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An Experiment on the Effects of Free Stream Turbulence Intensity
on the Backward-Facing Step Flow
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Abstract

An experimental study on the structure of a separated shear layer downstream of the
backward-facing step has been performed by examining mean flow and turbulent quantities in

terms of free stream turbulence. When free stream turbulence exists, the entrainment rate of the

separated shear layer and the flow rate in the recirculation region are enhanced, resulting in
shorter reattachment length. The production and diffusion terms in the turbulent kinetic energy

balance are shown to increase more than the dissipation term does. Rapid decrease of the

pressure-strain term in the shear stress balance implies the enhancement of the three-dimensional

motion by free stream turbulence.
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Table 1 The estimated uncertainties of measured quantities

Measured quantities Uncertainty estimates Remarks
x/h +0.015
y/h +0.0007
U(Cross wire) - +3% <3m/s
1% >3m/s
u%, v, uv(Cross wire) +3%
w3, uv, uv?, v¥(cross wire) +5% Where the magnitudes are large
+10% Where the magnitudes are small
U(Split-film) +2% 4>60°
+10% f<60°
Co Less than 19
T, +3%
) +4%
7 +2.5%
H +1.5%
G +1%
¥(Stream function) +29% to +8%
Voo You +2.5%
Xw/h +0.2
€ +3% Where the intensities are small
+209% Where the intensities are large
U(dk/dx), V(dk/dy) +7%
uv(dU/dy), (u?—vE)(dV/dx) +7%
d(uk)/dk, d(vk)/dy +5% to +10%
U(duv/dx), V(duv/dy) +7% .
d(u?v)/dx, duv?)/dy +5% to £10%
vi(dU/dy), v3(dV/dx) L +7%
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Table 2 Inlet boundary layer paramenters

¢/h Reg H U: C,
MO | 0.54 3890 1.45 0.67 0.00332
M2} 0.62 2920 1.44 0.74 0.00407
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Fig. 2 Log-plot of streamwise mean velocity profile
over the step corner(x/h=0)
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Fig. 12 Shear stress balance
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