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Thermal barrier effect analysis of magnesium-fluoride conformal

dome and the experimental validation
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Abstract: This paper focuses on the thermal barrier effect of magnesium-fluoride conformal dome.
Firstly, the real flight process was simulated and a finite element analysis model of the fairing
aerodynamic heating and internal heat transfer were established under different flight speeds, the
aerodynamic-thermal loads and the average temperature of dome was calculated. Secondly, according to
the basic principles of infrared detection, each temperature dome heat radiation and its effects on the
imaging quality of the detection system were analyzed, the critical temperature of dome was calculated
when detector reached the saturation condition to study the mechanism of the thermal barrier effect.
Finally, imaging tests were carried out for validation of analytical results. The results show that the
critical temperature of dome when detector reaches the saturation condition is about 460 K, the thermal

barrier effect is remarkable under the condition of Ma =4 and final guidance in Ma=3. In order to
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accelerate the infrared imaging guided weapons flight speed, the thermal barrier effect must be corrected.
The conclusions has certain reference for understanding the mechanism of the thermal barrier effect and
correction methods.

Key words: conformal optics; magnesium-fluoride; dome; thermal barrier

[1] o
o

1.1
1:1 s
0.2 m, 1.2 m, X,Y,Z
21, John 15 mx12 mx12 m,
0.2 mm, 1 o
h=10km, 223 K,
" P=26435Pa, ,
p=0.412 kg/m?*, un=1.46x10"Pa-s,
Ma=2 ,Ma=3 ,Ma=4 o 2
Ma=2 ,
530K,

[5]

[6]

171

(8]
o

Fig.1 Mesh of outer flow field
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Fig.2 Temperature distribution of outer flow field in case of Ma=2

1.2

¥ 700f —=— o
g s .
3 g0} ~~Ma=4 —
S
) /
- )
5 500+ /
o e
é’a 400f ./,/
2 e et
g 300 L
o
b
f;’ 200F .
0 5 10 15
t/s
4

Fig.4 Temperature change over time of three cases
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Fig.3 Temperature distribution of dome in the case of Ma=2,1=15s
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Tab.1 An mid-infrared imaging detection system °
parameters ) ’
Parameter Value ’
Wavelength range/pm 3.7-4.3 o
Fairing radiation equivalent area/cm?® 400
Transmission ratio of optical systems 0.5 ,
Target surface and dome axial spacing 80 N= 1 N =const an
Diameter of the target surface/mm 12.5 2 ™
Number of pixels 256x256 6)
Pixel area/pm 25%25 T f i
F number of optical system 2.1
Detector quantum efficiency 0.6 ’ ’
Detector integration time/ps 6100 ° (1) (4) ©
Number of electrons of saturated detector (e8) 12.1 Ryr T ’
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Fig.5 Thermal barrier imaging test system
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