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Abstract: In the daily operation of the vehicle gas cylinder, when the number of BOG (boil-off gas) 
in the cylinder reaches a certain level, in order to avoid overpressure of the cylinder, the BOG needs 
to be safely discharged. The blowdown process of the gas cylinder is a non-equilibrium process. In 
order to prevent the wall temperature of the cylinder in contact with the fluid during the blowdown 
process from reaching the brittle-ductile transition temperature of the material, the change of 
temperature field and pressure field inside the cylinder during blowdown with time are studied. 
Using FLUENT to carry out simulation, the pressure and temperature of the LNG cylinders in the 
vehicle during the blowdown process are studied, which provides a reliable basis for the selection of 
the cylinder material. 

1. Introduction 
As a clean energy source, LNG is widely used in the transportation industry due to its low carbon 

environmental protection and safety, including bus transportation systems and freight logistics 
systems, especially LNG powered vehicles, which are developing rapidly [1, 2]. According to 
statistics, there are about 4,000 LNG fuel buses in Guangdong Province alone. In the next 2-3 years, 
LNG buses will increase significantly to 20,000-30,000 units [3]. In the power system of LNG 
vehicles, low-temperature insulated cylinders for storing LNG are critical equipment, and the safety 
of cylinders becomes important. 

LNG cylinders generate a certain amount of flash vapor during use. In order to prevent 
overpressure inside the cylinder, it is a key measure to discharge the flash gas in the bottle in time. 
Jin Yingzi and other scholars of Harbin Institute of Technology have studied the filling and 
deflation process of empty containers, but the main content of the research is the condensation 
problem in the process of filling and deflation of containers [4-7]. Yang Lihong of Shanghai 
Jiaotong University also works on isothermal containers. The deflation process was studied, and the 
content of the study was the variation of the multi-variable index during deflation [8]. Few scholars 
studied the deflation of high-pressure and low-temperature vessels. 

At present, computational fluid dynamics (CFD) is applied to various industries and plays an 
important role in the field of mechatronics [9]. CFD is the control of the basic flow equation 
(momentum conservation equation, mass conservation equation, energy conservation equation). 
Next, the complex flow field is simulated and calculated, so that the physical quantity (pressure, 
temperature, etc.) in the flow field space is monitored, and the change law with respect to time is 
obtained. 

In order to carry out CFD calculation, this paper uses FLUENT software to simulate the gas 
venting of the initial absolute pressure of 1.1MPa and the initial temperature of 110K, and obtain 
the pressure and temperature versus time curve of the vehicle LNG cylinder during deflation. The 
deflation process is analyzed. 

2. The experimental calculation model 
The gas cylinder of this experiment is the CDPW600-335-1.6 storage tank produced by Qingdao 

Ruifeng Gas Co., Ltd., and the LNG filled with it is simulated. The source of external gas venting 
from the cylinder is the evaporation of the LNG in the liquid phase and the pressure difference 
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between the cylinder and the atmosphere, and the material of the cylinder is assumed to be the 
adiabatic wall. The initial assumption is that the temperature in the gas phase zone and the liquid 
phase zone are both equal to 110K. The calculation uses the VOF (Volume Of Fluid) model, and the 
whole tank body is divided into a gas phase zone, a liquid phase zone and a two-phase mixing zone. 
Because the shape of the LNG cylinder is simple, the solution area is approximated as a cylinder 
and the boundary conditions are symmetrical except for the venting port. The evaporation of LNG 
[10] and the deflation process are used as a two-dimensional heat conduction and two The problem 
of flow. Because the size of the car bottle is not large, the actual scale is used for simulation 
calculation. 

Use the FLUENT pre-processing software Gambit to create geometric models, set boundary 
conditions, and mesh. Since the shape of the LNG cylinder for the vehicle is relatively regular, but 
the airflow in the bottle is unstable during the deflation process, a structured mesh is used in the 
middle of the bottle, and unstructured mesh is used at both ends of the cylinder, and the 
corresponding boundary is defined. Condition type and grid watershed. In order to ensure the 
accuracy of the calculation, the grid is encrypted at the exhaust outlet. The mesh is shown in Figure 
1. The number of grids is about 550,000. 

 
Figure 1 Modeling grid for LNG cylinders for vehicles 

The tank has a length of 1.7 m and a diameter of 0.53 m, wherein the exhaust outlet has a 
diameter of 2 mm. This simulation experiment mainly studies the time taken for venting LNG 
cylinders for vehicles and the pressure change and temperature change during deflation in the case 
of initial absolute pressure of 1.1 MPa and initial temperature of 110K. 

This experiment calculates the pressure and temperature in the LNG cylinder for the vehicle, and 
solves the time continuity equation, the momentum equation, the time-averaged turbulence equation 
and the energy equation. The pressure solver and SIMPLE format are used. The multiphase flow 
model uses VOF (Volume Of Fluid) model, combined with the standard two-phase flow k-ε 
equation to calculate the turbulent flow field. In addition, the model is simplified in the simulation 
of liquid phase LNG evaporation, and the liquid LNG is considered to be a homogeneous 
incompressible fluid, and the fluid viscous dissipation is ignored. The boundary of the experimental 
model is set to the non-slip thermal insulation wall boundary condition except the exhaust outlet, 
and the boundary condition of the exhaust outlet is set as the pressure outlet, and the back pressure 
is atmospheric pressure. The initial calculation of the vehicle LNG cylinder temperature is 110K, 
and the initial absolute pressure is 1.1MPa. 

The evaporation process of liquid phase LNG is controlled by a phase change UDF function. The 
phase change UDF is written based on the C language. The phase change UDF is divided into four 
segments: a C language header file and defining phase transition conditions; defining a liquid phase 
transition condition and a calculation formula, that is, when the liquid phase LNG reaches a 
saturation temperature, it will Mass transfer in the gas phase; define the gas phase transition 
conditions and calculation formula, that is, when the gas phase LNG reaches the saturation 
temperature, the mass transfer will be carried out to the liquid phase; the energy source term of the 
mixed zone is defined, that is, the quality of the liquid phase LNG to the gas phase LNG When 
transferred, it absorbs heat. 

The basic equations used in the simulation calculation of the simulation object are as follows 
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[11-13]: 
Continuity equation: 

 
Where: ρ—air density inside the container, kg/m3; 
r, x - radial coordinate, axial coordinate, m; 
T-time, s; 
U_r, u_x—radial velocity, axial velocity, m/s; 

 
Momentum conservation equation: 

 

 
Where, μ-air viscosity, N/m2; 
For the empty container deflation, the source terms S_ir and S_ix of the equation are zero. 

3. The experimental results and analysis 
Through simulation, it can be known that the pressure in the cylinder is reduced from 1.1Mpa to 

1.08Mpa in the first 60 seconds. The initial decreasing trend is basically linear, and then the 
pressure reduction speed is gradually slowed down. 

 
Figure 2 deflation simulation pressure curve 
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From this curve, it can be known that during the deflation process, the gas phase LNG is 
continuously discharged, but the evaporation rate of the liquid phase LNG is insufficient to 
supplement the rate of gas phase discharge, resulting in a continuous decrease in the pressure inside 
the cylinder. The deflation rate is proportional to the pressure difference, so when the pressure is 
reduced, the deflation rate is also slowed down, and the rate at which the pressure is reduced is also 
slowed down. 

It can be seen from the simulation that the temperature inside the cylinder is reduced from 110K 
to 90K in the first 60 seconds, and then the temperature is kept near 90K until the end of the 
deflation. 

It can be seen from the simulation that the temperature inside the cylinder is reduced from 110K 
to 90K in the first 60 seconds, and then the temperature is kept near 90K until the end of the 
deflation. 

 
Figure 3 venting simulation temperature curve 

By analyzing the curve, it can be known that the temperature inside the cylinder is stable near the 
saturation temperature for a long time during the deflation process, but in the actual exhaust 
environment, since the cylinder is not completely insulated, at the end of the deflation process, due 
to the cylinder The wall leaks hot and the cylinder temperature rises slowly. Therefore, during the 
venting process, the temperature inside the cylinder is substantially stabilized near the saturation 
temperature of the LNG. 

4. Conclusion 
In this paper, the FLUENT simulation method is used to study the deflation process when the 

pressure of the vehicle LNG cylinder reaches 1.1MPa when it is heated. The pressure drops about 
10kPa in 60 seconds, and on the temperature curve, Within the first 10 seconds of the gas, the 
temperature drops to 90K and then remains stable near the saturation temperature of the LNG until 
the end of the deflation process. The downward trend of temperature during deflation has no 
obvious pressure. It can be inferred that the temperature margin is sufficient for a vehicle cylinder 
with a design temperature of -196 °C. 
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