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ABSTRACT

ARTICLE INFO

In this study, the interaction of fluid-structure with Ansys Fluent and Structural was analysed on a
double-wall LNG piping system in a marine ship. In terms of simulations, the inner tube of the double-
walled tube on the TSR-18008 ship designed by SU Ar-Ge Dizayn ve Miihendislik A.S. is considered.
Two different simulations were made; the first analysis was a computational fluid dynamics analysis
and the results obtained from this were imported into the finite element analysis also known as
structural analysis and the structural analysis was undertaken together using these data. The mesh
used in the simulations has 2,985,116 elements and 2,135,093 nodes. The inlet velocity of the gas is
6.5 m/s and the temperature value is 108 K as boundary conditions. Seventeen cylindrical support
elements are used to ensure the strength of the Liquefied Natural Gas pipe system. Three different
pipe materials, which are structural steel, stainless steel, and aluminium alloy, have been considered
for the numerical structural analysis. The highest stresses were observed at the elbows and results
were given using various contours including stresses, strains, temperatures and streamlines in these
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elbows.

1 Introduction

Natural gas being a clean fossil fuel is a significant en-
ergy source for human beings [1]. Due to ongoing indus-
trialisation and urbanisation in emerging nations, natural
gas is acquiring more and more shares in the global energy
system as cleaner energy than other fossil fuels. Liquefied
Natural Gas (LNG) is non-corrosive, non-toxic, odourless
and colourless. If LNG which is kept in double-wall, well-in-
sulated tanks is mixed with 5-15 percent of air, it will start
burning [2]. The entire process, from the exploration, dis-
covery, and production of raw material sources, to regasi-
fication of the liquid and delivery to the pipeline, is known
as the LNG value chain. [3], [4]. There are four steps of the
process; first, the discovery and production of the natural
gas; second the liquefaction step, third is the transporta-
tion; and lastly, its storage and regasification [5].

Failure of a pipeline can have major results, and there
are several risk factors impacting the pipeline’s safety [6].
Limit state functions, which define the distinction between

failure and safe conditions given to a load and a resistance
to fail, are commonly used to assess structural reliability.
Resulting in high operation loads, the pressure and temper-
ature impacts, as well as these requirements, are important
to address [7]. Due to the risk of a rupture or leak, internal
pressure is one of the most important loads evaluated [8].
Moreover, there are some studies about modelling these
damages that affected the natural gas pipe strength [9],
[10].The structural analysis of the pipeline system is per-
formed in different fields of usage by using numerical mod-
els which are composed of various programs. Mladenovic et
al. [11] have numerically assessed the stress analysis of the
welded connection in a steam pipeline by utilizing the finite
element approach (Abaqus software) to calculate the stress
distribution. On the other hand, Dizdar et al. [12] have nu-
merically investigated the stress analysis of nuclear pipe
support by using Pipestress (modelling of the piping sys-
tem) and Ansys (modelling of pipe support). Moreover, Gu
et al. [13] have numerically examined the inner and outer
pipes of composite pipes and lined pipe stress analysis, and
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also the equivalent pipe parameters are taken into account
by using CAESAR II software.

Pipelines have traditionally been the primary mode of
transport for natural gas. Transporting liquefied natural
gas has steadily gained popularity as a result of techno-
logical advancements, supply diversification, and politi-
cal reasons [14], [15]. Recently, the demand for Liquefied
Natural Gas (LNG) used for power generation has been in-
creasing rapidly for these reasons [16].

In this study, a simulation was carried out on the struc-
tural analysis of the inner pipe of the double-wall LNG
transport line by using the interaction of fluid-structure
with Ansys Fluent and Structural.

2 Materials and Methods

2.1 Materials

The global shipping sector is facing some problems be-
cause of the International Maritime Organization’s (IMO)
limitations on ship emissions, which went into effect in
2015 in Emission Control Areas and 2020 for the rest of the
globe. As a result of this regulation, sulphur emissions from
ships will be considerably reduced. LNG is a potential op-
tion for achieving these criteria because it contains almost
little sulphur and creates low NOx when burned compared
to fuel oil and marine diesel oil [17]. The shipping industry
is facing some difficulties when filling LNG tanks. One of the
most important difficulties is the pipeline wherefrom the
bunker station to the LNG tank during filling. The design
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flow is based on an LNG bunkering feed supply with a lig-
uid temperature of -162 C during the bunkering operation,
with no gas feed out from the tank connection space [18].
In most cases, double-wall pipes are utilized in the liquid-
filled piping system [19]-[21] and pipe elbows [22], [23].
The core pipe is at cryogenic temperature and the Jacket is
vacuum normally at ambient temperature while the cryo-
genic temperature is generally -265 F (-165 °C) or lower
[24]. This article presents the 3D finite element method in
core pipe of three different pipe material stress analyses
with Ansys. While working with cryogenic systems, there
are several challenges in cryogenics pipe stress analysis.
The most challenging aspect of structural analysis is opti-
mization; the placements of the supports must be chosen
while thermal effects are taken into account. More strength
does not imply more support. Thermal expansion occurs as
a result of thermal processes, and the supports should not
be used to prevent this. [24]. Ansys software has been used
in fluent and static structure finite element analysis [25].
Bunkering of LNG takes place in a bunkering station. In this
study, the bunker line on the ship TSR-18008 is addressed.
The primary core bunkering line has a diameter of DN100
and a maximum flow of 220 m3/h [26]. Three different pipe
materials on bunker lines were subjected to stress analysis
and the flow properties of liquefied natural gas have been
studied using Ansys Fluent. The purpose of this research
is to estimate the stress using the Computational Fluid
Dynamics (CFD) technique because momentum will be gen-
erated in the pipeline under the influence of flow. As a re-
sult, it offers substantial advantages in terms of identifying
locations of severe stress, reduced uncertainty, and a com-

LNG Inlet

Figure 1 The bunker station line design

Source: Authors



A. Cambaz et al. / Scientific Journal of Maritime Research 36 (2022) 51-60

Table 1 The structural properties of discussed three pipe materials
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Pipe Material Strength (Pa) Young Modulus (Pa) Poisson’s Ratio Shear Modulus (Pa)
Structural Steel 2.40x 108 2.00x 10" 0.30 7.60 x 101°
Stainless Steel 2.05x 108 1.93x 10" 0.31 7.30x 10%°
Aluminium Alloy 2.70x 108 7.10 x 10" 0.33 2.66x 10

Source: Authors

prehensive set of modelling skills for complicated flows. A
bunkering line of 20 m pipe, ten bends with a flow speed of
6.5 m/s is the design flow under consideration. The bunker
station line design is shown in Figure 1 as well as the liquid
natural gas inlet and the outlet.

2.2 Methods

Ansys Fluent and Static Structure has been used as the
stress simulation program in the study. The flow charac-
teristic was studied using the Fluent analysis tool, while
the pipe stress was studied using Static Structure analysis.
To better understand the liquid natural gas flow, Realizable
k-epsilon (k-g) turbulence with enhanced wall treatment
with thermal effect and pressure gradient effects model
has been used in the simulations. Realizable k-¢ shows a
greater performance to capture the mean flow of complicat-
ed structures in nearly every comparison. It also performs
other flow types better, such as boundary layers under
high-pressure gradients, recirculation rotation, and sepa-
ration [27]-[29]. Ansys placed control mechanisms such
as orthogonal quality and skewness ratios for understand-
ing the quality of the mesh. It is recommended the average
skewness values be between the range of 0.25-0.50 is a very
good quality mesh. For the orthogonal quality, that range
reaches out to values of 0.20-0.69, and it is considered good
quality [30], [31]. In our case, the average mesh skewness is
0.42, and the average orthogonal quality of the mesh is 0.62.
The mesh used in the simulation has 2,985,116 elements
and 2,135,093 nodes. Gas enters the tube with a velocity of
6.5 m/s and a temperature value of 108 K. After the fluent
analysis has been finished, the values of analysis have been
used to imported into the static structure analysis. Three
different pipe materials which are structural steel, stainless
steel and aluminium alloy have taken into account for the
numerical structural analysis. The structural properties of
these three materials are given in Table 1.

Due to the LNG’s low temperature, the pipeline expands
or shrinks. When a pipe expands, the entire pipeline ex-
tends to make room for its movement. If the piping system
does not have enough flexibility to absorb this expansion,
the force and stress generated can be large enough to dam-
age the piping and the connecting equipment [32]. Figure 1
shows a bunker pipe connected to 17 cylindrical supports.
Cylindrical support constrains the pipe movement radially
and tangentially. The cylindrical supports implemented in
structural steel analysis are the ideal support for the pipe
system. In this study, when the temperature of a straight

pipe changes due to transporting LNG, it causes the pipe to
expand. The supports on the pipe, on the other hand, pre-
vent the pipe from expanding [32]. Stress analysis and dis-
placements have been observed on three different materials
with the thermal effect from the fluent. Rather than specify-
ing a static temperature, the temperature and momentum
produced by the flow’s movement are used.

2.2.1 Stress Analysis Method

The conventional technique of determining a material’s
strength is to stretch the specimen to failure and measure
its tensile strength. The American Society for Testing and
Materials (ASTM) [33] has established a standard for test-
ing and interpretation of findings since test results vary
greatly depending on specimens and processes. The test
not only determines the material’s ultimate strength but
also establishes the link between the applied force and
the specimen’s elongation by progressively increasing the
force [32]. Stress (S) being the amount of force per unit
cross-section area and strain (e) called the amount of elon-
gation per unit length of the specimen are calculated at
each stage of the testing by using the following equations:

S = % (1)
=L

e=7 (2)

Where:

F = applied force

A = cross-section area of the specimen
L =length of the specimen

[ = elongation of the specimen

The connections between applied force in terms of
stress and the elongation generated are shown in Figure
2. The stress/strain ratio is constant in the elastic range.
Hooke’s Law is the name given to this connection. The
modulus of elasticity (E), often known as Young’s modu-
lus, is the proportional constant. Equation 3 can be de-
rived from the equations 1 and 2, which are shown below:

E =

2 3)

Where:

E = Modulus of Elasticity
S = Stress
e = Strain
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Figure 2 Stress and strain relations [32]

2.2.2 Effective Stress (Von-Mises Stress)

The maximum distortion energy failure theory is the
most compatible with the properties of ductile materi-
als and this idea is highly popular in the European Piping
Community. Von-Mises stress diagram expressed by six
stress components is shown in Figure 3 and the prerequi-
site for yielding, according to distortion energy theory is
[34]:

Figure 3 Von-Mises stress diagram expressed by six stress
components [35]

Oym = \/0-5[(ax - Gy)z + (Uy —0,)% + (0, - 0,)?] + 3(Txy2+ Tyzz +17,x%) (4)

When the stress on the structure is examined in three
dimensions, it is seen that 0,0 and o, normal stresses ex-
ist perpendicular to each of the structure’s surfaces. Each
2-dimensional portion of the structure experiences axial
and radial shear loads. These shear stresses have compo-
nents that are parallel to the surface components. These
componentsaret, , T, and t_, respectively.

3 Results and Discussion

When the whole LNG pipe system is considered, it
is seen that maximum stresses and deformations occur
mainly in the five elbows. The locations of the elbows and
the spots where the maximum and minimum stresses oc-
cur are shown in Figure 4.

In Figure 5, stress-strain contours of structural steel,
stainless steel and aluminium alloy are illustrated. The
maximum Von-Mises stress of 40.197 MPa is observed in
the aluminium alloy at the Elbow 1, while the minimum
stress is seen as 1.1729 MPa. For the stainless steel, the
maximum Von-Mises stress is measured as 78.628 MPa
and the minimum is 2.1125 MPa. Structural steel stands
in the middle of other materials in terms of stress val-
ues. Materials follow a similar trend for the strain values.
The aluminium alloy has a maximum value of 0.1352 mm
which is the highest value among other materials.

70.698 MPa is the highest maximum Von-Mises value
measured from the Elbow 2 in stainless steel material. The
aluminium alloy shows the minimum Von-Mises stress
with 1.3038 MPa. The greatest strain reaches a value of
0.12949 mm in the aluminium alloy. Structural steel has
the least strain with 0.014841 mm. Stress-strain contours
of Elbow 2 are shown in Figure 6.
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Source: Authors

Elbow 5

Elbow 3

Elbow 4

Figure 4 The layout of the analysed elbows
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Figure 5 Stress and strain contours on Elbow 1 for the three pipe materials
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Figure 6 Stress and strain contours on Elbow 2 for the three pipe materials

Source: Authors

As seen in the first two elbows, similarly, the maximum
stress in the Elbow 3 occurs with a Von-Mises stress value
of 76.624 MPa in the stainless steel. Minimum Von-Mises
stress is seen in the aluminium alloy with a 1.1355 MPa
value. The stress-strain contours of the Elbow 3 are dem-

onstrated in Figure 7. The greatest deformation occurs in
the aluminium alloy and its value is 0.12289 mm, whilst
the smallest value which is 0.0019767 mm belongs to the
structural steel.
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Figure 7 Stress and strain contours on Elbow 3 for the three pipe materials
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The maximum and the minimum values of stress/
strain in the whole system occur in the Elbow and the
contours are illustrated in Figure 8. The maximum Von-
Mises stress occurs in the stainless steel with 103.3 MPa
while the lowest with 0.3703 MPa in the aluminium alloy:.
Likewise, strain values perform similarly. The maximum
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deformation is 0.33962 mm in the aluminium alloy. The
minimum deformation is 0.019151 mm in the structural
steel. It is observed that the dramatic turns are the great-
est source of the Von-Mises stresses. There is a need for
improvement in the Elbow 4.
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Figure 8 Maximum and minimum stress and strain spots on the piping system (Elbow 4) for the three pipe materials

Source: Authors
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The Elbow 5 also exhibits similar stress-strain per-
formance to the other first four elbows. The maximum
Von-Mises stress of 73.227 MPa is observed in the stain-
less steel at the Elbow 5, while the minimum stress is
seen as 1.2368 MPa in the aluminium alloy. In the case of
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strains, the maximum total deformation is seen in the alu-
minium alloy with 0.12657. On the other hand, the mini-
mum deformation is performed by the structural steel
with a value of 0.0072618 mm. Elbow 5’s stress-strain
contours are given in Figure 9.
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Figure 10 Velocity streamlines views of the elbows

Source: Authors
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Velocity streamlines are demonstrated for the five el-
bows simulated in Figure 10. 90-degree turns cause slow-
downs or even stops in the flows in the elbows. Using
elbows with lower angles can allow for smoother flow
transitions.

4 Conclusions

The interaction of fluid-structure with Ansys Fluent and
Structural was analysed on the inner pipe of the double-
wall LNG piping system in the TSR-18008 ship. Two differ-
ent simulations were made; the first analysis was a CFD,
and the results obtained from this were imported into the
FEA also known as structural analysis and the structural
analysis was undertaken together using these data.

According to simulation results, the highest Von-Mises
stress occurs at Elbow 4 with a value of 103.3 MPa in the
stainless steel. The lowest stress value is also seen at Elbow
4 with 0.3703 MPa in the aluminium alloy. The maximum
deformation is 0.33962 mm in the aluminium alloy.

Stress-strain contours show where they hit the maxi-
mum and the minimum. Especially, the elbows with dra-
matic angles should need improvements to ease the stress
and strain. When an elbow is exposed to thermal stressors,
the long radius variant expands more than the short radi-
us version. By producing centrifugal force, increasing the
radius of curvature can produce secondary flows perpen-
dicular to the flow direction. The cryogenic fluid cannot
hang on to the boundary layer because its viscosity is too
low. Because the system’s maximum backpressure value is
the most important aspect in these circumstances, the to-
tal backpressure value as well as the places where second-
ary flows occur should be optimized. The fluid movement
may be maintained by forming systems from elbows with
long and short radii. Long bending radiuses will push the
system more, and the supports on the elbows will prevent
expansion and cause higher tension in cryogenic systems.
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