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Introduction

The problem of flow about bodies with high free stream turbulence is very important for
engineering, because these flows are frequently met in different technical devices and turbo-
machines. The recent researches [1] showed that a sationary system of longitudina structures
arose on the winward side of the wing from increasing level of free stream turbulence to 1%.
Characterigtic transversal size of these structures exceeded the boundary layer thickness in
many times. The number of the structures was found to be dependent on the angle of attack and
the distance from the wind tunnel nozzle. Those experiments were carried in the open test
section and the flow about the wing was complicated because of transversal spread of the flow.

The present work is an experimental investigation of a similar phenomenon, which takes
place in a boundary layer on the winward surface of two-dimensional wedge in close test
section.

Experimental technique

The experiments were carried out in low-turbulence subsonic wind tunnel MT-324 of the
Ingitute of Theoretical and Applied Mechanics, Novosibirsk. The models of two-dimensiona
wedge with apex angles (a) 30° and 45° were placed in close test section 200200 mm?. Free-
stream velocity was in the range from 4 m/s to 6 m/s. To increase the level of free stream
turbulence baffling grids were used. The mesh sizes of grids were 1, 2.5 and 5.5 mm. The
distance from a grid to the leading edge of the model was in the range from 350 mm to 425 mm.

A boundary layer structure was visualized using optical effects in thermosensitive choles-
teric liquid crystals. Liquid-crystal thermography bases on a strong temperature dependence of
selective light reflection of an encapsulated liquid crystal. This method was used to visualize
the temperature distribution on the surface of previousy heated model during aerodynamic
cooling [2].

The color images of liquid-crystal coating were recorded by a video-image processing
system through the transparent wall of the test section. For temperature measurement one-
parameter calibration T=f(H) is usualy used. Where H (hue) is a color coordinate in the HS|
color system. Thus a distribution of Hue on the model surface allows us to make conclusions
about a boundary layer structure. The liquid-crystal coating had the width of the temperature
operation range AT=3°C. To decrease a heat transfer in the body of the models they were made
thin-walled from a heat-insulating material.

Results

The results of the present work indicate that a system of longitudina structures origin on
the wedge with the presence of turbulizing grid asin thework [1].

The first part of the work was an investigation of characteristic transversa size depend-
ence on free-stream vel ocity and geometric parameters of the flow. The grid with 2.5-mm mesh
size was used. A fragment of visualization image of a boundary layer structure on the wedge
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Fig. 1. Visualization of the boundary layer structure on the wedge and corresponding curves of H. The
mesh size of grid is 2.5 mm. The distance from the grid to theleading edge (D) is 350 mm. Transversa
size of image fragment (L) is 120 mm. a) a=45°, U,=6 m/s. b)a=45°, U.,=4 m/s.

=,

. H
100

a) b)

Fig. 2. Visudization of the boundary layer structure on the wedge and corresponding curves of H. The
mesh size of gridis 2.5 mm. D=350 mm. L=120 mm.
a) a=30°, U,=6 m/s. b) a=30°, U,=4 m/s.
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Fig. 3. Visuaization of the boundary layer structure on the wedge and corresponding curves of H &t the
distance from the grid to the leading edge 350 mm (@) and 425 mm (b). The mesh size of grid is 2.5 mm.
0=45°. L=120 mm.
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Fig. 4. Change of the boundary layer structure when rotating grid by 90°. The mesh size of grid is 2.5 mm.

58



63

a)

0.8 4

0.6 4

0.4 4

0.2 4

=L

100

/L z/L

[
0.5 4 0.8 4
0.6 - 0.6
0.4 4 0.4
0.2 0.2 4
H 0 A H o H
200 i 100 i 100 200
b) c)

Fig. 5. Visudization of the boundary layer structure on the wedge and corresponding curves of H at the mesh size of grid 1mm (), 2.5 mm (b)

and 5.5 mm (c). a=45°, U,=6 m/s. D=350 mm., L=150 mm.



with the apex angle (@) 45° is shown in Fig. 1. The visualization was made at two free stream
velocities. The distance from the grid to the leading edge (D) was 350 mm. A free stream
directs from left to right in al Figs. At the right of every image a typical curve of transversal
digribution of H is shown. A greater magnitude of H correspond to a greater magnitude of
surface temperature. Using the images and the curves we can do conclusions about number,
size, and position of the structures. All images obtained at the same transversal co-ordinates z
on themodel surface.

Figures 1 and 2 show that the number and the position of the structures are independent
from the apex angle and free stream velocity since the position of streaks at the images, peaks
and valleys at the curves is the same. Defects of the leading edge could not affect on the
position of structures because two different models were used. The qualitative structure of the
boundary layer also did not change when increasing the distance from the grid to the leading
edge (Fig. 3).

The position of the longitudina structures changes when rotating the grid in the nozzle
(Fig. 4), but their mean characteristic size does not change.

The second part of experiments was an investigation of dependence the characteristic
transversal size of the longitudinal structures on the mesh size of turbulizing grid. The
visualization results obtained using three grids with different mesh sizeare shown in Fig. 5. Itis
seen that the size of structures exceeds the characteristic scale of the grid in several times at all
three images (the transversal size of the images is 150 mm). The sze of structures increases
with increasing of the mesh size. It is approximately 13.6 mm for 1-mm-mesh grid, 15 mm for
2.5-mm-mesh grid and 21.2 mm for the grid with 5.5-mm meshes.

Conclusion

The experimental research of longitudinal vortex structures on a wedge placed in channel
at high free-stream turbulence for the first time was carried out. The originating structures are
similar to the structures on the winward side of a wing at high free-stream turbulence. It is
shown that the number and the size of the structures depend on the mesh sze of turbulizing
grid. However their size does not check with the size of meshes. This fact shows that either
structures from the transversa ingtability band of flow are excited by high free-stream turbu-
lence. At that free-stream velocity and the apex angle of the wedge have no influence on the
number and the size of the vortex structures. It isnot clear if the structures arise in the free flow
or in the boundary layer. An additional research isnecessary to find out the physical mechanism
leading to their appearance.
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