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Calculation and Experimental Research on Rapid
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Abstract In order to explore the influencing factors of rapid decompression equilibrium time and fluid
excitation in low-pressure chambers, an orthogonal test table is designed, the one-dimensional constant isentropic
flow theory of compressible gases and the CFD simulation analysis method based on Workbench are used as
research methods, and a test platform based on high-precision sensor, PLC and LabView is built to conduct rapid
decompression burst test. Compared with the theoretical calculation, CFD simulation and test results, the highest
error between theoretical calculation and test was 17.38%, and the lowest error was 0.4%. The highest error between
the simulation results and the test is 8.8%, and the lowest error is 2.04%. If the influence of gas friction and other
factors during theoretical calculation and the error of the opening time of the rapid pressure relief valve during the
test are about 540 ms, the rapid pressure reduction equilibrium time obtained by the three is approximated, and the
simulation is consistent with the waveform of the test curve, which verifies the accuracy of the existing formulas and
simulation methods. The influencing factors of the oscillation characteristics of the rapid decompression process are
the size of the pipe diameter of the throat, the pressure difference between the two compartments and the initial
pressure of the two compartments. The above results provide guidance for the design of the cabin and throat channel
of the low-pressure rapid decompression cabin, which can prevent the damage of fluid excitation to the cabin and
improve the safety of the test.
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Fig. 1 Low pressure rapid decompression chamber system
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Fig. 2 Schematic diagram of rapid decompression
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Tab.2 Rapid decompression and balance schedule

Tab. 1 Rapid decompression test table
s NE akPa HZE BkPa [N C/mm  JEJ1#/kPa
1 15 75 800 60
2 10 70 800 60
3 5 65 800 60
4 3.1 63.1 600 60
5 7.56 45.2 600 345
6 15 65 600 50
7 15 70 500 55
8 S31 89 500 58
9 17.5 58 500 40.5
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7 15 70 500 55.17
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9 17.5 58 500 43.42
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Fig. 3 Rapid decompression chamber meshing
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Fig. 4 The pressure and velocity curves of the rapid depressurization process in the low pressure chamber. (a) (b) DN=800 mm is the

pressure and velocity change curve of the low-pressure chamber, (c) (d) DN=600 mm is the pressure and velocity change curve

of the low-pressure chamber, (e) (f) DN=500 mm is the pressure and velocity change curve of the low-pressure chamber
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Fig. 5 DN=800 mm rapid decompression change cloud. (a) (b) Cloud charts of rapid decompression equilibrium pressure and velocity

distribution with initial pressure conditions of 75—15 kPa, respectively, (c) (d) Cloud charts of rapid decompression equilibri-
um pressure and velocity distribution with initial pressure conditions of 70—10 kPa, respectively, (e) (f) Cloud charts of rapid

decompression equilibrium pressure and velocity distribution with initial pressure conditions of 65—5 kPa, respectively
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Fig. 6 Interface of the automatic control system for rapid decompression
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Fig. 7 Rapid decompression test results for DN=800 mm
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Tab. 3 Rapid decompression CFD simulation and comparison of experimental results
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