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Application of Cooling Technology in Space Infrared
Optical Systems and Its Development Trend

LIU Jian-feng, SHEN Fei

(No. 803 Research Institute of Shanghai Academy of Space Flight

Technology, Shanghai 200233, China)

Abstract: The cooling methods and key technologies used for infrared optical systems in three most

advanced space infrared telescopes (SIRFT, ASTRO–F and WISE) in the world now are analyzed in

detail. The importance of cooling technologies for space infrared optical systems and their trends are

discussed. According to the analysis of the features and feasibility of different cooling methods, the

necessity and feasibility to develop the cooling technologies for space infrared optical systems in China

are indicated.

Key words: cooling technology; space infrared optical system; superfluid helium cooling; mechanical

cooling
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2.1 SIRTF

SIRTF(+)*, +,) ����-)'��

��� 2003����� �$*%-,����

��!"" γ �*-).�/## X �*-)

'�,&�$0$-)'�����./��

 3µm ∼ 180µm ��%����' 85cm � 

��#%'���������� [3] �

SIRTF ���!(�� 1.4K �		)*�

���0)*�		#1��&�		#1�

���-��&�'��	��.1��'+

2��(���)(��*��	��('/

� 360L %��� SIRTF �20*+�&���

�1���,
�,��-3'��&��

2 50K�4&������&��"35-�

.6�		)�./1���������2

5.5K �4&�����2 1.4K �0����,

4�%��+.��57��.)�,)

'��	��/))�*6'�(			.)

�,)���371,2+���8����

9���07��48���3	��&�:�

)�,&������9�4;�4&�:�5

7-3,;�<�,3	��&*�*).

*2!���(5Æ�Æ 1 '(�- SIRTF �

ISO � IRAS � IRTS �	 �����
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� [4,10] �

. 1 => (6<6) =7/0?1>Æ.

� 1  !":;<=>#$?

?78
/01@ 2@39 2@A: BA2B

81C3

IRAS ;C4C9 1983.1 10 4: D23�<C<0C5;<C10=0<C>=03C50<

COBE 43 1989.11 —— >4Æ5D?@E?BA� 1.2µm ∼ 1.0cm

ISO 67@ 1995.11 30 4: 2.4µm ∼ 200µm D23 – 03

SIRTF 43 2003.4 5 8 (?7) BA 2.5µm ∼ 200µm 9:6E7 1000 F

ASTRO–F FG 2006.2 550 � (?7) 1.7µm ∼ 180µm <0CAH0C6%0CD234103
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3	��&,����IG��B,���

�2;���BJ�'��KC�3� )

C�	�;H:��1I<<%����2�	

� 340K ���2���	� 225K �8:

8�	�D2 114K ��3	��&�	�D

� 38K 
� 38K ��&	��'�E	=1�

1.4K ��>#4�3	�'�;����:

2)�,�� -��&�(��)C�;?L


!(L,���=8:8���ÆAF
J

	)'
		��,����IG [5] �

2.2 ASTRO–F

ASTRO–F �KM�L$��-)'�� 

� 2006 � 2 G 22 K�* M–5 ,8EFH!�

�������<�
� 1.7µm ∼ 180µm���

��@.=�

ASTRO–F *N!�'���8����

�����
������G��	����

�����
�3��2 5.8K �����
�

3��2 1.8K � �������
>"��

�&��&?��9	�3��2 200K	>��

M�H,�A��G���,�I��
		

@>�-�+CN
���������
�

���J�I�			@>	� 170L %���


#%	����
���	��	���

�
%������,"(>��O��P�%

(���3�
3������K-����

#
���	�&	���-)�
��!(

BL�(5Æ�Æ 3 '( [2] �

2.3 WISE

WISE +)�� (M) ��
��
� (��

���) � � 2009 � 12 G 14 KN!*#A9

P,H!EF��O�� �0 1024×1024�

��2+��
�J�*���
���<

BC� 2.8µm � 26µm ���.=��	�&'

D (MCT)�
�3��2 32K�C��
 3.3µm

� 4.6µm � 	..=��P�E (SiQAs) �


�3��2�� 8.3K �Q+�C����


12µm � 23µm � /..= [6] �

. 2 SIRTF KDR3?1N.

. 3 >4�@FALAM;EO1>Æ.
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. 4 WISE 1GBRSF

WISE�		#1�����GHC#TI

HIS�&�� �� 		-�$�(*


� �J���T������K�		#1

�	���U��P �� ��U�


��&�� 17K��� 8.3K�		)*�WISE

�$0H		$�(��� 10.2K �)*	�

�� C�

*������ 17K �	��

�'����L(���&��,)*�MCT

�
�J������

������	�

 7.3K ��H		$�(ND�0H		$�

(��V�Q����P�E��2+�J�

(FPMAs)�MRL(����*).�WX�

C�NC		$)(�)�E?
	����

P�'U�Y)S��
�Z���C���

OF�G/3�VJ�		$�(�*).D

�P����	H�*).����*)HK

�&�0�)ST�
����P�L(�-

���&����� 200K ����0���!

9��V�,IU���K�	+;K� MLI

;J2���!9�������!9�

�V�,K!��������6W��

��)S�<3-�&��,	�D	�R0

0
���+�����! 15.6  G�

;
�*: Y
Q8���

���

�
		����,��& 2��6
� ��
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7:T1 UP3?
A: ��WV UP3?]^ 7/W= X8B6 7/Q

FXRF 7/B6 (K)

Y_Z7Y6 Y_Z7:T Φ1200 SZ
2005 20 WQ7/W 20 1

UR[]R 1KRUP9 Φ150 SUS

[`TTZ NASA aT\U\7
2002.02 35 ∼ 77 Φ2000 ZV 35K 7@35K

3B HST /W & ]@7/

IRSpace- ^W_UP
2000 USA < 100K

borneSensing Æ 3?/bX

UVW?@E? Y^=7/ &
2000 ESA 0.1 ∼ 20 0.1 1.5W@35K

]@7 (CMB) ]@=7/

5ZWQ7
_X[ –2000 2000 ESA 5 ∼ 20 Φ1700 ZV 2 1

/W & ]@7/

Rc - `Yc - U`dP Za7/W
1996 230 75 > 1

K:cBAF [\^W_ & ]@7/

NASA–STS63
\a\ ab]7/

INSTEP GB 1995.02 65
��KR W & ]b^/F

^W (CSE)

ebcD
1993 ESA 20 Φ1700 ZV ]@7/ 15

7TTZ

FIRST PLANK 2007 1.65 66 1.65

� 3 :QDE;R#JK<S

7/F 7/V^ Wc dc deC3

]@7/F _7:7X7Ce

GB/E?]@

YfRQ

`8ff]�̀ ZfÆ`g

[g�g^aCC3h��

�ih

<_d�7/B67C/Q

a�hdeX/0[ibjc

i�\dk

C3h�l8

=> (j6) \]ji86i

`1]b7/

`Zf�X8B6G�hd
e`bj���ih

^Qd�<_d�C3k�h

/0[iL_e

ak�l:
=7/

WQ7/W \]lj=7/

W`1U\7/

bVck�7/Qd�B6m

fn�hdeX/0[ib

jG�l`9d

g^d�LmRgn�LZf

X`g[g���ih6G

]h]@7/A

:k�]hj<A

:h

R`7/ _ohAa bVNmC`aCck�X

8A`bc
7/FAbG�^`d�7/

B67

ah

%(�����pd[	�(-�/C�		

�C��57��i-���%��+0�%

p���R�'������2;���

IU�,��q�c�		@>�-���

�oIN���)��'�,�(��dj�

�	,�� � Æe"�����%p��	

���!��MH;��������	0�


��Ce��P3�r�����%����

�����)S����fg�0����$�

�q*����VJ�I�3R��0��f�

MI?�)'�e"���	
*%���$

�����fMR���NC%�����

�=1���3*��	����&�gM�

���

3.2 =>*12

����&������)* �s��

����&�������&,#���+�

*�)*��kl�L�<�((+�DC
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Go��G\O,�A��G (\Op��

7�n)��G) �=opAq)��G�qK

r"q)��G��p����R —— n)

��G�

,�A��G�!����$�jpr>
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