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Abstract: The gas-liquid distribution characteristics in the orbital tank greatly affect the pressure
change in the tank. To improve the efficiency of active pressure control technology and prolong
the orbital storage time of propellant, it is very important to explore the bubble movement and
coalescence characteristics in a cryogenic propellant tank under microgravity. In this paper, the
volume of fluid method is used to simulate the movement of a single oxygen bubble of different
sizes and the coalescence process of multiple randomly distributed oxygen bubbles in the tank
under microgravity conditions. The results show that under a microgravity of 10 °g, the
buoyancy and the pressure gradient on the upper and lower sides of oxygen bubbles increase as
the bubble radius increases, and the time required to ascend a certain distance decreases. When
the radius is less than 100 mm, the bubbles are basically in a stagnant state with a maximum

speed lower than 10 ' m/s after they are released for a period of time, and the stagnation time
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increases with the decrease of the bubble radius. When oxygen bubbles of different sizes rise,

even if some of them have a radius of smaller than the critical separation radius, they can still rise

slowly and complete coalescence under the combined action of multiple force fields, and form a

stable ellipsoidal rotation at the top of the tank. The results of this paper prove that the

hypothesis of lumped vapor model is feasible.
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Fig. 1 Schematic diagram of the liquid oxygen cryogenic

tank
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Fig. 2 Schematic diagram of the force on the bubble

SIEHY BT 5 Bl I R T ST RL Y
B0 B E AR IR AT B Eo RS 5%0 Mo » P12 35 3 7
128 1 TG B AR R il 3 O T I MR R i S A
RS Bl I SNE B AT etk . HoE G

2
Eo — 8800 (9)
o
4
Mo — L5 (10)
o o

P Ao 5 TR I A o 110 8 2 22 4 X {EL: D Ry
5 AR B B BR e AR . AE AR Mo 3R 3R 5
HR A T 1 e % R R K i A R AR 11 g R T g
Ko Eo n] LLBRfg Sy 77 T+ 73 F 2 1 5k g (9 B fEL 25
Eo /N 22181 5K 1363 T3l 1T AR ez s LA 1 52
Wi A o 4 S 3 L S 2 TR T R RS 2 8
B Mo RALWAAFENE Iy 5 3 105K ) Z 1L 7R




%o

G o 45 < PR D0 BRBE S IR 4 26 590 I A A S 38 Bl Bl i R T 87

Mo v, S F T 1Y g 26 R B A AR 1 1S R
T3 K
2 BUEITE
2.1 KEgE

A SCH 5 R G Ak B T IR 2 U 3
1) PISO J5 %8, & J7 #fi {H 55 ¥5 % £ PRESTO 7 %,
VOF i 4 /9 B b S 18 B 0 79 46 {8 28 95 JL o] 31 2
(geo-reconstruct) #% X, B HJ& H 7 &8 R kS i 19 A
A1 36 05 7 ¥ Bl F T AR 25 M Ak A . BE T A A%
PR E NI S B A&

TETHR b AR B AU AR AR WA AR
A AR AR 7 VOF 2 CSF BRI,y 1 42 5 il 1Y
e P L 76 22 A AR AR v 15 B T R 4 S D B AN
AT H 48 A 9 YA S S i AT R 46 A Y s T A
FFR A 5K J7 Z [RURH FAE T DA B A 1 55 09 i 8%

R ORUETH S e M B 2P K E R 0. 01 s, 7
T P SO AN 8 Oy < 55— R UGE AR AR X
WENT B WA RE, Kb &R E/NT
107 HARGR 22/ T 10 ° 588 = AR R Uk A B i
P18 Uk (L B B (B AN P R A AR A A it B e
2K,
2.2 YHEE

TE 6 NS AE 32 Bl R R R R R 1 LT 24
(CAFEHEZ 95 % WD AT=Q/me,=5.46 X10"" K,
Horp i Q Sy A AR far (0.3 W/m®) | BE T 1] FR
(12 m*) DA S8 shif ] (2 1 ks) (e 1L A B4
295 3 600 Jsm HWFHN AR R, 3 902 kg, A
BE AR/ B 3R T BT A Ok T B P S B AR R R AN
LYV BRI 2.,

k2 HBHEE

Table 2 Physical property settings

24 Bl
o/ (kg +m™*) 1141.2
p/(kg e m ) 4. 464 1
cu/J kgt e KD 1699.3
cp/(J e kgt KTH) 970. 67
A/(Wem™ « K™D 0.15
AJ(Wem '« K 8.14X10°°
m/(kgem™ + 571 1.95X10 "
mw/(kgem™ «sTH) 6.95X10 °
o/(Nem ") 1.32X10°*

http: // zkxb. xjtu. edu. cn

2.3 HREIRIE

B 3 7R R T VOF #6850 355 45 31 1 4 8 <
WOy g Li 0 SIae 45 R % I . IR el LUR
H S TR B OO A I S AR B S B
WG W] VOF AR F 55000 A P 0o A
HHEA—EMRE.

(a) 5 I S g 25 1
[ [ I I N N I B -
0 0.1 020304 050607080910
F

(b R 1 57 45 1
B3 S R SRR 5 0 1
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