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Fig. 1 Schematic diagram of airport aircralt wake vortex detection principle based on lidar
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Table 1 System parameters of 1.5 pm pulsed coherent doppler lidar

Parameter Value Parameter Value

Detection wavelength 1572 nm Optic efficiency 0.50

Output energy 0~1] Receiving aperture 30 cm

Pulse duration 10 ns Working temperature 273 K

Detection bandwidth 100 MHz System resistance 50 Q
Recurrence frequency 500 Hz Bandwidth of filter 0.1 nm

Pulse accumulated number 250 Spectrum radiance 1 Wm 2Sr 'nm™!

Detection responsivity 0.95 AW ! Field of view 0.5 mrad

Z(Scanning vertical direction)

Aircraft target

}' Y(Scanning lateral direction) _""_g?i

Left wake vortex Right wake vortex

X(Aircraft flight direction)

% Lidar scaniing rdial direction  Tangential velocity
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Fig. 3 Schematic diagram of the angle relationship between
laser beam and wake vortex under RHI scanning

mode
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Table 2 Experimental parameters of A340 wake vortex
detection under typical flight condition

Parameters Parameters Parameters
category name value
Aircraft type A340
Aircraft mass M/Kg 368 000
Aircraft Wing span B/m 63. 45
parameters Aircraft speed V/(m+ s ') 100
Air density p/(Kg + m™*) 1.16
Gravitational acceleration G/ (m? *s ') 9.81
Scanning mode RHI
. Scanning speed Vs/(° s 1) 2
Lidar ) . R
Azimuth scanning angle 8/ (%) 90
parameters o ) 3 B
Pitching scanning angle o/ (%) [15.45]

Radial scanning range R/m [300,1 200]

Pitching scanning
90° 750 angle/(°)  Velocity(m/s)
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Fig. 6 Laser scanning wind field after aircraft flying-off
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Table 3 Results comparison between experimental detection

and simulation of A340 wake vortex

Parameters Simulation Experiment

name results results

Vortex core position

ER()1 » @O, ] ER()Z 7(102]

[780, 43] [775, 43]
[825. 43] [835, 43]

Vortex core radius r./m 2.591 2.952
Initial vortex spacing b, /m 49. 808 55. 808
Root circulation Iy (m* « s~ ') 624.507  655.507
Max tangential velocity Vi /(mes™)  19.178 18.584
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Research on the Technique of Aircraft Wake Vortex Detection Based on
1.5 pm Doppler Lidar

WU Yong-hua'?, HU Yi-hua'?, DAI Ding-chuan®, XU Shi-long'*, LI Jin-ming'*
(1 State Key Laboratory of Pulsed Power Laser Technology (Electronic Engineering Institute), Hefei 230037, China)
(2 Key Laboratory of Electronic Restriction, Anhui Province, Hefei 230037, China)
(3 Electronic Engineering Institute Room 406, Anhui Province, Hefei 230037, China)

Abstract: In order to shun the wake vortex hazard and assure the flight security, the technique of wake
vortex detection by Lidar was studied. The basic principle of wake vortex detection was introduced, and
both the detection mode and the system parameters of Lidar were also given. Based on the designed scheme
of wake vortex detection by Lidar, the relationships between Doppler spectrum value and the parameters of
aircraft type, flight and environment were studied. The radial velocity distribution law of wake vortex was
acquired, and its the Doppler spectrum model of laser echo was built. Moreover, the optimal parameters
estimation algorithm was selected for wake vortex characterization. Based on the performed wake vortex
detection experiment of A340, both the feasibility of wake vortex detection by Lidar and the validity of
parameters estimation algorithm of wake vortex were verified. The research results show that the laser
echo created of wake vortex is inversely proportional to the cube of radial velocity, but is directly
proportional to the square of circulation.

Key words: Wake vortex detection; Echo Doppler spectrum model; Wake vortex parameters estimation

algorithm; Lidar; Flight security; Airport capacity





