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Numerical simulation with two-phase flow in annular ejector
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Abstract ; The steam ejector is an important equipment for the upper stage rocket engine to obtain vac-
uum during the high altitude simulation test. The numerical simulation method and Fluent was used to study
the internal flow field of the annular steam ejector used in the high altitude simulation test of hydrogen oxy-
gen rocket engine. The influences of two-phase flow in water vapor, different inlet conditions and structure
sizes on the ultimate vacuum pressure were analyzed. Considering the two-phase flow of water vapor, the
condensation phase change model of water vapor was added into the numerical simulation, and the model
was verified by the test data. The verification results were as follows, after adding the phase change model,
the ultimate vacuum pressure decreases, and the simulation results are closer to the test data. On this basis,
the influences of inlet working conditions and structure sizes on the ultimate vacuum pressure were stud-
ied. The results showed the ultimate vacuum pressure of ejector can be reduced by reducing the total pres-
sure or increasing the total temperature at steam inlet, reducing the wall width at nozzle outlet or increasing

the diameter of mixing chamber under the condition that ejector can start. Therefore, improving the vacuum
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degree of the ejector can be achieved by changing the inlet conditions or adjusting the structure size.

Keywords : annular ejector; steam ejector; numerical simulation; phase change; vacuum
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Fig.1 Schematic diagram of annular steam ejector

Hrp B ST 2e K 10,9 m, 5| 5T PR 4% 4%
3.8 %1077 m*, 5 B 1 EEJE R 0.05 m, R
BEHEMEN 1104 m, §IRBHHE O EAZN 1561 m,
FEVH K/ WA/ RG22 AR . FE AT
&I, TR AR B 20 J7 A4, SR 54 I
%, MR E AN E 2 B,

h
TR

2 HERIERME
Fig.2 Mesh of the flow field
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Tab.1 Chemical composition of working

steam in annular ejector

ks W0 Co,  co 0, H,

/% 78.44 11.10 9.20 1.00 0.26
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Fig.3 Typical test results of annular steam ejector
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Tab. 2 Calculation results at different total pressures

AR R/ i HA RS/ IoUN
MPa (kg-s™") kPa 5%
1.65 88.0 10. 62 3.68
1.75 93.3 11.31 3.67
1.85 98.6 12. 15 3.67
1.95 104.5 12.78 3. 66
2.05 110.0 13.53 3. 66
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Fig. 4 Mach distributions at different total pressure
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Fig. 5 Variations of parameters along axis of ejector
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Tab.3 Calculation results at different total temperatures
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gha 2R3 K6 ME T nfLAE R, BEE A AR
P, ARG Z 3K, T ol T T AE
Yok BEHC A B s IE B SR O W N
) L BRE0E T 4 K, LA TR ) Bt 22 BRI, YRR K A4
B BEE B L . K Z8 A 4 W I & R R R
BRI B, S0 K R IR T R AR K, B T
IR A B, Z8 P B B, 7 AR VR R R 28 YR I
T T WA K 2, DT S B 3 AT
K, 51 il BE 7 M, LA R R AR AT RAIA
by, AR BN AR ) B 25 FE T, TR IE 51 5 4% 1E

o s K g | 28R A B IE AL, 28R 1 R
R AT

AR %0(107): 0.01.22.43.64.86.0

1 -
h:—::: =3
1o 2 4 6 8 10

x/m
==3 I

a) 490 K

x/m

(¢)5T0K

56 ARANORBTHEBAKERSESH
Fig. 6 Volume fraction distributions at different

total temperatures
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Fig.7 Variations of parameters along axis of ejector
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Fig.8 Local enlarged views in different wall widths at

outlet of ejector nozzle

FA G T ETAE G| S0 BT
AR HRIRWL, RG] ST O RE RN H
2SI SRR . MRYE P 9 W Y 11 B0 Af, S BTk
O FTREJRE DB/ 0N A RE TR AR SO A A [l 3 Xk
/N, AR BB PU B IS L XA P U 51 G RE
SR, W 028 s g R PR, RS A 552 s i
HG | S R JELAS AT RE D & {EUE R AT AE 3
ZINTEI Y 1DREJSE X B A L2 T 1 A — RE TR Bl

HE/(m - s
B 200
1100
1000
900
800
700
600
500 =
400 ey S
300 e e
200
100

L 1

(b) 0.015 mAEE JFL4b 3 i % it ]

B9 S5IHmHEHOLEES S

Fig. 9 Velocity distributions at outlet of ejector nozzle
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Tab.4 Calculation results at different wall widths
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Fig. 10 Curves of different ratios with mach number
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Tab.5 Numerical simulation results at dlfferent

mixing chamber diameters

REEHR/m  HZ[EJ)/kPa BRI %
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Fig. 12 Mach distributions at different mixing

chamber diameters
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