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Review of Surface Temperature of Ballistic
Missile in Flight

LU Xiao-fei, SHENG Jie

(Jiuquan Satellite Launch Center, Jiuquan 732750, China)

Abstract: The surface temperature of a ballistic missile in flight is a key point concerned by both

the missile attacking side and the missile defense side. The surface temperature and infrared radiation

source of ballistic missiles in their boost phases, middle phases and re-entry phases are reviewed. The

equilibrium temperature of the warhead and decoy of the ballistic missiles in middle phases are given

mainly. The warhead nearly keeps its initial temperature because of higher thermal inertia, whereas the

balloon decoy reaches its equilibrium temperature quickly because of lower thermal inertia. Finally, that

the dynamic thermal radiation measurement in actual flight tests is the important direction of surface

temperature theory study is pointed out.
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���& (��� 3.5 ∼ 5.1 km/s�	���� 40

∼ 90 km) 	�
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� 0.2 ∼ 0.4 µm 
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���

��Æ!�� 2000 ∼ 3000 K �!����
�

%� 106 W/sr ����%Æ	� 3 ∼ 4 µm #

[1] �

*��)���
�
��� +$ 50 m�

�
,
� "�� 4 m ���$� 1800 K �

� 
 &��$� 1400 K �	#����-

� 10000 W/sr �!�����. 2×106 W/sr �

�		#��# 30% �+## 5% [2] �

Dean A ")���
��



�
�

�/ �&�0��
����1	��'�

!�"+
"#�"+"�% (�
�# )�

$��) ����	
#�'��(&(""+

(2�#"+) �0�&"� 40 km '��'$)

��
�
� ����
$%�&� 1 ∼ 10

MW/sr [3] �

'(�%�)���
��



�Æ

���. 1000 ∼ 2000 K ������. 104 ∼
106 W/sr� ��*%#
("��
+�
�

��!
���
�
�'��&
��',�


������+�
�+#�
#
("*

�
���,&�''��
�����)��

2.7 µm (1 ∼ 3 µm) � 4.3 µm (3 ∼ 5 µm) '+
�

������ 104 W/sr � 2×104 W/sr [4] �

1.2 )*+,-^_`��Z�[\]


���#����'�
�.���&


��(�����3&	�-
��'���

&
������ 1000 K ���./-�%�

)��(�	�-
�
�/!��',�("


�����
�
	����	�����

	�'0��������(�
�/!
��

���
 ��04��	��)1�("
�

�)� [5] �� 12.3 km 
�2	�
�/!��

 )'
���� T ���
���

T = 216.7 × (1 + 0.164Ma−1) (1)

.	�Ma �
���
)*/�221�
�


��$5�.� 4 ∼ 10 Ma �������.

785 ∼ 3770 K �

2 aVWRSTbXcUVTUW
	�	
����
�	)��1�*#�

�2
	�-

�&�!'�
��'���

 ����'
��02	1+����Æ��

0*����+�0*��
�����+2

2���
,��+������Æ36.�

� )43�

	
	�'0�3�5�34�5�5�

#6�	�'0
 70% ����!��
45

����
���45�,�����Æ��

���*#�6-����45��
-,��

+��-���7�,���7�83.'�7

�������7����
7/6.�(��

�0/7��8��
��49��/ 1 [6] �
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01:�%����� SBIRS ��
�%

��� �)� SBIRS "1�����9
�

����	�:
2�+#�
�8+#�


#
�	
;����.9�������2

�
��(1) � 300 K 
:����� (/0��)


��$%#+� 10 µm 	(2) �+�Æ��+

34	
��$� 180 K ����
$%#+�

14 µm [7] �

71�%�)�� 6 ∼ 16 µm #
����

�<� 3.5 m2 ����� 0.9������ 300 K


���25�6�
�
����&7� 75

W/sr �;Æ�8$�3� (Noise Equivalent Flux

Density, NEFD) � 6×10−19 W/cm2 �STSS ��

�!��
<����� (�9%) � 35000 km
[8] �

2.1 def=�g>h?

�� )43��02	
%!#�%


���������80*@�
�+
��

����%�����

P
E

= A
S
ε

IR
σT 4

eq
(2)

P
A

= A
C
[(S + S

R
)α

V
+ α

IR
E] (3)

.	�T
eq
� )��	A

S
��+
��<	A

C
�

�+
 &�%���<	ε
IR
��
#

 &

���	σ �;93 – :4A45/ (5.67×10−12

W/cm2·K4) 	S �0*���� (1360 W/m2) 	

S
R
��+��
0*���� ($ 0.3S) 	E �

�+���� ($ 240 W/m2) 	α
V
��+��=

-�+�
#

 &:%�	α
IR
��+��


#

 &:%��

Andrew M S �%�)�0�+���;5

/#<#'�α
V

= 0.248 �α
IR

= 0.924 � )�

�� 237 K 	0<#�65>'�α
V

= 0.25 �

α
IR

= 0.28 � )��� 299 K (�+:�) 	0

<#�6<'�α
V

= 0.192 �α
IR

= 0.036 � )

��� 454 K [9] �

.7B�)��6
��
�#=+
?�

7/8��8�!<7
@> :AB<?	

�	
	�/48#����� –100 =C;�

�
@9��>�9
�
��?�9@��	

�	�!
0*:%��@#4% α �A:�

� 1 ��A�@
:5�#%!��<
4� θ

� 0.305 � )��� 294 K 	
�B;
 α �

0.5 �θ � 0.2 � )��� 222 K 	�+
 α �

0.4 �θ � 0.25 � )��� 222 K 	�'�
 α

� 1 �θ � 0.25� )��� 278 K��34<�

	�	�!
 )��� 208 K�
�B;
 

)��� 157 K ��+
 )��� 157 K ��

'�
 )��� 197 K [10] �

<C=�%�)���+34<���Æ


����� 150 ∼ 170 K��0*@(
<>��

�Æ
����
��<1
0*-:%��

�
���=B�0��<;>'� )��$

� 200 K 	0��<;>'� )��$� 300

K 	0��<6�?'�����$� 400 K 	

0��<@'�����$� 500 K [11] �

2.2 *i�g>h?

��
�
C)���1��02	C?


'0*%�
���D���:�(����

�	
	�'
�����%�DE�3&�

� T0 	
�+�Æ
D�7�:�(�7�#

��	
	�'
�����1��+ )�

��D 1�D 2 #E���
��	
	�'+

@���+@�+
����
/ �& [11] �

=E�%���1���
� (Tactical Bal-

listic Missile, TBM)	

����� >D� 

)�@EF� TBM �	

���5A'�$

���GB��:%�C����A?H�?

F�F�,&�)���@�
�2
��


������	
	�'
3&��� 300 K �

����
0*-���� 0.4 �������

0.7 �����
@#A�� 1.76 cm �@#3�

� 1.923 g/cm3 �4�� 1.13 J/(g·=) �>DB9

�5�G�� TBM � 300 K ����	
#�

�!���%DE�3&����� 600 s #


/ C�� 10 K C; [12] �
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G 1 FHDBGIHIEJDK�EFCL

IHJG

G 2 FHDBFDHIEJDK�EFCL

IHJG

MNG�%�)�
��1'�HI	�

J (Exoatompropheric Kill Vehicle, EKV)	�� 80

km ��
20		>DB9�H5�G�




6O'�EKV 
����<��H#1��

I 400 K �� (-@<�+ 400 K �34<$�

200 K) [13] �

2KI�%���DL;K�.�
Æ'

�J����EF�	
��
;K�.��

��
��A'� M��;K�.
���

��Æ!
����/D�,&�)���
#


�;K�.
�
����IP��" 97%
[14] �

2.3 *i�h?J

Q�R�%N+�EL<9�5�K@�

�
	S��O� J+T6����K/�

5������0*��+��
�����

,&6���22
�
���M����K'

	
��
�
����
/ ����20

�����9@����
3&��� 300 K�0

N+M-@><1'���� 500 s#.� 600 K

 )��	0<1@#�UN>'���� 150

s #.� 350 K  )��	0<1@#�65>

'���� 150 s #.� 310 K )��	0<1

@#�;LL>'���� 200 s #.� 250 K

 )����34<� )���"�$� 180

K �,&<#�)�������@#
:%�

�����4F��-G��
���F [15] �

'M�%N+N�VO9�W-PM – O

X9�����
��	
'
������

O�����,&�)�
�����@#�M


��/7�4�L��0��	HL� Z L


PQ� 60◦ �3&43�*-"�N�Q���

�
����O� 300 K ���
������

:%�� 0.9 '��P<�,�� 30 K ��
�

,&P4*�������O�MI?H�


<����P<�,�� 0.6 K ��(/7��

���O
4F@57�YN����
��

/
O,���O
/ �,1��I�/7�

�
4FQ�(J	����@#4�L
R

7�S�,1��O
/ �K��/74F/

M*�(J [16] �

<1T���	

�
��O��
�

���A'�,&J+��
���Æ
�L

@#��Q/� MD�A'�5�4*�?

�������O�	F���RU?H���

@#���A�
����	
������


4F�,&�)�$�+71R�@#SZ<

1����" (����8�") 34��	�

���
������
��S� [17] �

3 YZRTjSTUVTUW
�T'
	��&	��/7
��W�

����(1) ���. 8000 K 
��P�<��

Q[
���!ÆO	(2) 1000 ∼ 2000 K C;


U���	(3) +\
��@#	(4) 1000 K C;


��Æ�

#$�")���5��0@��!
	

�Q� 4◦ ��R4� 490.5 N/m2 �P�R�V�

� 0.305 m �	�!��
@#�UN����

��� 0.8 �<�P��Æ� 1382 kW/m2 '�
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�5)P���<���
 )��� 2350 K
[1] ��� )����	�'���!�+\

���,;S�.�
���
������

;S�$
�P�W�������S�M 

)
�������
��<����
��A

@#@9XA
��!�	�!�A8N++\

���9V�"U����:+\�����

@# (
) – )) �������8+\@#:

%��&U����ITT�U
( (1000 ∼
2000 K) �

T1-�%�)������1H����

���%,� )43 [18] �0�����U�

�1'�#�Y
2��A���N]����

P�,
N��. 10 MPa ����0���


���'��U ������Q[
2��

22��W��� (<����.� 7000 K �

�) �������#N]
@����Q��

�����)Æ++
�X��+��. 1000

∼ 2000 m ������ 90 km ,�����V2

������
2��+\�!�!!!"#

@�
�#1	�����$ 60 km ,����

�V2������#1��Æ	� 45 km ��

'�����V2�Æ�

Z���
�H
����YV2V�

Z (National Aeronautics and Space Administration,

NASA) 
V�	�	�U[�+'��0
\

]�T'
	��& �����O�N

�

���. 1648 =�V�	�
W���. 1260

=��,<>
��. 649=��!�NASA �V

�	�
���^N-���
��X[_�

����O�PN+�O�') – )YZ1	

V�	�
W�N+���[�+
����

� 0.8 
����R�`	�,<>��N+�

��[�+
"���R�`���[�+


V���R�1 [19] �D 3 #E�V�	�
	

G 3 \HF^HQWIEJDR_X]^\a

���������X[_�

4 kl[STUVTUW
���
����Y+20�-Æ�
�

(X–37 �X–43� X–51�) �"���	�`1


��	���	��&
��!!���'�





6O#�-"�'���� &��Y+

20�"I
�@'�_�)Y+20<>�

V��Y+20
	��&	��
����]

a�-Æ�
�����'������-Æ

�
�
�� 	����
�
���2�

W�Z^'�("3[bc�
���


����
SJ!�		�`���


�^��-Æ�
��?�Æ-

�����

����Y+20�-Æ�	�J
-���

�������`��%��TY+20��


���
�_���)�7 dU����

���`��U�T�U���Æ& [20] �

eEa�%����"

�'�
�


�����,&�)����"

CÆ



����1�����.'��/ 8���

��������
��"�WX
�8��

("�B4F�a�O,"����
�?�

�^
����
��N+;SWX�V\Y

bVR]



�
�� [21] �

'b^�%���	F�
�����E

A� � X–51A '�-Æ�
�������

T���'�����348#��
�
��

.�<�% (�Ma=6��)�����-

 

&���%SE� 5 Ma �$��5�G��-


�-Æ�
�
����$� 1122 K �3 ∼ 5
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µm#

�9!�
����� 25596 W/sr�

�9!�
����� 15796 W/sr 	8 ∼ 14 µm

#

�9!�
����� 3935 W/sr ��9

!�
����� 2538 W/sr �-"�'�fV

��#�
���.�<�%�- &% 6 Ma

'������ 1518 K [22] �

����
����W\-M���
�

��.���]a��	��� [23] �

(1) �%�9�Y+20�-Æ�	�J


��ÆO�����-���&���C��

&����	��M���
�_/D� EF

��-Æ�	�J
����/DO	

(2)EF�������cc7/����

��d	

(3) EF�Y+20�-Æ�	�J
-�

������/7��_H�/DO���Æ

W�%EF�?FY+20�-Æ�	�J


-��������/DO� b�ef���

1`��/DO	�da;	X�Y��Z


W@���+��&��
b��ÆO���

-����&�5_H��_H�e�8��5

)��g?H�9C	�?H�
+\8[�

���� G�-���c.C�5� (Radar

Cross Section, RCS) ���

5 \]

�	��&	
%�ÆA4�[\ [24] �

�!������7Gd
eh������

'��@��6.P��M���7/��C

)	�7/
/Z��	�	�7/
����

[#QG
 [25] ��
���-���	

�

������'+V�	�
1�J�'��

�������'	�7/� ����gf

D
���Æ7/�<\�M��L�	
�

V]�'������
�9 [26] ��!�g#

����
�����
��P����C)
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