202343 A E(iE T 5 A N Mar. 2023

44 3 JOURNAL OF PROPULSION TECHNOLOGY Vol.44 No.3

= B I O RE DA AT RIS IE

MRrA L, eb o, TR G

(1. _Ligzs et e, B 2011125
2. bigZsEIE ST R AR L, B 201112)

i OE. ABRIERS AR AP AULL AT T AR LS A SEAE SR 1A AR AT T oL ALLLIR 6 B K, 5 A
[-DEAS/TMG %44, i@ 345 B 547 8 € T A0S A AR IP ALLL AT & 69 2 o) R B AR Sh Az #56, FAT T Mk
BBIATORSGBE, ERATHELAN: (1) HWILA TR ERIET it e Eak, =42
B 69 £ 4 3.2%, HeBERESGRFHTRBETHRE, (2) WELRKMBHEBREK, LAY
FERBEME, EXMAA N, HELREARA, (3) KETAT, AIEEF AL GHIA LI f
WIS E S T8C, HABTOCHIBIFER, (4) MECFLESTHIMAR S, BTHELL, R
VAZE R A Z P ARAP UL A A% 3h A 3% R R, A8 AU 07 LA AR 3h 42 AR GE T B R IR E AR T
40°C, AR AESIE N IBE LR N T TR T AR

KR =Rk, ot AL, Rkt RiE

RESES: V434.24 XERFRIZAD: A XEHS: 1001-4055 (2023) 03-2203087-07

DOI: 10.13675/j.cnki. tjjs. 2203087

Thermal Design and Flight Verification of Pitching Unit
in Core Cabin of Space Station

CHEN Yang—chun'?, YE Sheng'*, DING Wei-hua'?, TANG Jian-hua'>

(1. Shanghai Institute of Space Propulsion, Shanghai 201112, China;
2. Shanghai Engineering Research Center of Space Engine, Shanghai 201112, China)

Abstract: In order to verify that the thermal control design of the pitching unit in the core cabin can meet
the requirements of the temperature under any working condition during the mission of the space station, I-
DEAS/TMG software is used to determine the heating power and passive thermal control measures required by the
pitching unit, and the maximum temperature under extreme high temperature conditions is predicted. The on—or-
bit flight shows that: (1) The flight temperature of the pitching unit verifies the correctness of the theoretical cal-
culation, and the deviation between them is about 3.2% , which provides a guarantee for the successful completion
of follow—up on orbit tasks. (2) The larger the area of nozzles exposed to the sun, the higher the temperature of
the heads and solenoid valves. When the solar angle is 60°, the illuminated area of the nozzle is the largest.
(3) Under low temperature conditions, the temperature of unit head with propellant flow and solenoid valve is
higher than 8°C, which meets the index requirement higher than 0°C. (4) The inertial flight attitude belongs to

high temperature condition for the pitching unit of the core cabin. Different from the passive thermal control de-
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sign of the previous spacecraft series pitching units, the passive thermal control design of the pitching unit in the

core cabin ensures that the temperature of the solenoid valve is lower than 40°C, which provides guarantee for the

reliable operation of the solenoid valve within the appropriate temperature range.
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Fig.2 Pitching unit in spacecraft
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Fig. 3 Thermal control installation diagram

2203087-3



Fast H3

23 6] 3 A% R AR A AL 2 FABE 3T B 7R B3R ik

2023 4

Nozzle

Simulated bulkhead

Fig. 4 Physical model
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Table 1 Comparison between calculation results and flight datas

Oxygen valve temperature from

Oxygen valve temperature from

Solar angle/(° Heat fl ?

Solar angle/ (") eat flux/(W/m) flight data/C simulation result/C
62.5 1050 65.5 65 ~ 68
45.0 845 52.8 51 ~54
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Table 2 Pitching unit temperatures corresponding to

different solar angles

Solar angle/(°) T of solenoid valve/’C T of head/°C T of effuser/C

0 37.7~43.6 344~522 29~349
57 46.1 ~47.6 46.2~53.1 15.8~56.6
60 47.2~48.8 47.4~558 16.0~58.38
63 46.5 ~ 48.1 46.6 ~53.2 16.2~60.7
65 46.0 ~47.5 46.3~533 16.1~619
73 43.0~44.4 434~484 154~655
75 42.1~435 42.6~472 15.1~66.2
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Fig. 10 Solenoid valve temperatures at low temperature
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