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Abstract: In order to reduce the reorientation time and the propellant consumption, improve the
mobility and carrying capacity of the cryogenic upper stage, a numerical simulation of reorientation
employing volume of fluid (VOF) method is applied to investigate the thrust amplitude and time-
series optimization of reorientation process, the reorientation time and propellant consumption are
obtained by analyzing the variation of the propellant mass centre height, the average kinetic ener-
gy, the entrained gas ratio and the average bubble diameter. The results show that the reorienta-
tion time with the low thrust is longer than the reorientation time with high thrust, but the pro-
pellant consumption with low thrust is less than the propellant consumption of high thrust; The
reorientation time and propellant consumption can be effectively reduced by reasonably optimizing
thrust time-series.
Key words: Cryogenic upper stage; Liquid hydrogen; Reorientation; Thrust amplitude; Time-se-
ries optimization
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Tab. 1 Results comparison of simulation and test

FROERF ) T2 L R/ s FE A R /s iR/ U

Xt B A7 ok A ) O B S e R A

AR SCHRE A B E LSS AR E R . LA S 2
RETLE /N T 0. 000 2 J/ kg R IR HETHEE (45
PR I P A S TR A O AR R F ) S Bl gk U
PRI FE RN HE A s DABE RIS 2% 1.2 m @& B9
WM 24 SORFRE /N T 0,000 2 24 K ShHLFE I 2
ENLAE AR T I I TP A IR A A e AR HE 2 5 RE
A4 F R SIHLTAE 30 s DL B, PRAEHESE ] i
MR

ANTRIAE )R B E A ELAS RN R 2 R,
240 NN HE M S R PR B 2 Fros.
A [ 4 g 5 A7 e AR R A O AR B0, (B R
TR B IR I A IF ] 2, L JE BT 2R CHfE 2 790 7 I A
UG B 45 B 18] SRR I E] 2, L ORGE A B
ARSI 25 L R B RAT A IS ) 2, SR F
T A8 HE bR B I ) 25 LA R 3k 3 & S L1 RS Bl A
WER ¢ R, ELIK B R HESObR I 1 wh i 15 A
BBR BB S S bR T A B ehi T, ORI FE
4 e kR

R2 FRAENEEMFEER

Tab. 2 Reorientation results of different thrust
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Fig. 1 Comparison of reorientation stream patterns

between simulation and test
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Fig. 3 The fluid mass centre heights of different

thrust amplitude

0.045
0.0401
0.035¢
0.030
0.025
0.020
0.015
0.010
0.005

2x40N

©
(=3
S
=

. kg—])

=

—1—"“"‘1“'{—-__—‘___

FAAS- I EhEE/()

200 300 400 500 600
R EA

E 4 FREHENRETHREFEHINEE

Fig. 4 The fluid average kinetic energy of

[«
—_
=
(=]

different thrust amplitude

ANTRVHE 3 W E T WA S R AR RO A
AN 5 R 6 Fron, Wl s SAR U B
B7 iR . W SABU BOh IS N AR B 5 11 1k
FUHC, T M R i SR & i, PR
HAARBAR PG E, 0T = WA
TR/, EEMPIGI B, BT 2X40 N I
300 Nk Jy 8 o 2o A5 VIS 30 2 1 B /1N, Rl R R
W0 AR I FL 5 F CRBEL Re, > 1 500, T
A% We, > 0.5Rei”) . 5% H 2 WAl 5 78 i
BASMG AT EFb T 2X300 N 5 A7 o 72

W B B B R, W SR AR, BRI
FTAME AWM b WIS R RSP
KAE S5 Bt & A3 46 T R, i TS0 R
4 B B ST 24 U AR AH 22 R R, M T R AE R
SR e E e R O, R
ARG SR R E B G 1 240 3 A8 e (B 09 15 K 4
K, AU TF 4R 3% 0% e 220 T Lo o R TR R
IRF) &S AL R sh bR U S SR B B0
F0.000 2) [HBFIE] £, B

0.12

0 bt . s : 1
0 100 200 300 400 500 600
s [al/s
Bs5 FRENEETHEREESESE
Fig. 5 The fluid entrained gas ratio of different

thrust amplitude
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Fig. 10 Typical time-series of reorientation
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height and kinetic energy with 2X40 N thrust

el s L B gl BE A D& O Y AR AR
SR S U0 e ik 20 . R T B BE S HBE A5 AR
AN 2R AR 2 AN K A BBl R R Ak T R
FRORACWTFE . 18 Y AR S0 220 R AL An 3R 3 ]
12 iR .

NIRRT U4 i) P R By LA Rk 4 FIE
13 7R o WA HEACEE E L I ) 25 AR S AL I 3)
R 0L N 8] ¢ i FE 7 D) 38 I 220 19 8 K S 0N IR e



FLBAEEA 202347 A

x3I HEHVREF
Tab. 3 The different thrust time-series

W2 /s A
36 WIRERAE IS, BIFEH A Bt
44 VRN AE LR TR A AR L TR R SR
65 S REIE B O, T AL E LA T ) 36s (b) 44s (c) 65s (d) 117 s (e) 182 s (f) 280 s
Y T . A
o . RO m i ARG
280 SRE R B R R . MR TR T 46 R B/ i S 3 Fig. 12 Initial liquid flow pattern of different thrust time-series
R4 REBRAVENETOHES
Tab. 4 The simulation results of different thrust time-series
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Fig. 13 The reorientation time and total impulse
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