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On-orbit refilling technologies and schemes of liquid propellant
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Abstract:~The key technologies associated with propellant on-orbit refilling was summa-
rized whilst the system construction’and the refilling procedures were introduced. Moreover,
a suggesting research project was proposed for guiding the domestic researches. Several valu-
able conclusions were drawn as follows: (1) On-orbit gas-liquid separation technology is the
basis of the propellanttefilling. Membrane and vane tank can be used to separate the gas-liq-
uid phases in a normal-temperature propellant tank, while screen channel liquid acquisition
devices (LAD) may be the best choice for the cryogenic propellant tank. (2) Space thermal-
insulation and boil-off control technologies must be applied in the on-orbit refilling operation
of cryogenic propellant. (3) Venting approach can be used for normal-temperature propel-
lant, and no-vent filling is suggested for the cryogenic propellant. Also, use of thermody-
namic venting system (TVS) is beneficial to a larger refilling rate of cryogenic propellant.
(4) A research scheme concerning the normal-temperature propellant first and then the cryo-
genic propellant is suggested in the domestic researches. Simultaneously, the present re-

search platform and the latest research achievements should be referenced.

Key words: cryogenic propellant; on-orbit filling; launch vehicle; boil-off control;

deep-space exploration
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Table 1 Saturation properties comparison among several

typical liquids under the pressure of 0. 1 MPa

/ o/ /
TH  T./K P .
(kg/m) ((m -+ N)/m) K!
IK 372.76 958. 6 58.99 0. 00075
R134a 246.79 1377.5 104. 04 0.00219

fm —H B 336.25 793.0

N, O, 294. 35 1443.0

LN; 77.24 806. 6 8. 90 0. 00321
LO. 90. 06 1141.8 13. 21 0.00195
LH, 20. 32 70.9 1. 95 0.01937
LCH, 111.51 422. 6 13. 34 0.00223
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Fig. 1 ~Gas-liquid seperation system based on {lexible

membtrane ‘technology
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3 MEEHEHFEFZEMEARTD
W
G U5 9 790 25 W T AR 8 e 23 AT AR

[27]

MR D EAR Z — R IR — [ 7R A A R 25 5
e SL TN A g DR e It 2% A T U
T TSt 52 o DT A B ] B 0 K 2 oMb 25 37 4.
ST LIRS SR ICRT e IR AN B % T R AT



2008 W 2

%31 %

FILAE.

FECT 2011 48 9 A I &5 7KRE—
MRS i ) RS R LS AN AN UL P
SRR ST T 2R L TR T — &5
23 (AR B, O e R ok B9 s ) o el i 4R Bt T 5 Bt
odls R R E S R E =S
PR S ik — 20 60 Ik 25 6] ol 2l e 5 2 7 Dy ) Y 4%
TSR B, Hevp 22— gt e 4 2 50 25 ) i B
225 R 5 SR ot [ A 22 36 R T mT 4 IR O
Je AR A A Je JEL B, i T R o L A 2 R S ] YA
55 48 5 B R B0 AIE AR R B EOR R TR A
PR AR S RGP AT R I MR S ] A B A A
KA, 25 (6] 52 8 28 Je o Ok 14 2 (8] il 1 % —
7 T A HE AR A AR B R AL TR AR AR
73— 77 T X S8V 65 1) H S S b AU ST AR T S AR
VAR BEEOR B SER 2 b P WF 5 b 0 5 2 4
A ARG 1 L bR O 72 AU A B
A M SCEE.

OB B BIE T IR O B T A S i S g it T
—RINS% , EEAFE T LA O e R
PP IR w2 A5 4 52 B o0 L i T
RORBSE AT 38 3 0] HE A 895 B0 8 S e L
LA RIR T HE I 07 58 58 R TRHE
FR R 25 T O R L 9 2 7R A 5 3 4 3 T
5K T3 AR Tk SEBURUE £, NASA B K38 5
LI 00 1 <5 T AR i 1 X LAD BUA RS
25 SRR W2 A B R R S BRI A 2 ) <
W B B e R IR UL 3R A B AE IR T
T A 24 7. @RI R 401 =2 R A
TR CHRE AL AR DR AE o AT Ik TG 3% R T HE 0
J7 5 JCHE N Jr S8 0 e R BT R

LB B R [ s W] A 40 T 450 0T R F 5T AR
O BEF AR TE T 28 vt 5 Ak | o Bt FoRIT
T B TT R PR 5 M T T s O T IR
U 25 18] 26 4 ) BOR VR ER ) o A
AT L SRy 2 A A4 ) 52 B4R B f e s @ IF
JEEARR it A T o g VP AR O ) ML BELAE 5 A oK Ok Y
23 A N2 P S (B Ve 2 2 o g fie i AR O 2
ik AR A 1 S

4 & ®

AR SCA 1T HE 2 DV 8 At K
19 795 6 S BB T 23 DT T 4 B A 3
2 T 55 A LA 90 A0 7 56 0 A 6
HE T T4

1) i A 22 590 AT SR 8 1 5 o v AT S A
1113 S5 B2 ] IR0 AH 1Y 23 4 A i T R i e 5K
V246 O JR AR R o A5 A B 5 R i 9L 4R 3% T 5K g
/N TR LA O R 2 ) IR A L
JiE R R 0 T R A BB A S BRI D AR
o3 B 7 e B ).

2) il VA A U A - kS0 TR] g = 1) A
MR/ A B SCRA B R v BE L SUR A — B i
AR5 A BV AT i f R 5 I AR AT T R AR
TV JEE /N AR T TR U 18] 2 20T AR AR BT A 5 R il
DAL AATE LI 18] 97 R 45 o 28 A 4 422 1) 15 0 ok 4o
PO o SR BRI K 5 TR R AR

3) Hy il A UE TR 0 T AR G R B 4R AR
S o 400 ) T e of A2 IR S B
T 5 R Sl AR R R AR 8 A R A 2 i 0 ] AT R
FH T HE SN T s S Y80 A 2 751 B HE 408 2 5 AR
OB ICHE U i i 78l i B TR TVS HEAC L ol
IR T 1 PR T

4) A [ 3 38 IF O R A 1R A [0 i A O
WFIE S BARTOE , 12 18 o i i s R A9 S8 T
T H A TSR ) R B E LR VR
IR 7 S i 5 SR A BREOR L O T B
PR ARG HERE TR I T S it 5 AR R R AL
5F.

SE Bk

[ 1] Morgan L L. Orbital tanker designs and operational modes
for orbit launch programs[ R]. ATAA 1965-383.,1965.

[ 2] Kutter BF, Zegler F, Neil G O, et al. A practical, afford-
able cryogenic propellant depot based on ULA’s flight ex-
perimence[ R]. AIAA 2008-7644,2008.

(3] SJE, DG, £, 5. R 0 7 Bun i 77 BAF SR
[RI. demt . BT RS £ %l £5 8 9 2014 45 B2 2% R 28 0
45,2014

[4] Chato D J. Technologies for refueling spacecraft on-orbit
[R]. ATIAA 2000-5107,2000.

[ 5] Kirkland Z, Tegart J. On-orbit propellant resupply demon-
stration[ R]. ATAA 1984-1342,1984.

[ 6 ] Dominick S, Tegart J. Orbital test results of a vaned liquid
acquisition device[ R]. ATAA 1994-3027,1994.

[ 7] Chato DJ,Martin T A. Vented tank resupply experiment:
flight test results[ ] ]. Journal of Spacecraft and Rockets.
2006,43(5):1124-1130.

[ 8] Chouinard C,Knight R, Jones G,et al. Automated and a-
daptive mission planning for orbital express[ R]. AIAA
2008-3383,2008.

[ 9] Hill C,Schlutz J.Fink A, et al. EXPLORE: technology and

process demonstration for orbital refuelling on a sounding



5 8 M T

A AT HE TR TR UM TR R 5 Oy 58

2009

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

rocket[ C] // Proceedings of 20th Symposium on European
Rocket and Balloon Programmes and Related Research.
Hyere, France: European Space Agency,2011:121-128.

P E R R TR [ B s [l 52 L A B
F iRk % [EB/OL]. http: / www. cmse. gov. cn. /news/
show. php? itemid=3083.

Chato D J. Ground testing for the no-vent fill of cryogenic
tanks:results of tests for a 71 cubic foot tank[ R]. AIAA
1993-1967,1993.

Moran M E,Nyland T W, Driscoll S L. Hydrogen no-vent
fill testing in a 34 liter (1. 2 cubic foot) tank[]]. Advances
in Cryogenic Engineering,1991,37:1257-1264.

Keefer K A. Development and validation of an analytical
charge-hold-vent model for cryogenic tank chilldown[DJ.
Cleveland:Case Western Reserve University,2013.
Honkonen S C,Bennett F O, Hepworth H K. An analytic
model for low-gravity tank chilldown and no-vent fill: the
general dynamics no-vent fill program (GDNVF) [ R].
ATAA 91-1380,1991.

ZRIK T W AR S A R TR AR BN AR A e R Y
RS U0 R b 1 e B 5 [ 0. A Il R B R 5
2011,37(4) :54-57.

LI Yong,HU Qi,PAN Hailin, et al. Numerical simulation
and ground test research on orbital refueling process[]J].
Aerospace Control and Application,2011,37(4):54-5%..(in
Chinese)

TR AR VA T HE O R Y 3 e S ST sE [ D]
g bR KA .2011.

WANG Cailiz"Modeling and éxperimental study of no=vent
fills for cryogenic liquid[ D]. Shanghai: Shanghai Jiae~Tong
University,2011. (in Chinese)

Dominick S M, Tegart J R,Driscoll S L,et al.Fluid acqui-
sition and resupply experiments/on space shuttle flights

STS-53 and STS-57ERT. NASA/TP 2011-216465,2011.

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[26]

[27]

Darr S, Hartwig J. Optimal liquid acquisition device screen
weave for a liquid hydrogen fuel deopt[]]. International
Journal of Hydrogen Energy,2014,39(9) :4356-4366.
Hartwig J, Darr S. Influential factors for liquid acquisition
device screen selection for cryogenic propulsion systems
[J]. Applied Thermal Engineering, 2014, 66 (1/2); 548-
562.

Hastings L J, Flachbart R H, Martin J J, et al. Spray bar
zero-gravity vent system for on-orbit liquid hydrogen stor-
age[R]. NASA/TM 2003-212926,2003.

Hastings L J,Hedayat A,Brown T M. Analytical modeling
and test correlation of variable density multilayer insula-
tion for cryogenic storage[ R]. NASA/TM 2004-213175,
2004.

Plachta D W, Christie R J, Jurns ] M, et al. Passive ZBO
storage of liquid hydrogen and liquid oxygen applied to
space science mission concepts| ] ]. Cryogenics.2006,46(2/
3):89-97.

Guernsey C S,Baker R_S¢Plachta D. Cryogenic propulsion
with zero boil-off Storage applied to outer planetary explo-
rationLRTATAA 2005-355942005.
Panzarella-€H7Plachta D, Kassemi\M.Pressure control of
lafge cryogenic tanks in microgravity [ J ]. Cryogenics,
2004+44(6/7/8) : 475483

Plachta D, Hybrid thermal ‘contrel testing of a cryogenic
propellant tank[ R]. NASA/TM 1999-209389,1999.
TSCER A3 TH) 3l A A R 0 R e L) ). MR,
1988,9(2):50-56,97.

WU Wenyao. The problem of on-orbit propellant refuelling
for space stations[ ] ]. Journal of Propulsion Technology,
1988,9(2) :50-56,97. (in Chinese)

Aydelott J C. Technology requirements to be addressed by
the NASA Lewis Research Center cryogenic fluid manage-

ment facility program[ R]. ATAA 1985-1229.1985.
(% .28 Z)





