluded in Table 10.
Both the results of the ANOVA table and the summary of fit proved that the models can be
used for predicting the MRR, TWE, and Ra. One of the main outputs for the research was
the three mathematical models: MRR model, TWR model and Ra model.
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8.2 The Changes in the Nusselt Number Based on the Percentages of the Volume
Fraction of Nanoparticles

Figures 5, 6 and 7 show the changes in the Nusselt number based on the Reynolds
number for the nanofluid with particles of 60 nm, 90 nm, and 150 nm in volume fractions
of 1%, 3%, 6%, and base fluid (pure water). As can be seen, the Nusselt number increases
with the increasing Reynolds number and increasing volume fraction of nanoparticles so
that this increase is more remarkable at high Reynolds numbers. This increase is very low
for a volume fraction of 1% but a significant increase can be observed by increasing the
nanoparticle density to 6%. The Nusselt number increases about 16% in a volume fraction
of 6% and at Reynolds number of 2100 for nanofluid with particles of 60 nm compared to
base fluid, for a nanofluid with particles of 90 nm, about 12% compared to base fluid and
for nanofluid with particles of 150 nm, about 9% compared to base fluid.

900 1100 1300 1500 1700 1900 2100
Re

Fig. 5: The changes in the Nusselt number of water-based nanofluid
with particles of 60 nm based on the Reynolds number.

7

900 1100 1300 1500 1700 1900 2100
Re

Fig. 6: The changes in the Nusselt number of water-based nanofluid
with particles of 90 nm based on the Reynolds number.

Figures 8, 9 and 10 show the changes in the Nusselt number based on the Reynolds
number for a nanofluid with particles of 60 nm, 90 nm, and 150 nm in volume fractions of
1%, 3%, 6%, and base fluid (fuel-oil). In these figures, the Nusselt number increases
significantly with increasing volume fraction of nanoparticles but it increases with a slight
slope with increase in the Reynolds number. This increase is very low for all particles, but
a significant increase can be observed by increasing the nanoparticles density to 6%. In
this way, the Nusselt number increases about 56% in a volume fraction of 6% and at a
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8. CONCLUSION

In this paper, rheological characteristics of blood were studied. As referred to in
previous work, blood is a complex fluid with non-Newtonian characteristics. It often
represents a yield stress (viscoplasticity) and has a shear-thinning behavior and due to the
pulsative nature of the blood flow, it shows a thixotropy treatment. Blood has four main
determinants including plasma viscosity, hematocrit, red blood cell deformability, and
temperature. Blood shows a Newtonian fluid’s character when it flows through larger
diameter arteries at high shear rates, but it exhibits a remarkable non-Newtonian behavior
when it flows through small diameter arteries at low shear rates. Despite the fact that
thixotropy is a transient property, due to the pulsative nature of the blood flow the
thixotropic effects may have long term impact on the blood circulation. It should be
remarked that time dependent effects whether thixotropic or viscoelastic in nature, should
be expected in blood flow due to the pulsatility of blood flow and the rapid change in the
deformation conditions during blood circulation. Modeling of heat transfer in the body can
be used in surgery, especially open-heart surgery, as well as in making artificial blood
vessels. From a simple model of a straight rigid blood vessel with unsteady periodic flow,
there is a small difference between the time-averaged unsteady heat flux due to a pulsating
blood velocity and an assumed non-pulsating blood velocity, it is reasonable to assume a
non-pulsating blood velocity for the purposes of estimating bioheat transfer. The heat and
the mass transfer, the wall shear stress and the Sherwood number (Shp) number are
strongly dependent on the shape of the stenosis in addition to the non-Newtonian rheology
of blood in general.

FUTURE WORK

e Rheological models of blood flow
e Numerical simulation of the non-Newtonian blood flow
o Effects of temperature on blood viscosity
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Table 4: ANOVA analysis for biomass response (Y2)

Source Sum of squares DF Mean square F-value  Prob>F
Model 1.28x 10° 9 14169.99 7.63 0.0044 Signi-
ficant
Xi- Initial 124.61 1 124.61 0.067 0.8022
moisture content
X»- Peptone 108.24 1 108.24 0.058 0.8153
concentration
X;- Initial pH 2982.53 1 2982.53 1.61 0.2408
value
XXz 296.46 1 296.46 0.16 0.7
XiXs 595 1 595 32x10° 09563
XoX3 0.66 1 0.66 3.6x10* 0.9854
X2 4302 1 4302 232 0.1666
X5 9802.12 1 9802.12 528 0.0507
X5? 25466.58 1 25466.58 13.71 0.0060
Residual 14864.29 8 1858.04
Lack of fit 13890.42 5 2778.08 8.56 0.0536 Not
signi-
ficant
Pure error 973.87 3 324.62
R? 0.8956
Adeq precision 7.105
Table 5: ANOVA analysis for glucose concentration response (Y3)
Source Sum of squares DF Mean square F-value  Prob>F
Model 90779.97 9 10086.66 91.77 <0.0001 Signi-
ficant
Xi- Initial 151 1 1.51 0.014 0.9095
moisture content
X»- Peptone 442.89 1 442.89 4.03 0.0796
concentration
X;- Initial pH 3997.20 1 3997.20 3637 0.0003
value
XXz 1074.62 1 1074.62 9.78 0.0141
XiXs 7.57 1 7.57 0.069 0.7997
XoX3 25.56 1 25.56 0.23 0.6425
X/ 1516.91 1 1516.91 13.80 0.0059
X7 9162.68 1 9162.68 83.37 <0.0001
X3? 17555.18 1 17555.18 159.73 <0.0001
Residual 879.26 8 109.91
Lack of fit 235.72 5 47.14 0.22 0.9319 Not
signi-
ficant
Pure error 643.54 3 214.51
R? 0.9904

Adeq precision 25.360
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—

500 nm

Fig. 11: Transmission electron microscopy (TEM) of (a) PP/DSNF and (b) PP/DSNF-
MAPP composite.

4. CONCLUSION REMARKS

As conclusion, durian skin nanofiber was successfully produced via fermentation
using Rhizopus oryzae. The main targets of this project have been attained which also
recommend that the application of durian skin nanofiber (DSNF) in biocomposites as
reinforcement with MAPP can improves the mechanical properties of specimens. The
environmental degradation under UV exposure significantly degraded the tensile and optical
properties of PP/DSNF composites. The presence of MAPP however delayed the water
absorbed by composites owing to good interaction of PP and DSNF. As food packaging
application, UV exposure is one alternative ways to speed up the degradation process of
materials. However, further experiment required to improve the result outcome.
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The meshing tool used is ICEM CFD, and the mesh type is a structured one with
quadrilateral elements. The structured block, mesh, and magnified mesh over an airfoil are

shown in Fig. 6.
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Fig. 6: (a) structured block, (b) mesh, and (c) magnified mesh over an airfoil.

To proceed further in the analysis, the grid independence is carried out by varying the
number of mesh points (M1=300, M2=400, and M3=500) over the airfoil and the
respective aerodynamic characteristics at various AOA are shown in Fig 7. The lift
coefficient by all mesh points is more or less similar, but the drag coefficient by M1 has a
large deviation compared to the other two. M2 and M3 give the closer aerodynamic
coefficients with less error; approximately 4%. To reduce the computational time, M2 is

selected for further numerical studies.

—a— Cl-M1—=— Cl.M2—e— CI-M3 os
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Fig. 7: Grid independence study.

The entire analysis is performed in a high performing computing machine in 16 nodes
with a memory of 64 GB on an Intel processor of 2 GHz speed. The average time taken for
each simulation is around 128 minutes. Figure 8 shows the aerodynamic coefficients
obtained from the numerical simulation in comparison with experimental data [18].
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It can be noticed from Table 2 that by increasing the bed height from 9 to 27 cm, the
total removal percentage (¥ %) increased from (10.20 to 26.75) % of iron ions, (35.60 to
76.74) % of zinc ions, and from (77.78 to 83.00) % of residual oil. On the other hand, by
increasing the bed height, the unadsorbed equilibrium concentration of iron ions, zinc ions
and residual oil decreased from (92.72 to 75.66) mg/1, (4.80 to 1.74 ) mg/1, and (240.80 to
183.99) mg/1 respectively. Similar results were reported by a previous study [12].

3.2 Modeling of the Fixed Bed Column
3.3.1 Thomas Model

To obtain the parameters in the Thomas model, a plot of In [% - 1] versus time is

illustrated in Figs. 7, 8, and 9 for iron ions, zinc ions, and residual oil respectively at different
bed height, where the slope and the intercept of the linear equation were used to calculate
the K and gy respectively, which are presented in Table 3. This model was applied to the

range of 0.08< % <0.97.

0 2
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¥=-0.0024x+ 18152
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Fig. 7: Thomas model of iron ions at Fig. 8: Thomas model of zinc ions at
different bed heights. different bed heights.
4
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Fig. 9: Thomas model of residual oil at different bed heights.
It is shown in Table 3 that when the bed height was increased, the Thomas kinetic

coefficient (Krs) decreased, and this was a normal trend, as mentioned in a previous research
[30].
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Fig. 2: The temperature at point (x,,y,) -

Problem 3: Now we consider equation (1) with the initial condition (3) and the
boundary conditions as follows

u(0.y.0)=0, u(l,y.0)= u(?),
u(x,0,0)=0, u(x,1,,1)=0, 120 ©)
H(0)=0, |l M

Let B > 0 be a given number. Find a temperature x(#) such that problems (1), (3), (6)
have a solution that satisfies (4).

Note, that boundary condition (6) means that heat flow x(2) is coming from the
boundary x = /1 other boundaries kept with zero temperature.

3. THE SOLUTION OF PROBLEM 1
In this section we solve problem 1.

Theorem 1: Let B > 0 be given number. At the time ¢ a solution of the problem (1) —
(3) satisfying the condition (4) if for the function (%) following equality is true:

[K@Eoudr =) o
0
where
K(t,;):‘tl;izii[l 1 ][1 ] e O ©
n=1 m=1
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ABSTRACT: The present study investigated the thermal effects of the use of
nanoparticles in the fuel-oil and water-based fluids, as well as the numerical simulation
of laminar flow of fuel-oil-alumina and the water-alumina nanofluids in a channel. A
second order discretization method was used for solving equations and a SIMPLE
algorithm was applied for pressure-velocity coupling using Fluent. Effect of nanoparticle
volume fraction and particles size in different Reynolds numbers (900<Re<2100) on the
convective heat transfer coefficient was studied. The simulation was conducted for three
different volume fractions and particle sizes in the laminar flow under constant heat flux.
The results showed that adding nanoparticles to the base fluid caused an increase in the
thermal conductivity ratio of the fluid, which was observed to a greater degree in the fuel
oil-alumina nanofluid than in the water-alumina nanofluid. The increase in nanoparticle
volume fraction caused an increase in the convective heat transfer coefficient and the
Nusselt number of the nanofluids. The significant point of this study was that in the same
volume fraction, the effect of adding alumina nanoparticles to the fuel-oil-based fluid
had more effect than adding these particles to water-based fluid, while the effect of
increasing the Reynolds number in the water-alumina nanofluid on convective heat
transfer coefficient was greater than the fuel-oil-alumina. Also, in the same Reynolds
number and volume fraction with increasing size of nanoparticles, the value of the
convective heat transfer coefficient was decreased. The results of this study can be used
in refineries and petrochemical industries where the fuel-oil fluid flows in the channels.

ABSTRAK: Kajian ini adalah bagi mengkaji kesan haba terhadap penggunaan
bahan bakar-minyak dan cecair asas-air dalam nanopartikel, juga menjalankan
simulasi pengiraan aliran laminar bahan bakar-minyak-alumina dan cecair-nano
air-alumina dalam saluran. Kaedah berasingan kelas kedua telah digunakan bagi
menyelesaikan persamaan dan algoritma SIMPLE telah diaplikasikan dalam
gandingan kelajuan-tekanan menggunakan Fluent. Kesan jumlah pecahan
nanopartikel dan pelbagai bilangan saiz zarah dalam bilangan Reynolds
(900<Re<2100) pada pekali pemindahan haba perolakan telah dikaji. Simulasi
telah dijalankan pada tiga pecahan isipadu berlainan dan pada zarah dalam aliran
laminar dengan fluks haba tetap. Hasil kajian menunjukkan bahawa dengan
penambahan nanopartikel dalam cecair-asas menyebabkan peningkatan nisbah
daya pengaliran haba cecair pada cecair-nano bahan bakar-minyak-alumina
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avoid visible sagging [50]. A box girder without proper stiffening will show lateral buckling
(Fig. 5). Reference [30] utilized optimized positions and number of vertical and horizontal
stiffening elements to reduce the deflection in the lateral direction, hence to avoid lateral
buckling. The present study utilizes this approach to control lateral buckling.

AN

‘/ / "

Fig. 0: lateral bucking (UZ Plot in mm) at (a) Support; (b) Center.

3. OPTIMIZATION METHODOLOGY WITHOUT
CONSIDERATION OF INDUSTRIAL CONSTRAINTS

Capacity-wise optimization optimizes box girders of different capacities of the same
span and thus has capacity as the only input and is presented in [40]. Span-wise optimization
optimizes box girders of different spans and same capacity, thus has span as the only input
and is presented in [41]. These studies use first order optimization using the ANSYS design
optimization module with the overall mass and volume of the box girder as the objective
parameter. The maximum number of iterations was set to 50. The maximum height (Hjzsx)
and web and flange thicknesses were design variables. Other size parameters are related to
these design variables. The maximum normal stress and normal deflections were the state
variables. For capacity-wise optimization, this is repeated for 32 m box girders and different
capacities between 50-120 tons. Likewise, during span-wise optimization, design
optimization is carried out with 100 ton girders with span between 10-32 m. The results of
each are generalized in the form of interpolative relations. Although, the authors first
optimized capacity-wise and then span-wise, the reverse approach is considered equally
valid. The capacity-wise and span-wise optimization methodologies are presented in Fig. 6a
and 6b, respectively. The interpolative relations developed during the capacity-wise and
span-wise optimization are presented in relations (1~3) and (4~6), respectively. Relations
(1~3) are only valid for 32 m box girders of capacity range of 50~120 ton and relations
(4~6) are only valid for 100 ton box girders of span range of 10~32 m.

(Hyax ) =(Harax Jr-{[(Hyzax ) *(RC - CC)/400] + HCF x(RC—CC)} (1)
(RD)c=(RD )x-[(RC-CC)/400] e
)
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RMSD of backbone atoms (C, N, C,) from the initial structure (the structure after
equilibration step) were calculated for the entire simulation trajectory at 313 K, 333 K and
353 K. The RMSD of backbone atoms are illustrated in Fig. 2. In general, the temperature
dependence of the fluctuations can be expected to represent the stability of overall
structure when the temperature is increased. It is found that the RMSD of backbone atoms
of the enzyme-substrate complex is higher than EGuia which indicates that the structure is
becoming less stable at higher temperatures. At high temperature, the RMSD has tendency
to diverge to larger values for the complex as well as EGuia.

While the RMSD of complex at 313 K was higher than 333 K, it remains almost
constant after 3ns with slight variations. After 8 ns, RMSD of complex at 333 K, increases
dramatically from 1.6 A to 2.5 A at 20 ns. RMSD of complex at 353 K was lower than 313
K and 333 K for the initial 4ns, but was the highest until 18 ns before reaching the same
RMSD value with 333 K complex.

1 ——313K Complex ——333K Complex
——353K Complex — 313K EGuia
— — 333K EGuia — = 353K EGuia
0s
0 B 10 15 20

Simulation Time (ns)

Fig. 2: Backbone RMSD of EGuia and enzyme-substrate complex plotted as a
function of MD time at 313 K, 333 K and 353 K fitted with trendline of polynomial degree
5. Black solid (enzyme-substrate complex at 353 K), black dash (EGuia at 353 K), red
solid (enzyme-substrate complex at 333 K), red dash (EGuia at 333 K), blue solid
(enzyme-substrate complex at 313 K), and blue dash (EGuia at 313 K).

The changes in the backbone RMSD values are expected to affect the structure of the
active site and hence the activity of the enzyme. The rapid divergence of RMSD of
enzyme-substrate complex at higher temperature compared to EGuia under same
conditions seems to suggest that the enzyme-substrate complex would lose its activity at
higher temperatures, much more easily compared to EGuia. The backbone RMSD of
EGuia at 333 K was the least among the three temperatures studied here implying that the
structure at this temperature deviate less from the corresponding equilibrium structure thus
maintaining the integrity of the active site structure and hence the activity. It should be
noted that the optimum temperature for the activity of this enzyme is around 333 K.
However, the RMSD of the enzyme-substrate complex does not show such a trend and the
fluctuations increases as the temperature is increased. Perhaps the RMSD of the complete
backbone of the enzyme-substrate complex may not be a good indicator of the
thermostability of the enzymes, as the temperature response of the active site region is
more crucial rather than the whole enzyme structure in determining the thermostability.
Hence for better understanding of the thermostability it is necessary to analyze the RMSD
of the secondary structure components at different temperatures.
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Fig. 1: The effects of nutrient and cultivation time on myco-flocculant production.
a) Screening of potential nutrient, b) Culture time with malt extract.

The highest myco-flocculant production from L. squarrosulus and S. obclavatum were
obtained in malt extract media. Malt extract was used as co-substrate to enhance the
separation and filtration process of treated sludge by fungal growth formation [24].
Aljuboori et al. [25], reported that the highest coagulant production by Aspergillus niger
was observed when the C/N ratio increased up to 20/1 with a flocculating rate of 79%
respectively, but that further increase in the C/N ratio slightly decreased the production.
Figure 1 (b) shows the cultivation time with flocculation activity in terms of turbidity
removal rate of myco-coagulants. The culture during the early stationary phase showed the
highest (95% and 82% at 6 days) flocculating rate of L. squarrosulus and S. obclavatum,
respectively. Results showed the flocculating rate decreased slowly after 6 days, suggesting
these strains may be secreting deflocculation enzymes. A similar result was reported in the
cultivation of 4. parasiticus [20] and B. licheniformis [26]. Consequently, a period of 6 days
was chosen as the culture time for the subsequent experiments.

3.1.2 Effect of Media Concentration, Initial pH, and Inoculum Size

Figure 2 shows the effect of malt extract concentration on the flocculating rate of two
myco-coagulants. L. squarrosulus and S. obclavatum increased myco-flocculants at 0.1%
(w/v) and 0.25% concentration, respectively. The flocculating activity of two fungal strains
was poor without malt extract concentration in the culture (0%). Small growth was found
from the two fungal strains without nutrients (malt extract), suggesting that the strains may
not able to secrete any metabolites due to lack of growth.
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Table 2: Results of Models on Different Datasets
Datasets Models Precision  Recall F-Measure AUC Accuracy  Error Rate
Diabetes KNN 65.31 69.41 67.30 72.34 81.62 18.38
Modified 71.34 75.49 73.36 79.24 86.34 13.66
Model
Hepatitis KNN 66.38 67.48 66.93 71.89 79.20 20.80
Modified 73.61 78.01 75.75 80.64 85.13 14.87
Model
Breast- KNN 66.21 68.40 69.27 70.05 73.48 26.52
Cancer Modified 69.15 74.68 71.81 79.60 82.39 17.61
Model
Heart KNN 70.14 71.45 70.79 72.85 76.46 23.54
Modified 73.16 76.11 74.61 79.50 83.04 16.96
Model
30
25
20
g
£
215 = KNN
3 u Modified Model
]

—
=

»

Hepatitis

Breast-Cancer

0 |I |I |I |I

Diabetes Heart

Fig. 3: Comparison Chart of models based on the Error Rate.

In Table 3, the results of the modified model are shown based on different iterations
on the datasets. By increasing iterations, the accuracy value has been increased and the
error value has been decreased. The accuracy of the modified model with 500 iterations
for Diabetes, Hepatitis, Breast-Cancer, and Heart disease datasets was 95.76%, 94.79%,

89.90%, and 90.03%, respectively.

In Table 4, the comparison of models based on FS with 500 iterations is shown. In
Table 4, a comparison of models is shown, based on the FS. As shown in Table 4, when
the number of features is low, then the accuracy is better because fewer features need to be
evaluated, but the features that have a greater impact on diagnosis and fewer errors are

selected.
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to receive and process data from sensors. It should be noted that the hardware system,
firstly, should have a very small size and, secondly, it must be understood that it does not
fundamentally change the system based on ice packs. The temperature sensor and the
vibrator are introduced into the bag structure to move the water and get feedback of
temperature values for use in the temperature control algorithm. In Fig. 4, the final
assembled structure is shown, including the ice packs, the DC electrical power supply,
control system, temperature sensors and Peltier module also are parts of this final
assembly. The system provides direct connection to a personal computer via a serial port
which allows data to be saved which relates to the performance of the system. This is of
potential value for research purposes. In terms of the duration of the therapy, the standard
used in previous research involving ice was 15 to 20 minutes of ice every two hours for
continuous treatment [25].

Previous studies [26, 27] have suggested that the state and duration of cryotherapy
should involve an intermittent protocol that reduces skin temperature to 5 °C immediately
after treatment. The process should also involve rest and compression, which reduces
swelling and reduces the potential risk of injury [28]. For certain skin conditions and to
prevent skin damage, a special program is required for each patient and may involve an
algorithm intended for operation over a 48-hour time period. In general terms, it should be
noted that the thermal feedback system stabilizes and the system is turned on at 5 °C to
prevent damage and goes off after 48 hours. This program, as shown in the flowchart of
Fig. 6 is a comprehensive program but because it is also a programmable system it allows
more accurate planning for any type of patient, avoiding possible harm to humans or
animals.

—Smartcryo ——Ice pack

Temperature (°C)
=3

°
o
w!
N

)
o

]

20/30] 4250 65 [100{153(190/200,
Time(minute)

Fig. 5: Ice packs cooling performance charts Smart Cryotherapy System.

Figure 5 shows results comparing the performance of the smart Cryotherapy approach
with those obtained using a standard ice pack with 1024 gram weight and in 20 centigrade
for the sample with ice and water over a period of 200 minutes. It is evident from these
results that it takes some time for the TEC system to reach the desired temperature but
then the system continues to operate without any difficulty and the desired temperature is
maintained. On the other hand, the temperature of the system involving only the ice pack
tends to rise significantly towards the end of the 200 minutes period. It should be noted
that the thermoelectric cooling treatment involves a portable piece of hardware that does
not require any large structural change in the icepack. The system sends data to a
computer for processing. The electronic system involves microprocessor-control and is
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The voltage reference is 132 x /2/3 = 107.8 kV, which equals to 1 P.U. A
protective level and per unit reference voltage and inductance of the surge arrester are
considered to be 395 kV and 12 pH, respectively. The common grounding resistance for
the cable screen, the arrester, and the adjacent tower is 1 Q. The surge arrester V-I

characteristic is given in Table 6.

X
N\ 2N
o @
Nl S
Cable 4 Cable 6
//.\\ ‘/ \\
@ @
Nl N
Cable 3 Cable 5
Y
Fig. 5: Cable configuration.
Table 5: Amount of peculiarities phases
Axis Cable 1 Cable2 Cable3 Cable 4 Cable 5 Cable 6
horizontal axis [m] 0 0.11 0.22 0.33 0.44 0.55
vertical axis [m] 1.1985 1.0075 1.1985 1.0075 1.1985 1.0075

Table 6: Surge arrester current-voltage characteristic

Current [A]

Voltage [kV]

1.0000e-4 172.02
9.9996e-4 194.52
9.9981e-3 206.65
1.0002e-1 218.82
9.9991e-1 234.59
2.5000e+2 308.67
1.0000e+3 331.03
4.9998e+3 369.53
1.0000e+4 395.00
2.0000e+4 435.99
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Figure 9 illustrated the experimental circuit gate drive signal, LC-tank inductor current
and capacitor voltage waveforms. The two 2s LiPo batteries voltage balancing is shown in
Fig. 10. The initial voltage difference of the two 2s LiPo batteries was 800 mV and after
283s this voltage difference developed to 0V, which is 10 seconds higher than the simulation
results.

MoGaioV Ms GatoV
T

er [

Time (mS)

Fig. 9: Gate driving signal, inductor current and capacitor voltage waveforms of the
experimental circuit.

o

Cell Voltage (v)

o 50 100 150 20 20 20
Time (s)

Fig. 10: The experimental result of the voltage balancing circuit.

5. CONCLUSION

The proposed design is a new topology of an active voltage balancing schemes for
electrical energy storage devices. Due to the simple structure, it is able to quickly adjust the
cells voltage difference of a battery pack. The proposed voltage balancing circuit requires
few components to construct, which will reduce its size and contribute to reducing its price.
It is a simple design, easy to build and can operate faster.
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where AV, is the maximum allowed voltage ripple of the capacitor voltage and Q is the

charge of the capacitor. Maximum ripple voltage takes place in /2 from each period.
Thus, charge of the capacitor is in the form of Eq. (6):

0= Iﬁjwycos(zzﬁ)dt = \é”:f ©)

That Igys effective value of the converter current and / is frequency of system. By
combining Eqn. (5) and (6), DC capacitance value is obtained.

IRMS
C2zfAv, M

de

By inputting nominal values of the test system, multilevel STATCOM, and 10%
allowed ripple of voltage, DC capacitance is obtained at 12 mF.

2.2.2 Factors Affecting the Size of Reactor

The reactor is the second passive component in STATCOM. The purpose of using the
reactor is firstly the filtering of converter current harmonics, and secondly as reactive
power coupler, i.e. the cause of reactive current. Factors that affect the size of the reactor
are the converter output current harmonic distortion [22], performance range of the
converter [23], and dynamic response of the system [24]. The minimum value of the
reactor is determined by current harmonic distortion and the maximum value is
determined by performance range of the converter and cost.

It is assumed for reactor design that the multilevel STATCOM output voltage and
current is sinusoidal and the reactor resistance is ignored. Thus, inductance of the reactor
is defined as follows [21]:

Vi y NV, Ty
Y- 2 RMS _ 2 RMS ®)
r
IKMS IRMS

where v, ¢ the maximum output voltage of the converter CMC, N is the number of H-
bridge converters in each phase, vgys is the effective phase voltage of the system, and
Ipys is the effective current of system. By inputting nominal values of the test system and
multilevel STATCOM, the inductance of the reactor is obtained as L, =2.2mH . Because

the reactor resistance is neglected, reactor resistance is 0.1 of the reactor reactance and is
placed equal to R, =0.1X; =0.10.

3. CONTROL ALGORITHM AND CMC BASED STATCOM
CONTROL SYSTEM DESIGN

3.1 Active and Reactive Power Control Algorithm

According to the theory of instantaneous reactive power that was presented by Akagi
et al. in 1983 [25, 26], active and reactive power exchanged between power and
STATCOM systems are defined as follows:

P =Y il TV peegly ©)
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then broadcasts a routing-msg for lower level CHs and funNCH is computed in the same
way. This will be continued until all CHs in the network have been reached.

1 1 1
funNCH; = ax ErCH; + b x L‘H{ltaBSi+ cX how‘mmi+ X o 14)

Where ErCH; is the residual energy of CH, CHdtoBS; is a distance of CH to the BS,
hopcount is the number of hops to the BS and den; is density of the cluster. a, b, ¢ and d
are real values uniformly distributed in [0,1] such that their sum is equal to one. According
to funNCH, each CH selects next CH candidate, which has higher residual energy, less
distance to the BS and lower number of nodes in the path to the BS (less data
transmission) in a low density area. Fig. 3 shows some hypothetical inter-cluster paths.

Cluster-head @
Member-node O

Inter-cluster radio radius ——

Data transmission path —

Fig. 3: Some assumptive paths between CHs.

/) Relay Node Selection

After determining the next CHs candidate, each CH decides to choose a relay node as
intermediate or next CH candidate to be the final next hop node. For next hop selection,
CHs use Eq. (15). At first, each CH specifies the most appropriate node as a relay and then
compares energy expended for transmitting [-bit data to the next hop.

funR; = ax :i+bx %
max
1s)

Where Er; is the residual energy of relay node candidate and E,,, is the maximum
initial energy of nodes in the network. Also d is defined in Eq. (11) which is the
summation of distances to the CHs. So a node with more residual energy with less d value
is more competent for undertaking the relay node task. After the relay nodes competition,
CHs specify the next hop by comparing the result of Eco, and Ecocy values defined in
Eqn. (16) and Eqn. (17), respectively.

Ecop = 1 X (Eeoc + &%) + 1 X Egjoc + 1 X (Eetec + & sd%) + 1 X Egpec (16)
=4 X1 X Egrec + I X &fs X (dZ + d3)
Ecocy = 1 X (Eetec + empdy) + 1 X Egpec 17
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The effect of temperature on the flocculating activity of myco-flocculants was
investigated (Fig. 6-b). The results showed that both myco-flocculants are fairly
temperature-tolerant and had good flocculation activity at a wide range of temperatures. The
flocculation ratio varied from 92% to 96% (L. squarrosulus) and 84% to 90% (S.
obclavatum) in the temperature range of 4 °C to 55 °C, and only begins to decrease slightly
with further temperature increase from 45 °C to 55 °C. The mixed myco-flocculant showed
good stability at 4°C, then gradually decreased in temperature range to 45 °C -55 °C. The
highest turbidity removal rate of 96% was observed at 25 °C and 35 °C for the L.
squarrosulus myco-coagulant. These myco- flocculants were more stable at moderate
temperatures (range 25 °C and 35 °C). Similar findings were observed by Aljuboori et al.
[9], on the bioflocculant produced by Aspergillus flavus with a residual flocculating activity
of about 93% at temperature range from 5 to 45 °C, thus indicating a thermostable
bioflocculant. The result was similar to reported for the bioflocculant produced by
Aspergillus parasiticus and it had moderate heat-stability [20].

Figure 6(c) shows the effect of time stability on turbidity removal rate of L.
squarrosulus produced myco-flocculant. The highest turbidity removal % was recorded at
room temperature (28+2 °C) till 12 days then it showed decreased flocculation activity of
the myco-flocculant. This may be due to the fact that the metabolites of the myco-coagulant
are deactivated gradually after two weeks of storage. However, turbidity removal rate was
85% at low temperature (4 °C) stored coagulant with 12 days. After two weeks, the
flocculation activity was decreased gradually and it reached at about 50% at 20 days. This
may have occurred due to the deactivation of metabolites.

4. CONCLUSIONS

This study shows that L. squarrosulus and S. obclavatum produced myco-flocculants
that were effective in the removal of turbidity of a kaolin suspension. The optimal conditions
of L. squarrosulus myco-flocculant production were malt extract concentration 0.1% (g/1),
initial pH 7.0 and inoculum dose 3% (v/v) for 6 day cultivation time which the flocculating
activity reached above 95%. The two myco-flocculants’ stability indicates that they can
work at different pH ranges between 4-8 and can be stored at room temperature (25 °C).
Finally, both novel myco-coagulants are expected to be potential replacements of chemical
coagulants and widely applied in water treatment and other industries.
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4. DUAL INTERLEAVING TECHNIQUE IN MULTI-HOP LINEAR
NETWORK

The Dual Interleaving Linear Static Routing (DI-LSR) is designed for a multi-hop
linear network to enhance overall network performance compared other routing
algorithms, as discussed in Section 3. The predefined dual routing path (odd and even)
concept introduced in DI-LSR would improvise the overall network performance,
particularly on the network capacity and issues with passive nodes. A simple seven node
arrangement, as proposed in DI-LSR, with three source nodes on each path to a single
destination node in a predefined route is shown in Fig. 1. Node placement or arrangement
in a multi-hop linear topology plays a major role in the establishment of a sustainable
communication between a sensing and a receiver point. Connectivity is often highlighted
with node placement as one of the affecting factors on optimisation issues in any multi-
hop linear network. Referring to Fig. 1, nodes are arranged in d distance (uniform interval)
where 2d distance is the maximum transmission range. The concept of predefined dual
routing path ensures that bi-directional flow of both data and control packets are always in
a specific path between a sensing point (source nodes) and receiver point (sink node) in a
pipeline network. This essentially splits the overwhelming queue factor into two, further
improving the data flow rate towards the destination node.

n hops

:<—mueﬁned path for Even numbered mues—b:
| 2 hops 1hop |

:<—Predeﬁned path for Odd numbered nodes—>»

nhops

Fig. 1: DI-LSR with source nodes (On/En) and a single destination node (ND).

The eliminated broadcast packets in DI-LSR reduces the routing table generating time
to near-zero, since the network is always in a known state with the available nodes in the
network at the first active period. In a conventional multi-hop linear network, a single
routing table is generated for all nodes that are partially/fully kept in all nodes. These
routing table entries are updated periodically based on the characteristic of the routing
protocol used that is time-consuming as well as energy-consuming, to support the
broadcast packets. Unlike a standard routing protocol, the DI-LSR generates two routing
tables; (1) forward for odd and even as described in Fig. 2 and (2) reverse routing table
that retains all source node entries at the destination node with the respective routing path
as described in Fig. 3.

The routing process in DI-LSR starts at the initialization state with no broadcast and
hello packets where all nodes in the network are presumed to be at a prefixed position in a
standby state at all times. The DI-LSR is designed for an ideal network environment
without expected changes in the network active period, thus, no routing table updates are
expected at any time. The routing table in DI-LSR is generated based on the odd and even
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fluids at Reynolds numbers from 900 to 2100. By increasing the Reynolds number, the
convective heat transfer coefficient is increased and the slope of the increase in
nanoparticles with smaller size is greater than in other cases. For example, it increases
about 15% at ¢ = 1% and Re=2100 for nanoparticles of 60 nm but for nanoparticles of 90
nm at ¢ = 1% and Re=2100 it increases about 12% and for nanoparticles of 150 nm at ¢ =
1% and Re=2100 it increases about 7% compared to base fluid.

8.6 Changes in the Convective Heat Transfer Coefficient Based on Axial Position

Figure 21 shows the changes of Nusselt number for a nanofluid with particles of 60
nm, 90 nm, and 150 nm with volume fraction of 1% and water base fluid based on the
axial position. It is concluded from the figures that by increasing the axial position,
convective heat transfer coefficient decreases so that the value of this coefficient in the
inlet is more than the other parts [40], which is similar to the results of Wen and Ding [21]
who studied nanofluid heat transfer in micro channels. This coefficient decreases
significantly at the inlet of the channel and it decreases with a very small slope after 50%
of the length of the channel. It is also observed that the nanofluid with smaller particles
has a higher convective heat transfer coefficient than larger particles at the same axial
position for a constant volume fraction. For example, convective heat transfer coefficient
has decreased about 76% from the inlet to the outlet of the channel for particles of 60 nm.
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Fig. 21: Comparing the changes of convective heat transfer coefficient for
water-based nanofluid with particles of 60 nm, 90 nm, and 150 nm

with a volume fraction of 1% and water based fluid based on axial position.
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Fig. 22: Comparing the changes of convective heat transfer coefficient for
fuel-oil-based nanofluid with particles of 60 nm, 90 nm, and 150 nm
with a volume fraction of 1% and fuel-oil based fluid based on axial position.
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LayOs promoter. The excessive electron population could alleviate the reduction of Co3O4
species [22, 23].

Table 3: Summary of H, uptake and degree of reduction for promoted and
unpromoted 10%Co/AL>Os catalysts

Catalyst H, uptake [umol gex!] Degree of reduction [%]
10%Co/ALO3 1453.18 85.92
3%La-10%Co/ALO3 1660.94 98.27

4. ETHANOL DRY REFORMING EVALUATION
4.1 Effect of CO: Partial Pressure

The effect of CO; partial pressure, Pcoz, on EDR performance was evaluated at a
temperature of 973 K with a constant Pcomson of 20 kPa and varying CO» partial pressure
from 20-50 kPa. As seen in Fig. 3, an increase in CO> and C.HsOH conversions with rising
Pcoz from 20 to 50 kPa was observed for both catalysts reasonably due to the enhancement
of CO; gasification of deposited carbon on catalyst surface in CO,-rich environment. In
addition, Jankhah et al. studied the thermodynamics of EDR and reported that catalytic
performance was favored at high ratio of CO2 to C2HsOH [24]. This observation was in
agreement with other studies about EDR using Ni-based catalysts [25]. Interestingly,
regardless of CO» partial pressure, the La-promoted catalyst exhibited higher C;HsOH and
CO; conversions up to about 74.22% and 33.80%, respectively than those of unpromoted
catalyst rationally due to the high oxygen storage capacity of La,O3 promoter oxidizing
deposited carbon [3, 26] and the enhancement of metal dispersion with La-promotion (Table
2).

70

60

Py (kPa)

Fig. 3: Influence of CO; partial pressure on C;HsOH and CO; conversions at
Pconson =20 kPaand T =973 K.

The effect of Pcoz on Ha and CO yields at Pcomson = 20 kPa and T = 973 K are shown
in Fig. 4. H> and CO yields improved with growing CO partial pressure from 20 to 50 kPa
for both catalysts owing to the enhancement of CO, reforming of CHj intermediate product
formed from ethanol decomposition [24]. Interestingly, H> and CO yields for La-promoted
catalyst were always superior to those of unpromoted 10%Co/Al>O; catalyst for all CO2
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ABSTRACT: Wireless sensor networks (WSNs) are a new generation of networks
typically consisting of a large number of inexpensive nodes with wireless
communications. The main purpose of these networks is to collect information from the
environment for further processing. Nodes in the network have been equipped with
limited battery lifetime, so energy saving is one of the major issues in WSNs. If we
balance the load among cluster heads and prevent having an extra load on just a few
nodes in the network, we can reach longer network lifetime. One solution to control
energy consumption and balance the load among nodes is to use clustering techniques. In
this paper, we propose a new distributed energy-efficient clustering algorithm for data
aggregation in wireless sensor networks, called Distributed Clustering for Data
Aggregation (DCDA). In our new approach, an optimal transmission tree is constructed
among sensor nodes with a new greedy method. Base station (BS) is the root, cluster
heads (CHs) and relay nodes are intermediate nodes, and other nodes (cluster member
nodes) are the leaves of this transmission tree. DCDA balances load among CHs in intra-
cluster and inter-cluster data communications using different cluster sizes. For efficient
inter-cluster communications, some relay nodes will transfer data between CHs. Energy
consumption, distance to the base station, and cluster heads’ centric metric are three
main adjustment parameters for the cluster heads election. Simulation results show that
the proposed protocol leads to the reduction of individual sensor nodes’ energy
consumption and prolongs network lifetime, in comparison with other known methods.

ABSTRAK: Rangkaian sensor wayarles (WSN) adalah rangkaian generasi baru yang
terdiri daripada nod-nod murah komunikasi wayarles. Tujuan rangkaian-rangkaian ini
adalah bagi mengumpul maklumat sekeliling untuk proses seterusnya. Nod dalam
rangkaian ini dilengkapi bateri kurang jangka hayat, jadi simpanan tenaga adalah satu isu
besar dalam WSN. Jika beban diimbang antara induk kelompok dan lebihan beban
dihalang pada setiap rangkaian iaitu hanya sebilangan kecil nod pada tiap-tiap kelompok,
jangka hayat dapat dipanjangkan pada sesebuah rangkaian. Satu penyelesaian adalah
dengan mengawal penggunaan tenaga dan mengimbangi beban antara nod menggunakan
teknik berkelompok. Kajian ini mencadangkan kaedah baru pembahagian tenaga
berkesan secara algoritma berkelompok bagi pembahagian data dalam WSN, dikenali
sebagai Pembahagian Kelompok Kumpulan Data (DCDA). Melalui pendekatan baru ini,
pokok transmisi optimum dibina antara nod sensor melalui kaedah baru. Stesen utama
(BS) ialah akar, induk kelompok-kelompok (CHs) dan nod penyiar ialah nod perantara,
dan nod-nod lain (nod-nod ahli kelompok) ialah daun bagi pokok trasmisi. DCDA
mengimbangi beban CHs antara-kelompok dan dalam-kelompok komunikasi data
daripada kelompok berbeza saiz. Bagi komunikasi berkesan dalam-kelompok,
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the Cu10Zn4oVioAlso diffractogram followed a similar trend to the peaks of ZnO and
ZnAlO4 crystals nearly disappeared. As for the Cui0Zni0VaoAlso’s diffractogram in Fig.
7(c), besides ZnAl,O4 and AlOs vanadia and vanadium-aluminium oxide crystals were also
detected with the sharp and small peaks indicating that the crystals were probably formed
as individual crystals and were small. Rod-looking structure that was probably similar to
previous amorphous structure and whitish mass attributed to alumina and/or zinc oxides, as
suggested earlier, were clearly appeared in Fig. 8(c) and (d). Although vanadia and V-Al
crystals were not seen at the CuzZnaoV20Als sample where only zinc-aluminium oxide
crystals appeared, alumina and cuprum oxide appeared as depicted in Fig. 7(d), and they
were evidenced in the micrograph images of Fig. 8(e) and ().
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Fig. 7: XRD diffractograms of the catalyst samples (a) CusoZnioV1ioAlso oxides (b)
Cu10Zn40V10Also oxides (¢) CuioZni0VaoAlso oxides and (d) CuzeZnaoVa0Also oxides.
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dan keseimbangan dimensi papan, serta mencapai piawaian minima papan, berbanding
dengan papan BPB yang terhasil menggunakan serat tidak dirawat. Hal ini disebabkan
pembuangan kotoran serat menghasilkan penyatuan fizikal yang sangat baik antara serat.
Sifat semulajadi pada papan BPB juga telah bertukar dari hidrofilik kepada hidrofobik,
kerana molekul-molekul air dilepaskan dari serat semasa rawatan alkali. Keputusan ini
disokong melalui analisa Mikroskop Pengimbas Elektron (SEM) yang menunjukkan
permukaan serat rotan REW lebih jelas dan permukaan papan BPB yang lebih kasar.

KEYWORDS: waste; treated; strength; dimensional stability; morphology

1. INTRODUCTION

Particleboard is in high demand in many sectors due to cheaper, denser, and more
uniform properties compared to conventional wood or plywood [1]. However, the use of
synthetic resin inside the particleboard had raised concerns among manufacturers and users,
as it is harmful to human health as well as the environment [2]. Binderless particleboard
(BPB) is pressed via heat treatment to trigger a self-bonding mechanism inside the fibres,
by activating the chemical components of the fibres [2-4]. BPB comes as an alternative to
current particleboards as it can be produced without using any synthetic resin, which is safer
for human health and more environmental friendly. Much innovative research on BPB has
been conducted to transform waste into wealth, by utilising waste from natural fibres such
as kenaf, bagasse, coconut husk, oil palm and many others [3-8].

There is a relatively high level of waste produced during the manufacture of rattan
furniture [9, 10]. Rattan furniture waste (RFW) has previously been disposed of by on-site
incineration through open burning and illegal dumping that contribute to environmental
issues, affect local and regional air quality, and eventually lead to global climate change [8-
10]. There is an urgency to promote RFW by converting this waste into BPB, as RFW has
good chemical constituents that are expected to produce good quality BPB.

The main issue in BPB is the low dimensional stability characteristic, as natural fibres
easily absorb moisture from surroundings [2, 4]. The BPB has a high tendency to change its
shape, bend, and warp after a certain period of time. At the same time, the bare surface of
the BPB, having no added resin, made the BPB fragile and easily degradable although
having high strength properties. Thus, alkaline treatment applied on the fibres might help to
improve the properties of the fabricated BPB [8, 11]. It is hypothesized that the treatment
process creates a rough surface on the fibres that enhances the BPB properties. Alkaline
treatment weakens and softens lignin bonds between the fibres, thereby producing less
damaged and more flexible fibres [8, 11-13]. As far as we can conclude from the literature,
no research has been conducted on the alkaline treatment of RFW. It is worth studying and
analysing the impact of applied alkaline treatment on the RFW and properties of the
fabricated BPB, which are believed to have significant effect to the rattan furniture industry
in Malaysia.

Therefore, the objective of this study is to investigate the effects of alkaline treatment
on RFW including mechanical and dimensional stability properties of fabricated BPB. After
undergoing alkaline treatment, the characterisations were conducted on RFW according to
their physical, chemical and morphological properties. After that, the fabricated BPB was
analysed based on Japanese Industrial Standard (JIS) A5908 [14], via bending, dimensional
stability, and morphology tests.
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fluid. It is found that the resistance to flow and skin friction increase with the increase of
maximum depth of the stenosis, but these flow quantities (when normalized with non-
Newtonian fluid in normal artery) decrease with the increase of the yield stress, as
obtained by Misra and Shit [31]. It is also noticed that the resistance to flow and skin
friction increase (when normalized with Newtonian fluid in stenosed artery) with the
increase of the yield stress [32]. Yield stress arises from the aggregation of red blood cells
at low shear rates to form the three-dimensional micro-structures (Rouleaux) that resist the
flow [33-35]. Studies have indicated that yield stress is positively correlated to the
concentration of fibrinogen protein in blood plasma and to the hematocrit level [36, 37].
Other factors, such as the concentration of minerals, should also have a contribution.
Many of the blood rheological characteristics in general, and non-Newtonian in particular,
are also controlled or influenced by the fibrinogen level [35]. The yield stress
characteristic of blood seems to vanish or become negligible when hematocrit level falls
below a critical value [36]. Yield stress contributes to the blood clotting following injuries
and subsequent healing, and may also contribute to the formation of blood clots
(thrombosis) and vessel blockage in some pathological cases such as strokes. The
magnitude of yield stress and its effect could be aggravated by certain diseased states
related to the rheology of blood, like polycythemia vera, or the structure of blood vessels
such as stenosis. Dependence of yield stress of human blood on hematocrit level on a log-
linear plot is shown in Fig. 1. Other types of correlation have also been obtained in other
studies [38, 39].

Yield Stress

Hematocrit Percentage

Fig. 1: Dependence of yield stress of human blood on hematocrit level on
a log-linear plot [38,39].

5. THIXOTROPY

The phenomenon of thixotropy in a liquid result from the microstructure of the liquid
system. Thixotropy may be explained as a consequence of aggregation of suspended
particles. If the suspension is at rest, the particle aggregation can form, whereas if the
suspension is sheared, the weak physical bonds among particles are ruptured, and the
network among them breaks down into separate aggregates that can disintegrate further
into smaller fragments [40]. After some time at a given shear rate, a dynamic equilibrium
is established between aggregate destruction and growth, and at higher shear rates, the
equilibrium is shifted in the direction of greater dispersion. The relatively long time
required for the microstructure to stabilize following a rapid change in the rate of flow
makes blood thixotropy readily observable [41]. This effect on viscosity has been studied
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of AMCB was immersed in 250 ml of chitosan solution and then stirred slowly at 45-50 °C
for one hour. Next, the beads were removed from the chitosan solution and were immersed
in 250 ml of 0.1 M NaOH for one hour to neutralise the excess acetic acid [20]. Finally,
AMCBCC was washed with distilled water until the pH of the solution became neutral. It
was then left to dry at room temperature and kept in a glass container for further
experimentation.

2.3 Characterization Studies

Fourier transform infrared spectroscopy (FTIR) was used to determine the surface
functional groups in the AMCBCC, where the spectra were measured from 4000 to 600 cm™
! The physical characteristics were checked for the beads to determine the weight and size
of each bead.

2.4 Column Adsorption Studies

Continuous studies for the removal of heavy metals and residual oil from POME were
performed in a fixed bed column packed with AMCBCC (Fig. 1). The glass column was 40
cm long and 1.9 cm in diameter.

The continuous studies were performed by studying the effects of bed height (9, 18,
and 27 cm) at a constant pH obtained from the batch studies and at a constant flow rate of 3
ml/min, which was the lowest flow rate of this device. Based on the previous studies, it was
revealed that at the minimum flow rate, a shorter breakthrough curve can be found [12, 21-
22]. In order to do the experiment, the POME was acidified to pH 3 and put in the storage
tank. The column was packed with AMCBCC until it reached the required height, and then
the flow rate was set 3 ml/min. The adjusted POME was then pumped through the fixed bed
of AMCBCC. At regular intervals, the sample of treated POME was collected and prepared
to be analyzed to determine the heavy metals and residual oil. The experiments were
performed for about 540 min.

Column
packed
with
AMCBCC

Storage

Tank ‘\z {

Pump

Fig. 1 Schematic diagram of adsorption column.

2.5 Analytical Techniques
2.5.1 Determination of Heavy Metals

The metals concentration in POME before and after treatment were determined using
an inductively coupled plasma optical emission spectrometer (ICP-OES). In order to
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aerodynamic performance with the combination of jet velocity of 52.5 m/s and slot
position of 10% of the chord in a blowing and suction case. As the slot size increases or
decreases from the optimum value (0.002 m), the performance of the all controllers starts
to decelerate, as shown in Fig. 13.
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Fig. 13: Influence of parameters on active and hybrid control: (a), (b) are blowing
active and hybrid, and (c), (d) are suction active and hybrid.

The other key parameter of the controller effectiveness is the position of the controller
slot. The position of slot at 10% of chord with a size of 0.002 m gives good aerodynamic
characteristics at high blowing/suction velocity. This is possible because the flow
separation starts at 10% of chord. When the position of slot moved aft, the efficiency of a
controller decreases even with a high jet velocity and a slot size of 0.002 m, as shown in
Fig. 13. The optimum combination of parameters for delaying or mitigating the flow
separation is the position of slot at 10% of chord with 0.002 m size, and jet velocity of
52.5 m/s.

The aerodynamic characteristics are also statistically analyzed by analysis of variance
(ANOVA) to know the exact contribution of the parameters on the efficiency of the
controllers. The output of ANOVA is given in Table 5, and it also shows that the velocity
has a high significance in blowing and blowing hybrid controllers, followed by position of
the slot. In suction and suction hybrid controllers the location of the slot has a significant
influence, followed by the velocity parameter. The increase in L/D ratio through active
and hybrid controllers (blowing/suction) are promising by delaying the flow separation
over the suction side of the airfoil.
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1. INTRODUCTION

Thermostable cellulases are highly sought after in the production of biofuels as the
digestion requires thermostable enzymes to achieve economically feasible process.
Thermostable cellulases allow the use of increased substrate concentration as the substrate
viscosity decreases. This improves product yields, reduces capital and processing costs
such as increased reaction rate, increased solubility of reactants and reduced
contaminating microbial growth [1-3].

Thermostability of enzymes is temperature dependent phenomena. Computational
approach to investigate factors influencing thermostability are becoming researchers tool
as it enables them to understand the interactions at near and beyond melting temperatures
at atomic detail. Currently, molecular dynamics (MD) simulation is the only method
available to understand the dynamics of enzymes at higher temperature. Furthermore, in-
silico method is relatively cost effective compared to wet-lab experiments.

Initially researchers used enzyme structures with no ligand complexed in MD
simulations [4-8]. However, this is not the actualenvironment when the enzymes are in
action. Nowadays, more researchers are simulating ligand-enzyme complexed structures to
study the effects of complexation on the dynamical behavior [9-11] of the enzymes at
different temperatures.

Here MD simulations wereused to investigate the impact of enzyme-substrate binding
on thermostability. Cellotetraose was chosen to represent substrate based on our previous
report [12]. Root mean square deviation (RMSD) of the whole protein, secondary
structure, radius of gyration and solvent accessible surface area (SASA) were analyzed
and discussed.

2. SYSTEM SETUP

An endoglucanase (EGuia) from Fusarium oxysporum available in our laboratory
(originally provided by S.G. Withers, University of British Columbia, Vancouver, Canada)
is used for modelling in this work. The molecular structure of EGuia is not known.
However, EGuia is found to have 99.5% sequence identity with the crystal structure from
protein data bank with (PDB ID: 30VW) with two mutations at R41H and S216N. Hence
the structure of EGuia was obtained using homology modelling by comparing with the
available crystal structure from protein data bank [13]. The cellotetraose ligand was
docked to the EGuia using BioMedCAChe 6.1 (Fujitsu) software [14]. Docking was
performed as described in our previous report [12]. The docked structure of the enzyme is
shown in Fig. 1. The two structures were denoted as EGuia for the enzyme with no ligand
bound and EGuia-cellotetraosecomplex for cellotetraose bound enzyme. CHARMM-GUI
website was used to generate protein structure file (PSF) (www.charmm-gui.org). Both
systems were solvated using approximately 24,063 TIP3P water molecules in arectangular
box of (102x90x90 A); the box dimensions ensured that any protein atom was at least 20
A away from the wall of the box.The net charge of the systems was balanced with one CI
ion to produce a neutral system.

All MD simulations (MDS) were performed with Nanoscale Molecular Dynamics
(NAMD) software package (version 2.11) [15]. CHARMM 22 force field parameters for
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higher than 150 ml/g indicate that the sludge sedimentation is poor and that there is the
possibility of bulking problems [15]. However, the obtained SVI values for all MO forms
were in the normal range.
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Fig. 1: Different forms of MO seeds and their settling velocities at different dosages.
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Fig. 2: Different MO coagulant-forms and their SVI values at different dosages.

3.2 Optimization and Statistical Analysis

The results of process condition optimization are listed in Table 2. Regression analysis
was used to predict the optimal settling velocity using a third order factorial model. The
predicted settling velocity was determined through regression model equation developed by
Design-Expert software v10. From the experimental results, the highest settling velocity
was 0.32 cm/min for experiment number 7 under process conditions of 3250 mg/l dosage,
17.5 minutes of contact time at 100 rpm of mixing speed. The 2D and 3D contour plots of
the response surface are the graphical representation of the regression equation used to
determine the optimum values of the variables within the ranges considered. The two plots
were presented in Fig. 3 and Fig. 4. Each contour curve represents an infinitive number of
combinations of the two test variables.
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ABSTRACT: Human blood is composed of red cells, white blood cells, and platelets in a
fluid called plasma that contains organic and mineral salts and protein. The rheological
characteristics of blood are determined by the properties of these combinations and their
interaction with each other. The plasma is essentially a Newtonian fluid, but the blood as
a whole behaves as a non-Newtonian fluid showing all signs of non-Newtonian rheology
including deformation rate dependency. viscoelasticity, yield stress, and thixotropy. The
purpose of this study is mainly a review based on past work on blood rheology.
determinants of blood viscosity, yield stress, thixotropy, blood viscosity measurement,
and heat transfer in blood flow to better understand the non-Newtonian effect in the
blood circulation system.

ABSTRAK: Darah manusia terdiri daripada sel-sel merah, sel darah putih dan platlet
dalam cecair yang dipanggil plasma, mengandungi garam organik dan mineral dan
protein. Ciri-ciri sifat reologi darah ditentukan oleh sifat-sifat kombinasi ini dan interaksi
antara satu sama lain. Plasma adalah pada dasarnya Newtonian cecair tetapi secara
keseluruhannya darah bersifat sebagai bukan suatu cecair Newtonian yang menunjukkan
tanda-tanda bukan Newtonian reologi, mengandungi pergantungan kadar ubah bentuk,
kelikatkenyalan, tegasan alah dan thixotropi. Tujuan kajian ini adalah berkenaan ulasan
kajian-kajian lepas berkaitan rheology darah, penentu viskositi darah, tegasan alah dan
thixotropi, ukuran kelikatan darah dan pemindahan haba dalam aliran darah bagi
memahami kesan bukan Newtonian dalam sistem peredaran darah.

KEYWORDS: blood rheology; non-Newtonian fluids; shear-thinning behavior; thixotropy

1. INTRODUCTION

A non-Newtonian fluid is a fluid with properties that are different in any way from
those of Newtonian fluids. Most commonly, the viscosity (the measure of a fluid's ability
to resist gradual deformation by shear or tensile stresses) of non-Newtonian fluids is
dependent on the shear rate or shear rate history. Some non-Newtonian fluids with shear-
independent viscosity, however, still exhibit normal stress-differences or other non-
Newtonian behavior. Many salt solutions and molten polymers are non-Newtonian fluids,
as are many commonly found substances such as ketchup, custard, toothpaste, starch
suspensions, (STF)/fabric composites, maizena, paint, blood, and shampoo [1, 2]. Blood is
a complex fluid with non-Newtonian characteristics, it has a shear-thinning behavior [3]
and often exhibits a yield stress (viscoplasticity) [4-6] with potential history effects
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Fig. 2: Flow chart of HDRB design.

Damping has been varied for different bearings. The characteristics of the bearings
are given in Table 2. The HDRB is assigned to the building columns’ base. The bearings
contain alternating layers of high damping rubber in thin layers and steel plates. The low
shear modulus of the elastomers controls the bearing’s horizontal stiffness. Furthermore,
high vertical stiffness is the contribution of steel plates which obviously preclude rubber
bulging. Lower horizontal stiffness of HDRB devices ensures the natural periods to be
higher. High non-linearity of stiffness and energy dissipation is the salient behavior of
HDRB, which is shear strain dependent.
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output current of multilevel STATCOM. As can be seen from the figure, the total
harmonic distortion of the output current is 3.82%, which is less than 5% to meet the IEEE
519 standard. The average voltage of the capacitors is shown in Fig. 15. The average
voltage of the capacitors is fixed completely at the nominal value of 25 volts.
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Fig. 2: Flowchart of the proposed voltage balancing algorithm

3. VOLTAGE BALANCING CIRCUIT WORKING PRINCIPLE

Figure 3 shows a single resonant LC-tank converter based voltage balancing circuit and
its working principle. The associated MOSFET switches and the resonant tank are the basic
balancing unit of this circuit. In this circuit, n-numbers of the cell are connected in series.
Initially, assume that the voltage of Cell-1 is higher than the voltage of Cell-2. During the
balancing time, each cell goes through charge and discharge states.

3.1 Working Mode I: Cell-1 voltage > Cell-2 voltage

Charging state: in this state, all associate MOSFET switches (Ms) of Cell-1 are ON state
and all associated MOSFET switches (Mp) of Cell-2 are OFF state. So, the Cell-1, MOSFET
switches (Ms) and LC-tank circuit from a closed loop, and current flows in the loop in the
clockwise direction as shown in Fig. 3(a). This time, the LC-tank circuit is stored energy by
the Cell-1.

Discharging state: in this state, all associate MOSFET switches (Ms) of cell-1 are OFF
condition and all associate MOSFET switches (Mp) of cell-2 are ON condition. So, the
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1. INTRODUCTION

Airfoil sections are commonly found in several applications including the blades of
turbo-machinery, wind turbines, aircraft wings, etc. Flow fields around airfoil sections
have a significant influence on the overall aerodynamic characteristics. In fact, the fluid
flow over the surface will become stagnant due to the viscous effect between the airfoil
surface and the fluid under a no-slip boundary condition. As the flow passes downstream
of the airfoil, where the motion of the fluid particles is already retarded by the frictional
effects, the further increase in pressure gradient leads to reduced velocity. Further, moving
in downstream, the fluid particle comes to a stop and leads to a reverse flow, this
phenomenon leads the flow to separate from the airfoil surface and a wake region
downstream of the surface is formed [1, 2]. The transition point in a flow from laminar to
turbulent is identified using the coefficient of friction (Cg), where it increases suddenly
along the flow direction. Over the last two decades, several studies focused on the flow-
control techniques and airfoil design modifications [3-6].

The flow separation can be delayed; by augmenting the flow over an airfoil using
various passive and active control solutions such as airfoils with air impingement, slats,
and flaps. Ghadimi et al. [7] studied the effect of altitude on parameters like transition
point and flow separation. The influence of these parameters on the drag produced was
also investigated. The introduction of waviness on the airfoil to delay the flow separation
was reported by Favier et al. [8]. To study the effect of waviness in depth, Lin et al. [9]
used sinusoidal waviness on a symmetrical airfoil in two types; one was waviness over the
upper and lower surfaces and another one was with waviness on the trailing and leading
edges. The bumpy surface at 80% of the chord of the airfoil also delayed the flow
separation [10]. The mean Reynolds stresses, as a key parameter for flow separation over
an airfoil, was found by performing a study on the geometrical effects over the transition
point and the flow separation [11]. More recently, Belamadi et al. [12] studied the effect of
the slot shape in passive control of airfoil aerodynamic characteristics, particularly the
ratio of the width of the slot on suction and the pressure side of the airfoil. The vortex
generator was used as a tool to enhance aerodynamic characteristics [13]. The passive
controller works well enough to increase the stall angle with weight as a penalty and
intricate design.

To overcome these difficulties, the micro-mechanical and fluid system is used as an
active controller that increases the stability in unsteady conditions. The continuously
distributed porous surface on the airfoil was used to control the flow separation by
applying the suction pressure under the porous surface [14]. The parametric study of the
controller is very important to know which parameter has more significance on the delay
of the flow separation. The location and angle of the controller were the most important
parameters of the controller design in delaying flow separation [15-17]. The synthetic jet
is an active controller that adds momentum to the flow without adding mass to it.
Gilarranz et al. [18] conducted an experimental investigation on a NACA-0015 airfoil to
delay the flow separation and increase the performance of an airfoil using the synthetic jet
actuation. The flow separation delay over an airfoil with synthetic jet actuation was carried
out numerically using large eddy simulation (LES) by You and Moin [19] and the results
were compared with the experimental work performed by Gilarranz et al. [18]. Tang et al.
[20] used two synthetic jet arrays in 23% and 43% of the chord to delay the flow
separation. The experimental results show the first array was more efficient compared to
the second array. The active controller was employed with different air blowing, such as
pulsed and harmonic, to study its significance on delaying the separation [21]. Then co-
flow jet (CFJ) was employed to enhance the aerodynamic parameters and to increase the

271





OEBPS/image/Vol-19-1-2018-wo-cover45.png
IIUM Engineering Journal, Vol. 19, No. 1, 2018 Hamid and Mohd Said

3.3 Glucose Concentration

On the glucose consumption, a second order polynomial can be obtained by the Design
Expert. Multiple regression equations (in term of coded factors) were represented in Eqn. 3:

Y; (glucose concentration) = 130.65 — 0.39X; — 6.66X, — 19.99X; + 11.59X, X, —
0.97X,X; — 1.79X,X; + 23.66X2 + 58.15X2 + 80.49X2

3)

where Y3 is the response for glucose concentration, X; is the code for initial moisture
content, X» is for peptone concentration, X3 is for initial pH value.

The ANOVA Table implies that the model was significant with the F-value of 91.77
(Table 5). The P-value (<0.0001) was less than 0.05, which indicated the model terms were
highly significant. In addition, the main model terms indicated that the significant factor
was initial pH value (X3) and the interaction terms were found to exist between initial
moisture content (X1) with peptone concentration (Xz). While, the significant quadratic
terms were initial moisture content (X2), peptone concentration (X>?), and initial pH value
(X52). The lack of fit value of 0.22 confirmed that the lack of fit was not significant, relative
to the pure error when p-value was 0.9319 and > 0.05. The insignificant lack of fit
demonstrates the good predictability of the model. In addition, the value of R? was 0.9914,
indicating that the model was fitted and explains 99.14% of the variability in glucose
concentration. The high values of adequate precision with the value of 25.360 demonstrated
that these quadratic models were significant for the process.

Figure 5 displays the normal plot of residuals of response Y3 glucose concentration. It
was obviously shown that the points cluster around the diagonal line which indicated the
good fit of the model.

Normal Plot of Residuals

EER-E I ]

B8 8

T T T T
168 o7 009 o6 a7

Internally Studentized Residuals

Fig. 5: Normal plot of residuals for glucose concentration response (Y3).

Figures 6a, 6b, and 6¢ show the 3D surface plots of glucose concentration response
after combining the effect between the main factors. From the figure, it was observed that
the glucose was decreased when the initial moisture content, peptone concentration and
initial pH value were 55%, 3.5% and pH 8, respectively. The 3D surface plots of glucose
concentration were totally different with the previous figures (Figures 2a, 2b, 2c, 4a, 4b, and
4c). The glucose concentration decreased when the fungal biomass and red pigment
production achieved the maximum yield. This phenomenon suggested that the rapid
consumption of glucose by Monascus caused the depletion of glucose, consequently
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5.3 Network Lifetime

According to the definitions given in [24], network lifetime could be defined in
different metrics, the time from the deployment of the network to the death of the first
node (FND), the time when a certain percent of nodes remain alive (PNA), and the time
when all the nodes are dead in the network (LND). Here we define the network lifetime as
the time from the deployment of the network to the death of its first node (First Node Dies,
FND).

We ran LEACH, HEED and the proposed method several times. The main aim of
DCDA is to prolong network lifetime with effective CH selection and an optimal routing
tree construction among sensor nodes. Thus, residual energy, distance to the BS, and CH
centric metrics are used to choose a set of qualified CHs. Next hop nodes through the
routing tree are selected with regard to various peripheral and internal features of each
node. As shown in Fig. 8, DCDA improves the lifetime of nodes compared with other
algorithms. The improvements are approximately 61% and 18% compared to LEACH and
HEED, respectively.

Fig. 9 illustrates the number of alive nodes in some rounds, which is a downward
trend. HEED improves LEACH as it uses a variable known as the cluster radius that
defines the transmission power to be used for intra-cluster broadcast. Also, in the CH
selection stage, tentative CHs would be determined with regard to the residual energy and
final cluster heads are selected according to the intra-cluster communication cost. In
HEED, clusters do not overlap with each other, so the number of alive nodes is greater in
higher rounds. DCDA could effectively balance the energy consumption among cluster
heads, since relay nodes aid CHs in data transmission between clusters and hence balance
energy consumption among sensors in the routing tree construction stage. DCDA forms
clusters of different sizes to balance energy consumption among CHs. Since nodes closer
to the BS take more responsibility for the forwarding task from all around the network to
the BS, the cluster size should be decreased compared with those far from the BS. It could
help to balance load among CHs in intra-cluster and inter-cluster data communications. So
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5. CONCLUSION

This paper investigates the impact of cable and tower characteristics on maximum
lightning overvoltage along a cable in a combined transmission line. Results show that
maximum overvoltage along the cable decreases by increasing the length of the cable line.
Therefore, increasing cable line length can be a way of protecting cable lines against
transient overvoltages. Generally, maximum overvoltage along the cable decreases when
cable core resistivity and cable sheath resistivity increases. Also, this maximum
overvoltage increases by increasing tower footing resistance. In this paper, simulations
show that by increasing the cable length, surge arresters are no longer required because
maximum overvoltage gets closer to the surge arresters’ protective level when the cable
length increases and maximum voltage along the cable is less than the BIL of the cable, so
the cable can tolerate the overvoltage. With regard to the obtained results, choosing a
suitable type of cable and optimum cable line length can be considered effective factors on
cable insulation failure, because the maximum overvoltage strictly affects the insulation
coordination.
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at various ATRM reaction temperatures.
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Fig. 14: CO yield as a function of reaction temperatures for various catalysts for

autothermal reforming of methanol. The catalyst legends added with superscript v
to denote having an amorphous structure.
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Fig. 15: Reciprocal CO yield with a constant of 193.65 as a function
of catalyst metal composition, the best fitted model.

4. CONCLUSION REMARKS

Promoting vanadium in the co-precipitated Cu-Zn-Al catalyst in this study created a
new structure that was probably AS, while the better yield of hydrogen was sought in the
methanol reforming reaction. The characterization of prepared catalysts supports this
suggestion. From the XRD and SEM-EDX results, the combination of V and Zn formed the
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ABSTRACT: Nowadays, Battery operated vehicles and power tools are becoming popular
due to their simple construction, compact structure, low operating and maintenance cost,
moreover renewable energy utilization facility. A single series resonant active converter
has been designed to balance the voltage level of electrical energy storage device (ESD).
To obtain the necessary operating voltage and current, many electric cells are combined
together in series and parallel. A series battery balancing circuit can be used to improve
the efficiency of each cell charging and discharging process and consequently increase the
lifespan of the battery. A battery management system (BMS) needs an efficient balancing
circuit. This paper presents a high-speed single LC-tank DC to DC converter for electric
cell balancing scheme. In this research, two 2s LiPo battery has been used as energy
storage device. The proposed voltage balancing circuit works by charging and discharging
the charge storage device through a single series LC-tank circuit. Experimental results
show that the proposed balancing circuit can make 0 voltage difference from 800 mV, in
285 seconds and it is less time than the current system.

ABSTRAK: Satu pengubah resonan sesiri telah direka bagi mengimbangi aras voltan pada
kenderaan beroperasikan bateri dan pada mesin jana kuasa yang menjadi semakin popular.
Ini kerana strukturnya yang mudah dan kompak, kos operasi dan penyelenggaraan yang
rendah, termasuk kemudahan penggunaan tenaga kitar semula dan sebagainya. Bagi
mendapatkan voltan dan arus operasi yang sesuai, banyak sel elektrik telah digabungkan
bersama dalam gabungan sesiri dan selari. Litar pengimbang bateri sesiri boleh digunakan
bagi meningkatkan kecekapan setiap proses pengecasan dan penyahcas sel dan sekaligus
meningkatkan jangka hayat sel. Sistem pengurusan bateri (BMS) memerlukan litar
pengimbang yang cekap. Kertas ini membentangkan tentang satu pengubah DC-DC
tangki-LC berkelajuan tinggi berdasarkan skim pengimbang sel elektrik. Oleh kerana
supercapacitors bertindak seperti bateri boleh cas semula; penyelidikan ini telah mengguna
pakai dua super-kapasitor dan bukan bateri boleh cas semula. Baki voltan telah dikekalkan
dengan mengecas dan menyahcas super-kapasitor menggunakan satu litar tangki-LC.
Dengan ini, masa pengimbang keseluruhan voltan dapat dikurangkan dan kecekapan litar
dapat ditingkatkan. Hasil eksperimen menunjukkan litar pengimbang yang dicadangkan
dapat mengurangkan perbezaan voltan antara dua super-kapasitor dari 350 mV kepada 0
'V dalam tempoh 284 saat, kurang daripada masa sistem sedia ada.

KEYWORDS: Voltage Balancing; Battery Management System; Electrical Energy
Storage Device; Resonant Converters; Electric Vehicles.
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complete design matrix corresponding to the CCD design in terms of real and coded
independent variables is displayed in Table 2.

2.9 Validation Experiment

The validation experiment was performed by conducting the experiment with the
suggested optimal conditions of higher pigment.

3. RESULTS AND DISCUSSION

The statistical significance of the model equation was evaluated by the F-test analysis
of variance (ANOVA). The ANOVA statistics for responses Y1, Y2, and Y3 were
summarized in Table 3, 4, and 5, respectively. Multiple regression analyses of the response
surface design were developed as in Equations 1, 2, and 3. In order to determine the optimal
level of each variable for maximum production of red pigment and biomass, a 3D surface
plot was designed as a function of two factors at a time, holding all other factors at a fixed
level. This design was helpful for understanding both the main and the interaction of the
two factors. The response values for the variables can be predicted from these plots.

Table 3: ANOVA analysis for red pigment production (Y1)

Source Sum of squares DF Mean square F-value Prob>F

Model 4915.48 9 546.16 52.33 <0.0001 Signi-
ficant

Xi- Initial 9x10° 1 9x10° 8.6x10° 09773

moisture content

X»- Peptone 26.9 1 269 2.58 0.1471

concentration
X;- Initial pH 126.74 1 126.74 12.14 0.0083
value

XXz 16.24 1 16.24 1.56 0.2475

XiXs 0.18 1 0.18 0.017 0.8988

XoX3 0.13 1 0.13 0.012 0.9156

X/ 44.47 1 44.47 4.26 0.0729

X? 444.04 1 444.04 42.54 0.0002

X3? 1195.10 1 1195.10 114.51 <0.0001

Residual 83.50 8 10.44

Lack of fit 76.15 5 15.23 6.22 0.0817 Not
signi-
ficant

Pure error 7.35 3 245

R? 0.9833

Adeq precision 18.345
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ABSTRACT: In this paper three dimensional nonlinear finite element analysis is
performed for the optimization of an overhead crane box girder for capacity (50~120ton)
and span (10 ~ 32 m) for safe bending stress and deflection with minimum mass and
volume. A customized optimization code is developed using interpolative relations and
correction factors to achieve optimized results with and without considering industrial
constraints. A cutting and welding plan is developed to provide a standard operating
procedure for the manufacturing of the box girder. Bill of materials, box girder design
dimensions, and cutting and welding lengths are recorded with considerable time saving.

ABSTRAK: Kertas ini mengkaji tentang analisis tidak linear tiga dimensi unsur terhingga
bagi mengoptimumkan kotak kren galang atas kepala bagi kapasiti (50 ~ 120 tan) dan pada
kadar (10 ~ 32 m) bagi takat lentur selamat dan pesongan dengan jisim minimum dan
isipadu. Kod optimum penyesuaian telah direka mengguna pakai kaitan interpolatif dan
faktor-faktor pembetulan bagi mencapai keputusan yang optimum, dengan dan tanpa
mengambil kira kekangan industri. Pelan pemotongan dan kimpalan telah dicipta bagi
menyediakan prosedur operasi biasa bagi pembuatan kotak galang. Rang undang-undang
bahan, dimensi reka bentuk kotak galang, pemotongan dan panjang kimpalan telah
direkodkan dengan penjimatan masa yang besar.

KEYWORDS: box girder; optimization; industrial; bill of materials; cutting; welding;
finite element analysis; industrial constraints

1. INTRODUCTION

Overhead cranes are machines that are used to handle and transfer heavy loads from
one place to another in shipping, automotive, logistics, and construction industries [1-2].
The use of cranes enhances efficiency, reliability, and productivity of processes by reducing
the human effort and time for handling and moving heavy objects [3-4]. The cranes are
regarded as critical material handling devices [5-15]. Therefore, crane safety during
operation is immensely important. ASME - ANSI [16]; ISO [17]; CMAA [18]; DIN-
Taschenbuch [19]; F.E.M. rules [20]; British standards [21]; and Polish standards [22] are
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3. THE MODIFIED MODEL

A disease can be diagnosed by examining the patient’s and other obtained samples.
However, for large numbers of patients with multiple tests per patient, an automated
decision making system is a valuable tool in clinical practice. This can be achieved by
feature selection (FS) methods. FS is the process of extracting the relevant and most
informative data from the feature space, so that the feature set is more appropriate for
classification. Some features are improper and have no ability to increase the
discriminative power of the classifier. Some features are relevant and highly correlated to
a specific classification. The evaluation has been done on the Pima Diabetes [28] dataset
including 8 characters and 768 samples, the Hepatitis [29] dataset containing 19 characters
and 155 samples, the Breast Cancer [30] dataset containing 9 features and 286 samples,
and the Heart [31] dataset including 13 features and 180 samples. Each dataset consisted
of a set of numeric or categorical attributes (h(1),h(2),h(3),...,h(m),h(in+1)), where m
shows predictive attributes and h(in+1) is a class of disease, namely healthy or sick. In
Fig. 1, the flowchart of the modified model is shown.

LoadData £ Preprocessing

Breast C nu«J—
Initial Population

[

Local Pollination Creating Veetors Training ‘ Testing ‘
Reproduction No Evaluate Vectors Classification
N N
— g ~ - .
JN N ~ Find the Best ™
( hn:l/u—ns«/\ Max Iteration > Solution
R % Vg N
. \\]//
Ves
v Fitness Function
Glabal Pollination l
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N Select IS, —

Fig. 1: Flowchart of the modified model.

In the modified model, after importing the raw dataset of disease, was normalized to
remove outliers and repetitive data, and then pre-processing operations were done. The
initial population was formed as either 0 or 1. The index of the vectors with a value of 1
reflects the selection of the desired feature. Finally, using global pollination operators
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3.2 Properties Evaluation of BPB Panels

The fabricated BPB panels were evaluated based on their properties of strength, internal
bond, dimensional stabilities, as well as their morphologies. There was an obvious colour
change for the treated BPB panel made from treated RFW, which had a darker colour
compared to the untreated BPB panel.

3.2.1 Effects of Alkaline Treatment on Mechanical Properties of Panels

The strength of the BPB panels is identified using static bending to reflect the BPB
behaviour by determining the modulus of rupture (MOR) of the panels [23]. Figure 4
displays the graph of the untreated and treated BPB panels with MOR values of 28.5 MPa
and 44.4 MPa, respectively. Both BPB panels meet the minimum requirement of the board
standard, which is 18.0 MPa [14]. In previous work [2, 3, 7, 11], they found out that bonding
mechanisms of boards are attributable to chemical bonding and physical consolidation
amongst fibres, along with thermoplastic flow of natural binders inside fibres. As sufficient
heat was applied to the fibre during the hot-pressing process, the lignin inside the fibres
melted and flowed to the surface of the fibres. Lignin acts as a natural binder, distributed
amongst fibres hence producing a BPB of good strength [4]. It is important to note that
adequate heat applied with sufficient pressing pressure and optimum pressing time are
required as vital parameters in fabricating BPB [3, 7]. The MOR value of the treated BPB
panel increases 35.8% compared to the MOR value of untreated BPB, which is in agreement
with previous studies [11, 19]. The main components of RFW are cellulose, hemicellulose,
and lignin [25]. Alkaline treatment removes these constituents from the fibres and cause
rougher fibre surfaces [11, 26]. Furthermore, this treatment reduces the diameter of the
fibres resulting in increased aspect ratios [24, 27]. Apparently, these two factors of rougher
fibre surface and bigger aspect ratios enhance mechanical interlocking and bonding reaction
between the fibres. The amount of crystalline cellulose on the fibres also increased [23],
leading to improvement in mechanical properties due to interruption of hydrogen bonding
on the fibre surfaces.

MOR 55
(WPa)

5
% =
Untreated RW Treated RW

Samples

Min req
18.0MPa

Fig. 4: Graph of Modulus of Rupture (MOR) for untreated and treated BPB panels.

Figure 5 shows the graph of internal bonding (IB) of the untreated and treated BPB
panels, where the IB of the untreated and treated BPB is 0.26 MPa and 0.44 MPa,
respectively. The IB test was conducted to determine the internal bond of fibres in the
fabricated BPB panels. The minimum requirement of IB value according to JIS A5908 [14]
is 0.30 MPa, where only the treated BPB panel met the requirement. The IB value of the
treated BPB panel improved by about 40.9% compared to the untreated BPB panel that also
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Several formulas were presented for nanofluid thermal conductivity coefficient but
the formula presented by Patel et al. [33] was used here.

Kepp = k1 + 585 4 ke pe 22 ©

krAg Ay

In this relation, & = 36 w/m.K is the thermal conductivity coefficient for alumina and
kr= 0.6 wmX is the thermal conductivity coefficient for water. These properties with
other required properties for water and alumina nanoparticles are presented in Table 1. C
is an experimental constant and equals to 36000 which is reported by Santra et al. [34]. In
this relation, the 4;/4sratio was calculated as follows:

A _4 0
Ar ~ ds1-0 (10)

The diameter of the solid nanoparticles was 60 nm, 90 nm, and 150 nm. The
following formula had used to calculate the molecular diameter [27].

6M |1
gy an

dy =7
‘Where in this relation, M is the molecular mass of the base fluid and N is Avogadro
number which is equal to 6.022 x 102 mol.

Also in Eqn. (9), Pe was calculated as:

_sds
Pe = ar (12)
In this relation, us is the Brownian motion velocity of the nanoparticles which is
expressed by the following equation:

_ 2kpT
Us = a7 13)

Where ks is Boltzmann constant, k» = 1.3807 x 1023 J/K. The following equations
were used to calculate the heat transfer coefficient and the Nusselt number.

Nu =202 )

- qa
h = mome a3
Where ¢”, D, k, T and Trare the heat flux, diameter, fluid thermal conductivity, wall
temperature, and film temperature along the wall in an axial position. The physical
properties of alumina, water-based fluid and fuel-oil-based fluids such as density, specific
heat, thermal conductivity coefficient, and viscosity are given in Table 1.
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Fig. 7: Methodology for combined optimization.

Figure 8a presents a comparison of results of capacity-wise optimizations with 32 m span
of girders with the results of the combined optimization methodology. Figure 8b presents
the comparison of span-wise optimization results of 100ton girders with the combined
optimization methodology. As case study, results of combined optimization methodology
for 120 ton, 80 ton, and 50 ton capacity and 10, 20, 30, and 32 m span box girders are
summarized in Table 2.
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Fig. 8: (a) Comparison of capacity-wise and combined results of 32 m span box girders,
(b) Comparison of span-wise and combined results of 100 ton capacity box girders.
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and mixed culture (mycelium concentration of 340 mg/1). Ten day old culture plates were
used to prepare fungal inoculum and the culture was incubated in a rotary shaker with 150
1pm at 30+ 2 °C for 6 days. Initial pH of the culture was adjusted at 7.0+0.1 using 1 M NaOH
or 2 M HCL The cultures were harvested after 6 days of treatment and centrifuged to
separate the biomass from supernatant (10° rpm for 10 mins at 25 °C). The supernatants
were used as myco-flocculants and stored at room temperature at 28+2 °C for further use.

2.3 Myco-flocculant Stability
2.3.1 pH Stability of Supernatants

The pH of myco-flocculants from single and mixed cultures was adjusted to 4, 5, 6, 7,
and 8 with 1 M NaOH and 2 M HCIL. A Jar test was conducted to observe flocculation
activity in different pH. Initial turbidity and pH of kaolin suspension were recorded at
900+10 NTU and 7.0+0.1, respectively and the mixture was stirred at 120 rpm for 40
minutes and allowed to settle for 30 minutes.

2.3.2 Temperature Stability

Myco-flocculants were treated at different temperatures of 4, 25, 35, 45 and 55 °C for
24 hours. Both supernatants were applied in kaolin suspension to reduce turbidity with the
same conditions as referred to section 2.3.1.

2.3.3 Time Stability of L. squarrosulus Produced Myco-flocculant

The myco-flocculant produced by L. squarrosulus RWFS was tested for flocculation
activity capability. The myco-flocculant was kept in room temperature (28+2 °C) and low
temperature (4 °C) for 20 days. Jar tests were conducted to observe flocculation activity in
terms of reducing turbidity from kaolin suspension.

2.3.3 Flocculation Activity

Kaolin suspension was prepared using 0.7 g kaolin clay in 1 liter of tap water (turbidity
900+10 NTU). Each Jar contained 500 ml kaolin suspension was added with 1% supernatant
(v/v). The jar apparatus was then operated at a speed of 120 rpm with 40 minutes mixing
time and allowed to settle for 30 minutes [19]. Next, the top layer of water in each Jar was
collected with a micro pipette and turbidity was measured with a portable turbidimeter
2100Q HACH, USA to measure residual turbidity. In the control experiment, 1% (v/v) of
supernatant was replaced with 1% (v/v) of nutrient broth. The flocculating activity was
calculated according to the following equation [23].

Flocculating activity (%) =[] x 100% I6))
where, 4 is the initial turbidity value and B is the residual turbidity after flocculation.

3. RESULTS AND DISCUSSION
3.1 Myco-flocculant Production
3.1.1 Screening of Potential Nutrient

Figure 1 (a) shows the flocculating activity of two coagulants for 6 days in media
containing starch, sucrose, yeast extract, and malt extract. Starch, sucrose, and yeast extract
were not favourable for L. squarrosulus and S. obclavatum growth, while the production of
coagulants was relatively low when carbon and nitrogen sources were used

separately.
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Table 1: Diameter of durian skin nanofibre.

D1 D2 D3

2-theta 38.725° 29.7362° 22.36°

Diameter 48.6 nm 47.94nm 60.68 nm

3.2. Effect of Ultra Violet Radiation on Tensile Properties of PP/DSNF Composites

The tensile strength of PP/DSNF composites with and without MAPP under ultra
violet (UV) radiation is shown in Fig. 2. It should be noted that the amount of DSNF in the
PP matrix was 3 wt% based on optimum fibre content. From Fig. 2, composites without UV
exposure showed the highest tensile strength, 27 MPa (PP/DSNF) and 38 MPa (PP/DSNF-
MAPP), respectively. Tensile strength for PP/DSNF-MAPP composite however dropped by
almost 19% as UV radiation reached 2000 h. The loss of tensile strength of PP/DSNF
composites were due to degradation of fibres and matrix. The ultraviolet radiation absorbed
by polymers alters the chemical structure, providing molecular chain scission as well as
chain crosslinking (Azwa et al. 2013). UV radiation will lead to photodegradation due to
photo-oxidation. Energy of exposure sunlight is adequate to cause the disruption of C-C
bonds as a consequence of degradation (Yousif and Haddad, 2013). The high amorphous
region in PP/DSNF composites from Table 2 further expedites the photo-oxidation process
because of high permeability to oxygen (Beg et al. 2008).

It is noted in Fig. 2 that the tensile strength for both composites reduced with UV
radiation. The presence of MAPP that function to bridge the PP and DSNF produced higher
tensile strength than composite without MAPP. The presence of DSNF increased the
oxidation rate, however good dispersion of fibre with compatibilizer decreased the oxidation
rate (Matuana et al. 2011). Besides MAPP, DSNF in the form of nanofibre also imparted its
strength thus enhanced the tensile properties of composite (Nur Aimi et al. 2014).
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Fig. 2: The effect of DSNF content on tensile strength of PP/DSNF composites under UV
radiation.

Table 2: Diffracted intensity and crystallinity of PP/DSNF composites.
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In the second term, we change the order of integration and summation after evaluation to
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ABSTRACT: Cu-Zn-V-Al oxide composite catalysts were prepared using a co-
precipitation method to investigate hydrogen and carbon monoxide yield of a methanol
reforming reaction. The mass compositions of metals were initially determined on the
Simplex Centroid statistical design. The effects of various metal compositions on the
physicochemical properties of the catalyst were studied via X-ray diffractogram (XRD),
temperature-programmed reduction (TPR) analyses, and reaction. XRD revealed crystals
in the samples. Crystalline CuO in CusoV30Als formed with the addition of zinc oxide at
the metal loading below 30 wt%. A combination of zinc oxide and vanadia, however, had
no Zn-V complex crystal but its scanning electron microscopy image showed the
formation of string structures (AS). The catalyst that contained the AS exhibited a broad
hydrogen reduction peak in the TPR analysis. Vanadium at a loading below 40 wt% with
various zinc and cuprum compositions also formed small ASs and exhibited single TPR
peaks. A reaction yield study revealed the optimum compositions of metal oxides when
the data was fitted by response surface plots. The catalysts with high content of AS were
not at the peaks however. Cu-Zn based catalysts showed the highest hydrogen yield for
the reaction temperature of between 150 °C to 225 °C and vanadia-promoted catalyst with
AS only appeared to be the optimum catalyst at the higher temperature.

ABSTRAK: Mangkin komposit oksida Cu-Zn-V-Al disediakan menggunakan kaedah
pemendakan bersama untuk mengkaji hasil hidrogen dan karbon monoksida daripada
tindak balas pembentukan semula metanol. Komposisi jisim logam-logam dikenal pasti
terlebih dahulu menggunakan reka bentuk statistik Simplex Centroid. Pelbagai kesan
komposisi logam terhadap sifat-sifat mangkin kimia-fizikal dikaji menerusi analisis-
analisis pembelauan sinar-X (XRD) dan program penurunan suhu teratur (TPR), dan
tindak balas kimia. Hasil analisis XRD menzahirkan kristal pada sampel-sampel. Hablur
CuO terbentuk dalam CuzoV3oAli dengan penambahan zink oksida pada muatan logam
kurang daripada 30% berat. Gabungan zink oksida dan vanadia walau bagaimanapun tidak
menghasilkan hablur kompleks Zn-V., namun imbasan imej mikroskop -elektron
menunjukkan pembentukan struktur tetali (AS). Mangkin yang mengandungi AS
menunjukkan penurunan puncak hidrogen yang lebar dalam analisis TPR. Vanadium pada
muatan berat logam kurang daripada 40% berbanding komposisi zink dan kuprum juga
membentuk AS kecil dan menghasilkan puncak-puncak TPR tunggal. Hasil tindak balas
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where d is the transmission distance, Eg. is the energy being dissipated to operate the
transmitter or receiver circuitry per bit, &f's and empf are the amplifier energy factors for
free space and multi-path fading channel models, respectively. dbo is the threshold distance
that depends on the environment and the amplifier energy factors. In our work, we
consider both the free space (d? power loss) and multi-path fading (d* power loss)
channel models depending on the distance d between the transmitter and receiver.

The radio also expends energy to receive [-bit data given by Eqn. (2).
E, =1X Egec 2

Because of short distance between sensors in a cluster (d < d,) free space model and
long distance between CHs and the BS multi-path fading model is intended. According to
Fig. 1, energy consumption for receiving data from cluster members, data aggregation, and
transmission of aggregated data to the next cluster head is as Eq. (3).

Ecyg = N X1 X Egree + (N + 1) X I X Epg + I X (Egrec + empdg) 3)

where N is the number of member nodes in a cluster, Ep, is data aggregation energy
consumed by CH and d, is distance to the next CH. Besides, energy consumption of CHs
for transmitting data to the intermediate relay nodes follows Eq. (4).

Ecyg =N XIX Egioe + (N 4+ 1) X I X Epg + I X (Egrec + €f sd?) @

where N is the number of non-CH nodes in cluster k, Ep, is the data aggregation energy
and d, is distance to the next relay node. Therefore, the energy consumption model of
CHs either follows Eqn. (3), or follows Eqn. (4), according to the method of determining
the next hop node.

Member node O
Cluster-head @
Data transmission way —

Fig. 1: Inter-cluster communication path.

4. CLUSTERING PROTOCOL

Distributed Clustering for Data Aggregation (DCDA) contains two different stages. In
first stage, to have an effective cluster head selection, CHs would be selected based on
domestic and local information. Cluster member nodes choose a deserving cluster head for
data aggregation objectives and relay nodes characterized concurrently. Since the
maximum amount of energy dissipation occurs in inter-network communications,
thereupon with constructing an optimal spanning tree among sensor nodes, CHs would
preserve energy in inter-network and intra-network data communications. In the data
transmission stage, each CH navigates its data directly or via other CHs to the BS with
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Table 3: The Results of the Modified Model based on Iterations on Different

Datasets
Datasets Iterations Precision  Recall F-Measure Accuracy Error Rate
100 71.34 75.49 73.36 86.34 13.66
150 72.38 76.48 74.34 89.82 10.18
Diabetes 200 74.65 76.98 75.80 9237 7.63
300 75.63 77.15 76.38 93.47 6.53
500 50.25 81.49 80.87 95.79 4.21
100 73.61 78.01 75.75 85.13 14.87
150 75.38 77.52 76.44 88.34 11.66
Hepatitis 200 78.95 79.14 79.04 90.80 9.20
300 80.32 82.31 81.30 91.46 8.54
500 83.79 85.19 84.48 94.79 521
100 69.15 74.68 71.81 82.39 17.61
150 70.16 71.62 70.88 86.56 13.44
Breast-
Cancer 200 71.49 73.18 7233 88.17 11.83
300 71.49 72.08 72.01 89.21 10.79
500 72.50 74.10 73.29 89.90 10.10
100 73.16 76.11 74.61 83.04 16.96
150 74.53 75.20 74.86 85.16 14.84
Heart 200 82.47 85.14 83.78 88.94 11.06
300 85.95 87.46 86.70 89.63 10.37
500 86.41 85.21 85.81 90.03 9.97

Table 4: Evaluation and Results of the Modified Model on Different Datasets based

on the FS
Datasets FS Precision  Recall F-Measure AUC Accuracy Error Rate
5 73.94 75.81 74.86 85.16 96.35 347
Diabetes 6 73.00 74.81 73.89 83.20 93.18 6.82
7 72.14 73.22 72.68 82.07 92.16 7.84
8 71.34 75.49 73.36 79.24 89.34 10.66
10 77.00 79.01 77.99 86.00 94.05 5.95
12 75.13 76.31 75.72 84.07 91.02 8.98
Hepatitis
16 74.82 75.89 75.35 72.16 90.64 9.36
19 73.61 78.01 75.75 80.64 90.13 9.87
5 74.20 76.21 75.19 83.09 91.16 8.84
Breast- 6 72.61 73.91 73.25 81.44 89.10 10.90
Cancer 8 70.50 72.46 71.47 80.17 86.88 13.12
9 69.15 74.68 71.81 79.60 86.39 13.61
9 78.35 79.05 78.70 86.12 94.34 5.66
11 75.14 77.68 76.39 83.17 92.19 7.81
Heart
12 74.91 75.41 75.16 80.16 89.10 10.90
13 73.16 76.11 74.61 79.50 87.04 12.96
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enables better data flow towards the destination node than other routing protocols.
Creating two interleaving individual paths accommodates more data on the queue as well
as promotes a better data transfer rate when compared to the traditional routing protocols
in the simulation. The packet delivery ratio rate, in percentage (%), gives a brief
understanding of the successfulness of packets received rather than the actual number of
packets received. Thus, further performance factors can be visualized in the following
results.

Delivery ratio (%)

—4—A0DV —8—DSDV —&—DI-LSR —o— FRP

5
12 24 36 48 60 72 84 96 108 120

Number of source nodes in network

Fig. 5: Graph of packet delivery ratio (%) versus the number of source nodes.

6.2 Throughput

The average throughput value from all source nodes in the network [10, 22] can be
described as the network capacity to handle a specific data size in a given duration. The
performance in a WSN is the ability to achieve higher throughput within the available
network resource, which is a desirable goal in any network. The throughput results
presented in Fig. 6 are measured from a small network size of 12 source nodes to a large
network size of 120 source nodes. Figure 6 shows that DI-LSR outperforms all the other
compared routing protocols. The curve pattern of throughput is almost the same as DI-
LSR with a significant difference between 24.12 Kbps to 43.73 Kbps in the varying
number of source nodes compared to the other routing protocols. The DI-LSR routing
algorithm enhances the data rate among source nodes placed in dual interleaving path with
more room to accommodate the generated data on the outgoing queue within the available
network resources. The amount of data transferred in a specific duration is critical in a
pipeline network for the monitoring station personnel to visualize the integrity of
pipelines. Moreover, with a small difference in the packet delivery ratio as shown in Fig.
5, the DI-LSR has a significant impact on throughput for the simulated scenario that
makes it a more desirable choice for a multi-hop linear wireless network.

6.3 End-to-End Delay

End-to-end delay is the average value of total time taken to transmit data over all the
flows in the network [10, 13]. Referring to Fig. 7, the end-to-end delay in DI-LSR is fairly
low when compared to the received data rate at the destination node. Generally, the end-
to-end delay in a multi-hop linear network has a corresponding effect on received data rate
and network faimess measured in the fairness index. Therefore, the steady increase in end-
to-end delay with DI-LSR is proportional to the varying number of source nodes (distance
between the source and destination nodes increases) in the network, higher packet delivery
ratio and throughput rate. The higher throughput rate as shown in Fig. 6 using DI-LSR
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Assuming a full load condition and placement of STATCOM equivalent circuit in the
test system shown in Fig. 4, the STATCOM nominal reactive power is designed for the
load voltage regulation. By writing the KCL equation at PCC, we will have:

Vpee ™Vs | Vpee Ve —_iI
R+, R R_+jx, ¢y
3

By putting numerical values from Table 2, the voltage v, can be obtained by:
Ve = (57.6574+0.56361) + j(2.1144 - 0.6108]) )

Since the purpose of applying STATCOM is to regulate the load voltage, voltage

magnitude v, must be equal to supply voltage and therefore nominal current and reactive
power of the STATCOM is obtained by:
[ pee| = V/(57.6574+0.56361)* +(2.1144-0.61081)° =64 => [ x12.4 3)
Ospurcon = 3% 64x12 = 2304 var )

& I Frxedssuichabie loac

Fig. 4: Equivalent circuit of test system and STATCOM.

2.2 Design of Passive Components of STATCOM

The passive components in a STATCOM system are DC capacitors and a L, reactor.

Since passive components of a STATCOM system have a significant impact on system
performance, design, and the factors affecting the DC capacitor, the reactor size will be
detailed here.

2.2.1 DC Capacitor Design

Factors that affect the capacitance are voltage ripple [18], modulation index [19],
harmonic distortion in output current and voltage of converter [20], and voltage overshoot
[19]. The minimum value of DC capacitance is determined by overshoot and voltage
ripple, while the maximum value is limited by cost.

Given the low rate of harmonics in the converter output voltage, DC capacitance is
designed as follows [21]:

Q

A ®)

dc
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4. EMTP SIMULATION RESULTS AND ANALYSIS

This section reports the results of the EMTP-RV simulation of the modeled system.
‘We will focus on some of cable characteristics such as cable length, cable core, and sheath
resistivity, as well as tower footing resistance. The simulation results have been analyzed
and discussed in following sections.

4.1 Effect of Cable Length on Maximum Overvoltage

Figure 6 shows forward and backward waves at the end B of the cable when the cable
length is 1 km. According to Fig. 6 and equation 2, maximum overvoltage along the cable
is 359.5+205=564.5 kV that is equal to the sum of the maximum incoming wave and the
maximum reflected wave at the remote end. As mentioned above and according to Fig. 7,
maximum overvoltage for a 10 km cable length is also equal to 292.9+181.2=474.1 kV.
For a 40 km cable, according to Fig. 8, maximum overvoltage is equal to
245.8+173.5=419.3 kV. These results show that maximum overvoltage strongly depends
on cable length. In these figures, the sum of the incoming wave and reflected wave is the
main voltage.

x 10
6
Main Voltage
Incoming Wave
5 Reflected Wave
4

Voltage [V]
w

Time [s] x 10»5
Fig. 6: Forward and backward voltage waves at end B of cable (1 km cable).

Therefore, maximum overvoltage for different lengths is calculated in the range of
500 m to 65 km in order to investigate the effect of cable length. Figure 9 shows variations
of the maximum overvoltage in the end of the cable line by increasing the length of the
cable line.

According to Fig. 9, maximum overvoltage decreases from 570 kV to 387.9 kV, when
cable line length increases from 500 m to 65 km, due to the cable attenuation effects. Also,
by increasing the cable length, maximum overvoltage gets closer to the surge arresters’
protective level. Therefore, according to the above results, maximum overvoltage
decreases when cable line length increases. Hence, optimum cable line length should be
considered when designing and coordinating the cable insulation because unsuitable
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Fig. 11: The effect of particle volume fraction and Reynolds number on
convective heat transfer coefficient for particles of 60 nm.
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Fig. 12: The effect of particle volume fraction and Reynolds number on
convective heat transfer coefficient for particles of 90 nm.
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Fig. 13: The effect of particle volume fraction and Reynolds number on
convective heat transfer coefficient for particles of 150 nm.

Figure 14, 15 and 16 show the changes of convective heat transfer coefficient based
on Reynolds number for nanofluid with particles of 60 nm, 90 nm and 150 nm of alumina
with volume fractions of 1%, 3%, 6%, and base fluid (fuel-oil). It can be seen that with the
increase in the Reynolds number, the convective heat transfer coefficient is increased with
a slight slope. For example, the convective heat transfer coefficient is 723.23 at ¢ = 6%
and Re=900 and it is 762.78 at ¢ = 6%, and Re=2100 for nanoparticles of 60 nm, which is
increased by about 5%. The convective heat transfer coefficient increases with the increase
of volume fraction of nanoparticles [34]. Therefore, the increase in the convective heat
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Table 6: validation of surrogate models

Parameters LD

V=52.5
[m/s]
‘Width=
0.0015 [m]
Position=
10 % of 14 14 13 14 2583 2142 2583 2142

chord

Blowing Suction

RBF Ansys GRNN  Ansys  RBF  Ansys  GRNN  Ansys

4. CONCLUSIONS

The parametric analysis of a controller to minimize/delay the flow separation effect
was carried out with blowing and suction of an air jet over an airfoil section. The flow
regime was considered to be incompressible with a Reynolds number of 8.96x10° and a
chord length of the airfoil section of 0.375 m. The airfoil aerodynamic characteristics were
analyzed by a transitional k-kl-o solver in ANSYS Fluent for the natural flow and then by
employing active, and hybrid controllers. The hybrid controller comes with a combination
of the active controller, which plays a role in delaying the flow separation and the passive
controller to reduce the drag by increasing the static pressure upstream of the blowing slot,
just ahead of trailing edge, over a suction surface. The active and hybrid controller
efficiency were studied by varying the controller parameters including the blowing/suction
velocity, slot width, and position of the slot. The number of experiments was reduced
using a Taguchi design of experiments, and ANOVA was used to identify the most
influencing parameters in performance of the controllers. The parametric study reveals
that the velocity of the jet has more influence in comparison with the other two parameters
in deciding the performance of blowing active and hybrid controllers. The position of the
slot is found to be most influential in suction active and hybrid controllers. Finally,
surrogate models based on RBF and GRNN were proposed to minimize the computational
cost of a flow solver in understanding the effectiveness of the flow separation by varying
the three controller parameters. The RBF outperforms in comparison with GRNN in all
cases in predicting the L/D ratio.
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As seen in Table 2, La addition significantly reduced the average CosO; crystallite size
from 14.05 to 7.70 nm. Thus, active metal dispersion was improved from 9.11% to 16.64%.
The La>Os promoter could act as a diluent preventing the agglomeration of Co3O4 particles
on catalyst surface and hence increasing metal dispersion.

Table 2: Physical properties of La-promoted and unpromoted

10% Co/AlL>Os catalysts
Catalyst Co304 crystallite Co° crystallite size, ~ Metal dispersion,
size, d(C0304) [nm] d(Co® [nm] D[%]
10%Co/ALO3 14.05 10.53 9.11
3%La-10%Co/ALOs3 7.70 5.77 16.64

3.3 H:Temperature-Programmed Reduction

The H,-TPR profiles of the catalysts and Al,O3 support are shown in Fig. 2. There was
no peak detected for the Al,O3 support during H>-TPR measurement. Hence, three discrete
peaks (P1, P2, and P3) were observed for 10%Co/ALO;3 and 3%La-10%Co/ALOs catalysts
belonged to the reduction of active metal oxides. The first (P1) and second (P2) peaks were
attributed to the reduction of Co3O4 to CoO phase and the subsequent conversion of the CoO
intermediate phase to the final metallic Co® form, respectively [20]. The high temperature
peak (P3) at about 950 K was also ascribed to the reduction of CoAl>O4 phase possessing
strong metal-support interaction to metallic Co® phase [21]. Noticeably, the reduction
temperature of peak P1 was shifted towards lower temperature of about 51 K with La-
promotion indicating that the transformation of Co3O4 to CoO phase was more facile with
La-addition.

0;
N o WLal0%CoALO,

)
f//

400 500 600 700 800 900 1000 1100

Temperature (K)

Fig. 2: Temperature-programmed reduction (H>-TPR) profiles of ALOs support, La-
promoted and unpromoted 10%Co/Al>Os catalysts.

As seen in Table 3, both H» uptake during H>-TPR and degree of reduction increased
from 1453 pmol gea! and 85.92% to 1660 pmol gea and 98.27%, respectively with
promoter addition. This observation further confirms that H reduction of CosO4 was
facilitated with La,Os modification. The improvement in the degree of reduction with La
dopant was rationally due to the increasing electron density on catalyst surface donated by

28





OEBPS/image/Vol-19-1-2018-wo-cover202.png
IIUM Engineering Journal, Vol. 19, No. 1, 2018 Mahmud et al.

3. RESULTS AND DISCUSSION

The characterizations of the prepared catalyst were conducted after calcination and the
same fresh catalyst samples were subsequently employed in the reaction study. The
replications used in the study were as per proposed in the experimental design. SEM-EDX
results as shown in Fig. 6 proved that all mixed metals were in the prepared sample at the
same composition.

3.1 Catalyst Characterizations

3.1.1 X-Ray Diffraction and Scanning Electron Micrograph with Energy-Dispersed X-Ray

Ten samples were analysed using the XRD and SEM methods. Crystallinity of metals
was identified from the diffractograms within the 26 angle spanning from 0° to 60° as
depicted in  Fig. 2, Fig. 4, and Fig. 7. The intervals for the intensity axis and the angle
axis are uniform at all diffractograms. The sharpness and height of peaks qualitatively
exhibit the size and concentration of particular crystals according to Debye-Scherrer
equation (Eq. (7)).

12
= Bcosb M

where 1 is the crystal size, A is the wavelength of the x-ray radiation, & is the shape factor,
B is the line width at half maximum height and 6 is the angular position of the peak
maximum [15]. Sharper and higher peaks will indicate more distinguished and greater
crystals and vice versa but the wellness of active metal distribution on a support that is
usually attributed to dumb and small diffractogram peaks enhances the activity of the
catalyst [15]. However, discussion of XRD patterns in this study is qualitative because of
the limitation of the software that analysed the diffractogram without estimation of B.

Fig. 2 shows the catalyst samples for single metal oxide with alumina. CuO peaks
are clearly seen in the CusoAls sample in ~ Fig. 2(a) at 38.8° and 35.48° similarly obtained
by Begum [11]. For 60% loading of cuprum, the CuO was probably not well distributed.
This evidence is supported by the micrographic images in Fig. 3(a) and (b) where a dark
mass of CuO formed separately from a whitish mass of alumina. There is a Cu2(OH)>CO3
peak at 49° [11], clearly indicating a small crystal. The X-ray diffraction of the ZnsoAlo
sample revealed the distinctive peak of ZnAlO4 at 36.8°in  Fig. 2(b). This might imply
a large crystal of ZnAl,O4 as also seen from the micrographic images in Fig. 3(c) and (d).
However, neither aluminium nor zinc crystals, nor their combinations, could be easily
distinguished as their colours in the image are fairly similar. Three small and broad alumina
peaks at 43°, 53°, and 58° [16] similarly indicate the small and well-dispersed alumina
crystals.  Fig. 2(d) shows an interesting diffractogram of the VsoAlso catalyst. Appearing
at many angles such as 16.1°, 21.0°, 24.0°, 26.8°, 31.5°, 33.0°, 34.1°, 42.0°, and 51.6°, the
'V20s peaks spike at various sharpness and sizes while AIV3Oy peaks were at 26° and 56.7°
[17]. SEM images in Fig. 3 (g) and (h) clearly confirm the appearance of crystal structures
that look like coral. Two types of pore, of 1 pm and 0.1 pm in diameter, can be seen in Fig.
3 (e) and (f), respectively.
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resulting in an insufficient glucose supply that reached its supply limitation [22]. The lowest
final glucose concentration of 114.73 pg/ g was obtained.

Glucose concentration (ng/g)

o conent =

o MM ot

Il e

Pegtoneconcentaton

Fig. 6: Response surface curve showing combined effect between the main factors:
(a) initial moisture content (X;) and peptone concentration (Xz),
(d) initial moisture content (X1) and initial pH value (X3),
(e) peptone concentration (Xz)and initial pH value (X3).

3.4 Validation

In order to confirm the optimization of red pigment production by Monascus purpureus
FTC 5356, an experiment was performed under the predicted optimal conditions. This
experiment was conducted in triplicate. Under these suggested conditions, the predicted
optimal values of the variables were 56% initial moisture content, 3.5% peptone, and pH
8.2. The prediction of the total red pigment was 45.85 AU/g and the actual value obtained
through the triplicate experiments was 46.03 AU/g, as shown in Table 6. The percentage
error calculated based on the Eqn. 4 was 0.39%. Therefore, the experimental results agreed
well with the model predicted values.

(Experimental value — predicted value)
Experimental value

Percentage error = x 100% @
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temperatures of the blood at each state are the same as that of the surroundings, namely the
arterial temperature and the local tissue temperature. Now the perfusion rate, /7, must be
defined. This is the ratio of the volumetric flow rate of blood per volume of tissue. Thus,
we have for the perfusion term:

dp = WppCn(Ta —T) )]
‘Where pp and Cp are the density and specific heat capacity of the blood, respectively.
Combining these two equations results in:

2 +WppCp)(Tqg —T
d T/dx2+(qm PoCn)(Ta )/kzo 3)
‘Which is the Pennes Bioheat Equation for one-dimensional, steady-state, heat transfer.

He et al. studied the influence of blood flow rate on body temperature by means of a
one-dimensional thermo-fluid model. This model has been recently developed for the
circulation system of the upper limb and involves arteries, capillaries, and veins based on
the structured-tree arterial model [61]. He concluded that his model can predict the
influence of the blood flow rate and the blood pressure, as well as that of the cross-
sectional area on the blood temperature [62]. Craciunescu et al. studied the effect of blood
velocity pulsations on bio-heat transfer. A simple model of a straight rigid blood vessel
with unsteady periodic flow is considered. A numerical solution that considers the fully
coupled Navier Stokes and energy equations is used for the simulations. The velocity
profiles are well documented in different references that include both analytical and
numerical approaches for solving for the velocity field [63, 64]. The influence of the
pulsation rate on the temperature distribution and energy transport was studied for four
typical vessel sizes: aorta, large arteries, terminal arterial branches, and arterioles. The
results showed that the pulsating axial velocity produces a pulsating temperature
distribution; reversal of flow occurs in the aorta and in large vessels, which produces
significant time variation in the temperature profile. There is a small difference between
the time-averaged unsteady heat flux due to a pulsating blood velocity and an assumed
non-pulsating blood velocity, it is reasonable to assume a non-pulsating blood velocity for
the purposes of estimating bio-heat transfer [65]. Chakravarty et al. investigated a
mathematical model representing the dynamic response of heat and mass transfer to blood
streaming through the arteries under stenotic conditions. The blood was treated to be a
generalized Newtonian fluid and the arterial wall was considered to be rigid having
differently shaped stenosis in its lumen arising from various types of abnormal growth or
plaque formation. The nonlinear unsteady pulsatile flow phenomenon unaffected by the
concentration-field of the macromolecules is governed by the Navier—Stokes equations
together with the equation of continuity while those of the heat and the mass transfers are
controlled by the heat conduction and the convection—diffusion equations, respectively.
This study records that the patterns of the flow, the heat and the mass transfer, the pressure
drop, the wall shear stress and the Sherwood number (Shp) number were strongly
dependent on the shape of the stenosis in addition to the non-Newtonian rheology of blood
in general, and the irregular shape having closer physiological relevance, in particular.
Numerical computation of the desired quantities having major physiological significance
is primarily based upon the following parameters obtained from [66, 67]:

@=2,Re=300,Pr=0.72,
Sc=3,k=0.1, A =40, A =50, ro=0.154 cm, p = 1.05 x 10° kg.m™ and L= 43.6
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XRD spectrum shows the 26 degree peaks at 38.38, 44.52, 64.72 and 77.83 corresponding
to (111), (200), (220) and (311), respectively. Peak (111) is more intense than the other
planes which show broadening pattern because of the size of nanoparticles and the presence
of premature Ag lattice plane [16,17]. Peak broadening is normally seen in crystallites
smaller than 100 nm. Nano particles have much less atoms hence the lattice sum is not able
to converge to a diffraction line but broaden out. This condition complies with the terms of
the Scherrer equation where peak width is inversely proportional to crystallite size. The
same XRD peaks of AgNPS synthesized using other starches have also been reported by
Hebeish et al. And Ghaseminezhad et al. [18-19].

Intensity (a.u)
=

30 40 50 60 70 80

Fig. 3: XRD pattern of the synthesized AGNPs using 1.2 (w/v) % Sago.

3.3 Field Emission Scanning Electron Microscope (FESEM) Analysis

FESEM images of the synthesized AgNPs are shown in Figure 4 at different
magnifications of 50000 and 150000 times, respectively. Both Figure 4 (a) and (b) reveal
that the AgNPs are well dispersed and spherical in shape. The average particle size of the
AgNPs is 19.3 + 2.7 nm, calculated using ImageJ software.The size of these green
synthesized AgNPs are comparable to the AgNPs that used PVA,a synthetic polymer as the
reducing agent produced by Sagitha and coworkers [20].

4. CONCLUSION

This work reports the green synthesis of AgNPs from AgNOs using Sago as the
reducing agent. We have demostrated a simple, efficient, quick and green technique to
produce AgNPs via autoclaving method. All the analysis through UV-Vis, XRD and
FESEM have recorded comparable and promising results as other AgNPs synthesized using
other methods. The size, morphological and particle distribution of these green synthesized
AgNPs also proved that Sago acts as a good reducing agent as other synthetic polymers.
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The temperature sensor (LM35), analog to digital converter and inverter provide
analog temperature information for feedback of temperature in the ice pack to the
controller. The MAX232, COM PORT and USB PORT (ft232) send all data to an external
PC or some other external programmed system for any special application. The drive
circuit provides the required electrical supplies for the Peltier device and all fans within
the system. LCD and LED displays are used to provide system status information to the
user. Figure 4 shows the complete assembled system.

k
Fig. 4: Assembled systems for use in cryotherapy applications.

2.2 Performance of the system

The biggest advantage of the system is its programmable capability for a variety of
different applications. The system operation, according to the microprocessor flowchart in
Fig. 6 are as follows:

1. System On or Reset;

. Sensing of the ice pack temperature;

. System control for the cryotherapy;

. Feedback of the system temperature for comparison with the desired equilibrium
temperature ;

. Controlled cryotherapy by means of the microprocessor program to perform the
required operation for a specific period and then stop after that specified period
(e.g. in 48 hours);

6. System Off.

The procedures for the cryotherapy operation outlined above are not the only aspects
of system performance that may have to be specified. However the approach based on
microprocessor control allows flexibility and permits the designer to incorporate a
programmable system which can be tailored according to user’s requirements. Appropriate
algorithms can be selected by the user. This allows specialist applications such as those for
rehabilitation following sports injuries or applications involving animals, such as horses,
to be undertaken using the same hardware. In terms of its basic operations, the Atmega32a
[24] processor receives feedback from the temperature sensors (LM35) inside the
cryotherapy system and compares it with the desired temperature for the cryotherapy
process. But it must be notified that practical algorithm structures are different from the
investigative ones and there is no need to measure the body temperature from the skin, but
in investigative sample it can be done by two sensors. This system is not limited to one
particular algorithm and is based on the microprocessor and allows the user to select
suitable algorithms for each application and also allows use of the output of the serial port

SN

o
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with optimum performance. The fairness index can be further improved by controlling the
number of generated packets and the TCP delayed acknowledgement method.

10

—+—A0DV —=—DSDV —+—DILSR —o— FRP

“Throughput fairness index

12 2 3 48 60 72 84 96 108 120
Number of source nodes in network

Fig. 8: Graph of throughput fairness index versus the number of source nodes.

6.5 Consumed Energy

The energy consumption per-packet is as shown in Fig. 9, which indicates DI-LSR
and other routing protocols have a constant increase of network energy with the increasing
network size. The energy consumption per-packet increase factor in DI-LSR is due to the
data amplification rate and increasing distance between a source and a destination node in
all simulated environments that is higher when compared to other routing protocols. Based
on the number of data packets received and the throughput fairness index, DI-LSR has a
fair use of energy when compared to all the other routing protocols shown in Fig.9. The
energy consumption in a network is relatively related to the network capacity and equality
among source nodes as shown in Fig. 6 and Fig. 8, respectively. Theoretically, the energy
consumption is proportional to the network size in a multi-hop linear topology due to the
increasing distance between a source and the destination node.

045 ~—+—AODV —#—DSDV —4—DILSR —e—FRP

Energy per-packet (Joules)

12 24 36 48 60 72 84 96 108 120
Number of source nodes in network

Fig. 9: Graph of energy per-packet (Joules) versus the number of source nodes.

6.6 Normalised Routing Load

The effect of varying the number of source nodes increases the routing overhead in
the network for all compared routing protocols as shown in Fig. 10. The routing overhead
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1. INTRODUCTION

Using a non-traditional method such as electro-discharge machining (EDM) can solve
the problems in the machining of high complexity shapes with higher accuracy and better
surface finish. Sandeep [1] described EDM as one of the non-traditional machining
processes where an electrical spark is generated by electrical energy and the thermal energy
of the spark causes material removal. In EDM, electric discharges occurring between two
electrodes immersed in a dielectric fluid, cause metal to be removed from a work piece.
‘Webgzell [2] mentioned that the history of EDM techniques started in 1770, when English
scientist Joseph Priestly noticed that electrical discharges, or sparks, have erosive effect.
However, soviet scientists exploited the destructive properties of electrical discharges for
constructive use and developed a controlled method of metal machining to machine metals
by vaporizing material from the surface of the metal. Furthermore, in the 1950s, Lazarenko
EDM systems that used a resistance-capacitance type of power supply were widely used in
EDM machines, and later acted as models to enhance EDM [3].

Zhao et al. [4] mentioned that despite EDM’s ability to produce high complexity shapes
and to machine materials regardless of that material’s hardness, further applications are
limited due to low machining efficiency and poor surface finish. Thus, to improve the
machining efficiency and surface finish, powder mixed electrical discharge machining
(PMEDM)) is a new process of material removal where powder is mixed into the dielectric
fluid [4,5]. Similarly, Sharma et al. [6] indicated that powder- mixed dielectric electric
discharge machining (PMD-EDM) is a new approach to improve the process’ capabilities.
The gap distance and discharging rate also increased by adding powder into the dielectric
fluid because the additive particles of powder mixed in the dielectric play significant roles
in the discharge process. The conductive powder particles are energized by the high electric
field and these conductive particles develop chains at different spots under the sparking area,
thereby reducing the gap between electrode and work piece material. Thus, because of this
reduction effect, the gap voltage and insulating strength of the dielectric decreases and
causes easy short circuiting. Therefore, there is a discharge in the gap between the work
piece and the electrode. Due to electric density decreases; the suspended particles in the
dielectric simultaneously broaden the plasma channel. Hence, uniform distribution of the
sparking takes place.

Abbas et al. [7] indicated that the EDM process becomes more stable and enhances the
material removal rate (MRR), machining efficiency, and surface quality when fine abrasive
powder is mixed into the dielectric fluid. The dielectric performance is influenced by
characteristics of the powder such as the type, size, and concentration [8].

Jeswani [9] investigated the effect of the addition of 4 g of graphite powder to kerosene
and stated that the material removal rate (MRR) was enhanced by 60% and electrode wear
ratio was decreased by 15%. Prihandana et al. [10] presented a new approach using
ultrasonic vibration during the micro-EDM processes that consisted of suspending micro
MoS; powder in dielectric fluid. According to her, MRR was significantly increased and
surface quality also improved using this new method. Kansal et al. [11] enhanced the process
parameters of powder mixed electrical discharge machining (PMEDM) on tool steel using
response surface methodology. According to them, using silicon powder mixed in the
dielectric fluid of EDM, MRR improved at maximum concentration rate of silicon powder.

Yan et al. [12] reported that using urea solution in distilled water, the MRR obtained
had no significant difference compared to conventional water dielectrics and it was more
suitable for the post EDM process, for example as coating for the machined surface to induce
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controller inlet and exit via the outlet for the passive controller. The boundary conditions
used in the simulation are as follows:

1) The simulation is performed in the standard atmospheric conditions.

2) The inlet and outlet are treated as velocity inlet and pressure outlet respectively.

3) The airfoil is treated as the wall with no slip boundary conditions.

4) The inlet for the active controller is considered to be the velocity inlet
(blowing/suction of air).

5) The pressure side air will pass through the inlet for the passive controller and
exit through the outlet of the passive controller.

The general two-dimensional forms of continuity and momentum equations for an
incompressible flow are described as;

—+—=0 @
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ot ox oy p oy ox’? oy’
where u,v are velocity components, and p, v, and p are pressure, kinematic viscosity, and
density, respectively. The RANS based turbulence model is used in this numerical
simulation. The transitional k-kl-o is a RANS-based model, proposed by Walters and
Cokljat [30] and this model is developed based on a turbulence k- model. The k-o is a
two-equation model in which the equations are used to identify the turbulent kinetic
energy and the specific dissipation energy [30]. In two-equation models, the physics of
transition of flow is missing. To overcome this, a k-kl-o transition model was developed
[30]. It predicts the development of a boundary layer and onset of the transition from
laminar to turbulent. The model uses a three-equation eddy viscosity type: the transport
equation for turbulent kinetic energy (kr), laminar kinetic energy (ki) and the inverse
turbulent time scale (®) as follows [30]:
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The stringent modeling near the wall model (airfoil) has to be carried out to study the
turbulent flow problems. The first cell height (Ay) from the wall must be identified by the
appropriate dimensionless y+ value. The Ay = 8.3e-06 mm for y+ = 1, and the enhanced
wall treatment is used in this study. The residual convergence criterion is fixed to 10e-6 to
achieve reliable results.
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transmission lines with underground power cables have been used. Cable lines offer the
possibility of a reduced environmental impact; for this reason they are often accepted by
public opinion instead of new overhead lines. Nowadays, cross-linked polyethylene cables
(XLPE) are the most common cable types in underground cable systems and power
transmission networks. A fault in the cable system can lead to an outage of equipment
from electric networks [1] because the insulation of underground insulated cables is not
self-restoring such as air insulated transmission lines where the basic insulation level
(BIL) may decrease as a result of aging. Furthermore, repairing damaged cable lines takes
several days or even weeks [2]. Therefore, protection of cables in combined transmission
lines is very important. There is a very obvious difference in the risk and magnitude of any
lightning impulse in an underground cable compared to that on an overhead line. Power
cables are designed according to the required transient impulse and power frequency
voltage withstand levels. Transient faults are typically caused by lightning activity, and
they have a very short duration. Thus, lightning overvoltages must be taken into account in
the insulation system designing process because it can be a major cause for underground
cable failure [3-4]. This problem has recently been analyzed by a CIGRE WG (B1.05) [5].
As noted above, lightning impulse voltage is the main parameter in the design of
insulation that is defined in an IEEE standard as 1.2/50 ps impulse voltage [6]. When a
lightning strike hits a conductor line or the inside of an overhead line in a transmission
network, two travelling waves are set up and spread quickly. Once the wave, which travels
to the underground cable, meets the arrester, both reflected and refracted waves are
initiated. Over time, gradually decreased electrical resistance of the cable insulation and
low amplitude overvoltage can lead to cable insulation failure [7]. Cable line length has a
significant effect on the amount of maximum overvoltage along a cable. Therefore, surge
arresters can be used to decrease faults and overvoltage in cable lines [8]. Surge arresters
have high impedance against normal voltage and have low impedance against transient
voltages, thereby transferring those electric waves to the ground. Reference [9] attempts to
assess the reliability of three common substation configurations. At first, maximum
voltages on equipment are calculated in different lightning strike locations through
simulation in EMTP-RV. Then the impact of the surge arrester placement on substations
reliability indices is calculated. Reference [3] describes the maximum over voltage in a
cable protected by surge arresters at both ends due to a continuous reflected voltage wave
between cable ends that had occurred within the cable but not in the terminals. In this case,
the shorter the length of cable, the higher the maximum overvoltage will be. Hence, cable
line length has an important role in insulation coordination [10-11]. Reference [12]
presents an improved approach where the JMARTI line model is utilized to obtain
voltages and currents at the line ends used to calculate the internal points using an off-line
time step. The analysis of maximum overvoltages inside an underground cable due to
lightning strokes is presented in [8] based on lattice diagrams. However, according to this
reference, proper attenuation constants are not accounted for, yielding approximate
positions where the maximum voltage occurs. A frequency—domain (FD) approach has
been presented to calculate the maximum overvoltage along an underground cable due to
lightning [13]. It is considered that the underground cable is protected by surge arresters at
both ends. In this proposed method, the cable is spatially subdivided and direct FD
algebraic relations are used to calculate the voltage at each subdivision. In this reference,
surge arresters are piece-wise represented in the FD and resolved based on the
superposition principle. Flashovers are also assessed and resolved in the FD using the
superposition principle. Reference [14] deals with frequency-dependent surge arrester
models and transmission line models utilized for insulation coordination studies. In this
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The Fuzzy-KNN [21] model was used on the Wisconsin Breast Cancer Dataset
(WBCD) that contains 699 samples tested and implemented to detect breast cancer. The
data set was collected from the patients of University of Wisconsin-Madison Hospitals.
‘When the attributes with missing values were removed, a data set with 239 malignant and
444 benign instances was obtained. The fuzzy model was used to infer the rules and KNN
was used for data classification. Results showed that the recognition accuracy of Fuzzy-
KNN model was 99.71%.

The Genetically Optimized Neural Network (GONN) [22] model, an ANN models,
has been proposed for breast cancer detection on 699 samples. Genetic Programming (GP)
is used for testing and training of the GONN model. GP is a type of evolutionary
algorithm, a subset of machine learning. It initially generates random solutions to solve a
problem, and then evolves them based on a Fitness Function (FF). New and improved
individuals are produced by applying reproduction, crossover and mutation operators on
individuals of the previous generation. Reproduction is an asexual method wherein a
selected individual copies itself into the new population. It is effectively the same as one
individual surviving into the next generation. Crossover is applied in a GP by simply
exchanging sub-trees between two trees, thus forming two new offspring from two
parents. Mutation changes a node within a tree or changes its information, thus, affecting
only the individual and creating a new solution. Due to crossover and mutation operators,
GP techniques do a better job in exploring the search space than other machine learning
algorithms. Crossover and mutation operations in GP improve the GONN model. The
evaluation was done on the WBCD dataset and results have shown that the detection
accuracy of GONN was 98.24%.

The Convolutional Neural Network (CNN) [23] model is inspired from ANN and was
implemented and tested over 3,158 data samples. The CNN model is composed of neurons
with substantial weight and bias can be learned. Each neuron receives a number of inputs
and then it calculates by multiplying the weight of inputs. Finally, using a nonlinear
transfer function, it shows the results. The results showed that the diagnostic accuracy was
82.43%. A semi-supervised deep convolutional neural network [23] was developed for
breast cancer diagnosis, which used large amount of unlabeled data to improve the
accuracy. SVM, KNN, C4.5 and NB models have been implemented and tested on 699
samples for breast cancer detection [24]. The Models’ Assessment was conducted in a
‘WEKA environment. The SVM model had a higher accuracy compared to other models.

The Fuzzy-GA [25] hybrid model was implemented and tested on the Cleveland
dataset with 303 patients and 75 features for diagnosing heart disease. The GA model was
used for FS and the Fuzzy model for deriving laws. In GA for FS, the gene amounts in the
chromosomes were selected as 0 and 1. The results showed that the Fuzzy-GA model had
high accuracy in making laws. SVM, MLP, RBF, BN and J48 models were conducted and
tested on 214 samples of patients with 19 features for the heart disease diagnosis [26]. The
results showed that the SVM model had a higher accuracy compared to other models such
as the RBF MLP model. The decision support system model [27] based on fuzzy logic was
proposed to detect heart disease in 303 samples. The decision support system is a hybrid
of C4.5 and ANN. The results show that the diagnosis accuracy in the training phase in
both models were 86.3% and 86.6%, respectively. Table 1 summarizes the comparison of
the proposed models for the detection of diseases.
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protein and nucleic acids including CMAP corrections which contained in CHARMM
forcefield (top_all27_prot_lipid.inp) obtained from
http://www ks.uiuc.edu/Research/namd was used for enzyme simulations and
CHARMM36 force field parameters for enzyme-substrate complex simulations.

Fig. 1: Cartoon representation of EGuia based on secondary structure. The substrate
(cellotetraose) is represented as CPK in red color.

Non-covalent van der Waals interactions were cut off at 12 A. Particle mesh Ewald
(PME) was used to calculate long range electronic interactions. The integration timestep is
1 fs. The velocity quenching (5000 time step) and conjugate gradient (50,000 timestep)
algorithms were used to perform energy minimization. After energy minimization, MD
simulation were performed for 35,000 time step (at 313 K), 40,000 (at 333 K and 353 K)
to heat the system and then followed by equilibration for 200,000 time step (pressure 1
atm) with periodic boundary conditions. Langevin thermostat and barostat were used to
control temperature and pressure.The attainment of minimum energy during energy
minimization and the constant temperature during equilibration is verified by the
asymptotic behavior of these properties. The equilibrated structures were subjected to 20
ns production runs in NPT (isothermal-isobaric ensemble). Structures were saved every
0.001 ns for analysis.

3. RESULTS AND DISCUSSION

The docking scores of cellobiose (a disaccharide) and cellotetraose (a tetrasaccharide)
were evaluated. Cellotetraose showed stronger binding compared to cellobiose. The
reasons for the stronger interactionson the binding characteristics are mainly due to
hydrogen bonds. Five hydrogen bonds were observed between cellotetraose compared to
three hydrogen bonds with cellobiose [12].

The docked EGuia-cellotetraose structure was used in the MD simulation. Root mean
square deviation (RMSD) is used to evaluate structural deviations from the initial protein
structure (i.e., to estimate the protein intactness) [16]. The stability of the protein relative
to its conformation can be determined by the deviations produced during the course of its
simulation. The smaller the deviations, the more stable the protein structure [17]. The
behavior of the enzyme and the complex was monitored at three different temperatures.
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reference optimization is used for capacity-wise [40], span-wise [41] and combined
optimizations in the present study.

2. BOX GIRDER MODELING; MESHING, BOUNDARY
CONDITIONS AND MATERIAL SELECTION

Figure 1 shows the front view of a box girder with general parameters; Figure 2a-c
shows the sectioned view of the box girder, and vertical and horizontal stiffeners,
respectively; Figure 4a-c show applied boundary conditions (constraints, loading and
reflective symmetry). Figure 4d shows meshing of the half box girder model using Solid186
elements; Figure 4e shows a section view of the full geometry modeled with horizontal and
vertical stiffeners. Most of the researchers used shell elements dealing with finite element
analysis of box girders [1, 27~45]. Researchers have selected shell elements owing to fact
that the box girder cranes are classified as thin walled structures [45]. The geometries they
use is therefore simplified, neglecting features like rails and horizontal sections. Use of solid
elements is also found in the literature [3, 25, 30, 43], as these can be used for both thick
and thin sections. Due to the use of solid elements, only a single element type is required,
therefore avoiding interfacing of element types. Also, because the present study uses batch
mode (by using APDL code), better control during parametric modeling is incurred. In the
present study, Solid186 (20 noded) element is used for discretization of the geometric model
(Fig. 3 and meshed model in Fig. 4(d)). A half model was created due to the symmetry of
the geometry. For meshing, the element edge length at this stage was set to 180 mm and at
a later stage, during optimization, the edge length was selected by performing element
sensitivity analysis to reduce error. Because the optimization includes various sizes, the
element edge length and the number of elements changes. For all optimized sizes, the
element edge length was between 50 — 150 mm. A sample mesh sensitivity study is
presented by authors in previous work [41]. ANSYS software [47] was used for finite
element analysis. An ANSYS Parametric Design Language (APDL) code was developed
that was utilized to run the simulations in batch mode. The code, when entered in ANSYS,
asks for two entities i.e. span and capacity. Only these two inputs and the interpolative
relations and correction factors determined in the present work are utilized to present the
optimized parameters of the required size and capacity crane.

The boundary conditions are as follows:

(1) A single line load on the halfway of a rail equally divided on three nodes thus
reducing stress singularity;

(2) A loading impact factor of 1.25 is selected i.e. a 120 ton crane has a load of 120 *
1.25 =150 ton and additionally its own weight.

(3) A zero degree-of-freedom boundary condition is applied for all nodes on the
support area (this is a purposely selected conservative approach);

(4) Symmetry condition at half length of girder;

(5) Gravitational acceleration to include the effects of self-weight are applied.

Structural materials for the construction of overhead crane girders ie. RST-37-2
[25,30], St-42 [33], St-52-3 [34], structural steel [2], IS: 2062, E 250B [42], structural steel
S235 [45], and others are used. The most commonly available structural steel according to
ASTM standard is A36 / A36M [46] and is an equivalent alternative of RST-37-2 according
to DIN standard 17100. Material A36 having elastic modulus = 200 GPa, yield strength =
250 GPa, ultimate tensile strength = 400~550 GPa, allowable stress = 160 MPa and density
= 7.86x10 kg/mm’ is used for analysis in this study. Although allowable deflection is a
matter of professional judgment, the values of deflection must be between L/360 - L/180 to
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3.2 Moment Behavior

Reduction of seismic damage by inserting a bearing device includes both the
structural along with the non-structural systems of buildings. Decreasing a building’s non-
structural damage requires reducing the floor moment. As a lateral force, an important
response indicator of FB and BI buildings is the moment in superstructure. The
distribution of moment force along the height of the superstructure in base-isolated
buildings indicates the enhancement of the behavior of the structure. Figure 5 shows the
improvement of moments for different buildings. It has been seen that moment might be
overestimated if HDRB is not incorporated at the structural base.
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Fig. 5: Moment distribution of FB and BI buildings.

Crucial reduction of moment of mostly 31~55% at the upper stories (Fig. 6) indicates
the improvement of structural responses leading to economic design of structure.
Structural safety against seismic excitation can also be obtained following such force
reduction of structural members. Especially for the bottom stories, the decrement is very
momentous, as clearly shown in Table 3. Nevertheless, for high-rise buildings, especially
for a 10 story case, greater moment values are seen for a few floors and less reduction for
some other floors due to the variation in mass participation and nonlinear dynamics of the
structural system. This is the gorgeousness of HDRB which attracts the construction
industry to keep up with this innovative technique for building construction.
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Fig. 7: Simulation result waveforms with an internal resistor (when, f; =2£).

Figure 8 shows the voltage balancing results. Initially, the voltage difference between the
two 2s LiPo batteries was 800mV. The voltage difference reduced to 0 mV about 275
seconds by the operation of the balancing circuit.
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Fig. 8: Simulation results of the two 2s LiPo battery voltage balancing scheme.
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3.1 Optimization of Red Pigment Production

The second order polynomial equation model for prediction of the optimal point
between the response variable (red pigment production) and the independent variables was
expressed in Eqn. 1:

Y, (red pigment) = 45.66 — 0.03X; + 1.64X, + 3.56X; — 1.42X,X, + 0.15X, X5 +
0.13X,X; — 405X2 — 12.80X2 — 21X2
©}
where Y is the response for red pigment production, X; is the code for initial moisture
content, X» is for peptone concentration, X3 is for initial pH value.

Based on the ANOVA Table, as presented in Table 3, the quadratic model indicated
that this model could be accepted to navigate the design space. The Model F- value of the
response Y1 with the value 52.33 implies that the model was significant at 95% confidence
level. The P-value was used as a tool to check the significance of each coefficient, which in
turn designates the pattern of interaction between the factors. The smaller the P-value, the
larger the significance of the coefficient was. As in Table 3, the P-values for the Y1 was
<0.0001, which was less than 0.05. Therefore, it can be concluded that the model terms were
statistically significant. In addition, the main model terms indicated that the significant
factor was the initial pH (X3), while the significant quadratic terms were peptone
concentration (X>2) and initial pH (X5?). The lack of fit test with P-value (0.0817), which
was not significant (p-value> 0.05 is not significant), supported the hypothesis that the
model was satisfactorily fitted to the experiment data. The ‘not significant” term of lack of
fit is most-desired as a significant of lack of fit indicates the presence of the contribution in
the regressor-response relationship that is not accounted for by the model [19]. The
correlation coefficient (R?) is a tool to identify the ‘goodness of fit’ between the
experimental and the predicted values. Based on Table 3, the R? for Y1 (0.9833) was found
to be close to 1, which indicated the presence of a good relation between experimental and
predicted values for red pigment (Y1). The adequate precision for Y is 18.345. These large
values of adequate precision demonstrated that these quadratic models were significant for
the process. The evaluation of residuals was analyzed to validate the adequacy of the model.
A normal probability plot of the residuals for Y1 is displayed in Fig. 1. Based on the figure,
it clearly shows that the residuals distribution was nearly a straight line. Thus, it can be
concluded that the errors were distributed evenly.

Nornmal Plot of Residuals

Norrral 9 Probability

Internally Studentized Residuals

Fig. 1: Normal plot of residuals for red pigment production (Y1).
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In Fig. 2, dy, dy and d; are illustrated. After data transmission, according to results
obtained from Eqn. (16) and Eqn. (17), the one leading to lower energy consumption
would be selected as a next hop. The pseudo-code segment 3 gives the details of this stage.

4.1.3 Data Transmission Phase
a) Intra-Cluster Communication

To avoid collision in inter-network transmissions, adjacent clusters use different
transmission channels. Each CH based on join-msg messages received from member
nodes determines a corresponding transmission time slot with the TDMA aid and declares
it with schedule-msg to all cluster members. Hence, each member node transfers its data to
the CH during the determined time slot. This method allows sensor nodes to sleep during
other time slots and save more energy.

b) Inter-Cluster Communication

CHs aggregate received data from cluster members and then forward it to the BS
along the constructed routing tree. In addition, they may undertake a forwarding task of
other CHs data and conduct them through the path to the BS. This leads to reduction of
data packets. As a result, network lifetime increases and more energy is saved in each
sensor node. Fig. 4 illustrates one data transmission route among elected CHs and relay
nodes through the routing tree.

Cluster head

Relav node

{oe

Inter-cluster transmission path

Cluster radius

Base station

Fig. 4: A data transmission path through a routing tree.

4.1.4 Protocol Analysis

Theorem 1: There is at most one cluster head in every cluster radius Re.

Proof: As previously mentioned with Eqn. (8), each CH candidate’s result value is
compared to the value calculated for its neighbors. If there is any adjacent node with more
value in the cluster radio radius (Rc) it would desist the competition and set its state to be a
cluster member node. Otherwise, it broadcasts the CH-msg within cluster radius (Rc). As
soon as each node receives CH-msg from neighbors, it gives up the competition and
changes its state to a member node. So in every cluster radius, just an exclusive node with
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4.2 Approach — 1 with Same Flange and Web Plate Thickness

The methodology is to select the thickness of all webs and flanges to be almost equal
to the average of I7r and Tsp calculated in the previous methodologies. Hence, direct
relationships are developed between the thicknesses of web or flange (as they are taken to
be the same) with the capacity and span. These relations are different for different capacities
and spans and are incorporated in the APDL code. As a case study, for 20 and 21 m span
and 50~120 ton capacity cranes, the plate thicknesses are calculated as mentioned in Table
5. The output stresses and deflections, thus produced, are within the allowable limits.

Table 5: Height Modification Thickness for 20 m and 21 m span girders

Span(m)  Capacity (ton) CPT (mm)
20 50~60 ((40+CC)/5)
60~95 ((60+6*CC)/30)
95~120 ((5*CC-125)/25)
21 50~55 18
55~85 ((6*CC-5)/25)
85~120 ((6+CC-20)/35)

4.3 Width (WTP) Modification

The width of the box girder was calculated to be Humax/2.71 during previous
optimizations. The ratio of Haux to Wrzp (width of top plate) or Wap (width of bottom plate)
was set as 3 1.e. cutting it into three pieces, hence saving the loss in height of the plate. This
also follows the Be¢irovi¢ et al. [37] recommendation that increasing the height to width ratio
i.e. Hvax/Wrp, increases the static as well as dynamic stability of the box girders.

4.4 Approach-2: With Different Flange and Web Thickness (DFW)

Using thicknesses initially calculated in the approach-1 and modifying the web and
flange thicknesses so as to be ratios of approach-1 thicknesses. The study concluded that the
‘web and flange plate thicknesses must be 0.9 times and 1.25 times of approach-1 thicknesses
respectively. For example, if a thickness of 15 mm was concluded for a particular
specification box girder, then the plate thicknesses used in approach-2 analysis will be 14
mm (i.e. 15%0.9 = 14) for the side plates and 19mm (i.e. 15x1.25 = 19) will be used for the
top and bottom flanges. As an example the mass calculated for 85 ton capacity and 26 m
span crane box girder using approach-2 was 19742 kg i.e. 1047 kg (5.04%) less than the
mass of the girder according to approach-1. Although the stresses and deflections are
observed to be more than those observed for approach-1 but are still within the allowable
limits.

5. COMPARISON OF WOIC AND WIC OPTIMIZATION RESULTS

This section compares the optimization results in a case when no standard size for
height was used (old method), to the case when standard heights were used. Additionally, a
comparison of cases where thicknesses of top/bottom and side plates were kept constant for
approach-1 and not constant for approach-2 (diff-thick) were also used. Finally, the case
with width modification is also compared with the prior. The aim of this comparison is to
analyze the feasibility of the later optimizations. The case study presented shows results of
carne capacity 120 ton box girders of various spans. Figure 10a-b show a comparison of
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Fig. 10: The L-values of PP/DSNF composites.

3.5. Transmission Electron Microscopy of PP/DSNF Composites

The TEM images in Fig. 11 showed microstructure of PP/DSNF and PP/DSNF-
MAPP composites. Fig. 11(a) illustrated the image of a section of PP/DSNF without the
presence of coupling agent where the black spots are the DSNF. From Fig. 10(a), the
aggregations of DSNF are thicker and clearly evident which led to poor dispersion of
nanofibre in PP composite. Fig. 2 also demonstrated weak tensile strength due to absent of
coupling agent in PP composite. Similar finding was observed by Deng et al. (2010) on
polypropylene and carbon nanotube. They reported poor adhesion occurred at the interface
of polypropylene and carbon nanotube without the addition of coupling agent. Additionally,
UV degraded the composite microstructure where there were different structures due to
crack behavior occurred on the surface. Thus, the PP/DSNF composite as plastic packaging
application can be decompose due to weathering condition.

Fig. 11(b) exhibited the images of PP/DSNF in the presence of MAPP coupling
agent. Fig. 11(b) revealed that DSNF were well-dispersed. This indicated that the addition
of MAPP improved the interaction between polypropylene and DSNF by reducing the
agglomerations between them. Selvakumar et al. (2010) also reported that the tensile
strength increased with addition of 5 wt% maleic anhydrides grafted polypropylene (MAH-
g-PP) where the reinforcement dispersed in PP/MMT nanocomposites. This finding
confirmed the presence of coupling agent in composites led to increment of tensile
properties as shown in Figs. 2-3.
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ABSTRACT: Factors such as environmental conditions and nutrients are significant for
successful growth and reproduction of microorganisms. Manipulations of the factors are
the most effective way to stimulate the growth of the microorganism, which can be used
to optimize the yield of a product. In this study, Central Composite Design (CCD) of
Response Surface Methodology (RSM) was used to optimize the production of red
pigment by Monascus purpureus FTC 5356 using the petioles of oil palm fronds (OPF) as
a substrate in solid state fermentation (SSF). The data was analyzed using Design Expert
Software. The optimum combination predicted via RSM was confirmed through
experimental work. The interactions between three variables such as initial moisture
content (%), initial pH value (pH), and peptone concentration (%) were studied and
modelled. The statistical analysis of the results showed that the optimal conditions for red
pigment production 47 AU/g with the biomass of 425.1 mg/g was at 55% initial moisture
content, 3% of peptone, and at pH 3. The RSM results showed that the initial pH value
had a significant effect on red pigment production (P-value <0.05). The validation of these
results was also conducted by fermentation with predicted conditions and it was found that
there was a discrepancy of 0.39% between the values of the experimental result and those
of the predicted values.

ABSTRAK: Keadaan persekitaran dan nutrien merupakan faktor-faktor penting dalam
pertumbuhan mikroorganisma. Manipulasi faktor-faktor tersebut adalah kaedah terbaik
bagi meningkatkan pertumbuhan mikroorganisma dan mengoptimumkan penghasilan
produk. Kajian ini mengguna pakai Rekaan Gabungan Pusat (CCD) melalui Kaedah
Tindak balas Permukaan (RSM) bagi penghasilan pigmen merah optimum oleh Monascus
purpureus FTC 5356 menggunakan batang pelepah kelapa sawit (OPF) sebagai perumah
dalam proses penapaian pepejal (SSF). Data telah dianalisis menggunakan perisian Design
Expert. Gabungan parameter optimum seperti cadangan RSM telah disahkan secara
eksperimen. Interaksi antara tiga pemboleh ubah seperti kandungan lembapan awal (%),
nilai pH awal (pH). dan kepekatan pepton (%) telah dikaji dan dimodelkan. Analisis
statistik menunjukkan penghasilan optimal pigmen merah adalah pada 47 AU/g dengan
biomas sebanyak 425.1 mg/g, pada 55% lembapan awal, 3% pepton dan pada pH 3. Hasil
keputusan RSM menunjukkan pH awal memberikan kesan signifikan kepada penghasilan
pigmen merah (nilai P <0.05). Pengesahan analisis juga telah dijalankan melalui proses
penapaian dan hasil ujikaji mendapati 0.39% lebih tinggi daripada nilai jangkaan.

KEYWORDS: response surface methodology; red pigment; oil palm frond; Monascus
pigment
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2.2 Methods
2.2.1 Preparation of Sludge Sample

Sludge samples were prepared from kaolin suspension by adding 5 g of kaolin to 1 liter
of distilled water in order to generate a sludge with 5% total solids (w/v). The sample was
mixed at a speed of 200 rpm for about 10 min using jar test apparatus [9,10].

2.2.2 Preparation of Different Forms of MO Seeds

The shelled MO seeds were ground by kitchen blender and screened using a 212 pm
sieve. Three types of MO seeds were prepared as natural conditioners: Crude MO seeds,
defatted MO seeds, and MO extracted by NaCl (1 M). All coagulant forms were used as an
aqueous solution. The crude MO seed powder was used for coagulation without any
treatment after mixing with distilled water. The second type was oil-extracted by hexane
solvent using 10 g of MO seed powder with 200 ml of hexane. Soxhlet extraction apparatus
was used for oil extraction [6,9,11].

The first two types (crude and defatted MO seed powder) were mixed with distilled
water by adding 10 g of powder into 1 liter distilled water, then, the mixture was rapidly
mixed for 10 min to extract the bioactive materials. Finally, the mixture was filtered using
filter paper and the insoluble powder particles were removed.

For salt extraction, 58.44 g of NaCl was added to 1 liter of distilled water and mixed
using jar test apparatus. The NaCl solution was mixed with 10 g of crude MO seeds for 10
min. Finally, the mixture was filtered using filter paper and the insoluble powder particles
were removed [12].

2.2.3 Experimental Procedures

Jar test apparatus was used for sludge conditioning using six beakers of 1 liter capacity.
The selection of the most effective coagulant form was determined through the sludge
volume index (SVI) and settling velocity (Vs). Experiments were run at MO dosages of
2000, 4000, and 6000 mg/l. The most effective coagulant form was optimized under
different process conditions.

2.3 Design of Experiment and Statistical Analysis
2.3.1 Process Conditions Optimization

The design of experiment (DOE) was used to optimize the three process conditions:
conditioner dosage, mixing speed and contact time, and the settling velocity (cm/min) was
used as the response. The primary ranges were determined using one-factor-at-a-time
(OFAT) preliminary optimization. The experimental results were analyzed using Design-
Expert software v10 (Stat-Ease Inc.). The variables and their range of levels for the
experimental design are listed in Table 1. Experimental design for process conditions
optimization is listed in Table 2.

Table 1: Ranges of levels for experiment parameters

Range of levels

Parameters Unit

-1 0 +1
Concentration of MO seeds mg/l 500 3250 6000
Mixing speed pm 50 100 150
Contact time min 5 17.5 30






