%56 % 11 1 B F Vol. 56, No. 11
2024 £ 11 H Chinese Journal of Theoretical and Applied Mechanics Nov., 2024

AT HE S SR EN S A EAR"

Rerm -T2 Kk B W R B WY R HmeTY
* (R BB 2 LAT, A6 100190)
T (R E R BERS TRERFE2 B, 63 100049)

T ARCHERE A IO HE S VE R PR € 1 HHEIE 7R (KA 2, [ g e R i ) B RO 2R A e S I 4 T 52
PEFUGKIFREE, HMREARER. CERE T —AMERE S GO R BT, 8 4 /SR, 4 FhE
WO A — A et A e [ 23 ) vl B R TR AR R R R A A I8 AT SR, S SR ) A £ A TR AR,
PR WG e 2 1] 3k e 2 S 6 FH) 07 0 A, 3 3 S 36 A 77 ROV e 3l 3 B2 KT L IRAIE 1 1 A R AR 7 305 92 A v
AL, JETZ RSB, O e ) R AR A 3 P 0 R AR RS SO LB g FE R He 2 i R 117
B, R T ISR UG W U A O B2 AR SR R AN AT R IR R e 28, R LA e e e ik
FRBE L I BEAZ, #7570 R I A TR BT SR 2, HLEISE B T B HE 23 0 BRI A R 22 ik
99.95%, UL T 2RI PR B A HE S PR RE. SCE 1SRN FURE T RAIE I AR S A B A R A B
PERE, X T8 rh O (4 B P A HOIALAR ST 5 2> B PR RET T B B B O i S 0, I B R AN
SIS 23 IARAR A B AR QA8 BT R TR S s Sem 1 e A B 2B R X

KR ARGUIA, AR, HEA, A R, 1

hE 22 S 0359, V448 HRFRIRAD: A
DOI: 10.6052/0459-1879-24-251 CSTR: 32045.14.0459-1879-24-251

ON-ORBIT EXPERIMENTAL AND NUMERICAL STUDY ON THE EMPTYING
PROCESS OF TANK MODELSY

Chen Shuyang *"?  Zhang Pu*®? HuLiang* DuanLi*" KangQi*"?
* (Institute of Mechanics, Chinese Academy of Sciences, Beijing 100190, China)
¥ (College of Engineering and Science, University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract The emptying performance of plate propellant tanks determines the utilization rate of the propellant. And the
variation of the propellant's centroid during the emptying process is noteworthy, as it can affect the stability of the tank's
and ultimately the satellite's centroid. In this paper, the design of a spherical fully-managed plate tank model is proposed,
which includes four guide vanes, four small liquid storage vanes, and a central column. The fluid transport and emptying
experiments in the tank model are carried out aboard the Chinese Space Station. And the unstructured grid model of the
tank is established, and numerical simulation matching the emptying experiment is carried out. The accuracy of the grid
model and the simulation method is verified by comparing the liquid flow velocity of the experiment and the simulation.

2024-05-29 Wk, 2024-09-21 FH, 2024-09-22 ML UK.
1) A L 2 i)l o 4t () 22 S 06 10 H AN 5K H S8R 5 42(12032020 F112072354) 81 ).
2) JEFF 1R
3) EE R HER, AL IR, BT WA CE J Ak ) BE4E . E-mail: kq@imech.ac.cn
SIRE: Fidri, sKBE, WK, B, Bes. S AT HE S iR R PSR IR R FUITTE. J) 525441, 2024, 56(11): 3351-3358
Chen Shuyang, Zhang Pu, Hu Liang, Duan Li, Kang Qi. On-orbit experimental and numerical study on the emptying process of tank
models. Chinese Journal of Theoretical and Applied Mechanics, 2024, 56(11): 3351-3358




3352 al = ¥ Eitd 2024 3 56 &

Based on the grid model, the simulation of emptying process under microgravity, the simulation of static bubble
morphology under microgravity and the simulation of emptying process under maneuvering acceleration are carried out.
It demonstrates the transition of bubble morphology between unilateral bubble and annular bubble, influenced by the
plate structure, particularly the central column. The jump of propellant mass center during evacuation is found. The
conditions for forming annular bubbles in the tank under microgravity are presented. The emptying simulation under
maneuvering acceleration showed that the emptying rate of the tank model is up to 99.95%, which verified the excellent
emptying performance of this kind of propellant management device. The experiment and simulation study in this paper
verifies that this type of plate tank exhibits excellent fluid management performance, and it also provides valuable
insights for studying the fluid interface and gas-liquid separation performance of fully-managed plate tanks with central

columns. These results and findings have important reference significance for fluid management in space, plate tank

design, and satellite orbit control strategy formulation.
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GP GP: gas pump
LP: liquid pump
NV NV: needle valve

LV: locking valve

v PT: pressure transducer
LV
PT PT
TA B
LV
LpP
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Fig. 1 Schematic diagram of EC
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Fig. 2 3D view of tank models
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Table 1 Comparison between TA and TB
TA TB
Shape spherical capsule
inner radius 27 mm,
Size inner radius 30 mm height of cylindrical
section 13.4 mm
Components of PMD 4 guide vanes and 4 small 4 guide vanes and

liquid-storage vanes 4 anti-sloshing plates

Type of management fully managed semi-managed

Width of gaps between  gradually reduced from gradually reduced
the guide vanes and the 1.4 mm at the gas portto  from 1.4 to 0.8 mm at
model wall 0.8 mm at the liquid port the liquid port
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Fig.3 Experiments aboard CSS
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Fig. 4 Gas port and liquid port

Bl s BRI AR M
Fig. 5 Unstructured grid model of TA
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Fig. 6 Corresponding numerical results
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Fig. 6 Corresponding numerical results (continued)
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Fig. 7 Comparison between experimental and numerical results
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Fig. 12 Tank emptying process
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