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Thick Turbulent Boundary Layer along the Model
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Abstract

Measurements of pressure distributions, mean velocity profiles and turbulence inten-
sity were made in thick turbulent boundary layers near the conical tails of two model
hubs of axial-fiow turbomachines. Mean streamline patterns and pressure-recovery effec-
tiveness in a diffuser which is formed between the conical tail of the hub and the circular
duct wall are clarified on the basis of the measured velocity and static pressure distribu-
tions. The thick boundary layer is characterized by significant variation in the direction
of velocity vector across the boundary layer and an abnormally low level of turbulence
near the surface of the hub. The flow-angle variation is associated with a strong interac-
tion between the boundary layer and the surrounding potential flow, whereas the changes
in the turbulent structure appear to be the consequence of the transverse surface
curvature.

A potential-flow analysis based on the technique of distributing vortex rings along the
surface of the hub yielded a pressure distribution in good agreement with the measured
distributions up to about a half of the conical tail of the hub. The theoretical pressure
distribution was used to calculate the boundary-layer characteristics by a semi-empirical
procedure to obtain a fairly good agreement between theory and experiment in the region
described above.
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Fig. 1. Model hub installed in air tunnel.
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Table 1.

L=690 mm for model 1
and L=652mm for model 2. Radius R=80 mm for both models.

Coordinates of model hubs.

Coordinates for model 2 in the
range 0-0.245 as in model} 1.

25

Model 1 Model 2
z/L /R z/L /R
0.0 0.0 0.245 1.000
0.015 0.406 0.429 1.000
0.029 0.550 0.521 1.000
0.044 0.650 0.552 0.988
0.058 0.725 0.582 0.956
0.073 0.788 0.613 0913
0.087 0.831 0.629 0.888
0.101 0.869 0.644 0.863
0.116 0.900 0.660 0.831
0.145 0.938 0.675 0.800
0.174 0.963 0.690 0.763
0.203 0.988 0.706 0.738
0.232 1.000 -0.736 0.656
0.486 1.000 0.767 0.594.
0.536 0.988 0.844 0.388
0.565 0.956 0.920 0.200
0.580 0.938 1.000 0.0
0.594 0.913
0.601 0.900
0.609 0.881
0.623 0.850
0.652 0.788
0.725 0.625
0.797 0.456
0.870 0.288
0.942 0.125
1.000 0.0
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Fig. 7. Development of turbulent boundary layer along model 2.
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Fig. 10. Variation of boundary-layer thickness on model 2.
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Fig. 11. Variation of displacement thicknesses 6* and 6%, of boundary
layer along model 2. 8%, includes the effect of transverse curvature
of the model (see Eq. (3)). ry=radius of transvease curvature of
the model.
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of parallel part of the models. See Egs. (6) and (7).
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