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An Experimental Study of Roughness Effects on the Turbulent Flow

Downstream of a Backward-Facing Step
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Abstract

An experiment has been carried out to investigate the aerodynamic effect of surface roughness
on the characteristics of the turbulent separating and reattaching flow downstream of a
backward-facing step. The distributions of boundary layer parameters, forward-flow fraction and
turbulent stresses in the region near the reattachment point are measured with a split film sensor.
It is demonstrated that the streamwise distributions of the forward-flow fraction in the recircula-
tion and reattachment regions are similar, independent of the roughness. The reattachment length
is found to be only weakly affected by the roughness. It is also shown that the velocity profile on
the rough surface approaches to that of the equilibrium turbulent boundary layer faster than that
on the smooth surface in the redeveloping region after reattachment.
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Table 1 Roughness dimensions.

surface | k(mm) | w(mm) | s(mm) | span, /
(mm)
d-type 0.7 0.5 0.5 250
k-type 0.7 2.0 0.5 250
k-type 0.7 3.5 0.5 250
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Fig. 5 7, profiles with a streamwise distance normalized by the reattachment length
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Table 3 Wall friction velocity in redeveloping boundary layer
(a) Smooth surface

x/h 2 4 , 6 8 10.5 16 30
X* —.663 —.325 012 .349 771 1.698 4.059
Ue/ Us -998 1.058 997 1.001 0.974 1.022 0.919
ui(m/s) -403 578 .786 781
ug(m/s) 439 -613 -838 789
Re, 5835 5172 4862 4853

(b) d—type(w/k=0.71)

x/h 2 4 6

8 10.5 16 30
X* —.663 —.325 012 349 77 1.698 4.059
U/ Us .998 1.029 -995 1.032 0.032 1.005 1.014
ui(m/s) ' .888 .936 1.063 884
Re, 6053 6092 5355 5249

(c) k-type(w/k=2.86)

x/h 2 4 6 8 10.5 16 30
X* —.67 —.34 .01 32 733 1.64 3.95
U/ Us -989 1.013 934 1.013 1.003 1.024 0.986
ui(m/s) -962 -981 1.128 1.036
Re, 5585 5986 5468 5967

(d) k-type(w/k=5.00)

z/h 2 4 6 8 10.5 16 30
X —.671 —.342 013 .316 .728 1.632 3.94
U./ U, 1.004 .998 962 .999 1.009 1.012 1.011
u?(m/s) .995 1.049 1.258 1.079
Res 5377 6468 6384 6606

a. by Clauser;plot method
b. by Ludwieg-Tiliman correlation
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