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Abstract

Numerical studies on stress, deformation, and damages due to fluid flow have been highly carried out using
Fluid-Structure Interaction (FSI) in recent years. FSI is highly efficient in investigating a solid domain
deformed by the fluid flow. In this study, a one-way fluid-structure interaction study is performed by a
straight pipe under different pressure and thermal conditions. Here, the thermophysical properties of the
fluid and mechanical properties of the solid domain can be subjected to change during fluid flow. An
aluminum straight pipe with a 1 mm wall thickness is operated under 1 Bar, 5 Bar, and 10 Bar with three
different surface temperatures -10°C, 20°C, and 50°C. This study aims to investigate the structural variation
of aluminum by the temperature and pressure change of operating fluid in the pipe. Variation of
thermophysical properties of fluid by heated pipe surface is integrated into the numerical analysis by
generated functions. Numerical analysis showed that the variation of temperature in operating fluid highly
affects the fluid characteristic and the structural response of the solid domain by different temperatures. An
increase in the operating pressure caused maximum deformation to approximately %100 from 1 Bar to
5 Bar, and approximately %120 from 1 Bar to 10 Bar for the adiabatic process as expected but in the heating
conditions stress is nearly three times higher than cooling conditions. As a result, one-way FSI solutions
are highly effective in investigating the deformed solid domain as a result of flow, thermal, and operating
conditions.
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Farkh Is1 ve Basing Kosullar1 Altinda Diiz Bir Boru icin Tek Yonlii Akiskan-Yap1
Etkilesimleri Analizi

Oz

Son yillarda, tek yonli Akiskan Yapi Etkilesimleri (AYE) ile akis karakteristiklerinin yol agtig1 gerilim,
deformasyon ve hasarlar iizerine bir¢ok niimerik ¢alismalar yapilmistir. AYE, akig kosullart ile deforme
olan bir kati cismi aragtirmak i¢in oldukga verilmlidir. Bu ¢aligmada, farkli basing ve termal kosullar altinda
diiz bir boru icindeki akista tek yonlii akiskan yapi etkilesimi analizleri gergeklestirilmistir. Burada
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akiskanin termofiziksel ozellikleri ve kati bolgenin mekanik &zellikleri akis sirasinda degisime
ugrayabilmektedir. 1 mm et kalinligina sahip aliiminyum diiz bir boru 1 Bar, 5 Bar ve 10 Bar’lik basinglar
altinda ve ayrica yiizey sicakligi -10°C, 20°C ve 50°C olmak iizere farkli operasyon kosullarinda analiz
edilmistir. Bu caligmada boru igerisindeki akiskanin sicaklik ve basing degisimi ile aliiminyumun yapisal
degisiminin arastirilmast amaglanmistir. Isitilan boru yiizeyi ile akigkanin termofiziksel 6zelliklerinin
degisimi, olusturulan fonksiyonlarla sayisal analize entegre edilmistir. Sayisal analiz, akiskandaki sicaklik
degisiminin, akiskan karakteristigini ve kati bolgenin yapisal tepkisini farkli sicakliklar da oldukca
etkiledigini gostermistir. Calisma basincindaki artis ile deformasyondaki maksimum artis beklenildigi gibi
adyabatik duruma goére 1 Bar'dan 5 Bar'a yaklagik %100, 1 Bar'dan 10 Bar’a ise yaklasik %120’ye
ulagsmistir. Ancak 1sitma kosullarinda olusan gerilimin, sogutma kosullarina gore yaklasik ii¢ kat daha fazla
saptanmustir. Sonug olarak tek yonlii FSI ¢oziimlerinin akis, 1s1 ve ¢aligma kosullart altinda deforme olan

kat1 bolgenin incelenmesinde oldukga etkili oldugunu gosterilmistir.

Anahtar Kelimeler: Yapisal tepki, Deformasyon, Isitma, Adyabatik, Akiskan yap1 etkilesimi

1. INTRODUCTION

Conveying fluids in pipes are commonly used in
many engineering fields such as mechanical,
nuclear, marine, civil, petroleum, and electric. In
many applications, some failures may occur due to
variations in fluid flow and thermal operating
conditions. Here, variation of flow characteristic
effects directly the solid domain under different
operating conditions. Therefore, the interactions
between fluid flow and solid domain with the
pressure that occurred by the flow need to be taken
into account during flow [1].

Fluid-structure interaction is a method that
investigates deformation, stress, and failures in the
solid domain due to the fluid flow. These
interactions can occur in many natural phenomena
and the system designed by the engineers. Fluid-
structure interaction can be also defined as the
interaction between rigid and deformable structures
with internal or external flows and it is also a branch
related to the loads that occur by the flow with the
structural response [2]. In the piping systems,
various dynamics forces occur. These forces may
move the piping systems and deform so fluid and
solid domains can not be solved separately in the
engineering approach. FSI is an important method
during engineering design with its multidisciplinary
advantages [3-5].

One way of fluid-structure interaction is the

workflow that results from the fluid model transfers
to the solid domain as an external or internal load.
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For one way fluid-structure interaction, fluid flow is
calculated till the convergence criteria. The forces
calculated from the fluid flow at the boundary are
transferred to the solid domain. After that structure
domain is solved till the convergence criteria of
solid mechanics [6-7].

Various FSI studies on pipe flows are performed in
the literature from various perspectives. In the
study, a fluid-structure interaction study is
performed to investigate a water hammer with a
thick-wallet pipe. The model of the study is based
on conventional water-hammer with beam theories.
The governing equations of straight pipes are
derived according to the cross-sectional area by
two-dimensional basic equations. They revealed
that the FSI method is highly effective in pipe flow
[8]. In a study, the FSI method is used in straight
pipeline systems during the hydraulic transient. The
interaction mechanism is modeled by the Poisson,
friction, and junction coupling. The resistance due
to the movement by inertia and dry friction is
coupled with junction coupling. They concluded
that the FSI solver is capable of resistance to the
movement of straight pipelines [9]. In a study, it is
specified that pipes are used to transport high
velocity or pressurized fluid generally under
different operating conditions. Therefore vibration
problems highly occur in the piping system. It is
aimed at the study that determines the behavior of
fluid flow to valve closure excitation by the FSI
method. It is concluded that structural velocity
reduces when the FSI effects are taken into account
in piping systems with fluid transients by valve

C.U. Miih. Fak. Dergisi, 38(4), Aralik 2023



closure excitation [10]. In a study, the FSI method
is used to assess flow erosion and deformation of
pipes used in oil transportation. This study aims to
investigate  deformation, stress, and flow
conditions. It is concluded that the flow field and
deformation of the pipe are highly important for the
structural domain [11]. In a study, the slug
characteristics of crude oil grades were investigated
numerically to assess the effect of change in the
stresses. The study was performed by fluid-
structure interactions with the horizontal carbon
steel pipes. It is found that the increase in the
density of the crude oil leads to the formation of
slugs close to the inlet side of the tube with high
velocities [12]. In a study, deformation and flow
erosion in a pipe flow re investigated numerically in
a gas-solid flow. Three-dimensional RANS
equations are used to carry out the study of the
motion of the continuous fluid phase. The FSI
method is used for the analysis to calculate
deformation. They concluded that erosion rate and
deformation are connected to structural changes and
inlet conditions [13]. In a study, a pipe flow is
studied by using FSI to observe local damages.
Poisson, friction, and joints were investigated by the
different supports. They concluded that different
supports caused the various structural responses
[14].

In this study, a pipe with 50 mm diameter, 1000 mm
length, and 1 mm thickness is analyzed by FSI. It is
specified in various studies in the literature that the
FSI method is highly effective in guiding
deformation and stress in fluid-solid flows. A
straight pipe that is aluminum is investigated under
three different inlet pressures and three different
surface temperatures. Here, the surface temperature
of the wall is 263 K, 293 K, and 323 K while the
fluid is at 293 K. The adiabatic case is also analyzed
and the differences are shown in the study. The
change in thermophysical properties of the fluid by
the temperature in terms of density and viscosity is
taken into account during the flow. The mesh
sensitivity test is performed to obtain a sufficient
mesh element number according to Wall Shear
Stress (WSS) and y'. Results show that variations
in the thermophysical properties of the fluid are
quite dominant in deformation and stress that occur
by solid domain. Here, deformations are between
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the range of 0—0.0005 mm, 0.0005-0.001 mm, and
0.01- 0.012 mm for adiabatic cases at 1 Bar, 5 Bar,
and 10 Bar respectively.

2. MATERIAL AND METHOD

Geometry, generation of mesh, mesh sensitivity
test, boundary conditions, governing equations, and
numerical methods are presented in this section.

2.1. Domains, Mesh, and Mesh Sensitivity Test

Figure 1. shows the used geometry in numerical
analyses. Here, the length (L) of the pipe is 1000
mm, the diameter (D) of the pipe is 50 mm, and the
thickness (t) of the solid domain is 1 mm. As it is
known, the length of the pipe needs to be a
minimum of 10 times the diameter of the pipe for a
turbulent flow [15]. For this reason, the pipe length
is constructed as 20 times the diameter to obtain the
fully developed flow in this turbulent flow. Here,
the z direction is the flow direction in the coordinate
system and the center of the pipe is constructed to
the center of the coordinate system.

o ()

3900t

Figure 1. Mesh for the pipe and fluid domain

The generated mesh is shown in Figure 1 by using
Ansys Fluent. The fluid domain is meshed by the
triangular elements and the hexahedron mesh type
is used for the solid domain. An important step is
the mesh generation in a numerical analysis. A
sufficient mesh element number is needed to be
determined by the mesh sensitivity test. y* value
and WSS are commonly used during the mesh
generation [16—18].
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Figure 2. shows the mesh sensitivity test performed
in this study. As is shown, the mesh sensitivity test
is performed according to WSS and y* values.
When the blue bars indicate the y+ values, orange
bars indicate the WSS values. Here, the y+ value is
the dimensionless number to measure the distance
of'the first cell to the surface. Changing element size
is combined with the seven different mesh element
numbers. The first mesh is constructed with an
185025 mesh element number, and it is increased
gradually to 3640452 element number. In the first
mesh, the y* value is nearly 3.3 however it is
decreased to 1.1 with the increase in element
number. According to Figure 2., the change in WSS
and y+ values decreased after the mesh element
number 2080735. So it is determined that the
element number 2080735 is sufficient to perform
numerical calculations. Here, an increase in element
number does not affect the y+ and WSS values. 9-
layer inflation is used close to the pipe wall to
predict the boundary layer in detail with a 1.2
growth rate. In this study, structural response and
WSS are mainly investigated so a dense mesh is
needed in the boundary layer [19].

So it is concluded that this mesh element number is
sufficient to perform numerical analyses with a 1
mm element size. Thus it is avoided to perform the
numerical calculation with the insufficient mesh

element number and it is also avoided the
computational cost with large mesh element
numbers.
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Figure 2. Sensitivity test for the constructed mesh

2.2. Boundary Conditions, Numerical Approach,
and Governing Equations

In this study, an incompressible, fully developed,
and homogeneous flow is analyzed. No slip
boundary condition is implemented at the wall. The
interface surface is the inner wall of the pipe for the
fluid-structure interactions. So data transfer is
provided from this surface as pressure to the solid
domain. numbers.
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Figure 3. Comparison of generated viscosity function with the data from the literature [15]
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Figure 3 shows the generated viscosity function of
the water used in this numerical study as fluid. In
this study, the viscosity of the water is changed with
temperature  because of different surface
temperatures implemented on the pipe surface. A
viscosity function is generated by using data of the

water according to temperature versus viscosity
from the literature by using the Matlab Curve
Fitting tool. Here, the Fourier Series is used to
reflect the viscosity change of water by temperature.
The general Fourier Series is shown below.

- ” nmx i PX
f(X)_a°+Zn=1 (ancos n + b, sin L) (1)

Gokhan CANBOLAT

a, = % f_“n f(x) cos(nx) dx 3)
b, = % f_ﬂﬂ f(x) sin(n x) dx 4)

By using the Fourier Series, a viscosity function is
generated from n=1 to n=3. This generated function
is integrated into Ansys to take into account
variation of viscosity. The generated viscosity
function is shown below.

w(T) =ao+ a1 * cos (T*w) + by * sin(T*w)
+ ax * cos(2*T*w) + by * sin(2*T*w) + a3 )
* cos(3*T*w) + bs * sin(3*T*w)

The coefficients of the Fourier Series generated for
the viscosity are a¢=0.004028, a;=-0.0006304,
b,=0.0008052,

where b1=-0.005247,  a,=-0.001862,
’ a3=0.0002512, b3=0.0002638, and w =0.02094
1 om respectively. T is temperature and p is the dynamics
4 =~ f_n f(x) dx () viscosity in the function.
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Figure 4. Comparison of generated density function with the data from the literature [15]

By using the Fourier Series, a density function is
generated from n=1 to n=3. This generated function
is integrated into Ansys to take into account
variation of density. The generated density function
is shown below.

pp(T)=ap+a; * cos(T*w) + b; * sin(T*w)

+a, * cos(2*T*w) + by * sin(2*T*w) + a3 (6)
* cos(3*T*w) + bz * sin(3*T*w)

C.U. Miih. Fak. Dergisi, 38(4), Aralik 2023

The coefficients of the Fourier Series generated for
the viscosity are ap=957.1, a;=41.47, bi=17.54,
2;,=2.066, b,=-6.523, a;=-0.757, b3=-0.3782, and
w=0.02009. T is the temperature and p is the density
in the function.

The variation of the viscosity and the density of the

water by temperature is integrated with the
numerical analyses mentioned above. In this way,
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the change in fluid characters is considered for the
pipe flow. Otherwise, the variation of viscosity and
density changes the numerical results then the
transferred data from the fluid domain to the solid
domain may not reflect the actual values.

Table 1 shows the thermophysical properties of the
water used as the fluid in this numerical study.
Density and viscosity are specified in Figure 3 and
Figure 4 because of changes in the temperature. So
it can not accept constant density and viscosity for
the fluid in this study. Here, the change in thermal
conductivity and the specific heat by temperature
are ignored.

Table 1. Thermophysical properties of the fluid

Density Figure 4 kg/m3
Viscosity Figure 3 MPa
Thermal conductivity 0.6 W/m-K
Specific heat 4182 J/kg-K
Table 1. Mechanical properties of the aluminum
Density 2719 kg/m3
[Young's modulus 71000 MPa
Thermal conductivity 237 W/m-K
Specific heat 871 J/kg-K
IPoisson ratio 0.33

Bulk modules 69608 MPa
Tensile ultimate strenght | 310 MPa

Table 2 shows the mechanical properties of the
Aluminum used in this study as the solid domain.
The change in properties of the solid domain is
ignored. The variation of fluid properties is taken
into account and the effects of this variation are
investigated in this study.

Re = % (7

The ratio of the inertial forces to viscous force is
defined as the Reynolds (Re) number. Here, U, p, L,
and Dy, are velocity [m/s], density [kg/m3], dynamic
viscosity [Pas], and characteristic length [m]. In this
study, high pressures are implemented on a pipe
with a small diameter so Re numbers are highly
large and this is a turbulent flow due to Reynolds
numbers of 647000, 1200000, and 1900000 for the
1 Bar, 5 Bar, and 10 Bar respectively.
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One-way FSI is used so ALE approach is needed to
couple of fluid mechanics and solid mechanics. The
equation of Cauchy’s law for motion is derived to
balance the forces. The product of the velocity and
density is balanced with the divergence of the stress
tensor and other body forces.

p[g—‘:+u.Vu]:V.0+f (8)

where p is the solid density, u is the velocity vector,

o is the Cauchy stress tensor, and f is the external
body force. The displacement of the fluid-solid
interface and fluid domain is derived from the ALE
configuration [20].

ad
pr |5 + ur. Vuy ] — Vp + uVu )

V.ug=0 (10)
where p¢ is the fluid density, uf is the velocity
vector, u is the dynamic viscosity, and p is the
pressure in the fluid domain.

a%ds _
Ps Sz ~ V:Os

where,

)

d; is the solid displacement, pg solid density, oy is
the Cauchy stress in the tube. The forces and
velocities must be equal in the fluid-structure
interface.

Ur = Uy at the interface of fluid-structure (12)
os.n=1.n (13)
where,

o, is the Cauchy stress tensor, n is the unit normal,
and I is the real stress.

In this study, the SST k- model was used to predict
the turbulent flow. Transport equations for the SST
k-» model;

a(pk)+6(pkuo:i[ Ok 1 4 G- Yy + Sy (14)

at axi  ox | Kox
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+G,-Y, tD, + S,

(15)

M+_B(P“’“i):i[ ()
ot % ax; [ @ ox;
k and o are the kinetic energy and specific
dissipation rate in the SST k- o turbulent model. Gy
is defined as the generation of turbulence kinetic
energy. G, is the generation of w. I, and Iy are the
effective diffusivity of @ and k, respectively. Y, and
Yk and are the dissipation of ® and k. Sy and S, are
user-defined source terms in Equation [4,21].

All the second-order upwind discretization is used
during the numerical simulation to discretize the
momentum, turbulent kinetic energy, pressure, and
turbulent dissipation rate. The criteria for the
convergence is chosen 107 in the residuals. Steady-
state and 3D flow analyses are performed.

[\ Solution of structure

Interpolate forces on
structure mesh

(6]

[mie]

Gokhan CANBOLAT

Figure 5 shows the algorithm of one-way FSI. In
this model, the fluid domain is highly thrilled by
structural deformations. In this way, structural
calculations and CFD can be solved independently
with data transfer. In the one-way coupling
algorithm, only fluid pressure is transferred to the
structural domain from the fluid domain [22].

3. RESULTS AND DISCUSSION

In this study, the main purpose is to investigate
deformation and Von Mises stress according to
changing flow parameters. The parameters such as

deformation and Von Mises stress are related to
both the thermophysical properties of the fluid and
elastic properties of the material in a coupled flow
structure analysis. The pressure of 1 Bar, 5 Bar, and
10 Bar is implemented for the inlet of the pipe.
Heating and cooling effects on the surface of the
solid domain are studied with the same temperature
of the fluid for the solid wall. The changing
thermophysical parameters for the density and
viscosity are used for the fluid to assess the effect of
deformation and Von Mises stress. Fluid is at the
temperature of 293 K in all cases and the surface of
the solid domain is 263 K for cooling and 323 K for
heating. Here, results are shown for the along the
pipe length for these nine cases.

= Velocity Magritude
358
2995
2835

W TE
2515
2385
2195
2035
1875

Figure 6. Velocity vectors of the inlet for different pressures a) 1 Bar, b) 5 Bar, and c) 10 Bar
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Figure 6 shows the velocity vectors for the adiabatic
cases solved in this study. Here fluid is at 293 K.
The inlet velocities are around 13 m/s,26 m/s, and
39 m/s.

The turbulent flow occurs in the pipe in all cases as
mentioned by Re numbers. The velocity increases
with an increase in pressure implemented for the
inlet as expected.

The velocity contours present the flow paths here.
Figure 7 presents the variation of the deformation
by the constant surface temperature of the solid
surface at the pressure of 1 Bar. Here, there are three
thermal conditions they are heating at 323K,
cooling at 263 K, and in the adiabatic case, there is
no heat transfer. In the adiabatic case, the fluid at
293 K, and the surface is 293 K also. So there is no
heat transfer here, energy equations are not solved

in this case. Here, the deformation is almost none
for the adiabatic case. It is in the range of 0 — 0.0005
mm. However, the deformation is highly large for
the heating and cooling cases. It is in the range of
0.012 mm — 0.014 mm in the middle of the pipe.

Figure 8 presents the variation of the Von Mises
stress by the constant surface temperature of the
solid surface at the pressure of 1 Bar. Here, there are
three thermal conditions they are heating at 323K,
cooling at 263 K, and in the adiabatic case, there is
no heat transfer. In the adiabatic case, the fluid at
293 K, and the surface is 293 K also. So there is no
heat transfer here, energy equations are not solved
in this case. As it is seen, Von Mises stress is highly
low for the adiabatic case. However, the stress is
highly large for the heating and cooling cases. It is
nearly 8 MPa for the cooling case and it is nearly 16
MPa for the heating case along the pipe. cases.

—— Temperature of 323 K

Deformation [mm)

— Adiabatic Case

—— Temperature of 263 K

0001 O 100 200 300 400

Lenght [mm)]

Figure 7. Deformations at the pressure of 1 Bar
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Temperature of 263 K

100 200 300

B0
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Lenght [mm]

Figure 8. Von Mises stress at the pressure of 1 Bar
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Figure 9 presents the variation of the deformation
by the constant surface temperature of the solid
surface at the pressure of 5 Bar. Here, there are three
thermal conditions they are heating at 323K,
cooling at 263 K, and in the adiabatic case, there is
no heat transfer. In the adiabatic case, the fluid at
293 K, and the surface is 293 K also. So there is no
heat transfer here, energy equations are not solved
in this case. Here, the deformation increases
according to the case of 5 Bar and its range of
0.0005 mm — 0.001 mm in the adiabatic case. When
the heating and cooling cases are investigated, the
deformation is highly large for the heating and
cooling cases. It is in the range of 0.0lmm — 0.012
mm in the middle of the pipe.

Gokhan CANBOLAT

Figure 10 presents the variation of the Von Mises
stress by the constant surface temperature of the
solid surface at the pressure of 5 Bar. Here, there are
three thermal conditions they are heating at 323K,
cooling at 263 K, and in the adiabatic case, there is
no heat transfer. In the adiabatic case, the fluid at
293 K, and the surface is 293 K also. So there is no
heat transfer here, energy equations are not solved
in this case. As it is seen, Von Mises stress is highly
low for the adiabatic case. However, the stress is
highly large for the heating and cooling cases. It is
nearly 6 MPa for the cooling case and it is nearly 13
MPa for the heating case along the pipe.

——Temperature of 263 K

0.012

0.010

0.008

0.006

Deformation [mm]

0.004

300

400

Lenght [mm]

——Adiabatic Case =~ ——Temperature of 323 K

500

Figure 9. Deformations at the pressure of 5 Bar

——Temperature of 323 K

Equivalent von MiseS-Stress [MPa]
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Figure 10. Von Mises stress at the pressure of 5 Bar
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Figure 11 presents the variation of the deformation
by the constant surface temperature of the solid
surface at the pressure of 10 Bar. Here, there are
three thermal conditions they are heating at 323K,
cooling at 263 K, and in the adiabatic case, there is
no heat transfer. In the adiabatic case, the fluid at
293 K, and the surface is 293 K also. So there is no
heat transfer here, energy equations are not solved
in this case. Here, the deformation increases
according to the case of 10 Bar and its range of
0.001 mm — 0.002 mm in the adiabatic case. When
the heating and cooling cases are investigated, the
deformation is highly large for the heating and
cooling cases. It is in the range of 0.01lmm — 0.012

mm in the middle of the pipe. Figure 12 presents the
variation of the Von Mises stress by the constant
surface temperature of the solid surface at the
pressure of 10 Bar. Here, there are three thermal
conditions they are heating at 323K, cooling at 263
K, and in the adiabatic case, there is no heat transfer.
In the adiabatic case, the fluid at 293 K, and the
surface is 293 K also. So there is no heat transfer
here, energy equations are not solved in this case.
As it is seen, Von Mises stress is highly low for the
adiabatic case. However, the stress is highly large
for the heating and cooling cases. It is nearly 4 MPa
for the cooling case and it is nearly 11 MPa for the
heating case along the pipe.

0.014 —— Temperature of 263 K

0.012

o
S o
& o
&

Deformation [mm)]

0.004

0.002

100 200 300 400
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——Temperature of 323 K
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Figure 11. Deformations at the pressure of 10 Bar
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——Temperature of 323 K
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Figure 12. Von Mises stress at the pressure of 10 Bar
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FSI analysis showed that deformations and Von
Mises stress increase with the increase in pressure
as expected for adiabatic cases. However, in all
heating or cooling cases, huge differences are
observed for the deformation and Von Mises stress
due to variations in the thermophysical properties of
the fluid. Variation in the thermophysical properties
of the fluid affects the flow conditions considerably
[23]. The advantages of FSI analysis are obvious
according to the pure solid mechanics [24]. Pure
solid mechanics calculations may result in lower or
larger deformations or stress with unpredictable
values [1].

When the figures of deformation and stress are
discussed, the sudden rise in these results is
observed at the inlet of the pipe. This can be
interpreted by developing flow and hydraulic shock
when a sudden pressure occurs at the pipe. Here,
sudden pressure is a non-stationary flow and sudden
change of velocity [25]. Excessive deformation and
stress can occur by the abrupt acceleration in a pipe
[26].

4. CONCLUSION

In this study, fluid mechanics and solid mechanics
are coupled in pipe flow. Straight aluminum pipe is
pressurized suddenly with different pressure values
as 1 Bar, 5 Bar, and 10 Bar. The deformations and
Von Mises stress are investigated under different
operating temperatures as heating, adiabatic, and
cooling cases by pressures by fluid-structure
interactions. A fully developed flow condition is
supplied by the length of the pipe. The variation of
density and viscosity is taken into account by the
generated function. In this way, the variations of
these parameters are considered for the fluid during
the flow.

According to the results, the following evaluations
were reached:

e When the thermal conditions of the pipe are
assessed for the heating, adiabatic, and
cooling cases, the deformations and stress
are highly low according to the thermal
process. The results near the inlet showed an
abrupt rise due to developing flow.

C.U. Miih. Fak. Dergisi, 38(4), Aralik 2023

Gokhan CANBOLAT

Therefore developing flow significantly
increases the investigated parameters in a
turbulent flow.

e An increase in the pressure, for the same
flow conditions at the constant surface
temperature decreases heat transfer to the
fluid so deformation and stress present a
decrease along the pipe. This can be
achieved by variable thermophysical
properties of the fluid. Unless these results
may vary and lead to unpredictable values.

e Developing flow increases the heat transfer
from the pipe to the fluid and also increases
the deformation and stress for the solid
domain.

e Even though a rise in the temperature affects
the solid domain to deformation, the
variation of the thermophysical properties of
the fluid compensates for this effect due to a
decrease in the viscosity.

FSI analyses are highly important in investigating a
solid domain interaction with a fluid to observe
structural response because the variation of
thermophysical properties of the fluid directly
changes pressure distribution on the surface of the
solid domain.
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