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Abstract. The two-dimensional asymmetric far wake behind a GAW(2) airfoil section is studied at low speeds. Mean 
velocity measurements have been made and analysed in the far wake, where initial asymmetric wake has become 
symmetric with respect to the minimum velocity line. Governing equations have been solved with appropriate 
boundary conditions in the far wake. Self-similarity solutions have been obtained for the governing equations for the 
mean velocity distributions. Results of self-similarity analysis have been compared with experimental data.  

1 Introduction 
Turbulent wake region is the region of flow behind the 
trailing edge of a body where the upstream boundary 
layers merge into one single shear layer. The far wake 
region is at a large distance from the trailing edge where 
the flow is less influenced by the initial conditions at the 
trailing edge. The evaluation and understanding of flow 
in the far wake is important as the flow in this region is 
solely dependent on the gross parameters like total drag 
of the body. The aim of the present study is to analyse 
and understand far wake flow developing from initial 
asymmetric trailing edge conditions. The GAW(2) airfoil 
which is a 13% thickness General Aviation Wing was 
chosen for this study because of its strong relevance in 
many applications. Many of the studies carried out in the 
past were concentrated in the symmetric far wake 
flows[1-5]. Self-similarity solutions have been obtained 
in the symmetric far wake in such flows. The far wake 
flow, which is developing from initial asymmetric 
conditions at the trailing edge, has not been studied well. 
The present research was started with an aim to describe 
far wake, with initial asymmetric conditions, in terms of 
self-similarity solutions for governing equations. The 
three-dimensional asymmetric turbulent near wake 
behind a swept wing with GAW(2) airfoil cross section 
has been studied extensively[6]. Their studies showed 
that the turbulent wake which was asymmetric near the 
trailing edge exhibited symmetry by about a distance of 
60 trailing edge momentum thicknesses downstream of 
the trailing edge[6]. With this in mind, our focus was 
concentrated in the wake region beyond a distance of 200 
trailing edge momentum thicknesses downstream of the 
trailing edge so that symmetry has been reached in the 
region of our interest. 

2  Experimental Setup 

The experiments were conducted in the 300x1500mm 
boundary layer wind tunnel of the National Aerospace 
Laboratories, Bangalore. The GAW(2) airfoil model, 
having a chord length of 600mm and a span of 300mm, 
was mounted vertically in the test section. The 
experiments were carried out at a freestream velocity of 
30m/s, providing a chord Reynold number of 1x106. 
Figure 1 shows the schematic of the experimental setup. 
Mean velocity measurements were carried out in the 
wake in the distance range of 1-800 momentum 
thicknesses behind the trailing edge. The mean velocity  
profiles are presented at three streamwise stations furthest 
from the trailing edge so as to avoid the uncertainty 
regarding the symmetry of the flow. 

3 Similarity Analysis 

In this section, an attempt is made to extend the self-
similarity analysis which is valid for symmetric two-
dimensional far wake to the far wake flow evolving from 
initial asymmetric trailing edge conditions. In this section 
far wake flow is analysed using continuity and 
momentum equations. Most of the analysis follows the 
steps of two-dimensional far wake analysis given in[4]. 
 

 
Figure 1   Schematic of the experimental setup 

      , Web of Conferences DOI: 10.105 01/
  

conf/2016MATEC
MIMT  2016

54 matec 5411003 (2016) 110 3

    
 © The Authors,  published  by EDP Sciences.  This  is  an  open  access  article  distributed  under  the  terms  of  the Creative  Commons Attribution

 License 4.0 (http://creativecommons.org/licenses/by/4.0/). 

http://creativecommons.org/licenses/by/4.0/


With the notations shown in Figure 1, the equations 
for the far wake flow are 

                        (1) 

            (2) 

 
The freestream velocity outside the wake is assumed 

to be constant(U��) and   is the total shear 
stress. We seek a similarity solution of the form    
 
  

         (3)                        

where W = U� - U and  and W0 and B are 
the local velocity and length scales, respectively. Eqs 1 
and  2  reduce to  

(4) 

At large distances from the body, the velocity defect 
is small, i.e W0 << U�, and the underscored terms are of
second order or smaller.  Hence

. (5)

If this asymptotic wake is self-preserving, then Eq. 5 
leads to the following well-known result for a far wake 
with a nonzero momentum thickness[7,8]

B � X1/2 and  W0 �  X-1/2. (6) 

These half-power growth and decay laws can 
therefore be used to measure the approach of the mean 
flow to asymptotic conditions. 

In order to evaluate the constants in Eq. 6 and 
determine the velocity profile f(η), it is necessary to 
invoke a turbulence closure model.  Thus, for example, 
introduction of a constant eddy-viscosity ,  νT , viz 

.

reduces Eq.5   to 

. (7) 

which is identical with that for laminar flow except 
that ν has to be replaced by νT [7]. With the appropriate 
boundary conditions, the solution of Eq.7 is  

.                 (8) 

.                          (9) 

.      (10) 

where is the drag coefficient and d 

is a characteristic length of the body. The overall 
momentum shows that

.

is the constant, asymptotic momentum thickness of 
the wake. Using θ as a length scale, equations (9) and (10) 
become

 .        (11) 

.                   (12) 

From an examination of some early results from the 
wake of cylinders, Schlichting deduced a value of 0.0444 

for  [7].  However, Townsend quotes a value of 
0.032[8], which is identical with the average value 
deduced from the asymptotic wake data[5]. A value of 
0.032 was found to be suitable in the present analysis also. 
It should be noted that the constants in the above results 
are derived on the basis of a constant eddy-viscosity 
model, which is not entirely realistic in view of the 
marked intermittency of the flow over a large part of the 
wake.  
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4 Results and Discussion
In this section, results of the above analysis are compared 
with the data measured in the asymmetric wake behind a 
GAW(2) airfoil. The appropriate value of θ was 
determined from the data of the most downstream station 
in order to avoid any uncertainties occurring from the 
measurements near the trailing edge. Figure 2 shows 
measured mean velocity profiles in the far wake flow at 
several streamwise stations. Since it was observed that 
the velocity profiles had reached symmetry only one half 
of the profiles are shown in the figure. Also, shown in the 
figure is the self-similar exponential curve given in the 
Eq. 8. It can be seen from this figure that the measured 
data are in good agreement with the exponential 
asymptotic profile except for some small departures near 
the outer edge of the wake. 

Figure 2 Mean velocity profiles in similarity variables. 

Figure 3 shows the variation of wake half thickness in 
the far wake. This figure also shows the relationship for 
wake half thickness as given by the Eqs.11 with  

. From this figure it is clearly seen that the 
wake half thickness does not follow the asymptotic power 
laws with the prescribed constant value of eddy-viscosity 
until about X/θ = 300 and after that the agreement 
between the measured data and the analytical results is 
reasonably good. 

Figure 3  Streamwise development of wake half-thickness

Figure 4  Streamwise development of inverse of maximum 
velocity defect  

Figure 4 shows the variation of inverse of maximum 
velocity defect in the far wake. This figure also shows the 
relationship for inverse of maximum velocity defect as 
given by the Eq. 12 with   . From this figure 
it is clearly seen that the inverse of the maximum velocity 
defect does not follow the asymptotic power law with the 
prescribed constant value of eddy-viscosity until about 
X/θ = 300 and after that the agreement between the 
measured data and the analytical results is reasonably 
good. 

In summary, the experimental data in the turbulent 
wake behind a GAW(2) airfoil indicate that the velocity 
profiles have become symmetric in the far wake. The 
experimental data in the turbulent far wake behind the 
GAW(2) airfoil indicate that the wake becomes 
independent of the initial conditions and approaches as 
asymptotic state in mean velocity at around X/θ = 300.

5 Conclusions
Mean velocity measurements have been carried out in the 
far wake flow region behind a GAW(2) airfoil. It is 
shown that the self-similarity analysis of a symmetric 
two-dimensional far wake flow can be extended to the far 
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wake flow of an initially asymmetric wake flow. The 
results of self-similarity analysis agree well with 
experimentally measured mean velocity data in the far 
wake. The wake half-thickness and inverse of maximum 
velocity defect agree well with the experimental data in 
the far wake and shown to follow the half power laws 
derived in the self-similarity analysis. 
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