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Experimental investigation of influence of Reynolds number

on supersonic film aero-optics
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Abstract: Due to the limitation of wind tunnel test capability, it was very hard to be completely
consistent with the actual flight of high speed aircraft. As an important similarity number, Reynolds
number had been used widely in classical fluid mechanics wind tunnel experiments. It had a significant
impact on establishing aero-optical similarity standard to study the influence on aero-optics induced by
Reynolds number. Based on the [[ theorem, the possible variables that affected aero-optics were
analyzed, which verified Reynolds number was a similarity standard value of aero-optics. A creative
experimental equipment was designed to realize the unit Reynolds number ranging from 10°-10° m ™
Eight typical Reynolds numbers were chosen, BOS-WS (BOS-based Wavefront Sensor) technique was
used to measure the corresponding optical path difference. Based on the function curve fitting method, the

power function between Reynolds number and the rms of the optical path difference was acquired. The
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measured results with different sizes were compared. It could be found that, for the two dimensional

supersonic film, the acquired law was not affected by the size of the observed aperture.

Key words: aero-optics; Reynolds number;

optical path difference
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Fig.2 Schematic diagram of BOS—WS system
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Tab.1 Test status summary

State ~ P/kPa H/km P,/MPa Re/m™ p/kg-m™
1 1.0 31.0 0.04 0.308x107 0.035
2 3.0 23.8 0.10 0.771x107 0.088
3 5.03 20.5 0.20 1.541x107 0.176
4 11.0 15.5 0.43 3.313x107 0.378
5 20.1 11.5 0.80 6.164x107 0.704
6 29.86 9.2 1.18 9.092x107 1.038
7 36.09 7.9 1.43 11.02x107 1.258
8 41.87 7.0 1.65 12.71x107 1.451
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