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Study on dynamic characteristics of gas-exhaust-system for

liquid oxygen tank used for liquid rocket engine ground test

XU Hongpeng, ZHANG Zhitao, TANG Binyun, LIU Tao, DONG Hongbing
(Xi’” an Aerospace Propulsion Test Technology Institute, Xi’ an 710100, China)

Abstract; The research on the dynamic characteristics of gas-exhaust-system was carried out for the
ground test of the LOX/kerosene LRE to obtain the response characteristics of gas-exhaust flow and gas-
exhaust valve of LOX tank, and verify the applicability of the LOX/kerosene LRE under a low inlet pres-
sure condition, so as to control the pressure decreasing rate in the LOX tank. A 2-D calculation model for
the LOX tank was established. In combination with test data, the unsteady heat transfering process of the
ullage in the low-temperature tank was studied to define the temperature and state of the exhausted
gas. The moving-grid approach of CFD was adopted to establish the 2D model, so that the dynamic and
flow characteristics of the values were analyzed. Based on the ideal gas state equation, the calculating for-
mulas of the gas flow and tank pressure were obtained while the tank pressure calculation model was re-
fined. This model can be used to calculate the pressure decreasing rate in the tank, which can also pro-
vide a reference for calculation of the exact beginning time of the tank pressure control.
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Fig.1 Principle diagram of the gas — exhaust — system
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Fig.2 Computational model of heat transfer

characteristic in the tank

L3 WAt EER
TR T T I S PTG s Al e, R TR
FHERPF Fluent H(43h A% DI RE , REARSULIR 1T 54 R0 A
W RBE A WA i UDF SR il Heiz 3 i 75 1)
LRE (AR I ] A AR Bl 1) 3 Sl R AU 1] 56
Mo i Tt 2 XS, 1T A RESE 2 G,

R #% 32 2 2] 5 BE AT 0. 1 mm A9 07 B 5 15 1k, 35X
FERI R IE DL AR 5 B AR SE e R, EUE i T A7
TERYEERTE 28 8/, n] LU AL I T B M.
TS0 50 A 48 B S 2 A B B2 2%, A B AT T
b, R AN 3 Jr 70 9 — 2k Al 6 R R A A Y | L rh A
R 2R 5 H SR A [F] (9 DN4O 5 DN8O, 19 fif
KR #3551 m (9EIE , e 15 DN200 #3254
SUE TR R A S e T AR G A S O
B3 R 1AL R 2 2350 O I DXCSORT 1 X
S, AR SCE BEFTE T T IR0 G 1 3 22 A v X A
(R EARAE L (] 4)

([ EbACR] hi 2
DN40 £ ¥
b
(WA i #2
DN80 - S ¥
i

B3 mshSesEmEER

Fig. 3 Simulation model of valve dynamic characteristic
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Fig. 4 Diagram of moving grids
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Fig.5 Contour of temperature distribution at 300 s
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Fig. 8 Variation of mass flow in pipeline of DN40

valve with tank pressure
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