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Investigation on Fluid Retention Stability of Propellant Management Devices
in Cryogenic Liquid Hydrogen Tank under Microgravity Conditions
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Wang Yunlong' Wang Kang' Li Yanzhong'

Abstract This study investigates the in-orbit liquid hydrogen management capability of screen channel tanks in cryogenic propulsion
systems by developing a three-dimensional multiphysics model that integrates filling ratios (5% —50% ) and microgravity disturbances
(107 g). The competition mechanism between capillary and inertial forces, as well as the fluid retention stability during tank
reorientation, was systematically analyzed. The key findings include the following. The fluid retention capability was attributed to the
structural synergy between liquid collection channels and tank walls, ensuring continuous liquid coverage at the channel inlets under all
operating conditions. At low filling ratios, surface tension dominated the phase distribution with a quasi-static interfacial evolution.
Increased filling enhanced inertial forces, inducing phase oscillations via momentum transport. The directional sensitivity analysis revealed
that bottom acceleration induced the largest centroid depression, top acceleration had a minimal impact on the relative centroid height, and
lateral disturbances caused larger centroid oscillation amplitudes and higher frequencies than oblique lateral disturbances.

Keywords liquid retention stability; reorientation; screen channel tank; propellant management device; microgravity

TR RIS R TR AR R R oo L o G RE TG T
SEOLAL e ] H A G KR RS RN A G A )
WS, SR, S R G MR T R G i
TR TR 25 25, A8 b 3l e A 45 S 4R VR A

MR AR A R 50) B 20 A 2, S BUIROM 25 TR
I, JOVR AR AR PTHE S LA R BB MR 25 45 0
SEERAE M SRAR A Bk 8 R . SCLAD (%% 3 i
AR AR EL 2L E, screen channel liquid acquisition
device ) il i F Fi] 25 [B] PR B8 o 2 5 19 B 40 7, 7% fiE

WSk H 31:2025-05-07 ; #1181 H 311 . 2025-05-23 ; 5% H 181 :2025-05-26

FEATE T SCBURES ORI A B LI TR R
500 1T 95 X8 K B0 8 S 30 R 2 0 7
R
LSRRV A
RS, Lo 4 0 25 4 R 24 50 0,
SBT3 S B 9 6 40 15,
PR 175 0T 738 1 R T R, e
AL T4 B IR T 6 G
R ELIE AL 2 I S5 B P B ) [ P A1 3



Faok F5H
2025 4F 10 A

il v 2 4

Vol. 46,No. 5
October, 2025

XA B QS IR AR 7 SRR B
B S HOT R BIS T SRR IT
Xof 945 B B Al BB IS © R A SR B . FLRIT, B
o e 3 1 A A5 22 R AR T BRRGE T R RE
EMEAEN DR AN TR T R 8 7R 81T
ORI S BB RIS B PERE T T 2
iR D00 55 (4 B R IBOR M B . Wang Zheng 4511 2%
BB EGINE S Z Y B 5 1 fa R T A AR
TSI AR AR . Li Jian S50 REE T D 9K
B0 5 B B T R Y, e T A A R
9Rh Hs J7 K 0 LA 0 PR RE Y R I, 5K
SEHRE A KO IR SR T MRS RS B
P ARSI FEIE S T a8 8 A IR 2O
WORAERE AN, XA BT AS TR () D) 8 5% 57 125
JEE R e e e T R SRR ST T M IR PR R R
o 00 T VR MR AR IR B R LA , A U O e 2 a2 T 4t
FEZ I AL, D. Chato 557 R TR
PRI 07 1% RGESI AT 1 383 B 0 3 s T e Y
A IPLS 2800, A B2 /IR TR o0y
e, X SEBRAL S 26 1F T B TR A S IR HLERT ST 74
DRSS ) e R e 2 e e T YA Y B A R R
PERFFEAT R T

AWTEIET IR A BUER AR 3l i 4
A FEERM S SVER T =42 AR FOR R &
SO T3 25T 2 AN TIPS A P e o 3 e i =X
AAAEAR AR A T E 0 i v ) OO A BEBLAR . A
FH S AL 500 3 2SR S ECF A 48R A
[ 78 1 K- Bib ) e 30 11 FH A x5 9 i 1 ) 75 3 FE
T3 BB 1 58 S AL RSO 25 00 A A 4 il
M,

1 &R

1.1 ¥3BiER

AR SCRIFSE Y 90 0 A BRI IC AR, 5% 30
BR[ 3] A ZEA S H, R FBUR 4 1,242 0 98,5 mm,
WA +x, —x +z Fl—z T A & T 4 38iE
SCLAD , % 1 5 4 P RE Z [ BE AL 2. 5 mm, AT
A i T xoy V-1, HEWGEE B 9T 26 mm, 5
JEN 4.5 mm, H4 75 P EEEE A 1 FTR,
1.2 #iEE

KT VOF (AR FLE  volume of fluid) Y
LA R ARAE L, LIRS B AT e s 45 44 R IE A P
SR ) 22 ROBE S AR ARRAE 4 8 1Y 2
(1) iR,

ERHBRO

B 1 IfE = 4 g5 4R By
Fig.1 3D structural model of tank

%(vqpq) + V(y,pv,) =0 (1)

K p WERE kg/m’ sy NHEE R, m/s;y RN
SRR s TR ¢ fRERE ¢

Dy, =1 (2)

TECE ) BB iRt A 5l 3 2 3 pr e R 1K 1 3000
difE FE AL, R CSF (£ Z23R M 5K J7, continuum
surface force ) BT FL AT 8 77 %% g 2E 47 Bl = AIE | He
S RS AR AR .

%w0+wWw=—w+vmuw+wﬁJ+

pg +F, (3)
At w HEE, Pa-s; ¢ MIME DINEE (KiE),
n/s’;p AWAEE ST, Pa; F o, B%5 8RR IEHSI]
AR IR (K) ,N/m, Hip w F1 g 34588
AR BB
2 I P FEA Sy ML 22 LA o AR IR R S
THOULFL R 45 1 5 R AR AR 40L 25 T TSRS B S50t
BRI G . ST SO 8 AR B AR AT
oK, SR SERGN R RV 4 =4 2 LA B 1k
T HERH BT, 220 ) A B (dv/0y =0) , fiff
FHZFLBRAEAR AL (Porous Jump ) K545 J& W 4 6 fb h 2
LI BRI , 38 48 X 1T %) e A
Apysr = (W + Czpvz) 0 (4)
o 2
Koo il MR E (AR i), m/s; o N IHB 5
Fom®;C, AR R m™ 6 S MEEEEE  m,
FERCER I IAR S 15, B TR AR
SRS , SR T JE A ) 7 R R 4 500 e o ok
o BETA SR AT - MG & L0, I 10 fi
fak 0ot TR REBOR A (LH,) (<A (GH,)
PRI, 2K 770 1,919 mN/m, T %5 i




Faok F5H
2025 4F 10 A

Fz e, 5 I ) AR AR A B X R U A 1 B AR

Vol. 46, No. 5

0
HERRSE October, 2025

B, PTES RO E B, I3 1 IR,

x1 S8R RENYESH
Tab.1 Physical property parameters of GH, and LH,
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Fig.2 Verification results of operating conditions in

reference [20]
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Fig.4 Initial gas-liquid phase distribution under varied

filling ratio conditions
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Fig.5 Contours of phase distribution during reorientation

under condition 3
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Fig.6 Change of centroid during reorientation under

condition 3
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Fig.7 Comparison contours images of the screen channel tank after reorientation and stabilization
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Fig.8 Comparison of the relative centroid change during
the reorientation of the screen channel tank under

different fill ratios

4 &g

A 5T AR A8 AR 2 4 E R 48 S PR T AL R oK
A I A A T T R - sl A S A B = 4R 2
Ui ECRERY | BF ST E 6 e R T S
AN B A — U ) S AP BIL R R R R AR E A, A E A
TEE:

1) o e 8 A 14 2 70 4 B RE 1) R 2R T

VA 5 S YA T 5 I B T S 45 A K T 1 R A AE R
S O e T K ) e 30 T 5 R R T () OB 4 X 3 1)
Tk IRBAMER % 5% ~ 509% 61 R A 1
107 g RN Z PN T, U 4R RGEE A 1 X
WRE IR AP S %, B R E AR
EPE,

2) FEAR TR I T T, 8 5 o ok e v AT 43 A
FEZF SCLAD 4544 2 181 1 5 24 5, HAH 5t 11 fk
MBS RRE  Z MRS N, B sE K
(TR, 35 0 BB 0 B 70 S8 43 R AR 58 249 SR 43 ik Ak
55 24 R SUEE B I AL, A5 D0 6 32 I R A 43
A R R 3 5 ShRh 5| A 1 B A SN B R A
A3 AT EAR A B DR, AT S B A 590 A6 5 A
FWesh R MARRRAS B S RRAE

3) Xt 107 TR 1 S50 I W00 Uiy SR AH 20 A5 15
50, PN 4 3 T X o G S o A B ) A v
M 1 5 SRR, 5 | A 1 5 o A A S 8 o K, T35 i 3k
JEE o AR S5O o B i A N 0 i) ) Bt (5 A X R
O ERGE T2 0. 50, {ELIE M A0 B Bt 3 EE Ak
TP Bl 5| R Y 0 5 B AR R 2 R T Ry
JZ

AL 2024 B R ECARFUCAT 510 H 5B, (The
project was supported by 2024 Civil Aerospace Technology Pre-re-

search Project. )
&2k

(1] BJE, TEL, £&, % R ER e RS
TIRWTELAR[T]. TAAR, 2016, 37(3) ; 245-252.
(MA Yuan, LI Yanzhong, WANG Lei, et al. Review on
on-orbit refueling techniques and schemes of cryogenic
propellants[ J]. Journal of Astronautics, 2016, 37(3):
245-252.)

[2] HARTWIG J W. Propellant management devices for low-
gravity fluid management: past, present, and future
applications[ J]. Journal of Spacecraft and Rockets, 2017,
54(4) . 808-824.

[3] DOMINICK S M, GEORGE C. Marshall space flight
center. fluid acquisition and resupply experiments on space
shuttle flights STS=53 and STS-57[ EB/OL]. (2011-10-
20) [2025-04 -30]. https://purl. fdlp. gov/GPO/
gpol4213.

(4] S, Wi, TR, 45 B ) ) e i =k A
RWCR BAEREDT S HEE )], ¥ 2441, 2019, 40(3) .
1-7. (MA Yuan, CHEN Hong, XING Kewei, et al.
Review of screen channel liquid acquisition device for

cryogenic propellants[ J|. Journal of Refrigeration, 2019,



Faok F5H

EmTe, 55 AR ) AT A PR oI S A 4 2 AR E PRI

Vol. 46, No. 5

2025 4F 10 H October, 2025
40(3): 1-7.) Ak REAT S [T ], PH %S0 KA, 2024, 58
[5] YAEGERS D A, HARTWIG J W, CAMAROTTI C, et al. (11): 196 -204. (ZHANG Yue, MA Yuan, WANG

[6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

Liquid nitrogen wicking rate experiments for screen channel
LT
Communications in Heat and Mass Transfer, 2023, 145.
106851.

g, FHI, tRoToe, 4. WAHRIBCR B 4 IR 07 M P i
R U PERERIFFE [ 1], V8 %2320 KoE 4k, 2020,
54(10): 124 - 130. ( MA Yuan, LEI Gang, XU

Yuanyuan, et al. Wicking performance of saturated liquid

liquid  acquisition  devices International

hydrogen within metallic screens of liquid acquisition
devices[ J]. Journal of Xi’an Jiaotong University, 2020,
54(10) : 124-130. )

I, INEM, ITEE, 5. R 21148 it 9
RIS SE (1], P4 2 500 R i,
2021, 55(11): 192-198. (MA Yuan, SUN Jingyang, LI
Yanzhong, et al. Experimental study on the effects of
pressurization rate on bubble point pressure of porous
metallic screens[ J]. Journal of Xi’an Jiaotong University,
2021, 55(11) . 192-198.)

HARTWIG J, CHATO D, MCQUILLEN J. Screen channel
LAD bubble point tests in liquid hydrogen [ J ].
International Journal of Hydrogen Energy, 2014, 39(2) .
853-861.
WANG Ye, YANG Guang, HUANG Yiye, et al.
Analytical model of flow-through-screen pressure drop for
metal wire screens considering the effects of pore structures
[J]. Chemical Engineering Science, 2021, 229 116037.
CAMAROTTI C, DENG O, DARR 8,

flow-through

et al. Room

temperature bubble point, screen, and
wicking experiments for screen channel liquid acquisition
devices[ J]. Applied Thermal Engineering, 2019, 149.
1170-1185.

EE, e, a8, . PR E AR R IBCR EAR Sy
BERPEAR IR SC B AT ST (1], W= 3 1A 4, 2024, 39
(12): 253-260. (WANG Ye, YANG Guang, JIN Xin,
et al. Cryogenic experimental study on the phase separation
performance of screen channel liquid acquisition device
[J]. Journal of Aerospace Power, 2024, 39(12) . 253-
260. )

WANG Zheng, YANG Guang, WANG Ye, et al. A three-
dimensional flow model of screen channel liquid acquisition
devices for propellant management in microgravity [ J ].
NPJ Microgravity, 2022, 8(1) : 28.

Ll Jian, LI Yanzhong, MA Yuan, et al. Performance
analysis and improved design of screen channel liquid
acquisition device for hydrogen[ J]. International Journal of

Hydrogen Energy, 2022, 47(56) : 23856—-23870.
sk, B, Exdk, 5. PIRSE E ORI Bk

[15]

[16]

[17]

[18]

[19]

[20]

Yunlong, et al. Research on horizontal outflow performance
of screen channel liquid acquisition devices[ J]. Journal of
Xi'an Jiaotong University, 2024, 58(11) : 196-204. )

skbE, B, Exde, 45 EIE A E LA R E
TRASRIBCR B ORMERE RS2 B 5E [ J/O0L]. P4 5858
KE2EH, 2025; 1-10. (2025-02-26) [ 2025-04-
30]. http://kns. cnki. net/KCMS/detail/detail. aspx?
filename = XAJT20250225001&dbname = CJFD&dbcode =
CJFQ. (ZHANG Yue, MA Yuan, WANG Yunlong, et al.
Study on the influence of channel arrangement on the liquid
fetching performance of the screen channel liquid fetching
device [ J/OL].
2025: 1-10. (2025-02-26) [2025-04-30]. http://
kns. net/ KCMS/ detail/detail. aspx?
XAJT20250225001 &dbname = CJFD&dbcode = CJFQ. )

X, HEET, SR, A O R AR R
AR S i B 5E [ 1], o 5K is AR, 2021
(1): 56 — 60. ( LIU Chang, XIAO Zening, HU

Shengchao, et al. Study on pressure drop model of screen

Journal of Xi'an Jiaotong University,

cnki. filename =

channel liquid acquisition device[ J]. Missiles and Space
Vehicles, 2021(1) ; 56-60. )
CHATO D, MCQUILLEN J, MOTIL B, et al.

simulation of pressure drops in liquid acquisition device

CFD

channel with sub-cooled oxygen[J]. World Academy of
Science, Engineering and Technology, 2009, 58. 146 -
151.

MCQUILLEN J B, CHATO D J, MOTIL B J, et al.
Porous screen applied in liquid acquisition device channel
and cfd simulation of flow in the channel[ J]. Journal of
Porous Media, 2012, 15(5) . 429-437.

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.

ANII K, HIMENO T, SAKUMA Y, et al. Dynamics of
low-gravity sloshing in spherical tanks during touchdown
phases of landers [ C]//AIAA Propulsion and Energy 2019
Forum.

Indianapolis;: American Institute of Aeronautics

and Astronautics, 2019.

BIEEEEN

L), 2, B B2, V2 328 R e IR 5 3h ) TR 4 B,
17792410890, E-mail ; yuan. ma@ xjtu. edu. cn, W58 7 K IR
SPGB (R ) LA BT AR S ) s IR IRAHE 77 25
[ A8 R AR (S B TR 5 ) S AR A K S LR (8
AR R R AR AR ) IR AE R CGRE RA
Wb, B 5 ve i SN ) .



Faok F5H
2025 4F 10 A

il v 2 4

Vol. 46,No. 5
October, 2025

About the corresponding author

Ma Yuan, female, associate professor, School of Energy and Power
Engineering, Xi’an Jiaotong University, 86 — 17792410890,
E-mail ; yuan. ma@ xjtu. edu. cn. Research fields; gas-liquid two-
phase flow mechanism of cryogenic fluids ( microgravity, porous

media, phase change ); space management technology for

cryogenic propellants ( gas-liquid separation, thermal protection) ;
cryogenic liquid rocket engine technology ( turbo seal, fuel
atomization) ; storage and transportation technology for cryogenic
fluids ( liquid hydrogen, liquid oxygen, liquid methane, pre-

cooling and supercooling, filling, structural thermal stress) .





