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Characteristics of pumping-back and propellant-refilling processes for
diaphragm tank of space station

SUN Wei, ZUO Suihan

(Beijing Institute of Spacecraft System Engineering,
China Academy of Space Technology, Beijing 100094, China)

Abstract: Numerical models for a pumping-back process of pressurized gas and a propellant-
refilling process of propellant tank were built, and the simulation results were compared with experimental
data using pure water. It was found that the pressure variation of propellant tank in the pumping-back
process and the refilling proces was similar to an isothermal process, and the pressure variation of
pressurized gas-bottle in the pumping-back process was similar to a polytropic process with polytropic
exponent of 1.1. Further simulation analysis was carried out with the developed model to investigate a
typical propellant refueling process of the Mir Space Station, indicating that the pressure-rising rate of a
pressurized gas-bottle in pumping-back proces was significantly influenced by heat dissipation of the
pressurized gas-bottle, and the propellant-refilling rate of a tank descended gradually due to increase of the

back pressure of the tank in a propellant-refilling process.
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Fig. 1 Sketch map of the propellant refueling system for the
Mir Space Station

Horpr, JBE GRS Bl SD BRSSO AE 25 [
il A 0 A R v R SO ) % A, FRE A A
A IRV K HEDE R AE G232 G AN 2s [a) sl 04
[ F) 3 20, S A0 in 4 o A v e o B R R R AR R
AR YR A 1]l B I R e R SO
AR W3 25 3R o (8 AR R, XA R Ge#5<
I AN AR SR O S B T LA S A ]l A kb
IR ¥ AT % LAY R . Sauter %5 54 1
B2 v 3 BEORE TR R I T A 3 ) I e A AR AT TR
PN A 55 L 22 SR A5 A3 R = A Al v R T AR
FH AR B X S F ) A5 R AR I o R AT TR
PN A5 T HIR A A AR, (A2 LR
15 FBIF ST A X 1 2 i 2 T 5K ) Jir B8 g 4 ) O
R, TAE AR AR A B4 B, A a) T
R T PR G AE A BRI X 5], B
R X 233 ) Sl R D P I o R A4 7 3o A S
FLAFE Y, FEABATRY BT b, B SR i R
b6 A 0 R A0 TR A AR A R A 2 3R
B, I A H B SIAR M SEA T IR AR -

AR SCEE ST T2 ] sk B R A4 4 AR
TR R4 rh S HCECE AR, STy 15 Hb it
5 LT 48 S, X 4 AR SE R 0 o AR A T AR RE
PESEAT TR0, IE it — 25 R A8 7 4 <O
ZHO A [ AN B HEAT T S 2 HT

1 #NARZFEE

1.1 #IEsEsl
SR I Wi A5 (Bl 0 R G T R PR
IR G B TT A, T R A AR R
A1 AL 235 Tl HE 50 248 CRb I B ARIEZA6)
iz CRHE R RS (R IR A ) |« e R AU
BB A AL S R B, Hob, 2 E
T AN IR 24 A SO 58 42 00 B 0 AR 7
3, TR s B R, — I R TR, 55—k
RS EAAR . AR, RSB SR S
JE A% 28 B e RO o R R I 2D 3R
o, R AR 4 AR 20 e T I T A AR
JE 7, 38 3eb s 26 45 41 28 700 DA RSE 4 i 226 2 B
TF 4
1.2 HREREIBITEER
HR AR A I R R AL R, o b B S
FRAEAL M BB AE S, Hoh & # <
JI R ey s SO A AR RT3 0 0 Ay s T 285 48 ) T
R B AR HERIL— R ESEERER
1 RE 7, AT A il 0 R A (E ) SRS T
Sy RS 6 TR A R R OB A O A
hy T AR AR, $R T TR S, TR A
SRR, A7 T SRR FR P BB 46 PR RG] i 55 A
T A, A B T A A R e e SO AR B
FN B2 5] 3 A s R 1 4588 h AR IR R A6 [
FETE N Z2 A8 S B, G ) 22 AR 4R BOR IR IR K
R 5N IAIR AR
1) AR
FEAMUAEREA 1o 78 o O Asp il Wi ok AR AR
m=C (CNHHD (D
2) 1 4sAs s nl
5 I A <R A R R R SO R R R
WA 22 A8 b AR R 5 5 IR BE OC & AT IR A1 4y
TR R, Forh po T R R T3 2548 AR 0 F
B, k h 2484
pHTr=C (2)

AR AT B m] R Oy fUROR, H
T, m RIS R TR, R SRR B, v
HIE TR A

pV =mRT (3)

H Jo i <Y AE 7 A T



o N AR o TRl A AR Bl SR e i AR 2301

dm
E =m

1.3 mESREIETEER

MR 4 0 N R G, AT BB 3
AR A TE R R L SRy 3B BH 7 2% 44 R ) 4%
fr o o, BRIE TR 0 B R I A A A 2 5 #b
o 8 A RRUE A3 TR R T R AR 2 1 a7 AL
25, AT AR A PE R BT A L T T AL R A
B S I FR G0 N 2 AR AN R R v R
B sh BELJEAE H, Y00 h Jmy 8 BH ) #1745 25 18]
%) JIEE 0 D 4 ST s 43 2Ry TR S R A PR 4, BB
e 700 0 7 A, MRS A I A AT o L T B
K, A2 B 40 2 88 /N g B <l
B 5 T 1 BEL & 80 1 R 220 gk, PR 4 ) T A
A 1A A

1) f8 PR AR 7

H PR AE R A o B PR R A2

p=P (PHHEED (5

2) Jai B RH gAY

Jry BB RH 702 Ry 1 i A R0 A o T T A
oL TR Y, B R U S Y A B AR A
LU AN A 2 R T AR A A A 3 Y o X T R R
J1, R 0 5 1R E R 2 Ap=p—p, B
EVIT KR, TREAIRRH

4

R
Krhp R RE 5 R R 258 45 0 B4 A0
Kes A Ry BH 07 i 8 AR AR py R R T py
AR p IR
3) MEEI AR R ALY
(SR e | )| BE 8 R W A AT FA S 2 A
7 A 5 HEHE R RN BT R R A G, AR A
A AT T Ak
v,
dt
AP Q AT AR BUR R, V, WG AR
P

0=puA (6)

=-Q (7

TR A AR M 52 P 4 ) o P R
Azl e, AR a] T 2 Hlid
‘/ini ¢
P:—Pini(7t> (8)

I po B Vi 29 90 0 BT 220 I R 0 UM R

FIRER, p, F1V, g ¢ I 20 0 O AR T 0 AN
LSRR

2 HESREERIIESH

h T SRR AR A HERG P, K A RS
M TR IR A5 SR AT T X, Hb iU 2R S A R an
K2 B, gL 1 o8 B ARl SR A R, SR
Rl KA B TR, SRR AR S SR
B, ¥ 2 B AR AR AR s 2 0 — S0,
Sy B BRI W S, B R AR 25,
B b A RS AR A IR YA 5 E AR AE ]
PSR T AT, 8 R 2558 H AR A I gl
7K, ASEADLHE S SR 0 T e R O N e AL B Y A
W, W RGBS A R AL E A
A AR AR AL SR AU L TR R B B Y
JE 7, FFAE SRR A6 A1 B T 15 i P H A R e S
IR A RV
[ VBERICAR o B
EE At )
© JEILERES = T
o SHAHER G
oo IR -2 ey g
T W ALAR BRSO
t% @ JESAL < WiEds o™y

vvvvvv
vvvvvvvv

e»: £ gé):

P2 RN b T e R g =R
Fig.2  Sketch map of propellant refueling system for

ground experiment
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Fig.3 Comparison of simulation results and experiment results

of tank pressure in pumping-back process
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Fig. 4 Comparison of simulation results and experiment results
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Fig. 5 Comparison of simulation results and experiment results
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