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Abstract: Active cooling must be utilized to meet the need for the space—based telescope which need very
low detector noise level . The precise thermal control measures based on thermo—electric cooling technique
are utilized and especially the package system and heat rejection system of thermo—electric coolers and its
cotroller system are designed respectively. The parasitic heat load to the detector and the heat path
resistances are optimized to reduce the input power and the radiator size. Based on the Peltier effect and
Joule effect and Frourie effect, the relations between the enviroments parameters and working parameters
are analyzed. The enviroments parameters include the heat pumped requirements, the thermal resistance
between the hot side and the sink and the hot side sink temperature, while the working parameters include
the current, voltage and input power of coolers. The sensitivity between the heat loads, thermal resistance
and the input power are especially researched. The qualification model of the telescope is developed and the
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thermal vaccum and balance test are accomplished. The test results show that the system design are
appropriate and effective, the detector temperature is controlled at —75+0.2°C . Based on the test
environments conditions and the cooler’s working parameters, the thermal analysis model are discussed and
corrected. These lessons can provide some reference for the development of thermo—electric cooling system
of the similar space based telescope.

Key words: Space based telescope; Thermo electric cooler; Thermal design; Thermal vacuum and
balance test
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Fig.1 Telescope detector surface schematic
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Fig.2 Space environmental heat flux on radiator in extreme cases
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Table 1 Space environmental heat flux absorbed by the radiator in the hottest and coldest case
Case q solar min q solar max q albedo min q albedomax irmin Girmax q total min G rotal max q average
Hottest case 0 0 0 37.4 0 236.0 0 273.4 101.7
Coldest case 0 0 0 16.8 50.5 73.7 50.5 90.5 67.1
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Fig.3 Schematic of thermal control system for the detector assembly
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Table 2 Heat pumped requirements analysis results of TEC

Radiation heat Conduction heat Active heat Total heat loads
load/mW load/mW load/mW
To image area

(e,=0.45)

Total heat loads

(no margin) (including margin)

80

To storage area
(e,=0.05)
- 70 140 853 1 000
To silicon area
(6,=1.0)
To SiC area

(e,=0.825)
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Table 3 Thermo-electric parameters of the top and bottom TEC

Part No. N a/(VKTY)  p/(Qeem) B/(Weem K'Y G/em Qua/W Li/A Vi /V ATy /°C
CP14,71,10,L1,W45 71 1.934X10°* 9.2X10°*  1.61X10° 0077 187 3.9 8.6 68
CP14,71,06,L1,W45 71 1.934X10°* 92X10°*  161x107% 0118 287 6.0 8.6 67
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Table 4 Performance analysis of the top and bottom TEC

Parameters Top TEC Bottom TEC
Part No. CP14-71-10L CP14-71-06L
Heat loads of TEC 1w 4.92 W
Cold side temperature of TEC —75C —52.5C
Hot side sink temperature of TEC —52.5C —30C
Hot side thermal resistance of TEC 0.05 K/W 0.05 K/W
Input voltage of TEC 2.39V 3.06 V
Input current of TEC 1.64 A 2.87 A
Input power of TEC 3.92 W 8.7TW
Hot side heat dissipation of TEC 4.92 W 13.69 W

4.4 H% St K R BB R E A

TEC S Br TAER 1 5 6 ¥ 1 B0 s 2 BEL R A o %% U0 DG B, 0 2506 FLIF i 43 B MBI 58 . DL 1% TEC
RIRRGEXT G2, A3 AT A B FHR B — 52.5°C, Hil8 BARTRE — 75°CA&M T, #R i 4 A O W .05 W 1 W .2 W,
o ABHFE 0.05~0.5 K/W B N 1) TEC fis A D% TEC #ui & #URs A8 1k, an i 9 TR .

11

—
(=
T
—_ —_ —_
(=) N -~
T T —

TEC input power/W

D W AR N N 0 O
T
TEC hot side heat dissipation/W
[e<]

0 0.1 0.2 0.3 0.4 0.5 0 0.1 0.2 0.3 0.4 0.5
TEC hot side thermal resistance/(K-W™) TEC hot side thermal resistance/(K-W™)
(a) TEC input power analysis results (b) TEC hot side heat dissipation analysis results
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Fig.9 Sensitivity analysis of the cooling heat loads and thermal resistance on the input power
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Fig.11 Qualification model of CCD assembly Fig.12 Qualification model of the telescope
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Table 5 TEC environment parameters comparison between simulation and test

Hot side Hot side Hot side

Hot side boundary thermal boundary thermal Temperature ~ Temperature

Heat Detector ) ) ) )
Results . temperature of top resistance of  temp of resistance of  difference of  difference of
load/W  temp/C 5

TEC/C top TEC/ bottom bottom TEC/  top TEC bottom TEC

(KW ')  TEC/C (Kew )
Analysis 1 —75 —52.5 0.05 —30 0.05 22.5 22.5
Test 0.7 —75 —65 0.065 —34 0.065 10 31

#*6 TECIEHMSHIMESIKWEE

Table 6 TEC working parameters comparison between simulation and test

Input Input
Current  Voltage Cop Current Voltage Cop of Total
power power of i Total heat  Total
Results  of top of top of top ofottom of bottom bottom input L
of top bottom dissipation/W COP
TEC/A TEC/V TEC TEC/A TEC/V TEC power/W
TEC/W TEC/W
Analysis  1.64 2.39 3.92 0.26 2.87 3.06 8.77 0.56 12.7 13.7 0.08
Test 0.7 0.9 0.63 1.11 3.2 3.3 10.9 0.12 11.6 12.3 0.06

22 MR E L R, AT IE CCD il ¥ 1 2 A 8 6 o i 5 100 29 2 410 mW , 5 JAT0H 67 fof 29 8 51 mW . H L, 18 1F
J& CCD il 2= —75CHIE A fafaf 0.7 W.
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SRR T W 4.92 W& IR 22 43 51 8 22.5°C. TEC B A )R FEE A 11.53 W, TEC B &4 12.23 W,
555y M 25 29 10 % . 3 23 K $oms #4 B By 0.05 K/W B 1IE 8 0.065 K/W , TEC T /B 5 ¥ 5 52 B i 56 25 SR M
¥, 1 — 25 BT AP S B T AR B A SO

3) LRI FEHT, P TECETHFE T 10.9 WH A YR MR RECN 012 S LT, SE 8L T 31°CI IR 22,
h L9 TEC #il¥% 2 BARIRE R T R AW 4 0F . L9 TEC 1E Ry 800 25 35 5 PA 20 604 1 B 3015 UHAE T
0.63 WHi AL g8 T CCD Byl 8 77 oK, kR R AL H 1 1.11.
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