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Abstract

tem and ensure its cryogenic operating environment, an integrated system of cryogenic acquisition and

In order to solve the problem of cryogenic heat dissipation of space infrared detection sys-

heat transfer in 35 K temperature range was designed and developed based on pulse tube cooler and
cryogenic loop heat pipe. The system consists of a neon cryogenic loop heat pipe, two sets of pulse tube
cooler in 35 K temperature range, one pulse tube cooler in 150 K temperature range, thermal insulation
screen, temperature measurement / heating components, control system. It has completed ground single-
level and satellite-level thermal vacuum tests, and completed space flight tests in 2020. Heat transfer
tests under horizontal attitude and anti-gravity conditions were carried out in the ground stand-alone
test to ensure that the system could work stably in space microgravity. The whole-satellite test verified
the working characteristics of the system under the heat dissipation condition of the satellite platform,
and the space flight test obtained the working performance of the system under space microgravity. This
paper introduces the thermal performance of the system in different stages, including supercritical start-
up characteristics, steady-state operation performance, etc. The results have verified the correctness of
relevant design, and this paper focuses on comparing the performance differences in different stages, and

analyzes the possible reasons.
Key words Cryogenic integration system, Loop heat pipe, Pulse tube cooler, Heat transfer

performance, Flight test

115

2(Beijing Key Laboratory of Space Thermal Control Technology, Beijing Institute of Spacecraft System Engineering, Beijing 100094)

0 5%

BRSSO | T2 TR L 6 LI <5 B2 T 75 5
ORI ML R 853 1 LLAMRIN R G2, 2LAMAI Y
J R A H R A LD AR 2 | SRR R E
bR, A AT B, BARWELr AR S
B IFEARAEILEY, T RIAERRI A 25 K~ OIREL T T
R, LLAMAI &8 — B TAEAERARIR DX, A P AR
e B AR IELE TR S THELAMAEI A8 PR RE. 5 WL B il

¥ 07 AN IR IT AR , 38 AR 5T 1 28 R 4EFFR
2% AR PR Aok, B K A & ] SR 5
WGV MLEL AR B 508, 23 18] Jik o A8 1) ¥ HL (Pulse
Tube Cryocooler, PTC) fE LM & ITH 7 5
BTN . FRAUAE T B AT v AL & Ay fok i 74
SONTRRAMOR, DLSEE L VR E A B A e B R A ]
n7E 50 K & IX, 3 E Sunpower 2 & Wil 1 5.2% []
LK oA Ve L, PR 4.6 kg, 7 100.2 W il
AHLIIFR BT AT LASRAS 2.1 W60 K gAY,



116

7:1E THALES Cryogenics Affifil it 525 [7] 4l ok vp 4 il
AL, 7E 160 W T AR, /15 T 2.68 Was0 K
A B %A HLAT & 5.1 ke, 7E 35 K WU
X, SE[E NGAS YU AR 1 3 2 7] il 50 bk b /5 ol v&
PLTE 700 W HYH A FLZ R, AT DL [R] i 78— —
G4y I3RAE 14 Wass K Fl 2 Wa3s K s,
RS X R 58 D) RE AR 5534 H #a 5 A4 41
ANGEI 22 45, B4l 1 i LS 2 MG ER LR
¥, FFAEAR Z 00, Bk HLR HLMIR Zh K 1434
PR, TURB I RAE AR eiat K, TH2E%. R
fifpk LR IR, ST A b BRI B B RS A o, 7
T3 1 I R ORI R A L. TR
WA (Cryogenic Loop Heat Pipe, CLHP) 4 /&5
BUIAEH . R PGER DL A A R E T — 5 1]
AU P LT AN g S50 2 A S AR v ALY 43
B IR, SEEAT AN A8 S IR VA JR 8 R AT R
4. CLHP J2E MBS (Loop Heat Pipe, LHP) /iy
FEhh R B, REEZE R A BAL 2Lk
W B4R 7, AL TS i N 77 AR i o)y, Sk
BRI | B4 S HEEL. CLHP 28 & 28 Fv8 BEds 73 |
S MR g SR HLIER:, RN B 2R
FIRE PTG, HAT ZRN TS, B9k, 1722
FHIFR T — RV ETTETAE, JF&H 4 JS MRl 2k
IR, BT AR, TP SIUA A0, KInAZ A

ARSCHER T —4 35 K 23 [ I AR S B i
IR R GE, IFT 2020 4E 58 AT SIE, )5
S TN RZR. 1Ak, 8 T HRMR GBI T
AR A P (0 X T A S L i RT3, 4 AL
G, R G LA AR RIS, BEm e pr 1 Kk

g2z 5.
1 ARGEBET Tl A ) A

S SIS RIGARIR R G i/« REAEIKI R TR
b, ZRGEBETT NG =5 1 ) ] .

(1) 7 35 K ik DX PN, 25 A= T 48 04 458 il B oAy 222
MG E A W5 AR, o AR WA 7772 AR F CLHP
ARG S shid B, [FRF &5 iRs T AR E. I, 4
THEWE IR AR, T B P AR AR . AR %R
DX, IR HLARCRAR R AR, S A /A D38 L w e i
200:1, BPAEA AL 1 W B9¥R &, Fri B SR IR DR 24

Chin. J. Space Sci. =AFFFIR 2024, 44(1)

200 W. [FE, vk, s R 4a LA A R RN o o
K, NIz BlER 1 %) A5 A AT S R CRIE.

(2) RH 1 B MV AILIC I [R5 2 i ¥2 i Fn e
23 [A] R ESK . RIVE SR FH ™A% B 8 Tl 1 it , 2 26 Tl b
AT RESE M b & i iFAh, R IE AR
0.2~0.3 W, s e 0.1~0.2 W. Hit, AP
AR R TREA R, AIBRS IR AAE 1.0 W g
o FIRALEIREE I 2N KT 1.5 W, BT
AHARRET, A HRH 1 GHRHL, KRS IR
Pe K, ok e TR e dkas [ 2.

(3) FEHb T g U HOR 3 90 ge i #&rh, CLHP
AR e SRS Z ] 28 A A 5 Ve Bk 2 [A] ] BE 23 fif
BLP=HE— e W 5 2%, Ik, CLHP R 2 A& 7F—
W SR SE BB IR SR S Ee T, Rl RERETEAS
FIR AT LA 1817

2 DRIRIEE RS SR G

FEXTLL E ), et a5 R s 1 R, AR
RYH 1 ER LRER MG 2 5 35 K ki
HIAHL (PTC-1 1 PTC-2). 1 M@#ABEA 1 & 150 K
INRLRK PRI HL (PTC-3) 4. A RGE 1F E
TERR TR . 3 B HIHL RS ™ A= 1 R #RGe i
8 AR IE P L3 2 TR M BCATE, HIRPLEZE LR
U222 AR HERL. CLHP 4 BARZE 48 K I 54345
Kl 2 s, BARSSHSE0) T3 1.

WE 1 R, R T AN IR I R G0 P A T
BRI PTC-3 X ER AT AN, nl 4ERF a5 i
JEAE 120 K ZcAq. (R}, FrA AR AR 5 40 i 2 e fie
ZIAESE RO I E T R AR i, BORE R SR I
Jie. Wb, XA L . L LU R T T g SE
TEARIRAS I T M AT e 7 vk, AT AR/ D i i 34 1]
RGN AA.

e FH T R 27 e 2L T A i f Ik o /7 o 42 BILAE
KRG, T ERA N, T SRR T
PAF SR TIA R, RA 2 Gz A LRI T4
—% CLHP $I¥ 5 2, il W asH ik it
R R B | AR ] BB PR IR S A, B B e
BLAE 290 W B A D3N &2 R e 1o 1.2 wWa
35 K J 2.0 W@39.5 K, i & fa e M L F +£0.15 K/
30 min. ¥ EZAH 2 MR SRR R EIERS, ¥
CLHP (¥ BEas Bt AP 3, 403 5 A% 45 1%



=

AR F: 35 K ZHIFKB R AR R B EF

Cryogenic Loop Heat Small pulse tube
2xPulse tube Pipe (CLHP)

cryocooler (35 K)
N

| shield
= Col

Mounting./' :
plate

Gas reservoir

“cryocooler (150 K)

% Heat insulation |

d finger of |
he small |

117

Radiation
surface

" Grooved heat pipe

Bl DRI A A R G4 A5 BT X

Fig. 1 Composition and heat dissipation of the cryogenic heat transfer integrated system
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Table 2 Comparison of steady-state operating temperature under different conditions
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