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Numerical simulation of gas replacement process

in LH, tank of test-bed

ZHU Zi-yong, SUN Wan-min, WANG Zhan-lin
(Beijing Institute of Aerospace Testing Technology, Beijing 100074,China)

Abstract; The program of gas replacement in the tank is drawn up with C# NET software. The in-
fluence of different filling pressure and final pressure after deflation of nitrogen and hydrogen on gas
replacement in the tank is analyzed with the program. An optimum scheme of gas replacement is de-
termined by comprehensive comparison. The numerical calculation of gas replacement process in the
liquid hydrogen testing tank of a rocket engine power system is carried out with FLUENT software.
The numerical calculation includes the nitrogen filling replacement, hydrogen filling replacement,
downsizing scaling and full-size liquid hydrogen tank. The results of numerical calculation are com-
pared with the replacement of existing liquid hydrogen tank on the test-bed. The duration time of the
gas mixing uniformity after completion of the hydrogen filling is calculated.
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B EHIRME: N,=96%; H0<1 000x10°%;
0,<3.9%

2) H, BHMWIIR MR N,=296%; H,0=1
000x10%; 0,=3.9%

B W858 H,299995%; 0,<1x10%
H0<2x10%; N,<5x10°

BIAWRAE: H,=299.99%; 0,<10x10%;
H,0<25x10%; N,<60x10*

ME LalUEH, F N, BRIHIRASR LH,
IR, RIEhREERTE 24 KEW, X
H1 po. p [EMBEIFRIAFRK p, HER T, BERAEX
Kibwh, ABANKKEES BXTES) p R
270 000 Pa BY PTG EM B N, B /D, FHEK

HHT, BRAEKLKLER, WREH#E
120 325 Pa (#J%) BRI N, BED, FEBN,
EH 1147 o,

MERITLFEH, 7 H, BHIES po. p. H
M, AFEp BEHEHLT, £ H, 10, 0, H
N, Rl R 25k, B H, B4 LH, AR, B
FERLIL, FHRAKEES (BEXET) p,
{4 280 000 Pa B} T T2 M H, BEMIER D,
TENH, A7 143 o’

WFATUEE, & H, BHEST po. p H
HE, AR p, BN, EFE H, EHEFIRIELL
T, FEHH, B 11K, [FAT g E R
), FEMERED B g, RS

N £ 1222 w's 1E 114 325 Pa (4JE) WA H, BB, HEM
ME2 LB, SEnHEERTE 24  H82H5 695w,
Yj’\ﬁ%ﬁ%, %ENZ E}ﬁ%ﬁ‘;jj Do~ Pl*ﬁlﬁl, Z:Iﬁjﬂgjjpz
%%1 Nzﬁ?ﬁﬁiﬁpo\ pzfﬁ*ﬁlﬁl, Z:E]plﬁ
Tab. 1 Same nitrogen pressure of p, and p,, different pressure of p,
. BRRB(HL0 & HEMN  EBEHRREN, GE TEAE/
5277 pi/Pa po/Pa po/Pa . . A o . )
B K ) S WRER) m
1 200 000 111 325 101 325 3 1 147 4 1 529
2 220 000 111 325 101 325 3 1260 3 1 260
3 230 000 111 325 101 325 2 994 3 1376
4 270 000 111 325 101 325 2 1222 2 1222
5 280 000 111 325 101 325 2 1 300 2 1 300
2 N, BEIES po. p, EHMR, SR p,H
Tab. 2 Same nitrogen pressure of p, and p,, different pressure of p,
. BHEABHO &  TEHN BN, &8 TENTE/
FFe pi/Pa po/Pa po/Pa N . Jg, . ,
IR ER) SEm WRER) m’
1 220 000 102 325 101 325 2 902 3 1353
2 220 000 105 325 101 325 2 879 3 1319
3 220000 110 325 101 325 3 1261 3 1261
4 220 000 115 325 101 325 3 1204 3 1204
5 220 000 120 325 101 325 3 1147 3 1147
6 220 000 130 325 101 325 3 1032 4 1376
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Tab. 3 Same hydrogen pressure of po and p,, different pressure of p,
B BB
. 2 mEN OO mmgs BRGRR0O0, WEMS

FF'5  p/Pa pfPa pf/Pa (H0 &R P (N, &8 Fm' SEWEER)  Em
y <E/m H/m 3] H/m

FRER) JRESR)
1 250000 110325 120 325 5 2 674 14 7 487 11 5 883
2 260000 110325 120 325 5 2 865 13 7 449 10 5348
3 270000 110325 120325 5 3 056 12 7334 10 6112
4 280000 110325 120 325 5 3247 11 7143 10 6 494
5 290000 110325 120 325 5 3438 11 7 564 9 6 188
6 300000 110325 120325 4 2903 10 7 258 9 6 532

%%4 szﬁ‘ﬁ%ﬁ.{jjp()\ mﬁ*ﬁlﬁ], /T\l'ﬁ]pzﬁ
Tab. 4 Same hydrogen pressure of p, and p,, different pressure of p,
BRI BB .
o vy B ey WERR B0, TEHR

FE pf/Pa  pJfPa pfPa  (H0 FHEF 5 B (N, & B SEREER)
. H/m =/m = > EH/m’

RER) RER)
1 280000 104 325 120 325 6 4 026 11 7 381 9 6 039
2 280000 105325 120325 6 4 003 11 7 339 9 6 005
3 280000 106 325 120 325 6 3982 11 7 300 9 5973
4 280000 107 325 120325 6 3958 11 7 256 9 5937
5 280000 113325 120 325 6 3821 11 7 006 9 5732
6 280000 114 325 120325 6 3797 11 6 961 9 5 695
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Fig. 1 Computational domain of liquid hydrogen tank
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Fig. 2 Computational grid of liquid hydrogen tank
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Tab. 5 Calculation parameters for numerical simulation of LH, tank

Z W B
[ BE Y PRBE R Y PRER
B N, B H, &k
EHAO/P 270 000 280 000
0.000 016 859 2 0.000 089 998 79
0.022 762 35 0.000 015 999 79
A DS E M
N, 0.977 220 790 8 0.000 041 999 44
H, 0.999 852 002
H,0 0.003 374 871 0.000 284 333 2
0, 0.238 408 0.044 359 85
RASVIR I B 5
N, 0.758 271 749 45 0.955 359 7
H, 0
R Pa 120 325 112 325/101 425
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Fig. 3 Density of each component after nitrogen replacement of full-size tank
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Tab. 6 Volume fraction of each component after nitrogen replacement

BRI H,0 R4 0, ¥ N, A5 R AR

3 1.144 668 284e-3  0.060 473 435 62 0.938 381 896 1 e
4 5.670 012 962e-4  0.039 590 627 87 0.959 842 370 7 &5
5 3.443 140 506e-4  0.010 492 490 09 0.989 163 196 1 b=
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Fig. 4 Density of each component after hydrogen replacement of scaling tank for 12 times
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Tab. 7 Volume fraction of each component afier hydrogen replacement of scaling tank

BHRE HO RN 0, RBUT B N, R EL H, AR5 R RER
10 1.064 946 409e-5  7.885 776 64e~06 1.712 493 729e-05  0.999 810 215 4 i
11 1.044 373 9e=5  4.166 776 1e-06  8.006 112 9e-05  0.999 905 322 62 5
12 1033 072e-5 2438 6222926  3.769 659 Se-5  0.999 949 534 3 7

# 8 HASEIMIRE LH, 4 Eik 12 WS40 & 5
Tab. 8 Content data of each component after replacement of liquid hydrogen tank of a certain engine test for 12 times

BHKE H0 KK 0, RS N, BB H, AR REHEEXR

1 8.2 2.7 30 999 959.1 £
2 10.7 4 27 999 958.3 2
3 7 6 25.4 999 961.6 =
4 10 38 26 999 960.2 =
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Fig. 5 Density of each component after hydrogen replacement of full-size tank for 15 times



$F37% Fo6llP

KRTH, % HlKE LH, AR E S BRI

R, EEIT RS RBH2RSF LH,
FREEATIEBTHNE 9. FTLLEHLH,
WA ERT H B#fen, RRLLENH
121 325 Pa, FEEH 15K b, SHSSEWH

Eg}ko
2) LH, 3 RTEHR, SRASKZE,
BRZEH 100 Pa, BERLIZERILE 6,

#9 ERSHHE H, BHA S H0 MR

Tab. 9 Volume fraction of each component after hydrogen replacement of full-size tank

BHRKE HO KB 0. R4 N, BRI H, ARS8 REWRER
13 1.006 152 709e-05  6.294 584 161e-06  1.333 517 33e-04  0.999 850 292 2 &
14 1.003 260 116e-5  3.665 991 43906  6.863 881 813e-05  0.999 917 662 7 %
15 1.001 840 298e-5  2.343 438 936e-06 3.607 677 199e~05  0.999 951 561 3 =

H, % K 7 UG H,0% B

H3E 4 IR A RN IR BE

WU E BTSSR, BH4eRSF LH, -
RIS IEE F10 101 425 Pa b, H, RRE&
A AT EONE 10, TTRDESE LLVHELSR

Losens

i
330t
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e
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2o ns

HE+ A KA TFOMKRE
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Bl 6 RSTAS 15 0 H, BiRE S 4150 E

Fig. 6 Density of each component after hydrogen replacement of full-size tank for 15 times
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~FH, B, R K IEE SR 101 425 Pa,
BEW 1ISKRULE, SHESSEFRER,

10 ERTIHHE H ESURS A RN

Tab. 10 Volume fraction of each component after hydrogen replacement of full-size tank

BHSE HO ABUMK 0, R4 N, (AR H BB BEWALER
13 1.006 116 08le-5  6.277 795 675e-6 1329 220 647e-04  0.999 850 738 9 e
14 1.003 261 224e-5  3.658 226 394e~6  6.830 861 9e-5 0.999 926 426 &
15 1.001 847 793e-5  2.343 940 324e-6 3.597 127 447 9e-5  0.999 951 666 2 2
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Fig. 7 Mass fraction of each component in LH, tank after 1 min when completion of gas filling
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