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Turbulence generation by fractal arrangement of blowing fans

Eiji Yoshida, Naoyoshi Sakaguchi, Shigehira Ozono

Abstract

The purpose of the present study is to make the Reynolds number of homogeneous turbulence as

high as possible using a multi-fan wind tunnel. The wind tunnel can provide different fluctuations due

to the independence of an array of small fans. We applied a number of driving modes with different

conditions; 1) fractal arrangement of driving fans, and 2) random input signals. The measurements

revealed that as turbulence convected downstream, a spectrum gap was filled for the modes using

random signals.
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O 1: Frame of reference.
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0 2: Arrangement of fans used in mode 1.
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0 3: The time history of the quasi-random signal.
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O 4: Power spectrum of the input signal.
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[0 6: Arrangement of fans used in mode 3.
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Table 1: Checkerboard mode.

U 9.24[m/s]

WU | 41% (X/M, = 42.1)
3.0% (X/M. = 67.1)
L. | 1ljem] (X/M, = 42.1)
12[em] (X/M. = 67.1)
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Table 2: Driving modes. (), applied; x, not applied.

Fractal Random
Mode-1 | O X
Mode-2 | O O
Mode-3 | x O
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O 7: Streamwise development of time-mean velocity.
Solid line, X/M.=18.3; Broken line, X/M_,=42.7; Dash-
dotted line, X/M.=67.10
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O 8: Streamwise development of u’-profile. Solid line,
X/M.=18.3; Broken line, X/M_,=42.7; Dash-dotted line,
X/M.=67.10
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O 9: Streamwise development of u'/w’-profiled Solid
line, X/M.=18.3; Broken line, X/M.=42.7; Dash-dotted
line, X/M.=67.10
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[0 10: Decay of turbulencel o0 Mode-1; A Mode-2; (0
Mode-3; x0O Checkerboard model

0 11: Streamwise variation of turbulence scalel] o]
Mode-1; AO Mode-2; 0O Mode-3; x0O Checkerboard
model]
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00 12: Streamwise variation of tubulence Reynolds num-
berO o0 Mode-1; A Mode-2; OO Mode-3; xO Checker-
board model]
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[0 13: Streamwise development of power spectrald Mode
30 X/M.=9, 7, 5, 3, 1 from the top. Each of the curves
is succesively shifted by one decade.
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