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Experimental Study on Wall Pressure Fluctuations
in the Turbulent Boundary Layer on a Flat-Plate

Seungbae Lee and Hooi-Joong Kim

Boundary Layer(t}% 7 215
Abstract

The wall pressure fluctuations of a turbulent boundary layer over a flat plate have been investigated
in an anechoic wind tunnel facility. The anechoic wind tunnel consists of acoustically-lined duct,
muffler, and splitter-type silencer for noise suppression and vanes for reducing head losses involved. To
improve spectra characteristics in high frequency range, a 1/8" pressure-type microphone sensor, which
has a pin-holed cap of various diameters, was employed in this experiment. It was shown that the
pin-holed microphone sensor with a dimensionless diameter &* of 7.1 resolved the high frequency
pressure fluctuations most effectively among ones with various pin-hole diameters. The measured wall
pressure spectra in terms of three types of scaling parameters were in good agreement with other
experimental and numerical results. The pressure events of high amplitude were found to contribute to
total fluctuating pressure energies in the turbulent boundary layer significantly and supposed to radiate
to the far-field effectively.
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Fig. 1 Schematic of closed-curcuit type anechoic
wind tunnel.
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Table 1 Boundary layer parameters.
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Fig. 2 Geometric setup of a smooth flat plate
in the test section.

Table 2 Helmholtz resonance frequencies for series
of pin-holed microphones.

Diameter| Helmholtz . Throat Cavity
(mm) | regonance(Hz) d length(rmm) | height(mm)
0.2 8840 71 03 04
Case 1 05 23600 17.8 0.3 0.4
0.8 38400 284 03 04
1.0 49200 35.6 0.3 04
0.2 6820 71 05 05
Case 2| 05 17000 178 056 05
08 27200 1284 | 05 05
0.2 4820 7.1 0.5 1.0
Case 3] 05 12000 17.8 0.5 1.0
08 20 [ ®al 05 1.0
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Fig. 3 Measured streamwise velocity profile scaled
on inner variables.
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Fig. 5 Non-dimensional wall-pressure spectra scaled
on inner variables.
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on mixed variables.
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Table 3 Summary of chacteristics of turbulent boundary layer and wall-pressure fluctuations.

Investigation | Test section| Fluid | Usm/a)| 8(m) || 8°m) | 0(m) [ v/u.(m) | Rs dm) | a/8* d: ; v (m/e) | ur(m/e)
/¥

Buli(1967) Wind tunnel | Alr | 100.28 |0.03018 [370%10*|2718% 10" | 0424x10" | 186%10* | 0.79x 107 | 0.188 173 13dx100 | 326
Bull & i67a) | Wind tunnel | Air | 240 | 004572 |semx 107 [4572x107| 1748x10° | 7x10° |o7x10* [ 013 4| 1gsex107 | 0898
Chol DeFu{Iy 4X

& Moin ve i . Y ) 2 " ’ " aXy/8te | A=
(1990) Channel Tlow| AT | 183 | 002540 |358x10°|2210%10"| 1412x10" | 286107 | ) 00 4 ke Xee | oamxior | 002

(Numerieal)

Farabes &
Casarella Wind tunnel | Alr | 155 | 000279 | 450% 10" | 3251 % 10| 2406x10* | 34x10° | 0.79x 107 | 0177 B[ 1481x10% | 0616
(1991)
Ksith & Developd
1(31-;;-): | Water | 6.1 (001880 |220x107]2032%10" | 0.483x10" | 134x10* [ 203x 107 | 089 4% 1oomsxi0*| 0183
?f;g)m Wind tunnel | Air 83 | 002997 [460%10*|3302%10°| 0541%10" | 1.4x10' | 100x10° | 022 19 1486%10* | 0.275
Willmarth & .
Wooldrdge Wind tunnel | Air 475 | 0.11400 |1.16%10" | 1.036%107| 1.080x10" | 29x10* | 464% 107 0.38 383 1.700%10* 043
(1962)
et ont | Wind tunnel | Air | 1357 |0.03460 | 433x104[3260x10°| 2813x10" | 28X10" | 02X10° 0.046 71 |15mx10t| 056
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(b) Large amplitude events of the wall-pressure
(Pin-hole diameter=0.8, 1.0mm)

Fig. 8 Large amplitude events of the wall-pressure
for four types of pin-holed microphoﬁe.
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(a) Comparisons of wall-pressure events and far
-field sound(Pin-hole diameter=0.2, 0.5mm)
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(b) Comparisons of wall-pressure events and far
-field sound(Pin-hole diameter=0.8, 1.0mm)

Fig. 9 Comparisons of wall-pressure events and far-
field sound for four types of pin-holed
microphone.
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Fig. 10 Kurtosis-coefficient test for large amplitude
events.
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Fig. 11 Skewness-coefficient test for large ampli-
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Fig. 12 Probability density distributions of the wall-
pressure fluctuations for four pin-hole

microphones.
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Fig. 13 Probability distributions of energy level for
r.m.s. value on the wall-pressure fluctuation.
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