266

Hzs Sk

Vacuum & Cryogenics

20184F-8 H

0 3|5F

T S50 A 1 B B P M A I

a1
F7e

710049;2. LiEFAE L T, Lif

o RLINERLE OB EERLE
(1. BEBRFEEBREH N TRPR, BE 201108)
FE N RAEPIAEE T, ) S HER R GOMICIREE 46 14 P RE , SR CFD ik Wl 11 &1 Tl A
U5 N L VA TR AR I S o R T TR B E A FUAIF 5, X T BN [ Mot i X i W S0 o S o0 8 45 TR 2 A P 9 R 3 - A
S5 SAREsgm . PSRRI AR T, A KBTS AR TCTE T R, B 7R IT 1A B B A 20 R
R R AR 5 RO XS LT A B PR . B T Pl , W R FERICR S 4 ). R, <
AH DXIER T ATA A S0 VBORH DX A M S P 2 I, B 9 9 R, S % < RO X A 8 B 28 B, AN
BEIE. BARE , SO X M5 R R RE O Tk DX Skt S, YROAH DX S5 8 1 38 SR e 553 o
SCEBIR DR T 5 BB VRS 5 R 5 AR
FE 9SS V434;TB617 XEARERD: A
DOI:10.3969/j.issn.1006-7086.2018.04.010

XE4RES:1006-7086(2018)04-0266-09

NUMERICAL INVESTIGATION ON PERFORMANCE OF SPRAYING PRESSURE
CONTROL TECHNIQUE FOR LIQUID HYDROGEN TANK AT MICROGRAVITY

MA Yuan',SUN Pei-jie’, LI Peng’, LI Yan-zhong', WANG Lei'
(1. School of Energy and Power Engineering, Xi’ an Jiaotong University,Xi’ an 710049, China;
2. Shanghai Institute of Aerospace System Engineering,Shanghai 201108, China)

Abstract: In order to investigate the pressure control performance of thermodynamic vent system for orbital cryogen-
ic tanks, the CFD method is adopted to simulate the spray process of the subcooled liquid into liquid hydrogen tank under
microgravity. Different injection regions, injection fluxes, injection velocities are comparatively calculated and the effects
of these factors on physical field distributions and pressure variation are analyzed. The results show: under lower fluxes
and velocities, the inlet liquid could not generate jet flow during gas region injection and will accumulate around the spray
inlet, which decreases the pressure control efficiency. Meanwhile, the liquid region injection almost has no impact on the
tank pressure control under lower fluxes. The effect of spray pressure control increases as the injection flux and velocity
for both gas region and liquid region injections. Under lower fluxes, the gas-liquid-region injection process could be re-
garded as the superposition of separated gas region and liquid region injection processes. As flux increases, this additivity
becomes inapplicable since the interaction between the disturbed flow in gas and liquid regions. The gas-liquid-region in-
jection has the best pressure control performance while the liquid region injection has the worst performance.
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Fig.1 Schematic diagram of tank structure and injection device
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Fig.2 Graphic contours of phase distribution (left half of the tank) and temperature field (right half of the tank ) during gas region

injection process

40%IF£L#%-0.05 kefs T.00LF , ft i 240
0.06 m/s, HHILAEMTIFF 1AL o HY T A S 1A ok B 5
INASJR DUAE SR X U I, L8 T4 JT 125 [+ il

BRI GG R T, DRI T £ IS 1
AT SR A B A AR T 5K A TR R EROE
Tt s 2] B BRI TR BT T il o BRGEAR , 2R



Ly A SN AR TR ) S R T R R AU 5T 269

LEAEMHR AT A . MR R | WS IR AT 0] e 37
AU BE S M AN K, O i AT AR T 20 K A2 A AR AR
A AMNERAAR X AAL T 26 KR IX, SRERIE kL
T UL 5 A VR TR B BT 85 1 20 1 L BE A6
JE . 40%IF LR -0.1 kg/s 1 20% T FLF-0.05 kg/s
THT S EEZA 011 m/s, B A A 2 L
SHESRZI S, K& AL,

40%FFFLK-0.2 kg/s F1 209%FF L% -0.1 kg/s T
MR, e KE YR 0.22 m/s, 1T LIFESREIXIE
BRI B I sl SR, T &
VERUIARXT 3055 , ARIE sh 23 T BRI AN 2
P SRR AE SRE XN SUR AT AL 1 £
ANV AT, W% ST 11 A, PT R4 AH X 53 7 a5, B U
AT 73 A RS

20%HFfL%-0.2 ke/s B TOLT , e KR EEL N
0.45 m/s, 5T TR P sl B M Z S A 7E
U/ TRU LS ol A W4 (2 82 @1 7 7O W/ 2 S8 B
BT AT RE A& AR R Wi AN IR G A AR, e AL
FARXAE S it A TR B s e 56 11, FFAEmE S5 1
FRFIT X S8 22 R0 /NS AT

NI BE 35 0 A5 SR A AR TR 8 SR it 14 114 = 252 )
DB Th IR o BB A3 o BEAE T A K, AR
SRV EE SN, A [ 200 ) AR DX BRI R )
AR AL LT, FEALARE )N S it B RE B, SR 5 <
B SR (4 PR B A, BT E PR I 4k

FE 12 A 26 22 S I AP AR (LR . Y mg
S B /NE U 409% T FL 8 -0.05 ke/s . 40% T £L
H-0.1 kg/s F120%FFFL % -0.05 ke/s =45k, thF
NS A TCEIE i, RRE LA BB 5 bt
Fre i, i B2 AN A D B IR
Ry, [R) I, 4R B 2 B VAT 3 T sk
55, FEUEFE S BB ETAS /N HA, T R B
FLAR NI W58 SR T RE BRI, AR EBRORC, T4 e
FIREAG, W& 3 s .

HoAp = M 0 2B T R el T R
J& A B LS FRS218 T R AR AR A . I A R
FEIRE]0.2 m/s £ A7 B, ASFIAR AT DAZE SR X
SRR, AN B R i L A R A AR B S B R SRR
55T G X R FH T 8 i, DAL I 90246
FEITHEL T W N, X H = A2 & 30, Wk
JE 1) S 2 BN I AS 22 5 | B B ) el B 1)
W P Tt o A gl 2 T S R 3 K 2 e T8 U Ui
J5 PR — A0 R S 3 85 AN RE R 1 35 0 e
FEREYE. B, B TR ) N SO 30 0 AR N Rl

L, WSS 1 AT EFR 3wl 4= W PR FR OB 2, (45
1 SRR SR ¥4 BT R L, b T P 42
B AP T HE B D TR A R o Bk
A e T SR A R SO T
W EMTRT R L P — AP, vy AL T RE S A
SUBL, IS G R R BB LB, T 1R T
2, AT RE S EOL SHA R AR HIGAL .

460
[ 0.05kg/s
. --- 0.10kg/s
440 ‘.-q‘ . ——0.20kg/s
\_\\\ . i :20%9-‘F?t$
< S Na 2% :40%:
g 120 o HZ 1 40%FFFLE
9
& 400
&
3804
3604

K3 RIFAAE T ICAR 1A 0 UM D ) 2k
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(gas region injection )
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Fig.4 Graphic contours of phase distribution (left half of the tank) and temperature field (right half of the tank ) during liquid

region injection process
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Fig.5 Tank pressure responses under different conditions

(liquid region injection)
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Fig.6  Graphic contours of phase distribution (left half of the tank) and temperature field (right half of the tank) during gas-liquid

region injection process
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