%45 5% 10 BN & 2016 4 10 A
Vol.45 No.10 Infrared and Laser Engineering Oct. 2016

BRERRAOAESHAEFZINNZEHAR
T, A AT R TR
(BB SRR R F RRAFE TRER, Hd KT 410073)

O E., SAKXFIRFRBAAR BN TR RATERGO Y0, LEHB T afemlaas L £ T,
R BABGE RN, BB EFAEL, LBFRNTERARE, AALATHRIFOLY
(Background Oriented Schlieren, BOS)/R ¥ - & %9 X T BOS #9 % #7 4% & (BOS—based Wavefront Sensor,
BOS-WS)H R 1F T Kk i@ id Lk Ma=3.0 98 F it Ama R EEw k. AT ks b5y RAET
Fob A8 R 69 5 ¥ #K % 4 (Point Spread Function, PSF) 4 A vA B iR AL B A% B 50 45 R R BA .l & 43 31 69 0k
BT 25 R 2t w4 PSF L5 32 48 F & ok w7 4T B 69 PSF ARG, A Ee K, MMEREABE LT & X,
PSF %18 th I % % ,PSF 1845 B H K A R a9 mA5 PSF RSB S%AL, BARREAEZE
5 B3R 0 o 1) RE AU AF B4R B, 2 0t PSF AL 225 o B9 A% 90— & A2 6B AL,

XEIR: AFAE;, FRAY; LE¥VRIH; BAARE

HRESZES. V19 XEKFRERD . A DOI: 10.3788/IRLA201645.1018007

Experimental investigation of aero-optical effect due

to supersonic turbulent boundary layer

Ding Haolin, Yi Shihe, Fu Jia, Zhu Yangzhu, He Lin
(College of Aerospace Science and Engineering, National University of Defense Technology, Changsha 410073, China)

Abstract: When a planar optical wavefront is made to propagate through a supersonic turbulent boundary,
affected by the density fluctuation, its propagation direction and phase will change, which make target image
blur, shifting, jitter et al and bring problems for target identification. By using the BOS —based Wavefront
Sensing (BOS—-WS) technique based on the principle of Background Oriented Schlieren (BOS), the optical
wavefront propagated through a Ma=3.0 supersonic turbulent boundary layer was acquired. Based on the
wave optics principles, the corresponding Point Spread Function (PSF) distribution and degraded image were
computed. The research results show that many changes are found on the PSF peak value, peak value location
and shape. The PSF peak value deceases largely, the PSF value peak position appears a significant move, the
PSF shape appears multi peaks phenomenon, the spatial randomness of turbulent boundary layer density
distribution is obtained, the image appears to a certain degree degradation after the PSF processing.
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optical wavefront of the supersonic turbulent boundary layer
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Fig.7 Distribution of the aero-optical distortion induced by the

supersonic turbulent boundary layer
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Fig.12 Aero-optical distortion degraded images

4 & it

FIFIBOS-WS $ A 47 I8k wip il 42t A7 0 3 25 [
9 [ K (JUJEE K ~ 851 JE K S L) 000 1] 3 % 2R 1
(6 ns 1 HLITET ] 20 BE%) AR . SCOh S T A H
BOS-WS $ R Xt Ma=3.0 ()48 75 2 i i 14 5 )2 R 8h
JEE UGB AT EE I A, R EE TR A R S T A
FH BOS H¢ A A HUZF b 7 3 i L 340 5L )2 10 6 S Dk
X L 04 A5 HI PR B BF 9 25 SR 2 B 0 5 380 19
I 25 5 % 1 1) PSF 55 #1348 SF- [T 38 15 % 1 ) PSF AH
L, RV R RN A B BB A AR bR PSF
WA AP Y B0 D, PSTF WA AP 47 ' ) B 4 oy B S8 1) i 5
PSFIE S B Z W I G, 563 & J 1) i Ui 340 L J2 4%
5 (1423 [ BE AL A 2R 81, 56 Ti% PSF &b B 1Y H br
B B — BB Ak

SE .

[1] Zhang Tianxu, Hong Hanyu, Zhang Xinyu. Aero-optical
Effect Correction: Principles, Methods and Applications [M].
Hefei: University of Science and Technology of China Press.
2014: 28-30. (in Chinese)

RRF, WBE, KT, I F RN IE- ] T
HRHIMI. A0 ERRAEOR I AL, 2014: 28-30.

[2] Wyckham C M, Zaidi S H, Miles R B, et al

Characterization of optical wavefront distortions due to a

boundary layer at hypersonic speeds [C]//34th AIAA
Plasmadynamics and Lasers Conference, 2003, 4308: 23-26.

[3] Gordeyev Stanislav, Jumper Eric J. Aero -optical

characteristic of compressible, subsonic turbulent boundary

layers  [C]//34th

AIAA  Plasmadynamics and Lasers

Conference, 2003: 23-26.

1018007-6



aohligok T2

% 10 2 www.irla.cn % 45 %
[4] Gao Qiong, Yi Shihe, Jiang Zongfu, et al. Temporal evolution study of aero-optical aberration and dithering of supersonic

(6]

[71

of the optical path difference of the supersonic turbulent
boundary layer [J]. Chin Phys B, 2013, 22: 014202.

Liu Chunsheng, Zhang Tianxu, Yin Xingliang. Aero-optical
transmission effects through the high-speed turbulent flow
field [J]. Infrared and Laser Engineering, 2005, 34 (6):
681-686. (in Chinese)

XVEEME, TRR P, B R U % B A A i Rk
NBFSEI]. L0505 H0ETAR, 2005, 34(6): 681-686.

Han Zhiping, Yin Xingliang. Numerical simulation of
turbulent flows effect on optical images in supersonic missles
[J1. System Engineering and Electronics, 2002, 24(11): 78—
83. (in Chinese)

AR, BRGR i  A PR AR A R e R
PiE). RE TR S FHAR, 2002, 24(11): 78-83.

Zhao Yuxin, Yi Shihe, Tian Lifeng, et al. An experimental

(8]

(9]

[10]

1018007-7

mixing layer via BOS [J]. Science China: Physics,
Mechanics & Astronomy, 2010, 53(1): 81-94.
Yi Shihe, Chen Zhi, Zhu Yangzhu, et al. Progress on
experimental techniques and studies of hypersonic/supersonic
flows [J]. Acta Aeronauticaet Astronautica Sinica, 2015, 36
(1): 98-119. (in Chinese)

SN, B, RABAE, &5, (R A sl il g B R K At
FERE [T 28 244, 2015, 36(1): 98-119.

Bichal A, Thurow B S. On the application of background
oriented schlieren for wavefrontsensing [J]. Measurement
Science and Technology, 2014, 25(1): 015001.

Zhao Kaihua, Zhong Xihua. Optics (Vol. 2)[M]. Beijing:
Peking University Press, 1984: 129. (in Chinese)

B, P B CPI M. dbat: Jbatss iR,

1984: 129.



