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Abstract: Pipes are widely used in many fields, such as construction sites, homes,
and many fields including power plants. Under some conditions, stress generated by
the inlet pressure of the desired fluid in the pipeline might cause stress distribution,
which can lead to material crack and fracture failure. The piping system of a power
plant can be classified as one of the key components of the power plant because it
performs the task of transferring fluid from one process to another. The purpose of
this study is to analyze the influence of different fluid temperatures (27 °C and 77 °C)
and three different pressures inlet (153 kPa, 200 kPa, and 250 kPa) to the pipe flow
behavior and pipe structural performance. The layout 3D model for the pipeline is
based on the pipeline used at the UTHM Biodiesel Plant starting from the
esterification process until the trans-esterification process. The result of the study is
to identify the location in the pipe that handles the highest stress distribution. ANSYS
19.2 software was used to conduct the simulation to determine the velocity, pressure,
and stress distribution. The result from the simulation shows that at pressure inlet 250
kPa, the highest stress distribution located at fitting 10 with the value of stress is 3.045
MPa.

Keywords: Flow in Pipe, ANSYS Simulation, Stress Distribution, Fluid-structure
Interaction

1. Introduction

Biodiesel is a sustainable and environmentally beneficial substitute diesel fuel for diesel engines
[1]-[3]. It can be made from edible and inedible vegetables, animal fat, and waste cooking oils, and it
is non-toxic, biodegradable, and ecologically sustainable [4], [S]. The current global biodiesel standards
are mostly based on a biodiesel—diesel blend. Blends of biodiesel-diesel are marked as "B" followed
by a number representing the blending volumetric percentage of biodiesel, according to [6]. For
example, B100 indicates 100 percent of pure biodiesel, whereas B20 represents a mixture of 20 percent
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biodiesel and 80 percent petroleum fuel. The study is also conducted using simulation analysis to
determine flow behavior and structural performance, as well as possible risks in the pipeline's operation.

The study has been conducted at UTHM Biodiesel Plant while using its pipeline system as a
reference to 3D pipeline modeling. The result can be used to predict the location in the pipe that handles
the highest stress distribution. In this study, the pipeline used at the UTHM Biodiesel Plant is focused
on starting from the esterification process until the transesterification process. The analysis has done of
effect from three different inlet pressures and two different fluid temperatures to flow behavior and
structure performance of the pipeline.

1.1 Process of biodiesel

The research was carried out from esterification to trans-esterification because biodiesel production
began at that phase. Esterification is a chemical process that uses acid to make fatty acid alkyl ester and
water (H,O) from free fatty acid (FFA) and alcohol [7]. The difference between esterification and
transesterification is that an ester is produced by esterification, whereas an ester is a reactant in
transesterification. Common vegetable oils and animal fats are trihydric alcohol glycerides esters of
saturated and unsaturated monocarboxylic acids [8], [9]. Triglycerides are esters that can react with
alcohol in the presence of a catalyst[10]. The presence of a catalyst (a strong acid or basic) however,
enhances the conversion. This method has been frequently utilized to decrease triglyceride viscosity.
The type of the triglycerides can, in effect, impact the biodiesel's properties.

1.2 Introduction to design and pipeline system

The piping system consists of many interconnected piping components to form a complex network
[11]-[13]. Pipelines serve a significant purpose in biodiesel processing. The pipeline system's initial
design is created on the basis needs for moving fluid from one location to another[14]. The transmission
fluid type, permitted pressure drop or energy loss, needed speed, space constraints, process
requirements, stress analysis, fluid temperature, and other criteria are all factors that go into the detailed
design. Since pipelines play a major role, it is important to always keep good maintenance. The structure
of a pipeline system can be split into repairable and non-repairable units in terms of maintenance [15].
A repairable structure is one that is fixed to restore its functionality rather than being scrapped after
each failure[16]. The pipeline system must be maintained on a periodic basis to maintain structural
integrity and improve service levels[11].

2. Methodology

The geometry model of the pipe is drawn using Solidwork. Simulation methods using fluid fluent
and static structural from Ansys 19.2 were utilized in this study to represent the Fluid-structure
Interaction (FSI). The three different pressure and two different temperatures have been input into the
simulation method to be analyzed.

2.1 3D modelling

The pipe’s model information such as the length and diameter were taken directly from the UTHM
Biodiesel Plant. The model of the 3D pipe was taken from one of the pipes at the esterification process
until the trans-esterification process and drawn using Solidwork. Figure 1 shows the assembly of the
pipe model which consists of 13 parts.
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Figure 1: The assembly of the pipe model
2.2 Grid generation

Grid generation is fundamental in numerical simulations, such as computational fluid dynamics
(CFD) [17]. Grid is a form of foundation or preprocessing tool. In this research, the fluid domain for
the pipe geometry is set before the mesh is run. The simulation's boundary is the fluid domain. The
domain must contain all fluid components. The Figure 2 illustrates the fluid domain of the pipe
geometry and the element size. The pipeline is then go through a meshing procedure with different
element size (0.006 m, 0.007 m and 0.008 m). The three element size produce different element quantity
which is 131601 elements, 90388 elements and 68318 elements respectively. Grid independence test,
(GIT) were applied to the three element with different element quantity to evaluate the best grid for
conducting the simulation analysis. The model with 90388 elements and 31992 nodes was chosen as
the best element quantity.

(a) (b) (c) (d)
Figure 2: (a) Fluid domain and Grid generation (b) element size 0.008m (c) element size 0.007m (d)
0.006m

2.3 Simulation study

Fluid-structure Interaction (FSI) were employed to simulate all instances in both fluid fluent and
static structural simulations. A simulation experiment is a test or a set of tests in which significant
modifications to the input variables of a simulation model are made in order to observe and understand
the causes for changes in performance indicators [18].

2.3.1 Boundary condition for fluid flow simulation

The fluids Computational fluid dynamics (CFD) is a field of fluid mechanics that solves fluid flow
problems using numerical analysis and algorithms. The computations necessary to model the interaction
of liquids and gases with surfaces specified by boundary conditions are performed on high-performance
computers. The Eq. 1, Eq. 2 and Eq. 3 shows the general equation

Reynolds Number,
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Re:@ Eq.1

m

Bernoulli equation (fluid flow head conservation),

2 2
p1 | Vi p2 | V3 Eq.2
b —t—=Z, +—+—
Yipg 290 TP pg 2
Viscosity,
w=pv Eq.3

The range of restrictions to boundary value issues in computational fluid dynamics is known as
boundary conditions in fluid dynamics. Inlet boundary conditions, outlet boundary conditions, wall
boundary conditions, and other boundary conditions are among them. Another need for transient issues
is initial conditions, which provide the starting values of flow variables at nodes in the flow domain.
Table 1 summarized the list of boundary conditions and other fluid properties used in the simulations.

Table 1: Boundary condition and other fluid properties

Temperature (°C)

Parameter 27 77
Inlet pressure (kPa) 153 200 250 | 153 200 250
Outlet pressure (kPa) 88
Fluid used Biodiesel B100
Viscosity u(P) 5.86¢
Density (kg/m?) 878

2.3.2 Boundary condition for structure simulation

Young’s modulus is a measure of the ability of a material to withstand changes in length when
under lengthwise tension or compression. Sometimes referred to as the modulus of elasticity, young’s
modulus is equal to the longitudinal stress divided by the strain. Eq. 4 shows the formula for young
modulus while Eq. 5 and Eq. 6 show Darcy’s head loss and shear stress formula respectively.

FL Eq.4
E=——
AAL
Darcy’s Head Loss,
y = L V2 Eq.5
r=’'p 2g
Shear Stress,
= d_y Eq.6
"t

The boundary conditions are the points at which the structure interacts, either by exerting external
forces or by constraining motion. For this analysis, pressure from the fluid within the pipe was exerted
to the wall of the pipe. Table 2 below show the Boundary condition in structure analysis.

Table 2: Boundary condition in structure analysis
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Tvpe of Pipe Young Modulus, E Density
yp p (N/mm?) (kg/m>) Poisson Ratio
Stainless-steel 2E! 7850 0.3

3. Results and Discussion

The flow behavior findings, such as velocity and pressure distribution along the pipe, the pipe's
structural behavior, and performance, such as shear stress and stress distribution have been analyzed
and discussed.

3.1 Velocity distribution

Table 3 below shows the velocity analysis inside the pipe model, which describes the contour of
the velocity distribution along the pipe for each pressure inlet.

Table 3: Velocity distribution in pipeline for two different fluid temperature

Inlet Legsend Temperature
Pressure & 27°C 77°C

150kPa .

q 1.417e+01

1585001 4 Ted -
1.240e+01

1.063e+01

200kPa 8.85%+00 U_ < Am v "Lﬁ -

7.087e+00
5.315e+00

3.544e+00

l1.??za+m - |
OR3P E=1{dn o alm
| M= -

For an inlet pressure of 153 kPa, the maximum velocity result for temperature 1 is higher than the
maximum velocity result for temperature 2. The highest velocity in the pipe's fluid domain for
temperature 1 is 9.49094 m/s, while the maximum velocity for temperature 2 is 9.29799 m/s. The
maximum velocity in the fluid domain of the pipe at temperature 1 is 12.7895 m/s at an inlet pressure
of 200kPa. The obtained velocity for model temperature 2 is 12.7876 m/s, which is a little drop. The
maximum velocity of the fluid in the pipe at temperature 1 is 15.2161 m/s for the third inlet pressure of
250kPa. However, the maximum velocity measured for temperature 2 is a decrease of 14.9668 m/s. The
result of Table 4 indicates that the inlet pressure and velocity are directly proportional. The velocity
will increase as the inlet pressure is increased. Table 4 below tabulates the streamline of velocity for
each inlet pressure and temperature.

Table 4: Streamline of velocity in pipeline

Inlet

Legend 27°C 77°C
Pressure

150kPa o~ &=}
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200 kPa AL ‘ - 5 } T o
| B.859e+00 —
K (25 = L
250 kPa 4.430e+00 = "] Ii 5 *:* ‘f; 1‘)\;‘ . | 'A‘L \
lﬂmbm
[m 8*-1]

The results indicate that a transition occurs from laminar at the inlet, turbulent at the center of the
pipe to laminar flow before it reaches the outlet. At even high velocity, the flow in the pipe's center
becomes turbulent, with swirling streamlines across. Figure 3 below illustrates the velocity at the center
of the pipeline for each inlet pressure in form of a graph.

Figure 3: Velocity at Center of Pipeline

The highest velocity of fluid temperature 1 (27 °C) for inlet pressures of 153 kPa, 200 kPa, and 250
kPa is 9.36 m/s, 12.50 m/s, and 14.70m/s, respectively, according to the graph in Figure 3. While the
peak value of fluid temperature 2 (77 °C) is 8.80 m/s for 153kPa, 11.30 m/s for 200 kPa, and 12.40 m/s
for 250 kPa inlet pressure. The graph shows that the peak of fluid temperature 1 is higher than the peak
of fluid temperature 2 in all three graphs. At distance Om of the pipe, the velocity of fluid temperature
1 is also higher compared to fluid temperature 2 except for inlet pressure 200 kPa. At Om of inlet
pressure 250 kPa, the velocity of fluid temperature 2 is higher than fluid temperature 1.

3.2 Pressure distribution

Table 5 displays the pressure distribution analysis results for each inlet pressure and temperature
by displaying the contour color that shows the maximum stress point. The comparison of pressure
distribution contours across the pipe at various pressures is displayed.

Table 5: Pressure distribution in pipeline for two different fluid temperature

Inlet Pressure Legend 27°C 77°C
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150kPa

200kPa

250kPa

For all inlet pressures, the maximum pressure distribution result for temperature 2 is greater than
the maximum pressure distribution result for temperature 1. The highest pressure in the pipe's fluid
domain for temperature 1 is 141273 Pa, whereas the maximum pressure for temperature 2 is 142975 Pa
at an inlet pressure of 153 kPa. At an inlet pressure of 200kPa, the maximum pressure in the fluid
domain of the pipe at temperature 1 is 192448 Pa compared to the pressure recorded for model
temperature 2 which is 193665 Pa. For a third inlet pressure of 250kPa, the maximum pressure of the
fluid in the pipe at temperature 1 is 228280 Pa. The maximum pressure recorded for temperature 2 is
246715 Pa.

3.3 Structure behavior

Table 6 shows the results of the static non-uniform analysis for each geometry with a different inlet
pressure and temperature. The contour color indicates the maximum stress position, which is utilized to
assess distributions and determine structure longevity.

Table 6: Von Mises equivalent stress

Inlet Pressure Legend 27°C 77°C

150 kPa

200 kPa

250 kPa

The maximum stress distribution result for temperature 1 is greater than the maximum stress
distribution result for temperature 2 for all inlet pressures. At an inlet pressure of 153 kPa, the maximum
stress on structure obtained for geometry temperature 1 is 1.409 x 107 Pa, while the maximum stress
value for geometry temperature 2 is 1.29864 x 107 Pa. At an inlet pressure of 200 kPa, the pipe's
maximum stress value at geometry temperature 1 is 11.72101 x 107 Pa, while the stress value at
geometry temperature 2 is 11.54289 x 107 Pa. The maximum stress value of the pipe structure at
temperature 1 is 1.99118 x 107 Pa for a third inlet pressure of 250kPa. For geometry temperature 2, the
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maximum stress value recorded is 1.96813 x 107 Pa. According to the result, the maximal value of
stress for input pressure is 250 kPa. Because when inlet pressure is increased, the stress distribution to
the wall would also increase when contrasted with different inlet pressure.

3.4 Risk indicator

The risk indicator is built to evaluate the risks posed by the varying pressure inlets at each pipe
fitting. The simulation software was used to obtain data for the maximum and minimum stress of the
fitting. The data obtained is displayed as a cross-section at each fitting throughout the length of the pipe.
The maximum and minimum stress at each fitting for each pressure inlet and temperature are shown in
Tables 7 and Table 8.

Table 7: Stress distribution along the fitting of the pipe at temperature 27 °C

Fitting 153kPa 200kPa 250kPa
s N i 2 N
r. \ /’ /4 “/ ‘_/
Fitting 1 \ / \ \
p N N
Min = 356.629kPa Min = 364.107kPa in = 367.967kPa
Max = 499.993kPa Max = 504.173kPa Max = 516.697kPa
TN L — /, =S
() - ()
Fitting 2 ; , \
~— S g
Min = 354.947kPa Min = 356.610kPa Min = 365.169kPa
Max = 532.714kPa Max = 547.713kPa Max = 570.497kPa
P = ) o y S
Fitting 3 \ ) <\ \ ) )
— sy —
Min = 327.459kPa Min = 328.113kPa Min = 283.756kPa
Max =509.972kPa Max = 520.148kPa Max = 479.446kPa
Fitting 4 )
4 e 7
Min = 272.231kPa Min = 244 .847kPa Min = 195.831kPa
Max = 467.762kPa Max = 460.644kPa Max = 432.332kPa
N N
/ y
I ( ; ‘
Fitting 5 )
- 7 7
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Min =271.521kPa
Max = 573.922kPa

Min = 300.123kPa
Max = 620.445kPa

Min = 341.447kPa
Max = 703.123kPa
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\
Fitting 6 K | ,)

) -

Min = 388.158kPa
Max = 670.289kPa

Fitting 7 K 4

\_‘_- =
Min = 390.336kPa
Max = 675.757kPa

™

Fitting 8 y

Min = 251.615kPa
Max = 617.303kP

vy \

h

Min =413.681kPa
Max = 722.270kPa

/‘\

)

Min = 413.499kPa
Max = 742.149kPa

/ X

v

A

 S—
Min = 240.801kPa
Max = 649.672kPa

N\

Min =476.095kPa
Max = 850.813kPa

=N

o

Min = 432.990kPa
Max = 804.681kPa

(q

Min = 154.199kPa
Max = 802.589kPa

O

Fitting 9 X
== Se=
Min = 168.182kPa Min = 206.475kPa Min = 236.883kPa
Max = 1.062MPa Max = 1.294MPa Max = 1.516MPa
Ix | i
Fitting 10 ! \ \ /
Min =1.738MPa Min = 2.095MPa Min = 2.468MPa
Max =2.013MPa Max = 2.464MPa Max = 2.901MPa
Table 8: Stress distribution along the fitting of the pipe at temperature 77 °C
Fitting 153kPa 200kPa 250kPa
7~ N\ Vi v
Fitting 1 \ \ \

Min = 359.395kPa
Max = 495.496kPa

Min = 357.149kPa
Max = 493.746kPa

Min = 354.353kPa
Max = 492.432kPa
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Fitting 2

Fitting 3

Fitting 4

Fitting 5

Fitting 6

Fitting 7

Fitting 8

Min = 343.053kPa
Max = 534.822kPa

()

Min = 325.878kPa
Max = 503.369kPa

AN

\
s

Min = 278.360kPa
Max = 446.429kPa

B

7

Min = 249.781kPa
Max = 533.384kPa

/\ \
'K )
Min = 359.695kPa
Max = 629.940kPa

Vi

_

Min = 347.171kPa
Max = 615.335kPa

/
N/

Min = 167.031kPa
Max = 585.060kPa

\

Min = 346.510kPa
Max = 535.960kPa

|

()

=
Min = 289.385kPa
Max = 466.873kPa

()

-

Min = 239.970kPa
Max = 430.535kPa

Min = 266.180kPa45
Max = 562.578kPa

N

N

Min = 387.646kPa
Max = 672.951kPa

/—-\

/

i

L

Min = 378.714kPa
Max = 655.451kPa

"

W,

Min =226.117kPa
Max = 667.089kPa

_—
Min = 329.489kPa
Max = 522.364kPa

A
A

S

Min = 263.703kPa
Max = 434.317kPa

\

Min = 203.332kPa
Max = 405.938kPa

(

Y

4
Min = 293.469kPa
Max = 641.316kPa

]

o

Min = 412.649kPa

Max = 736.964kPa
=

N\

4

\

S

Min = 388.944kPa
Max = 770.069kPa

K»\

Min = 169.514kPa
Max = 887.062kPa
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Fitting 9 ‘ \ ) N
Min = 154.734kPa Min = 190.868kPa Min = 235.994kPa
Max = 984.078kPa Max = 1.178MPa Max = 1.485MPa
Fitting 10 \ j \
1tting & S J \
Min = 1.729MPa Min = 2.134MPa Min = 2.534MPa
Max =2.028MPa Max = 2.506MPa Max = 3.045MPa

The stress distribution of three input pressures has a varied minimum and maximum value, as shown
in Tables 7 and 8. It is related to the reason that the flow does not flow smoothly through the fitting in
the pipe. There are variable stress values in each fitting. The minimum value of stress for all cases given
is 7.823 Pa, while the maximum value is 3.099¢5 Pa. According to this finding, the minimum value of
stress for an inlet pressure of 153 kPa is 154.734 kPa at fitting 9, while the maximum value of stress is
2.028 MPa at fitting 10. At fitting 9, the lowest value of stress is 190.868 kPa for inlet pressure 200
kPa. At fitting 10, the maximum stress value obtained is 2.506 MPa. For an inlet pressure of 250 kPa,
the minimum stress value is at fitting 8, which is 154.199 kPa, and the maximum stress value is at fitting
10, which is 3.045 MPa. This indicates that when the inlet pressure is high, the stress distribution to the
wall will also increase compare to when the inlet pressure is low

4. Conclusion

In conclusion, it can be determined that if the Biodiesel Plant operates at an inlet pressure of 250kPa,
the risk of fitting 10 failing is greater than that of the other fitting. The comparison research discovered
that when the temperature of the B100 rises, so would the flow inside the pipe. Furthermore, the input
pressure affects the stress distribution on the pipe. As the inlet pressure rises, so will the stress
distribution on the pipe. This is demonstrated by the simulation used in this study. It is suggested that
the geometry be simplified based on the results of this investigation. The simplest recommendation
possible, but also the hardest to implement.
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