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A Experimental study on frequency characteristics of the microphone array
covered with Kevlar in closed test section wind tunnel
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ABSTRACT

A Experimental study on frequency characteristics of the microphone array covered with Kevlar in

closed test section wind tunnel. Microphones that are flush mounted in a closed test section wall of

wind tunnel are subject to very high flow noise resulting from the turbulence in the wall boundary

layer. At this time the microphones measure the strong hydrodynamic fluctuations generated by the

flow. The phenomena are referred to a microphone self-noise and a method for reducing this has

studied. In this paper the array that covered with acoustically transparent Kevlar sheet was designed

and made to reduce the flow-induced self-noise. For the validation frequency characteristics of the

Kevlar, the microphone array was installed on the wall and test was performed for white noise and

sine wave of several frequencies using loudspeaker. In addition, the paper compared the signals as a

tension of Kevlar. The results were presented that tend to decrease the sound pressure level at high

frequency above 3500Hz according to existence of Kevlar.
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Fig. 4 The wall of closed test section wind tunnel
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Fig. 6 Test setup
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Fig. 8 Sound pressure level of being
measured signal by 26th microphone as no.
of ensemble averaging for 1kHz sine wave.
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Fig. 9 Sound pressure level of being
measured signal by 26th microphone as no.
of ensemble averaging for white noise.
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Fig. 10 Difference in sound pressure
level(ASPL) of reference microphone and 26th
microphone as kevlar tension for sine wave

—+&—— wilo kevlar
——4A—— low tension
mid tension
——&—— high tension

IS
S

N
S
m——
O

_—

N
S

Sound pressure level [dB re 20uPa]
o

A
S

o
1<)
S

4000
6000
8000 |

10000

S
Frequency [Hz]

Fig. 11 Difference in sound pressure
level(ASPL) of reference microphone and 26th
microphone as kevlar tension for white noise
SRR EEES RERNIER IS R
g 4 9tk ol 3.5 kHz 9 o] HAEY

o

s ARete] A WAl vIEH AT e
v glow, Alelstel 54 el va Hiele
o wekEo] At 4 Kz o) TEG] i@
Sel A AL

o}

Bt g AS F lolazEe &
7} 20 dB o] o] W& skel 3 4 9o
w, 3714 ALEe £A FolA Mid Tension & 24
JMW 259 ZAx Aozt Mt 2 Foz Fl
151- o) [;}

N
2l
_O,

o,

=~

11 & 7 AR 23l biE]
AAZE wf 71F wlo] AR ED ulo]
)%+ mlo] I 2 F(mic. #26)
Zfol(ASPL)°ll thEk Aol
T oupol AR EANA SAHE
V%

2 4 1Z o
Moo=
o
2 do Bl
% ﬂllO ;94
ofN
jakad
=2
Ho

>
4
oX,
e
=
1o
lo
2

= H
o ARt g A%

S¢AE 2 dB oJull RS 1 & 4 otk
500Hz ©|3te] Ao A+= Mid tension I}

High Tension® 7% &%=b7} 2 dB o9 Z}o]
= Ho|H, Low tension ¢ %% 5 dB x}o]E Ho]
v A5 & 4 9tk 2 kHz o)) Fab

SolE 10 dB o)) & Aot U AL
ol & 4 glom, Furl wopo] meh 1 Ao

.

J&?L' dE

B
7F o AR AEE 49 F F Atk HFAH R,
Fig. 10 ¥ Fig. 11¢] Z23%= Fsto] A Fa W

P

1ol Mid Tension 9 ZA3r} ooz 43t
Ao Fero] B AFoiE AEEte] FEHS
Mid tension ©.= XA3}3Th
npo] A& E ojflo]o] 7} Ad(32 ch.)olA SH g
Ao 3 BE SAS gQlshy] flsto] WA 4
w5 NS o As 2o digk A& Fig
12~ Flg. 17¢} 7ol Aelsiqivh. A¥+= 173 SEHE
MEZ Yepdiglon, ofgele] Faxgol $A% 26
HA| vlo] A ZF(26th microphone)S 7]Fo.2 7}
Aol M e 5% 2ol(ASPL[AB]=SPLeach mic-SPLrer)
& YeEhAATh
Fig. 13 ] 500 Hz ¢ "¢} Fig. 15 9 2 kHz
A wje] Adfof|A wlo]ARE Ao wE S
zpol7b A 8dB & 2 TS Hole zi
& drk ol A= AE (=
Aget7t Qe AF oA ERlEoA = @401
D% oiaﬂou Al | 9JH]o] AAE vle]a®
= S| Afo7t AAE A

|

-

k

AAE vl Sl W+ Ade] Aol dAEE
AL gl & 4 glon, nlo]aRES Yo wE
54ke] o)z}t 4dB ol s BEE AL
e & g vk wEbM, o] AETE S
o2H 7} vlo|AREo|A ZAFE AT T B
E Aol WalH e AL B & & Al

—
@
e



w/o kevlar sheet Low tension w/o kevlar sheet Low tension

0 =250Hz, max=74.45 ,ref.= 74.56_[dBre 20uPa] | [[ o =250Hz, max=71.53 , ref= 72.10_[dB re 20uPa] 0 =2000Hz, max=81.25 , ref.=83.01 [dBre 20uPa] ||| o f=2000Hz, max=7133 , ref.= 82.33 _[dB re 20uPa]
O O

3
@ e

bohbbonso
bohbbonso

Mid tension High tension

0 f=250Hz, max=75.64 , ref.= 72.74 [dB re 20uPa] =250Hz, max= 75.46 , ref.= 74.61_[dB re 20uPa] |
T

bobhbonbon |

Fig. 12 Difference in sound pressure level Fig. 15 Difference in sound pressure level

between each channel and 26th channel at between each channel and 26th channel at

250Hz as a Kevlar conditions. P.=20pPa 2000Hz as a Kevlar conditions. P..=20pPa
wlo kevlar sheet Low tension wl/o kevlar sheet Low tension

o f=500Hz, max= 69.08 , ref.= 69.33 [dB re 20uPa] ‘ ‘ o f=500Hz, max= 64.15 , ref.= 68.55 [dB re 20uPa] o f=4000Hz, max=73.22 , ref.= 75.04 [dB re 20uPa] ‘ ‘ o f=4000Hz, max= 58.96 , ref.= 75.57 [dB re 20uPa]

e} O
x

Mid tension Mid tension

o f=4000Hz, max= 61.11 , ref= 76.77_[dB re 20uPa] |

=500Hz, max= 68.14 , ref.= 69.34 [dB re 20uPa]

o
T
&
g
H
&
3
H
3
5
R
3
8
n
2
8
2
2
=
&
3
3
g
5
B

bobhbonsown -

8
6
4
2
0
2
4
5
8

Fig. 13 Difference in sound pressure level Fig. 16 Difference in sound pressure level
between each channel and 26th channel at between each channel and 26th channel at
500Hz as a Kevlar conditions. P..~=20pPa 4000Hz as a Kevlar conditions. P.~=20uPa
w/o kevlar sheet Low tension w/o kevlar sheet Low tension
o f=1000Hz, max=74.21 , ref.= 72,97 [dB re 20uPa] ‘ ‘ o f=1000Hz, max= 69.76 , ref.= 74.35 [dB re 20uPa] o f=8000Hz, max= 73.49 , ref.= 74.08 [dB re 20uPa] ‘ ‘ o f=4000Hz, max= 58.96 , ref.= 75.57 [dB re 20uPa]

0 =

o
x

Mid tension High tension Mid tension High tension

o f=1000Hz, max=71.03 , ref.= 75.51 [dB re 20uPa] ‘ ‘ o f=1000Hz, max=70.54 , ref.= 75.25 [dB re 20uPa] ‘ o f=8000Hz, max= 57.56 , ref.= 75.64 [dB re 20uPa] ‘ ‘ o f=8000Hz, max= 56.68 , ref.= 74.82 [dB re 20uPa]
T T

bohbonson ;

Fig. 14 Difference in sound pressure level Fig. 17 Difference in sound pressure level
between each channel and 26th channel at between each channel and 26th channel at
1000Hz as a Kevlar conditions. P.=20uPa 8000Hz as a Kevlar conditions. P.=20uPa

-133-



3.8 E

&,

A@RelA vlelARE ool o
574 A wpolAREel FAHE A
glalr] flete] &F Tk 5] £ 7
Fgh mlolA=E ofgolE st
Askgitt. AE
ol diE &3 Az A

o
b

B B

X b~ do ol
ol

N

}

o oo
O

Eiﬂ
kU ol

4z

-3

i
dm i ol

g 43 mho

X, @ > g do of
=
o
1o
N

L
tilo
L]
]
o
, O
32 o)

4o
o =
ol
2
>
oo
)
re,
-
Ll
A
o

N ol

~ =

7] ¢

. Nlo
&
o
2
_\L
f
N
A
v
[t
k=l
oxl
1k
N -
L)
o
a0
ox o
o

AR EANA SAHH AsE v
3ol AFoell A= &9ke] AFo]= Mid tension}
Hight tension <] 7% dB oJdje|™, Low
tension ¢ - 5 dB 9 zolE Al T U
G F3 WOH 2 Kz oo obel uhet
I a7 B AAE AEE G & 5 ASd A
3 A= ulgo® Mid tension ¢ A7} AvF
0 94 How wasel B Qreln A
9] ZA#HS Mid tension ©.2 A3}

r o
_O‘L
38
=
off

o,
<N

sppell A ALt

=
A9 gl A% A%g wage o, o
ka

rlr
ofy
o>
B
lo,
dlo
As
2l
o,
N
NS
BN
=
[o o]
o,
os]
ro
po)
tlo
ot

L

jus)
z
ot
o
R
@
r\rl;
PO
[o fU
ﬂl
:OL_l,m
2 O N o omy

o it
o4
o)
M

=
i)
i)

>
=
o,
&Y
fitl
e
Ho
o
g
gl
> do o @
O ]I.|_,
1o
_>‘4_“
o,
- H
N
o,
w
o

2 e
> K
o _1[}1‘ q
o
il
rir
>l

o
o4
o
M
i
n
Y
o
(E
_<>|L
X
50 i

£ 7l

B oATE TR g AEsEAe e ¢
A58 ALLAAY AHE FHA )
[e]

N
X

(¢
2A WE L g A AP

Y AE5HTh

[T

4

F o =8

o0

(1) Thomas J. Mueller, 2002, Aeroacoustics
Measurements, Springer, New York

(2) Wook Rhee, Sung Park, Jong-soo Choi, Jaimoo
Kim, 2006, Elimination of Self Noise & Doppler
Effects from the Microphone Array Measurement ,
Transactions of the Korean Society for Noise and
Vibration Engineering. Vol. 16, No. 7, pp. 677~682.

(3) Stephen M. Jaeger, W. Clifton Horne and
Christopher S. Allen, 2000, Effect of surface
treatment  on microphone  self-noise,
ATAA-2000-1937

(4) Robert P. Dougherty, 2003, Phased Array
Beamforming for Aeroacoustics, AIAA Professional
Development Short Course, AIAA, Reston, VA.

(5) P. Sijtsma and H. Holthusen,
Location by Phased Array Measurements in
Closed Wind Sections,"  5th
ATAA/CEAS Aeroacoustics Conferencce, Bellevue,
WA, AIAA Paper 99-1814, May 10-12, 1999

array

Source

Tunnel Test

-134-





