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The Time-Delayed Response of Gas Transport in Slit Structures of Spacecraft
Thermal Control Systems Based on the Re-adsorption Effect
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(1. Hefei University of Technology, Hefei 230000, China; 2. Shanghai Institute of
Satellite Equipment, Shanghai 200240, China)

Abstract In the thermal control system of a spacecraft, the performance of the pump-driven fluid loop system
is of paramount importance. This study investigates the gas transport hysteresis phenomenon within the slit structure
of the accumulator, analyzing the dynamic behavior of gas molecules in the slit through experimental methods and
numerical simulations using COMSOL Multiphysics. The results indicate that the average residence time of gas
molecules is the primary factor contributing to transport hysteresis. This finding is of significant importance for
understanding and predicting the gas transport characteristics in the pump-driven fluid loop system under vacuum
conditions. The study provides a scientific basis for optimizing the design of the pump-driven fluid loop system,
thereby enhancing the efficiency and reliability of spacecraft thermal control systems.
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pressure air supply

(i) B, = R 1) S o i T ) X 8 00 2 A g v e
LEF R LT RS, e 2B 5E T 1 mm B BREE (] B
X — B REAS 5 e PR BE AR BT R AR 2>
- g N I 9 22 S, g ELALSHEBR 10 TRy Al Ay
PE, 5 E a5 PR 1B S S5 R A DT T, B R 55 50
SEORBENS BN T & AR BT A AL

21 XESE

SRR AR A A WIVOE RN, EE ST
48 h 473 K BLIERR S, AARBRIRIG 4 24 h MR
SRR E o AR U A TR SOmAE 25
B 5-6 ARAl, KZER M IR AR R E ™
Az, 43 ) T LR AL v e I A S A IR



% 8 M

SR A5 e T BRI A K A A A2 ZR 0 v AR A 4 R A A i a5 i ) B AT 5 705

B i W R N 5 . IR BR AR (WS T) 5K
R W57 ) 4 A 525, AT Lo e SR P A s
PEX B S 32 AL 0 B2 A 22 5 o KA, X DO S5
TEASCRI B A KA B EAT 373 K AP RE S K 43 11
B 5 0 U e e 1R 2%
22 ASEXW

FTFF AR 28 A LA A e 2508 B L 25 3, Fifa
FEJERHHE ST EZER KT ZEITHR
SESREZEZREE 1, FHRAKZEHTA
REZE., YRS TR 0820 T 20 i,
KPER 1, IR TEA . FT RS 54 R
BRI 2, 10 5% B 4% M A I 4 A% 025 R0 DU A o
TEAY A AR Ak, B LS E) B 5 A% i Ry i [R5
JE R ERIR 2. SCHGHT AT B2 Ab B, HEHE f5 A A
JEANE 3 FiR . AR AT B F1o8 9.8x107° Pa, 7K
[ 53 A 2.2 10°° Pa, K53 i 5 HLANCR 0.224% .

107

(=
L

pressure/Pa
—_
S

10

0 10 20 30 40 50
relative molecular mass

K3 SCEHTAS IR

Fig.3 Pre-experimental background
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Fig. 4 Pre-experimental background
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Fig. 7 Schematic diagram of gas molecules colliding in a slit
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