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Wake vortex is an inevitable by-product of lift for a flying aircraft. It is generally composed of two strongly

counterrotating trailing vortices and is regarded as one of the most server hazards in aviation. The wake

vortex generated by a large aircraft may cause a following aircraft to roll out of control, particularly during

the taking off and landing phases. With the development of modern society, air traffic has doubled every

15 years in the past decades. The rapid increase of air traffic has brought about an urgent demand for the

detection and parameter-retrieval of wake vortex in air traffic management (ATM) to ensure the safety of

flights or relax the restriction of separations between flights. Among the wake vortex parameters, the

velocity circulation is a crucial one to assess the hazard of wake vortex because it well describes the

strength of a wake. The existing monitoring sensors for wake vortex include Radar and Lidar. They are

applicable for different weather conditions due to different scattering mechanisms: 

Under dry air condition, the scattering is mainly determined by the aerosols involved in the wake vortex,

and the widely-used sensor is Lidar. Under wet weather conditions (rainy/foggy/snowy), the detection

range of a Lidar is limited due the its heavy attenuation, and Radar becomes a better option because it

can well sense the precipitation droplets with acceptable attenuation along the propagation path.  

This paper presents some parameter-retrieval methods of wake vortex under different weather conditions,

by Radar and Lidar respectively. 

 

1. Under rainy condition, radar is a very promising detection sensor for wake vortices where the scattering

is mainly caused by the raindrops entrained by wake vortices. This makes it possible to retrieve the

circulation of wake vortices by sensing and quantifying the motion of these raindrops. We propose to use

a side-looking radar, whose beam scans up and down alternatingly, to detect the wake vortices. First, the

raindrop inertia is found to be a very important effect for the dynamics of wake vortices, and it causes very

special concentration and velocity distributions of raindrops inside the wake vortices. Second, raindrops

that make the major contribution to the total scattering are identified as characteristic-size raindrops, and

their motion equation is established to connect their motion to the dynamics of wake vortices. Third, the

velocity and acceleration of characteristic-size raindrops can be well estimated from the Doppler spectra,

then the motion equation can be well solved by the non-linear least squares method to yield an

estimation of the target parameter, circulation. 

 

Basically, we recommend to use multiple RLOSs to retrieve the target parameter because: 1. they provide

more data for parameter-retrieval and 2. the relationship of vortex-core positions between RLOSs can

offer additional constraints to the process of solving the governing motion equation. 

 

2. Under foggy condition, we also propose to use a radar to detect the wake vortex since the attenuation

of a radar is acceptable compared to the heavy attenuation of a Lidar. The scattering is mainly caused by

the fog drops involved in the wake. From the Stokes number, it is known that the fog drops are with weak

inertia, so the Doppler velocity obtained by a Lidar is just the projection of true velocity on the RLOS. The

true velocity can be expressed as the summation of induced velocities by 1.the two vortex cores, 2.the

cross wind and 3.the turbulence. By integrating the velocity along a RLOS outside the vortex core, we can

get a nonlinear equation about the circulations of the two vortex cores. Consequently, an iteration
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method can be employed to solve this equation to get an estimation of the circulations. 

 

Also, haze can be considered as a very similar case with fog, so the method proposed here can be directly

used in the hazy condition. 

 

3. Under dry air condition, the main principle is to retrieve the circulation of wake vortex by sensing the

dynamics of aerosols driven by the ambient air flow (wake vortex and wind). First, the ambient wind field

can be well modeled from the regions without wake vortex. Second, the wake vortex velocity is modeled

by taking the existing vortex velocity profile models and descent velocity into account. Third, we can

establish a target objective function with respect to the Doppler velocity, circulation and vortex core

positions. When a lot of range cells are considered, it is feasible to obtain the circulation and vortex core

positions by solving the objective function with global optimization method. It is noted that, due to some

additional factors like noise and errors in the measured Doppler velocities, the global optimization output

might not be the proper result of the wake vortex characteristic parameters, so a criterion to identify the

proper output from local optimization result sets is also proposed. 

 

Based on the above methods, we have developed a software package to process the detection data

recorded in Hong Kong International Airport, and good performance of the methods has been well

verified. The detection data we used were recorded in 2014 to detect the north runway wake vortex at

Hong Kong international airport. The results indicate that: 1. the estimated circulation decreases

gradually with time, which agrees well with the P2P model developed by Frank Holzapfel in DLR, and 2.

the movement of two vortex cores agrees well with the descent velocity model. 

In the near future, we will continue our research on the detection and parameter-retrieval of wake vortex.

The main goal is to develop a comprehensive software to process the radar/lidar data of wake vortex and

to predict the short-time behavior it. This could be very helpful for ATM controller to assess the hazards of

wake vortex in practice.
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