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Aero-optical effects of supersonic vehicles
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Abstract: In this paper, numerical simulation methods, computational optical methods and theories
are used to study the flow field of supersonic aircraft. The density distribution of the flow field above
the optical window at different flight heights and angles of attack is obtained. And the refractive index
field above the optical window according to the Gladstone-Dale relationship is obtained, the optical
path difference distribution of the flow field is calculated by using the ray tracing method. Through the
analysis on the distribution of the optical path difference of the parallel beam through the flow field, it
can be concluded that the aerodynamic optical effect gradually weakens with the increase of the flight
altitude. With the increase of the angle of attack, the aerodynamic optical effect is gradually enhanced.
Key words: aero-optics; flight altitude; angle of attack; optical path difference
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Fig. 1 Model diagram
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Fig. 3 Grid independence verification
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Fig. 4 Density distribution of flow field on the symmetry plane of aircraft window (H = 15 km)
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Fig. 5 Density distribution of flow field on the symmetry plane of aircraft window (H = 20 km)
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Fig. 6 Density distribution of flow field on the symmetry plane of aircraft window (H = 25 km)
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Fig. 7 OPD distribution (H = 15 km)
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