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Abstract: Aiming at mixing condensation phenomenon of high temperature oxygen enriched gas in a pipe
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liquid oxygen two phase—flow under large super—heat degree was developed. Experiment study of gas—liquid mix-
ing condensation with refrigerant R123 as working medium was conducted to verify accuracy and reliability of the
numerical model. Calculated results show that lateral relative flow of the gas—liquid two—phase occurs in the el-
bow section under the action of centrifugal force, which enhances the heat and mass transfer between the two
phases. Under lower liquid velocity of 1m/s, a local gas cavity connected with the gas hole is formed after the high
temperature oxygen enriched gas is injected into the pipe horizontally. When the gas injection rate is lower than
80m/s, one side of the gas cavity is attached to the inner wall of the pipe. When the gas injection rate exceeds
100m/s, the gas cavity could leave the inner wall of the pipe. The gas phase is torn into discrete bubbles at the
lower end of the gas cavity and it gradually condenses with the liquid flowing downstream. As a result, it is found
that the oxygen enriched gas in the outlet of pipe is not fully re-liquified in this actual working condition, and this
flow state may cause cavitation effect on the main liquid oxygen pump.

Key words: Staged combustion cycle engines; Oxygen enriched gas; Mixing condensation; Large super-

heat degree; Reliquification
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Fig.1 Schematic of conveying pipe of liquid oxygen
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Table 1 Boundary conditions of conveying pipe of liquid
oxygen
Parameter Value
Inlet flowrate of liquid/(kg/s) 1166.0
Inlet temperature of liquid/K 91.8
Liquid vel()(:ity.(ax%al, radial and tangential 12.9. -6.6. 6.4
directions)/(m/s)
Inlet flowrate of gas/(kg/s) 29.3
Inlet temperature of gas/K 485.7
Gas Velocltydij:;?itn;i(jzizn)d tangential 38.5. 1436, 0
Absolute pressure at pipe outlet /MPa 2.07
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Fig. 2 3D mesh model in inlet section of pipe between
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Fig. 4 Grid independence analysis of 3D model of whole
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Fig.5 Schematic of experimental system of flow

condensation for gas-liquid two phase
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Fig. 6 Picture of experimental system of flow condensation

for gas-liquid two phase
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Fig. 7 Comparison between experimental and calculating
results for gas phase distribution in different injecting

velocities

AN TR) S 56 T 50 1) AR P TR ) LA R 5 8
05 45 A 0 % LG an &1 8 B, R AL S5 2mmx 1
Case 1,2mmx4 4 Case 2, ImmXx4 & Case 3, & 1A i i
Tm/s PRFFANZE VR ¥ B SK, MR o #EE 30K, A
FE 38 0.175MPa. 1T LLE SR T 3 4 68 K
M5 B 45 B 5 S 45 By & . 7 SR
120m/s 52560 T 00, 1H 580 45 1 5 52 56 45 2R 0% B K
2K 6% . T AE SR H 40m/s F1 80m/s T B H , 16 i
ANHEAT A D BFUAE R S0 A5 R 2 R 25 AR
(29 18%) , Fifi %5 T /< It 1 1 386 K, WA 3 22 [ 1 i 25 3%
Wk /N o F I, AR SCEEST A CFD B TR X 4 P A
U5 ok 11 T A AR 3 T SR IE .

12 o Case 1 calculating results

Ly —=—Case |1 experimental results

LOT o Case2 calculating results

0.9 —e—Case2 experimental results
% 0.8+ a Case3 calculating results
% 0.7  —a—Case 3 experimental result:
é’ 0.6}

05+t

04+t

03}

02F !

1 1 1 1 1 1 1 1 1
0.4 0.6 0.8 1.0 1.2 14
Injecting flow rate/(m?*/h)
Fig.8 Comparison between experimental and calculating

results for gas re-liquification length in different conditions

3 ERSIE

3.1 EBRANOBERBSH

B e AT BER SO 2 A I 9 s o Al
LA, SO AR g% A1 BE 2 AL T RS % )i, e
Ao Ve TR0 SR R 26 Tl i A8 T AR 1) B A R R
GG e A G e 9 B A e B R TR 6
— AL AR TR SR SRR 3 AL T 2 i 0 i 2 5
i, FE L Bl i A PR A AL B R AR R 1 R
Rl G, e Y I S 1) DU BE B ) SO RS RO L B A
I PO DX Pl TR R B AL S AL
AL B A 16 Fil A B S THGEC AN S A3, DR A T A 5 Y
AR I L0, RO A B W A 23 2 R

PR, 3 o 7 00 A AT R AR B A BE B >
A B HE AL A8 AR R 2 18] 20 A1 R 2 195 e AR A
BR o DA, 7 X A A IR Bl 4 B o R Y KL
E B0, AT DA A AL R e O o S i

/E(Aﬂ:o



1550 ot

#HoR

2021 4

Volume fraction
of gas phase

I! 1.00
10.80
1067
053
0.40
027
0.13
0.00

Fig. 9 Gas-liquid phase distribution in inlet section
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Fig. 14 Variation of maximum temperature and average

void fraction in section of pipe between pumps
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