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Transition to turbulence in boundary layer flows is a process involving several steps: recep- 
tivity to ambient disturbances, linear and non-linear disturbance growth, non-linear breakdown 
and turbulent spot or wedge formation and growth, and finally the establishment of the fdly tur- 
bulent boundary layer. Ambient disturbances may be in the form of fkee stream turbulence or 
sound, but also vibrations of the surface as well as surface ruughness may have a distinct role in 
setting up the initial conditions for fbrther disturbance development. The details of the transition 
process depend on if the base flow is two- or three- dimensional, whether the flow is subjected to 
a pressure gradient (favorable or adverse) or not, and if the surface has a curvature (convex or 
concave) or is flat. Although many steps in the process of these different cases are fairly well un- 
derstood, the receptivity is in all cases the least researched as well as least understood mechanism, 
despite the fact that it defines the starting point for the fbrther development of the disturbance 
field. 

The work reported here has been canied out within the EU-funded research project RE- 
CEPT (Grant Agreement no. ACPO-GA-2010-265094). It deals with receptivity of three- 
dimensional boundary layers on a swept wing at two different angles of attack. One is positive 
(where the instabilities are dominated by Tollmien - Schlichting type of disturbances) and the 
other negative (in this case cross-flow vortices dominate the transition process). In this paper we 
will describe the experimental set-up, design of contours of the wind-tunnel walls to establish flow 
resembling an infinite swept wing, and validation of measurements through comparison with nu- 
merical simulations. 

The wind tunnel selected for the experimental study was the MTL (Iviinimum Turbulence 
Level) wind tunnel at KTH, Stockholm. The tunnel has a test chamber with a cross section of 
1.2 m wide and 0.8 m high, with a total length of 7 m. The disturbance levels in terms of turbu- 
lence and noise are extremely low (Tu z 0.02% at 10 mls) and the tunnel is therefore an excellent 
facility for stability and receptivity research. In addition the tunnel has excellent constancy charac- 
teristics, both in terms of speed and temperature. To guarantee the latter, the wind tunnel is 
equipped with a heat exchanger that allows keeping the temperature constant within O.l°C even 
for measurements stretching for several days. 

For the present measurements a standard wing profile with a sweep angle of 35" was chosen. 
The profile was modified to have the desired stability characteristics at both of the two different 
angles of attack and to avoid boundary-layer separation at the lower surface in the case of a neg- 
ative angle of attack. The chord length was chosen to 0.8 m and the airfoil was mounted vertically 
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in the test section. The chord length is large in comparison with the test section dimensions 
required contoured test section walls (top and bottom) in order to ensure good spanwise hor 
neity of the flow over the model, i.e, the flow should resemble that of an airfoil of infinite 
The preliminary design was based on RANS simulations including the test section and the b 
ary layers developing on the wind tunnel walls. In principle the design was based on the as! 
tion that the shape of the wind-tunnel walls should resemble the streamlines in the potentia 
for a spanwise infinite airfoil. However, two streamlines (one going to the suction side and ( 
the pressure side of the airfoil) next to each other far upstream would separate in the spa 
direction as they approach the wing. This would mean that walls had to have a step along the 
nation streamline that was not deemed to be satisfactory since it may create streamwise vor 
Thus, the wall was made continuous in fiont of the wing. This gave rise to a small separatit 
gion near the wall but it was deemed to be acceptable. However at the trailing edge a rather 
step from the pressure to the suction side was necessary in order to follow the correct shs 
streamlines. From flow visualizations this step did not seem to generate any significant di 
ances in form streamwise vorticity. The true shape of the streamlines and, hence, the side 
is, of course, three-dimensional. However, it is difficult to manufacture and use such walls 
experiment. Therefore, the sidewalls were made two-dimensional, i.e. uniform in the 
normal direction and corresponded to the streamlines calculated for the potential flow jus 
side the boundary-layer edge. This approach turned out to be very successful. 

Fig. 1 .  Wall contours for the 1.5' angle of attack case. Flow is fiom right to left. 
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Fig. 2. Comparison of measured and computed pressure distributions at the 1.5' angle of attack ca 

Cwes are Erom the RANS calculations and the symbols ikom the experiments. Blue symbols are h m  the suction 
( k t  side of airfoil in Fig. l), red h m  the pressure side. 

The geometry for the 1.5" angle of attack is shown in figure 1. The total vertical height I 

flow region after the initial contraction was about 65 cm. Despite this rather small distance as 
pared to the chord of the wing profile the measurements showed an excellent spanwise homogt 
as well as agreement with the calculated pressure distribution. As can be seen in figure 2, the 
parison of measured and computed pressure coefficients shows a very good agreement. 

In the presentation the calculation procedure will be outlined and also comparisons bet 
the potential flow fiom simulations and experiments outside the boundary layer, streamline tr 
tories as well as the pressure distribution will be presented. 


