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Aerodynamic Distortion Propagation Calculation in Application of
High-Speed Target Detection by Laser
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Academy of Equipment, The Chinese People's Liberation Army, Beijing 101416, China

Abstract The active laser detection technique has a broad application prospect in the antimissile and air defense.
However, the aerodynamic flow field around the planes and missiles causes serious distortion effect on the detection
laser beams, according to the complicate physical process of the laser propagation in the “cat—eye” lenses and
aerodynamic flow field, distortion propagation calculation method is performed. The physical optics propagation
equations for the incidence and reflection process are calculated using Collins formula and angular spectrum
diffraction theory respectively. In addition, turbulent performance of the aerodynamic flow field is estimated
according to the propagation theory through a random medium, the root mean square (RMS) optical path difference
(OPD) and Strehl ratio of the turbulent optical distortion are obtained. Computational fluid mechanics and
propagation distortion calculation of the detection laser beam are performed with the hemisphere—on-cylinder
turret as an example.

Key words remote sensing; aero—optics; physical optics; “cat—eye” effect; distortion propagation; turbulent
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Fig.1 Propagation model of the detection beam
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Fig.5 Pressure coefficient of the center line on the turret surface

e T 51k FLEE A S inch, T 5] 62258 Sk S PRAR AR 45 3k, FERE 0 50 mm , O UK O 0.532 pum,
XF 6 AR AT £ (UL & 6)43 51 R 60° ,90°F1 120° = Fl i L AT T e Wy AR A& S 5, 53 4h, R ar Fr A IR A
S5 A8 0% D't g 718 TR 5 ), A T Y RS A% i T SRR B R O 3L a3 R AR IR T IE A S (0=0°) R A ST (0=2°) P Fif
Fbo 4GRS AN R SRS AT E R DR 22 @, IR T I, KR4I I TE 24T
@, B4 AR LA FRIE R Rz AR AL AR AT A (4)1(5)4(8) . (9)2X, 75 B [m] i - 42 < 3h it 7 sl e i o3 A
W 8 iz, H v 18] 8(a)~(c) 4397 SR 0=0°1F = Fh S5 1 1) [R13p ~F- 23 0I5 43 A1 141 8(d)~(£) U 2y 9=2° 5k (1% 171 B 5ik
A . FTLAE G, T A O R 2 R A KT A IR IR (8 0 LT AN AR AR A B A AN TR 7 5kt
O TR ) W A8 R P A A 25 5, 0 AR A ST S 850 ) I ' R R 28 2540 [ R AT 0 o

o g
'

&6 A FA o3 12 60° . 90°H1 120° = Filt Yt T A G475 1L
Fig.6 Three incident situations of elevation angle ¢ at 60°, 90° and 120°
T3 ANE R (11) . (15) . (16)2 T3 T sl iRk, - 34 0 3% i T It 3 W A8 K L Strehl [ 325 SR W3R 1
JroR 2 i A B Ok 25 107 SR (4] AR R 2% 1T A RG] D S5 6 25 SRt L o 1 S SR R B R 4

0814004-5



=
Al R
S N
SRR
Nk

10 15 20 25 33 O
Yy

K7 ¥ 8 OPD
Fig.7 Time-averaged aerodynamic flow field OPD

B8 [ G o (a)~(c) IEAB &M T, 9=60°,90°, 120°H} #5311 ; (d)~(f) 0=2°8} ,=60°,90°, 120°H} ) 43 1
Fig.8 Intensity distribution of the echo beams. (a)~(c) Distributions when ¢=60°, 90°, 120° respectively with §=0°;
(d)~(f) distributions when @= 60°, 90°, 120° with §=2°
R fLAE 4.5 inch BTSSR, v LR Y, AR S0 - 1 3t 37 W 728 2000, 31 53 235 SR b il a4 SR R o, D R T
FEJ2 DA DX SR 23 R RORG B DL R I 152 2 45 22 5 T 1) 52 T, it O ' R A28 RN 5 R 5 R AR AR AT RO T
i DX R i AR 25 o VORI TR SRR BT, JU R AR R G 0T VM AR, i I RN R G e S (1)
M A T S 0N L BE RN £ 1 3G R Bl U Y 4 R 0 728 A i D S0 2 T RS R . 3 RO S
i it 800 e [ %5 O o7 A W A2 L % [ /Y Strehl 53 59l R AE 25 AR HT T3 37 #5619 585 4k, 405 SR A 79 2 2 1)
YERR (9 [B1 6, b 5 8 (14) A5 2 A BRI A AL BEINA R @, F1 @, b il (4)~(9) X473 50
F 1 AT TOE AS T SR b R Xt

Table 1 Aerodynamic turbulent optical distortion calculation compared with test results

60° 90° 120°
Elevation
Calculation Test Calculation Test Calculation Test
D, 51 nm 41 nm 65 nm 52 nm 40 nm 37 nm
Mean flow
S 0.6957 0.7910 0.5547 0.6858 0.8000 0.8262
D, 11 nm 14 nm 19 nm 20 nm 23 nm 19 nm
Turbulent flow
S 0.9833 0.9730 0.9509 0.9457 0.9289 0.9509
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