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Abstract: The windows of IR detection systems becomes the main factor of the aero-thermo-radiation
effect, which reduces the performance of these IR systems, or even makes these systems fail. By
analyzing thermal radiation propagating in IR windows, a participating medium, an evaluation method for
aero-thermo-radiation effect of the non-isothermal IR windows was proposed, based on the experimental
results of the isothermal state, include self-radiation and transmittance. Aim to an MWIR detection system
of a hypersonic vehicle, aero-thermo-radiation effect of a sapphire IR window was evaluated in 3.7—4.8 pm.
The results indicate that, as the sapphire IR window is exposed in high-temperature and high-speed
airflow, the aero-thermo-radiation effect of the window intensifies as temperature rises rapidly, the
transmittance drops about 10%, still bigger than 0.9, otherwise the self-radiation enhances 458 times
approximately, equal to that of blackbody about 125 C. For sapphire windows in 100-350 C, which
thickness are smaller than 20 mm, as thickness increases, the transmittance decreases, self-radiation

increases, and total radiation behind sapphire windows is increased, of which the ratio of self-radiation
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increases. So, self-radiation would drive detector into saturation easily, of which the influence on the

MWIR detection system is bigger than that of transmittance.
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Fig.1 Scheme for experiment platform measuring thermo-radiation

characteristics of IR window
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Tab.1 Thermo-radiation characteristics of sapphire

window with uniform temperature

Tl T T7,win Ly i/ W-m™+sr7!
100 0.999 2 0.198 7
150 0.996 2 0.840 2
200 0.987 1 2.168 6
250 0.972 5 5.4351
300 0.943 6 11.089
350 0.901 5 20.799
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Fig.2 Thermo-radiation characteristics of sapphire in MWIR
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Tab.2 Fit of thermo-radiation characteristics of

sapphire IR window

i=0 i=1 =2 i=3
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i ~2.99 6.46E-2  -4.62E—4  1.35E-06
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Fig.3 Temperature distribution of sapphire IR window(A=0.1 mm)
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Tab.3 Thermo-radiation characteristics of sapphire

IR window with uneven temperature

t Tuin L/ W-m™-sr™! T};i" /C

t 0.999 7 0.0419 —44.579 2
1 0.991 4 1.6797 34.946 3
1y 0.970 4 5.744.8 74.796 9
L 0.936 1 12.296 3 104.905 0
t; 0.902 5 19.207 3 125.031 6
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Tab.4 Max of total thermo-radiation behind

sapphire IR window

T/ C Lo W em e sr!
100 248.375
150 221.105
200 168.108
250 197.640
300 196.613
350 211.157
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Fig.4 Increment of total thermo-radiation of sapphire IR window
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