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Figure 1 (Color online) Parasitic cryogenic optical infrared camera.
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Figure 2 (Color online) Structural schematic of the camera.
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Figure 3 Schematic diagram of the internal cooling path of the
infrared camera.
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Table 1 Physical properties of the materials
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Figure 4 (Color online) Internal temperature contour map of the
camera.
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Figure S (Color online) Pulse tube cryocooler.
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Figure 6 (Color online) Performance of the pulse tube cryocooler.
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Figure 7 (Color online) Schematic of satellite targeting geometry.

1868

Hgm =, PE-ZHx HigmN, TAEY,0,Z 2 RAE
TE T Y T HE BT SE 7], £E020004445 2 12 &4 £
WA,

AR 2 [ A B A TARRES A, AL AR T HE
SE—EREE N HIT ). A& LR

(1) FE#&TT

SRR A —— LA NLIE % TARRE, i KPR
WNRIA, RSP TAE 7R, R a2 ok
MEESZEZ ZRRMNAL:, CLREROCFA AL L2
[ IR SR A A, TERAENLANEL TLAMUY 7 15
2% JZRRIE, DL/ AN B B AR IR # DA K 2
[HESZN: VO RARI N L IR 7

T ABE LI R AENURIAL B 22 3578 LA
+YSERINR b, ONSEIAEALRTE SRR IR E A R, 1E
JE 45 ML 22 3 B e AR AR 76 3 28 5+ YRR 2 T 2% 5k &
S TCARRIAL, JE 437 N5F110 mm.

(2) H#sTH

HAHLE 4 LAA F F 2 ML ZE IR, 31T
TE A REUNR G AR LR A AR AR OA
0.07 m’, J55 mm; AEAGGEAIIIFN0. 18 m°, &
Smm. [EAHLED R3IDAE, B IRiIE2R3DIAEE
B BRI

(3) stk TR

BB, TER BN PR 5 I o5 A0 22 285 o
8], FAE R 5 ) 2 35 TH 2 18] 340 ER 10,2 mm R
SR, CLase SR, Jl/NME .

(4) M T o 5

AW B0 12 T 0 T BTS2 e V= A 1 I 1 4
XPH, MR TR 2 H BT, LAMENLZEE 1)+Y
T3 TEH AL TR HEAZ IR, MR Ao e Al g A Ak
PR ELEL, +Y 5 [E— 5 I A P 5 K 1 o A% s
R FHEARYERE AR e, DB IEET N, BRI AN
TR ER S HE AR A R BRI 20 8h, TR RSN AR
f5 5 4 P8 T 7R .

(R, TER 2 L AMENLRRIR TOleT, =25 R R
FONHER AR R 7, ELFE Hh BRSERE B, ek &
R ROKPHHE B Som. BRI B ar N24E, &5
HBR P, AL F+YJ7 ] A IR BHR S T8 1B 2B
AON FEAS B2, DRI LT AN AILAE T2 75y J T P a2
br TAEBR B SEORR A kKA B ERL, SRR
TR ESHAMFE(S781: K$F Fe=0.86; MWUZE



PEBE: BRI 2026 4 56 % A8

0=0.2). TE4FHTIEREA, [RIN 25 B8 1 75 i AR B T
(S781: K4 %e=0.86; UL H0=0.35), LAPEALAHALLE T
PESAT8] BT A mT Re A AR o e i RS, e i &5 SR 119
7R

TE40FT60 WHI AN Th 2R, A48 A I8 7 5k

Solar irradiance

Earth infrared irradiance

& 160 Reflected solar radiation
g Total external heat flux
=

<

>

El

=

|

o

=

=

£

e

B

[s8}

®
S
1

T T 1
0 5000 10000 15000 20000 25000 30000 35000
Time (h)

B8 (M4 hor ) B ARSI L

Figure 8 (Color online) Schematic of the overall external heat flux.
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Figure 9 (Color online) Temperatures of the cold finger hot end and
the compressor as a function of input power under high-temperature
conditions.
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Figure 10 (Color online) Infrared camera thermal control implemen-
tation.
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Figure 12 (Color online) Installation layout of the infrared camera on the satellite platform.

1870



PEBE: BRI 2026 4 56 % A8

@@ ¢
F - Optics temperature
2 > Detector temperature
£
£ 300 =
R |
B
200 \
.
H
2
100 * ! :
1 1 | oo e SR e S .o 0SS .8 . ot S B ot I |
2806:00:00 2807:00:00 2808:00:00 2809:00:00 2810:00:00 2811:00:00 2812:00:00 2813:00:00 2814:00:00 2815:00:00 2816:00:00 2817:00:00 2812:00:00 2819:00:00
Time (h)
(b) Q . . L ad 00 . . .
2| = Comprossortcnpenns ? o mom T me nm mm romn 1—1
g 285 - orterr D000 G SRR £ 01+ S G100 o S O 0101 G S 100 12008 S R0t 0e St a0 d 'wnn:Iwy 1920 @ ‘orere 'T""'-W MioTitormrer—omreigry
| l ! ! !
£ ML 7 p[mmmene pr g iseemere 2 ovee qerele nnn-p—- o0 520 0orese! o 2w sesese e sel sey o " rsreem moresss @2 ermtmes s atmer (oo ew or mese
3 tomsmrgre b sl gtingineimine [2ue mpien oo losel lslalesmisior m ss 40 som sessems | elsese o5 o sles sm ee e s asslcan ielais
] i |
0t lovene s aaremansnmo!ilsme e b
B ERes s seImees Seme s MmN IINME t o 23 messeems eses srm es 04 ©sem B m 2es e sse s ms tEsmsmIcs 2 m s e se s e
| T ! !
Me s e isnnmine. s o oo oo, - ‘o eevee
Ll LRI LLLRE G HILLL LU GEILEE  LLLIRILEEL [l | IR chdaieis ¢ o | cetsles ladiasids o iolase
ebe b dessies ‘n - . &g e - 189 - . .| —
ese - . . . . . . . { . . ‘
I L e | 1 1 1 La L a Jg | | | | |
15 00:00:00 16.00:00:00 17 00:00:00 18 00:00:00 19 00:00:00 20 00:00:00 2100:00:00 22 00:00:00 2300:00:00 2400:00:00 25 00:00:00 26 00:00:00 27 00:00:00 2800:00:00
Time (d)
(©) g
= == Cold fingerbotend semperse * 3 ’
E 285 oo oo . o000 00 o0 oere o o0 eeeee
T T e i T T
é oterel 90 0| sies| seineis mle el sa0s| s e o asese s seese o 0/ aamie 4o s bese s e o e
S i e oo .o » eee e es | e s mesm | eais
280 Leellime A -
emis o
275
Y 1 1 1 1 1 L L 1 L
15 00:00:00 16.00:00:00 17 00:00:00 1800:00:00 19.00:00:00 2000:00:00 2100:00:00 22 00:00:00 2300:00:00 24.00:00:00 2500:00:00 2600:00:00 27 00:00:00 28.00:00:00
Time (d)
d) 2
S 85 %= Detector temperature " b 8 T T * [ ——
El oT t oL mn Tuvn T m ’T' TTmn -TT.VT MR AR nT-un ?"00.7 it
B i ol | |
g 1rrertle ior][3rreiorenrion! ity nT"o ole ﬂTnyuu [oeeeel le ofoL-u- il Mbiernid p’;q 90 lol m”y ﬂowﬂzn,-‘p‘ury
£ stdes siaiee e elelemme o0 o0 | (s oeme | e90 0 1o oismenie v.na soie e . estie isepes ol
5
= s mes seises | ae ssee | see o e 4es seea e ces | sdems se see feee e
.. E S8 s semn o | R ik
* 59 0e s mess e menss ® s s sss -.-..‘- o o9 00e -*--. ms e  me o e
P 809 Neser s0rs eoss e c s e, ® s s . - 9 9000 9 s co s

. uh sioienmyl

995 9 0000 00 ians e

emsie s
JRURULELLEEL

alelelislo cemmiiseie
AR BT
75k . U |

Py

| 1 L L | | I L | L 1 | 1 |
15 00:00:00 16 00:00:00 17 00:00:00 18 00:00:00 19 00:00:00 20 00:00:00 2100:00:00 22 00:00:00 2300:00:00 24 00:00:00 25 00:00:00 26 00:00:00 27 00:00:00 28 00:00:00
Time (d)

(e) 2 5| = Optics temperature

4
E . . , . ’ >t
D o : b | — PP, s S . 8 AP S
g o liete s biees iee .I‘ cees o seee 9less es e eot 0pes b0 s ieninisidinie g i u-acvd I I 496 poese
= ®0.0 0000 ¢ @0 e smew 00 tee0 @ecee mo s ee 00 ® s e ®s cowocroone o eeeem s ss cEn O ® 00 b sRe e @G @ oe e se
80 + B . : mmoose o e oo o 0000 som mese ¢ 2o o ols sem srs o mBe
sevenes 23 9w s s re e s s s s pes sess v 0o ses sees vevse sers eess vers
oo 0ieme s alem 0 e an it | asmmses lemoiseis sss elames
UL L LT R L L de UL LT Ll it
il L | il 4 VB0 G ) s | . .. i . | .
S
1 L | L | | | | L L 1 L L |
15 00:00:00 16.00:00:00 1700:00:00 18.00:00:00 1900:00:00 2000:00:00 2100:00:00 2200:00:00 2300:00:00 2400:00:00 25 00:00:00 2600:00:00 2700:00:00 2800:00:00
Time (d)

B 13 (I_J%%ﬁ)i CIE) CLAMENUREEMNRLE . (a) WIS RAPFIRILFE; (b) IRAHURSE; (o) A fa#miiiE; (d) W
in%ll’g, (e) Jlﬁ /%gﬁ/mlg

Figure 13 (Color online) Thermal performance test results of the infrared camera. (a) Cooling process of the detector and optics; (b) temperature of
the pulse tube cryocooler compressor; (c) temperature of the cold finger hot end; (d) temperature of the detector; (e) temperature of the optics.
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Thermal design and flight verification of a cryogenic infrared camera

WANG ZhaoLi, CHEN HouLei, TANG QingJun, TANG LiFei, ZHAO MiGuang & LIANG JingTao

Institute of Physical and Chemical Technology, Chinese Academy of Sciences, Beijing 100190, China

With the rapid development of satellite constellations, there is a growing demand for miniaturized, high-sensitivity infrared cameras.
Cryogenic optics, as an effective means to enhance infrared detection sensitivity, has become increasingly significant in this context.
A parasitically cooled cryogenic optical infrared perception camera was developed, featuring an integrated design of the optical
system and detector, both operating at low temperatures. Since the entire optical assembly and detector need to be cooled to 80 K, the
required cooling capacity of the camera is 1.75 W, significantly higher than that of systems cooling only the detector. This leads to
increased power consumption of the cryocooler and greater heat dissipation, posing higher requirements for the thermal design of the
camera. To address this issue, an integrated optical-mechanical-thermal design was adopted within the camera. Thermal insulation
was optimized to reduce the cooling load, ensuring a temperature variation of less than 1 K within the optical system. For heat
dissipation, particular emphasis was placed on the thermal design of the cryocooler compressor and the hot end of the cold finger,
requiring a radiator panel with a surface area of 0.25 m’. On-orbit test results demonstrate that when the cryocooler input power is
36 W, the temperature of the detector and optical system can be cooled to 80 K, with an internal temperature variation of less than
0.5 K. The temperatures of the compressor and the hot end of the cold finger are 278.84 and 279.72 K, respectively, meeting the
environmental temperature requirements for long-term operation of the cryocooler. After one year of on-orbit testing, the thermal
performance of the camera shows no degradation, and its imaging function remains stable. The thermal design satisfies mission
requirements, providing a valuable reference for the thermal design of future infrared cameras with integrated cryogenic optics.

cryogenic optics, infrared camera, pulse tube cryocooler, thermal design, flight verification
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