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Frictional Drag Reduction by the Nonlinear Effect of an Unsteady
Boundary Layer

By Kazuki YABUSHITA (Member)

An unsteady boundary layer past an elastic flat plate with a leading fixed edge and a surging
trailing edge was investigated utilizing both numerical and analytical methods. Analytical solutions
for low and high frequencies were easily obtained along with conditions for the reduction of the skin
friction drag. However, the analytical solution for intermediate frequencies were significantly more
difficult. Since intermediate frequencies have some potential for application to engineering problems,
a numerical method was chosen to analyze intermediate frequencies. The numerical results revealed
a reduction of the skin friction drag from its steady state at intermediate frequencies.
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Fig. 1 Elastic flat plate.
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Table 1 Theories for unsteady boundary layer at
various frequency regions.

hfrequency || theory | drag reduction ]
low known none
intermediate || unknown unknown
high known possible
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Fig. 2 Fa(y) function (w = 20w, Re = 10%).
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Fig. 3 Boundary conditions.

Table 2 Boundary conditions and moving speed
of grids.
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Fig. 4 Comparison between Blasius solution
and numerical results for steady flow
(x = 0.5, Re = 10%).

n2 H
[ — Lin's Theory
I e Numerical Solution
1 L
—00.5 0.5

Fig. 5 Comparison between Lin’s theory and
numerical results (xo 0.5, w
207, A = 0.01, Re = 10%).
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Fig. 6 Overshoot profiles of amplitude of veloc-
ity oscillations (zg = 0.5,w = 207, A =
0.01, Re = 10°).
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Table 3 Maximum velocities at the trailing edge
of the flat plate for various amplitudes A
and angular frequencies w.

[ Joor[oos] 01 Jois [ 02 ]
027 [| 0.006 | 0.031 | 0.063 [ 0.094 | 0.126
27 || 0.062 | 0.314 | 0.628 | 0.942 [ 1.257
4r | 0.126 | 0.628 | 1.257 | 1.885 | 2.513
8r || 0.251 | 1.257 | 2.513 | 3.770 | 5.027
207 || 0.628 | 3.141 | 6.283 | 9.425 | 12.566

ct 0 —
ez,
\\’\fﬂ/
0.002F 8T 1
0.001} =201
% 0.1 Aofz

Fig. 7 Drag coefficients vs various amplitudes
(Re = 105).
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Fig. 8 Backflow effect of oscillating boundary
layer (zop = 0.5,w = 47,A = 0.1,Re =
10%).
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Fig. 9 Drag coefficients based in time (A =
0.1;w = 4, Re = 10%).
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