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Infrared radiation characteristics of hypersonic cruise missile scarfskin

FENG Yunsong"’, SHANG Yuanxin"’, ZHANG Jun'?, JIN Wei'?, ZHOU Changqi"’

(1. Advanced Laser Technology Laboratory of Anhui Province, College of Electronic Engineering, National University
of Defense Technology, Hefei 230037, China; 2. Anhui Province Key Laboratory of Electronic Environment
Intelligent Perception and Control, College of Electronic Engineering, National University
of Defense Technology, Hefei 230037, China)

Abstract: The hypersonic cruise missile undergoes aerodynamic heating, and the scarfskin has a high
temperature, generating strong infrared radiation. In order to detect and warn hypersonic cruise missile
effectively, it is important to study the spatial distribution characteristics of infrared radiation of hypersonic
cruise missile. Firstly, taking X-51A hypersonic cruise missile as the research object, the geometric model of
hypersonic cruise missile was established by using software SpaceClaim. Secondly, based on the basic
conservation law of hydrodynamics, Fluent software was used to numerically simulate the hypersonic cruise

missile's outflow field, and the distribution data such as the missile scarfskin temperature and the pressure
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around the flow field were obtained. Finally, Monte Carlo method was used to simulate the process of radiation

transfer, and the space distribution of middle and far infrared intensity of X-51A aircraft under typical flight

conditions was obtained. The results show that the temperature at the head and front section of the inlet of

hypersonic cruise missiles is relatively high. At flight speeds of 5 Ma and 6 Ma, the maximum temperature of

the skin reaches 1177.304 K and 1654.08 K, respectively. As the flight speed increases, the proportion of

infrared radiation intensity in the skin increases. In the direction of a=78.75°, the infrared radiation intensity of

the skin reaches its strongest. For 5 Ma, the infrared radiation intensity in the middle and far reaches 1.66x10*

W/sr and 6.0x10° W/sr, respectively. However, in the head-on or tail direction, the infrared radiation intensity

is weaker.

Key words: hypersonic cruise missile; flow field; scarfskin temperature; infrared radiation; Monte-Carlo

method; numerical simulation
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Table 1 Target flight parameters

Parameters Numerical value
Speed/Ma Sor6
Altitude/km 20
Ambient pressure/Pa 1.2x10°
Ambient temperature/K 217

*2 BRFREMESH
Table 2 Physical property parameters of target skin

Stats Fluid Solidity
Materials Air Aluminum
Density/(kg-m ) Ideal-gas 2719
Specific heat/[J/(kg-K)] 1006.3 871
Thermal conductivity/[W/(m-K)] 0.0242 202.4
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Fig.2 Distribution cloud map of skin temperature and fluid

pressure around missile at 5 Ma
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Fig. 3 Distribution cloud map of skin temperature and fluid

pressure around missile at 6 Ma
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Table 3 Minimum and maximum skin temperatures K

Mach number /

.. . Maximum temperature
Minimum Maximum p

Ma difference
5 741.23 1177.30 436.07
6 989.02 1654.08 665.05
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Fig. 4 Flow of infrared radiation calculation by Monte

Carlo method
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I min( Wist) Tnax Lnin Tnax
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