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An; Experlmental Study of Radiated Sound from Elastic Thin Plate 1n
a Turbulent Boundary Layer
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Abstract

A=)

The structural modes driven by the low wave-number components of smooth elastic wall pressure -
provide a relatively weak coupling between the flow and the 'wall .motion, If the elastic, thin plate has

~any resonant mode whose wave-number of resonance c01nc1des with /U, the power will be

transmitted to those modes of vibration by the flows. We examine the problem in which 'the elastic
thin plate is subject to pressure fluctuations under turbulent boundary layer. Measurements are presented

‘ of‘ the frequency spectra of the near- and far-field pressures and radiated sound contributed by the

various wave modes of the thin elastic plate Dispersion equation for wave motions of elastic - plate is. -
used to investigate the effect of bending waves of relatively low wave-number on radiated sound. The

‘ low wave-number motion of elastic plate is observed to have much less influence on the low-frequency ‘
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energy of wall pressure fluctuations than that of the radiated sound. High' amplitude events of the wall -
pressure are observed to weakly couple with high-frequency energy of radiated sound for the . case of ‘
‘lovy tension applied to the plate. The sound, source locahzatlon is, applied to the measurement of :
radlated sound by using 'an” acoustic mirror system
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Fig. 1 Characteristic forms of the wall-pressure
spectrum using Chase's formula (1) for
low Mach number turbulent flow over an
elastic surface for w =4000 (k=0 /cy)

= *—MW AHEE Ag4ded AFE g #HES
ety h075, Cy0.1553, Cp~00047, k=3 o).
Chaseo] WE2W Cye &= BF A7
oto] E o o3 HHFAE s F HER
o, CrE 97 eddy)E9 A352&d 9E 7
& et &, A &L P dFd Gl
Ao} ASE bz SR w/c< k< o/UQ o}
grgele A%e 4ue
4714 8 4E5eY Ao aAsge
o] ZHA Aol ek, Z

d %ol o

v 5.9

o oo 2
o

HL

8

i

g

o

S

2

o

&
[T

)
B
2
%
>

ﬁ}oﬂ/ﬂ w7} 4000 )

3 AolER Fo o
% Fig. 13 o] #Hol&
sholl wpel HojA oA Ko7t WEHF

RS T - A

e

rir

o] BAbA g g AEH A 1329
3. EHA ool 2|t Agol WAl
upatgErl ufg- @ EFAY A9 ‘:H%Tqﬂ
°§‘—’%’°]§‘H 29 A E H3ty %"é@s?‘i% 7k
AANA #8575 (bending wave)L ‘Q*@f\]ﬂ%ﬁ],
FHNE] AREEE dutdow SEETh B
7] HEd w@sEd 9T &L AR
Z3EIDT GAZEEZE PAERA g s
(evanescent wave)7} %E‘r q718) EAREL WE
& e AAE Aoy, duRd ERAe
FHL T2HA BA0) g8 BdE4E XA
Hol whd-s me} AvHd gy BdSdd
A Abg(scattering) H| WA 2 A5E dod. 7
24 B0 o 2ASHL Ao W Fe
dH (b)) 2L B2E g RES T
ol Al WHE e T2 - FAdY #A

Hyte] WAoo ok AL g #h®
o4 . 2 a?u(' - } :
24 2, 9 s
1+ 05+ 67 o= oL

o7l Ae 2l A(Lamé's éonstant)é]ﬁ
e S L, Ge= Ad Zﬂ—r(shear modulus):

2 Es % BT BA4E 2% wRgel @y%
& 2R sl FRHY WYY Lo
&% 94‘549} $Hoz wAsE Y3t F A
2 ve # 9ok 3 F F%8 ~ud 24
0% EASL, YHE vE BT T, H54
2 w0F DB 0D 2o 3F Py
FeE 7F + gk B
vza):ci% ‘;th’, Vzw_%g aa?tzw (3)

sd 2949 o9k vE A7 oo b
gt 2 2 E#(Hemlholtz) 3 2A)H 7‘5‘%3 3
B2 fFxdch oP(disturbance)o] ¥ HAALY
FA e TdAd FFEC] 4T O, y)=
Fe*s ¥ny)=Ce™s BEE Zedn o
s, Mgde) $5Re nAAT o A% @
& P ez Adshe) Bl #Hel F
Adl ula) wWe 7w FYLFL AE O



1330 ol vy -

7 (x,t)

. Fig. 2 Mathematical model of wavy motion of
elastic thin plate
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Table 1 Material properties of elastic plates

Brass Plate Aluminum Plate
Composition’ Cu 70%, Zn 30% Al 995% -
Thickness (mm) ;| 0.2 02 1
Elastic;Modulu‘s (GPa) 120 72 ‘
Shear Modulus (GPa) .39 28 .
Mass (kg/m?) 1.786 0500 .
Density (kg/m’) 89286 " 95000
Bending Strength (N-m) 0.0909 00523
Poisson Ratio 0.346 0.288
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—a— Aluminium, 13.5m/s
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Friction Velocity(n"\/s)

-—
| -

s ' s L L L 1
4 5 6 7 8 -] 10

Dimensionless Tensicn

L A
1 2 3 11

. Fig. i for .

~ Friction velocity characteristics
dimensionless tension

10Log[ &(w) U A’V

Rugid Wall, Re=3948
- T*=2.96, Re=4133

O - - T*=1613, Re=4136

50 L ; 1. i " Nt 1

'Non-dimensional wall pressure speCtra
scaled on inner variables on brass plate
at 19m/s .

487) Akl FAss AIAE 242
vl U% s} 0 (o) ( 2oz 221438 lﬂz
ﬁmavmwm% o] 45t} g%ag;
SN AUAE dolEz So AL
, RFFEA AL oA HEE AL
A AR A6 g BANE
EP U Figure 9= FEHRY H ol
Sl e e e 4%

)=

= [e]
4L &

e 3

293 @ Fg9 ol
25 YR A7)} FrhsE FEE
3 13 € FYe Arh FIY
pAg 2o ERREAE T
B9 uFds oA BExE
B 2dede HIsn
Ao )
‘ & 25m/s°1]/\1

‘NFE‘ =

TE
TH



1334 ojguf - LA -

g
N

8
y(Hz)

g

N

L

S
o

3

X 21000

|4 L

w w

oj &

T4 & 8w 1
Time(sec) 10’

T*=0.69, U=25m/s Wall pressure T*=1.38, U=25m/s Wall pressure

)

Frequency(Hz

5 8 a6 W 1”2
Time{sec) el Time{sec) o?

T*=1.86, U=25m/s Wall pressure

6 8 0
Timefsec) v’

Radiated sound

Radiated sound

6 ' 4 [
Time{sec) xin? Time{sec) $ i

Radiated sound

Fig. 10 Time-Frequency analysis using Choi-Williams distribution for brass

(Measured radiated sound by using a flush-mounted microphone)

Choi-Williams #XE o]&3o ¥y Hdg 2
AL AzE-Foa M Aot 5%
FAE 7IEer ¥ Holuz F7 woMATS
dge] wsrh Wy HE 4E dQuAd vA=
o] ot A & vlo]ARE o A
oG Aol AT oMEE 2 Yoluz

Zholl Wt FxE Fadc ®

500Hzoll A 1000Hz Alolel] EAjES & 4 94}
e F5d SHANAE ol FAG ATE
Aot By dFuEHY A9 25 FAYsE

Zeo] Z7 82 Fig 49) 12" vlo]laz

& HolM =AY PSS 52 Fyg
o2 Wglsle AgS Btk 2y "€y e
Aol vehd =& Fog e oy
& A stz WA

¥

fo

4

. 8
o

a8

4 flo

ek
12 49 BARY FA 4o
Fede FAgge, FFT
=48 Fig 110] e
o g8l AnB @y

——— T'=0.84, 25.5m/s

. 640Hz ~ T'=1.84, 25.5m/s
A T =2.69, 25.5m/s
- 496Hz - Rigid Plate

70 \

v 816Hz

1584Hz
*

30

100 1000
Frequency(Hz)

Fig. 11 Radiated sound spectra over aluminum and
rigid plates by acoustic mirror system
focused on the center of plate

sm/se] §%5AUe A" 4F
S 1668Hz %—@9] AHhump) = %
& Arere] JEel Ao AlmETh



1335

‘_t

ZFHol Fhs we 77 4.97, 487, 4312

Els

s

Figure 139]

AmAzg AN L

aEe

5teq

°l&

=2
=

Rl

=R
i=3

i I

0

dh
n_mo
W

o

o g
E g
o T R
el ﬂ ;ﬁ
N
* T
o L@
S g
W om o
w7
—_— S
© o j
= ﬂnw_ ‘
Mo
T O
R
R
& U A
or Tl
NE o o
HoLX
TR
doop
T e T
Q o~
W v
I
Wt g
g B
= E
wE g
5 ou B
il & ©
1] 1 o
TET
GS
ojn n_.ﬂo W
b4 R T
X =)
mo o E
AN
TR aﬁ
_% B Ox

°

M

BN

—_
o

A

o)
T

712}

TLAE AR A

N 7: A
S

"ol
4

"B

o dn o

oW
A
W T aa
N
1 4 z_o
o 5
ol mo
A
& T o
a
Y
g
T
a2 E
SSRGS
‘ w
4w
~ T Mrma
N
PrE
= 2
Gl np

,mL u.iﬁ 5B -
e e
- ﬁo ow I o g oz
@ r
R~ ﬂﬁ%ma
LA T R
_i ﬁuﬂdﬁ‘q%ﬁ‘ot .
< T 2o ~ E:
b 30w KO
woar % o M g
S R g
NF w oW
T g o L Gl
%%nH%Wﬂ%
~— 7#A == -
N ‘OE T J-ﬁ;LﬁH Ov 4
ﬂé_m_c ﬁg o
TR T w
N R
A;wmﬂ‘mw Mol H OB R
% H W OR
G S S
Woer AT T
F oAqr % op e ~ o
T T T F R N RO
BT W
o W
TR
SWoak EEE .
X o sma B
w e <5 =
BT R IEE
CTWM ‘T.T.T,.
o — o i
T mAT o
— 8T AN
o I =
8 -2 ./
N
—F £
&2
ey
g <
5 %
o N —
F Y 8 g2 -2 38 =
oo e T - s
R

!
Y ©
= B3

1000

Frequency(Hz)

100

mirror system

aluminum plate

. acoustic

spectra  from
focused on the plate edge

measured by

Fig., 12 Sound

g
B

ANIKo:w:

9.60 Re;=2988, on the wall

=

6.53 Re y=3053, on the wall

TH*=

T*=2.97 Rey=3072, on the wall

ANI;u:w:UwE

g
{zH)Aouanbaly

4 6 & 0 n
Time(sec)

2

w1’

Radiated sound Radiated sound

Radiated sound

Fig. 13 Comparisons of wall pressure and far-field sound events for aluminium plate

(Measured radiated sound by using an acoustic mirror system)



1336

o
o
N

2
T

o
oN
W3
o,

N
N
et

B b oy
® N

g
br

~N
—_

N
(e M
P

o AzAge 27
NS Z7HA

-

1o

Toox do o L o2 BNy o ot oafl

2w o > odu o

E5ATHE UA-423A]

EERC I

¥ dye

A7H Aol g3 o

(1) Benjamin, T.B., 1959, "Shearing Flow over a
Wavy Boundary," J Fluid Mech., Vol. 6, pp. 161~
205. ‘

(2) Chase, D.M., 1985, Wave Vector Structure of

3
Turbulent Wall Pressure and Its Filtering by Normal

Transmission and Spatial Averaging in  Sensor
Arrays, Adaptive Methods in Underwater Acoustics,
D. Reidel Publishing Company, pp. 145~153.

(3) Carpenter, P.W. and Garrad, AD. 1986, "The
Hydrodynamic -Stability of Flow over Kramer-Type
Compliant Surfaces. Part 2. Flow-Induced Surface
Instabilities,” J. Fluid Mech., Vol. 170, pp. 199~232.
@ M.S., 1992, "The

Spectrum in Turbulent Flow over a Randomly

Howe, Wall-Pressure
Inhomogencous Elastic Solid," J. Acoust. Soc. Am.,
Vol. 91, pp. 91~98.

(5) Chase, D.M. 1980, "Modeling the Wave
Vector-Frequency Spectrum of Turbulent Boundary
Layer Wall Pressure,” J. Sound and Vib., Vol. 70,
pp. 29~67.

(6) Mal, AK. and ‘Singh, SJ., 1991, Deformation
of Elastic Solids, Prentice-Hall, pp. 292 ~312.

(7) Howe, MS., 1996, Acoustic of Fluid-Structure
Interactions, Cambridge University Press, pp. 253~257.
(8) Lee, S., Kim, :H.-J., Kwon, O.-S. and Lee,
"SK., 2000,
Radiated Sound Form Turbulent Boundary Layer

"Wall Pressure Fluctuations and

on an Axisymmetric Body," J. Acoust. Soc. Am.,
ARLO 1(1), pp. 6~12;

'(9) Choi, HI. and Williams, W., 1989, "Improved

Time-Frequency ~ Representation ~ of  Multiple

.~ Component Sigpals Using an Exponential Kernel,"
. IEEE Transactions, Vol. 37, pp. 862~971.
' (10) Groche, F.R., Stiewitt, H. and Binder, B.,

1977, "Acoustic Wind-Tunnel Measurements with a
Highly Directional Microphone," A4l44., Vol. 15,
No. 11, pp. 1590~1596.

(11) o]&Hl, A=, 1999, “BA FFAAZNA
o ¥ AT N 4FH 47 A
838 =54 BH, Vol..23, 263, pp. 722~733.

”



