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of supersonic conformal optical system
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Abstract: With the development of science and technology, there are more and more high requirements
of imaging quality for high speed aircraft. The effect of friction heating on imaging quality of
supersonic speed system with a conformal dome was studied. An conformal optical system with a
conformal dome which had a length—to—diameter ratio of 1 was designed. The system had two wedge
mirrors for field scanning, which provided a instantaneous FOV of 4° and a scanning FOV of 60°. A
conformal fairing aerodynamic simulation experiment with the speed of Mach 3 and attack angle of 0°

was finished. The surface temperature distribution of conformal dome in supersonic speed was obtained.
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Through the fluid —solid interaction, surface variation of different periods was calculated. The thermal

surface variation was fitted into Zernike coefficients and applied to conformal optical system. The analysis

results showed that the dynamic aberration introduced by high speed flight affected the imaging quality of

optical system. In order to guarantee the system precision, a Spatial Light Modulator

(SLM) was used to

correct the aberration of different periods. After correction, system imaging quality was close to the

diffraction limit, which had realized thermal aberration correction of conformal dome in supersonic speed

flight. This study has certain significance to the development of high precision aircraft.
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Fig.1 Optical system with different central field of view
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Fig.2 Conformal dome mesh division
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Fig.5 Doom temprature drawing in Ansys software
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varible correspongding to shaped dome

Coefficients of Zernike term

Zernike Aberration
term 02 T =T

1 -0.019 6 -0.031 Piston (constant)

2 0.061 3 0.107 Distortion—tilt (x—axis)
3 0.015 7 0.050 5 Distortion—tilt (y—axis)
4 -0.036 5 -0.076 3 Astigmatism, primary

5 —-0.051 4 0.092 4 Defocus—field curvature
6 -0.031 2 -0.109 Astigmatism, primary

7 0.058 1 -0.109 Trefoil, primary (x—axis)
8 0.015 1 0.068 1 Coma, primary (y—axis)
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