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Abstract: The structure of the cryogenic pipeline system is complex, and it bears the 

load of internal pressure, temperature difference and gravity when working. The 

pressure of pipeline is calculated by the formula, and the top inlet pipe of a LNG 

storage tank is modeled and simulated by ANSYS software. The deformation and 

stress distribution of the top inlet pipe under internal pressure and temperature 

difference stress are analyzed and obtained. The maximum principal stress of the inlet 

pipe after optimization design is less than 1/6 of the maximum principal stress of the 

designed inlet pipe, which ensures the safety of the storage tank in use. 
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1. Introduction 

Chemical equipment design is a comprehensive mechanical course, which involves 

many interdisciplinary areas and disciplines. Along with people's attention to 

environmental issues, clean energy natural gas has been widely popularized and 

applied in recent years, and the demand for LNG storage tanks is also increasing year 

by year[1]. Liquefied natural gas storage tanks are generally composed of inner 

containers and outer shells, which are mutually supported by rods, stainless steel 

sheets, steel belts and other materials.  

They are insulated by vacuum powder or high vacuum multilayer insulation. Between 

the inner container and the outer shell are the top inlet pipe, the bottom inlet pipe, 

the bottom outlet pipe, the gas-phase pipe, the gas-phase pipe of the liquid level meter, 

the liquid-phase pipe of the liquid level meter, the overflow pipe and other process 

pipes. These pipes are installed at room temperature and bear the load of internal 

pressure, gravity and temperature difference under the working condition. 

When it is not handled properly, it will not only cause large temperature difference 
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stress on the inner container and the outer shell, but also affect the connection 

between them. In particular, when the heat deformation compensation ability of the 

pipe itself is poor, it will generate great thermal stress at the root of the pipe and lead 

to structural failure. Therefore, through stress analysis of the cryogenic pipeline of 

LNG storage tank, its structure can be improved effectively, the influence of 

temperature stress can be reduced, and the structure safety can be guaranteed. In 

the analysis, ANSYS software was used to analyze the structural strength[2]. The 

analysis mainly took into account the deformation and stress distribution of the top 

inlet pipe under the action of internal pressure, gravity and temperature difference 

stress, and optimized the design of the pipe and evaluated its safety. 

 

2. Basic Parameters of Inlet Pipe 

2.1 Low Temperature Storage Tank Size 

The cryogenic storage tank analyzed in this paper is a vertical container. The main 

technical parameters of the inner container and the outer shell are shown in table 1. 

Table 1 Technical parameters of storage tanks 

item Inner container Shell 

Working pressure / MPa 1.3 -0.1 

Design pressure / MPa 1.55 -0.1 

Working temperature /℃ -164 -50 

Design temperature / ℃ -198 50 

volume / m3 60 32.53 

Cylinder size / mm ϕ 2600× 13 ϕ 3100× 8 

Nominal thickness of head / mm 16 10 

The main function of the top inlet pipe is to let the liquid spray uniformly into the inner 

container when the storage tank is first used or not used for a long time. Since LNG is 

a cryogenic liquid, it may damage the material of the tank if the LNG is not sprayed 

into the inner container before cooling. Generally speaking, when the tank is precooled 

and there is a certain height of liquid in the tank, it can be fed from the lower inlet 

pipe [3]. 

 

2.2 Top Inlet Pipe Structure 

The designed pipe passes through the shell and is welded to the shell through a bowl-

shaped support to achieve sealing. The pipe is connected to the top of the inner 

container through an interlayer. The design material is S30408 and the bending radius 

is 114mm. 

In the process of working chemical equipment, it will be corroded to a certain extent, 
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which will not only seriously affect the production of chemical industry, but also 

shorten the use of chemical equipment. Under normal circumstances, many production 

materials in the process of chemical production are mainly toxic substances, and these 

substances are also easy to react, and serious explosion will occur, which will seriously 

threaten people's safety. 

The amount of gas actually contained at a certain time in the end of the pipeline is 

usually expressed by the volume in the engineering standard state, which is called the 

end pipe storage [4]. The gas storage in the end pipe is equal to the current pipe 

inventory in the end segment minus the minimum operating pipe inventory in the end 

segment. 

𝑃av =
2

3
(𝑃1 +

𝑃2
2

𝑃1 + 𝑃2
) 

Where, 𝑃1 𝑃2 is the pressure at the end and outlet of the pipeline respectively, and 𝑃av 

is the average pressure at the end of the pipeline. 

V =
𝑃𝑎𝑣𝑉1𝑍0𝑇0

𝑃0𝑍1𝑇1

 

In the above equation, V is the inventory of pipe end, 𝑉1 is the geometric volume of 

pipe end, T1 is the average temperature of pipe end, 𝑍1 is the average pressure of 

pipe end, and 𝑃0 is the pressure under the engineering standard condition. 

 

3. Finite Element Analysis of Top Inlet Pipe 

3.1 Finite Element Model 

In this paper, ANSYS software is used to analyze the stress and deformation of pipe 

system. In ANSYS program, the pipeline data is converted into the data of the model 

directly, and the transformed information is stored in the database, which facilitates 

the engineering application. 

Because the top inlet pipe is welded together with the inner container and the outer 

container, the part between the inner and outer container is also the most restricted. 

The whole model is divided into 13 units. PIPE16 is a uniaxial unit with tensile, torsion 

and bending properties. The unit has six degrees of freedom at two nodes: translation 

along the Y-axis and z-axis of node x and rotation around the Y-axis and z-axis of node 

x. The PIPE18 is a curved pipe unit. 

S30408 material in -196℃ when the elastic modulus of 2.1 x 105MPa, poisson's ratio 

is 0.3, it is the density of material of 7.93 x 10−6 kg ∙ mm−3, linear expansion coefficient 

of 14.67× 10-6℃-1.Input the above material parameters during ANSYS pre-processing. 

The basic equations of gas pipeline flow including continuity equation are as follows: 

𝜕𝑝

𝜕𝑡
+

𝜕(𝑝𝑣)

𝜕𝑥
= 0 

The boundary conditions of the pipe system are dealt with as follows: A and B points 
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on the sealing head of the inner and outer container are welded in the processed 

pipeline series[5]. As they are fixed on the equipment, the full degree of freedom can 

be restricted to 0. Under working load, pipe design under pressure of 1.44 MPa in the 

design of the pressure and clamp suites - 0.1 MPa pressure, as well as the design 

temperature to - 196 ℃ temperature load. 

 

3.2 Finite Element Analysis of the Optimized Top Inlet Pipe 

According to the analysis, the horizontal displacement of the top inlet pipe is shown 

in FIG. 3-1. It can be seen that during the operation, deformation will occur due to 

the cooling of the deep-cooled liquid pipe. The minimum horizontal displacement is -

22.99mm, and the maximum is 0.69mm. The vertical displacement of the top inlet 

pipe in the vertical direction, the maximum deformation in the vertical direction 

reached -33.05mm[6]. 

It can be seen from the maximum principal stress distribution of the top inlet pipe that 

the maximum stress is located near the top of the inner container and the welded part 

of the inlet pipe, reaching 377MPa, mainly due to the insufficient heat deformation 

compensation ability of the pipe. Based on this, it is suggested to consider increasing 

the flexibility of the top inlet pipe, and to conduct local amplification of the maximum 

stress.  

 

FIG. 3-1 Displacement distribution of top inlet pipe 

At the top of the liquid pipe of the maximum working pressure is 1.2 MPa, working 

temperature to - 162 ℃, visible, the influences of pipe heat stress. The original top 

inlet pipe, due to the small bending radius at the elbow, has a weak ability to 

compensate for temperature stress, resulting in excessive local constraint stress. 

Therefore, the structural optimization design of the pipeline should be carried out by 

increasing the curvature radius of the pipeline, so as to improve the compensation 

ability of thermal deformation, reduce the maximum principal stress of the pipeline 

and ensure the safety of the pipeline. 
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In the above equation, where the hydraulic friction coefficient, d is the inner diameter 

of the pipeline, and p is the gas pressure, the unsteady momentum equation of the 

pipeline can be calculated. 

FIG. 3-2 shows the maximum principal stress distribution of the optimized top inlet 

pipe and the local amplification of the maximum principal stress. The maximum stress 

is located at the elbow with a small radius of curvature in the lower pipe of the inner 

winding vessel, with a maximum value of 56.0mpa, which is far less than the allowable 

stress of S30408 material of 137MPa[7]. Therefore, under the action of internal 

pressure, gravity and temperature difference stress, the safety of the top inlet pipe 

after optimization can be guaranteed. 

In the process of chemical equipment design, the corrosion resistance of equipment 

must be important, and there are usually many factors that affect the corrosion 

resistance of equipment. Therefore, the design should be optimized, and the corrosion 

performance of the equipment should be improved, so as to extend the service life of 

chemical equipment. Therefore, in the process of structural design, it is also the key 

factor that affects corrosion. 

 

FIG. 3-2 Maximum principal stress distribution of top inlet pipe 

 

4. Conclusion 

According to ANSYS finite element analysis software, under the action of internal 

pressure, self-weight and temperature stress, the maximum principal stress of the top 

inlet pipe after structural optimization is only 56MPa. It can be seen that the structural 

strength of the optimized top inlet pipe is greatly guaranteed, which is far less than 

the allowable stress of pipeline material S30408, and the optimized top inlet pipe can 

be used safely and stably, while the maximum principal stress of the original top inlet 

pipe is far more than the allowable stress of the material. 
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