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Experimental Study on Flow Noise Generated by Axi-symmetric
Boundary Layer (II)

- Forced Transition on an Axi-symmetric Nose and Radiated Sound -

Seungbae Lee, Hooi-Joong Kim, O-Sup Kwon and Sang-Kwon Lee
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Abstract

The oscillatory excitation with a Strouhal number of 2.65 ncar the stagnation zone of hemispherical
nose model was employed to control the laminar separation bubble and the transition to turbulence.
The effects of oscillatory excitation upon the separation bubble and the transition were addressed in
terms of kurtosis/skewness and time-frequency analyses. The measured noise spectrum of radiated sound
from the turbulent boundary layer on the axi-symmetric infinite cylinder is compared with that by
Sevik's wave-number white approximations. The noise sources in TBL on axi-symmetric cylinder and
the caling of their far-field sound are also discussed.
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Fig. 1 Schematic measurement setup of axi-
symmetric body with oscillatory exci-
tation and measuring device
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Fig. 2 Distributions of pressure coefficients at
each s/D for
various Strouhal numbers(U» =15.5m/s)
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Fig. 3 Pressure-coefficient distributions at each s/D
station for model 1 excited with St=2.65
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Fig. 4 Mean velocity profiles in boundary
layer at each s/D station for model 1
excited with St=2.65
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Table 1 Characteristics of boundary Layer and
non-dimensional parameter A for axi-
symmetric nose model 1 by oscillatory
excitation with St=2.65

Modell(x/D=0.5) Axi-syminetric body
(Oscillatory excitation)

hole # s/D & (m) Re; Cp A
3 0.524 4.128E-4 644 -0.653 4.23
4 0.655 5.088E-4 786 -0.918 1.36
5 0.785 0.0011501 1772 -0.616 -
6 0916 0.0023556 3603 -0.317 -
7 1.047 0.0034320 5319 -0.248 -
8 1.177 0.004345 7200 - -
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Fig. 8 Time-Frequency analysis at s/D=0.6545
using Choi-Williams distribution method
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using Choi-Williams distribution method

WY EdY RES A Fae YR
9@ AZ-FAE JGelMe] BHE Sd Choi

WWWMWMW

14 14 [ 3 1418 142 Tz
Time(zec)

Fig. 11 Time-Frequency analysis at s/D=1.0467
using Choi-Williams distribution method

H
Wﬁ NI W,}h mw ,»l W

¥
0.3 (X3 [ 3]
nm (ur7
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Fig. 13 Radiated sound from a region of
area A of the wall

WALE S A2He WALZAZ wEEE(gEd
o o), g 3 °1 Hakel WHE&He 2%
AL glol Aok g gatw AAF Yol
Al @3 (horseshoe) ©}%-2] AA M 37 4o w
g F&o] Bo A WwAsT HE(cjection)
3 Z¥sweep)rl FY pUYY dolwmz £
(Reynolds stress)@| 3% ol Al o] wkAb7E o] Fof
Aok, 2#y ol AAF 28 AFA &9
o o]k Walelmz S x7t W wg B
T ooty AAE e diAddd A T HF
ot em ¢ EH wEAd Huz I A9RAE
A og s c W YA o
Zepgke) 71 A GFAAST g Had
T4 ArVERy g3 4% Axs vashd
AFde JgdAe AduArt AR =F
v mpmppola ofzh @ubd s1g 7)o BT}
FA=A wdAy A AARY 0 M
T2 gGiw {FAE GFTRE 2 USS
g 9k iy dAAE e FE #Hu
Az F2 Fvgk(longitudinal)e] Al=2}
4ol F7F =, FAL A€y fEAAT ¥
wek g oo e Fd(lateral) AFT A}
o] S FasA Hoh olHE AFA %
AAZE AA FEE FE HME QR 3
e WHE otFog BAEG,

a9 f59 ddg dFFASAMAY Fu
A HYH2AEYE Pho)E EAY 5 3L
y, AAZ T4 571 439 94 a R HY
Ay (§>a), walU.>18 sl FafoA
HHAFLYHE 47 ofd a2 Fa & #
ATHD meta] Sevike] HM%ﬁV‘- rdg 2
s FuUA AAZAAM Y WALRSS dEF Z
o] ZHEHET

o o 1S :.‘o S
o'Nn

i
A

rbris

L o d
I

P

0 { Cylinder(5/a=3.0)
=+ Sevik's Prediction (X=0.773m)
© X=0.773m(H=0")

]
(=]
T

T

b
<
T

"H—H-.w.{..\an
48

Cyllnder Tre-alll

| 10Log( Olaxp’u’s)
& & :

=

=

(=3
T

-120 . e '1'0
1
o),

Fig. 14 Comparision of measured spectra of

radiated sound from turbulent boundary
layers on a flat-plate and a longcv
cylinder and the spectra using Sevik's
white wave-number assumption

127AMa*( Ue Yeos %0
0w, x) _ Uss
N : —. (> (1)
o Usa lzdz( wa )2_.,

2 AFA o ¢°l WAk E FAHL 79
Adrie] A4oh el A e 4o tajx 9
A9tk §F F5E% Us=135m/sol 49 AAE

AgE 12" nle]AREE ol 43ty FA3AU

Fig. 14 Seviko] 2B M w4
el K< o] 2 :&-]

RdAE AL
A&7ek A % A &
& oA Ry 7712 ajzgcl o] &2
9% ~HEPL o dF -25F vlH s},
T élﬂllﬂ 2R WAsle A5 2FERY 7
271 5<g 8 /Un<]08) F7he A u2d 7]-&
& li"l vk AAAHA A=A wEe] Ao
A= By dis] 52 Mgo e Mabs

F A EAES 7 Adday 2AE FAS 4
S.oe] A gol Byt 3 A(diffraction) &4, E
T OFE ANYRAAMY Af AE HNd39
2kHz o4 Fub Ao & WAAS, 2L
A= & HAdo] Sevik A9 73L& TFHFA
25 Ao Nadle Aoz oAAL a4
7] ~2HEd BMoERE A4 A EA ¢
WAL R FL Sevikd & S FALR AAZ
gt A& o, F5e walUsz 383t
Nz 3= p*U as 2AdFe] sttt 9 A
7}

_\L rJ{o

P

do rif
.>



oA £ AAR fehed WE 494 47 (D 1338

4. 2 B

W AgelE 228 71 2650 713 e
7} (oscillatory excitation)2 3 =djA HFHE X
919 "ol 2 Aol Ay HA#AE sk g

R dstst vm - E48 deolE2 F(Rep)7}
SX10°B0 e £RoE BF2e i4°l ol el
Fvrel gAEn g, T7l"1 g2 E B8 5
Farel & Alojste] AT BF A =o0] sxm"' o}
2o Helmz $9| 7449} = nE sanh A
BA2Y AFys Aggd, dudEstd ~dEY
24, 183 Choi-Williams9] A|zh-F g BAM 2

M F214 BER EFE EF9E des)
50% A= Folhd FHUa)Y gol7t 46% ol
onf, FRde 24 F YFHAFoRY A&
wrero] A 9l

A FAAMY A24 D s e AAYY
of gk 4¥E w3 o] 84H HIe HF 4y
B 49 vf fEeziy R WAHE &
+5 Sevike] WA Tde 2L Aulel um
<‘-‘}9&f+ dA2 PAEe 9 4899 HAS

FELES FWT AFA 294 9F WA=
AAx ], SN wj§ Gouz A3 Ay
o2 ezl oS oot B ddefAe oy
A Hde] 71E7) 5<w §/Ux<109)  Fibel A
Sevik 22| o] 242l oo s, B T}
FollMe WALS 59 dFer aA Hodx
v e A4 A ELRIITASS) T T3
d489 AAF AL W 489 Wy 2 g
€ WALZY 2hAA B AFM Aeg 23
U ol oF Sevik Rdel H&FEd SAR

t}.
= 7|
£ d7re F5ESIEEAE UA4LHA 9T
Bl Aol o yEon, Ay 2 Fuast
A4 4L FAE Edd,

(I) Haddle, G.P. and Skudrzyk, E.J., 1969, "The

Physics of Flow Noise," J4.5.4., Vol. 46, pp. 130~
157.

(2) Nish, R.Y., Stockhausen, J.H. and Evensen, E.,
"Measurement of Noise on an Underwater Towed
Body," JA.5.4., Vol. 48, pp. 753~758.

(3) Sevik, M.M,, 1985, "Topics in Hydroacoustics,"
Aero- and Hydro-Acoustics IUTAM  Symposium.,
pp. 285—308.

(4) Howe, M.S., 1991,
Sound Produced by Turbulent Flow over Smooth
and Rough Walls," JA4.5.4., Vol. 90, No. 2, Pt. 1,
pp. 1041 ~1047,

(5) Klebanoff, P.§., Tidstrom, K.D. and Sargent,
L.M., 1962, "The Three-Dimensional Nature of
Boundary-Layer Instability," J. Fluid Mech., Vol.
12, Pt. 1, pp. 1~34.

(6) Kegelman, JT. and Mueller, T.J., 1986,
"Experimental Studies of Spontaneous and Forced

"Surface Pressures and

Transition on an Axi-Symmetric Body," J

ALAA, Vol. 24, No. 3, pp. 397~403.

(7) Lauchle, G.C., 1977, "Noise Generated by Axi-
Symmetric Turbulent Boundary Flow," JA4.54.,
Vol. 61, No. 3, pp. 694~703.

(8) Kiya, M., 1997, "Sinusoidal Forcing of a
Turbulent Separation Bubble," J. Fluid Mech., Vol.
342, pp. 119~139.

(9) Sigurdson, L.W., 1995, "The Structure and
Control of a Turbulent Reattached Flow," J Fluid
Mech., Vol. 298, pp. 139165,

(10) o=, AHZF, B4, o147, 2000, "E)
2 EAY AT FELS W dEgd A7
(I)" A&71A%s] =% B, Al 247 A7%,
pp. 945-956,

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

Multiple
Component Signals Using an Exponential Kernel,"
IEEE Transactions, Vol. 37, pp. 862~971.

(12) Lee, 8., Kim, H.J, Kwon, O.-S. and Lee,
S.-K., 2000, "Wall Pressure Fluctuations and
Radiated Sound from Turbulent Boundary Layer

Time-Frequency  Representation  of

on an axisymmetric body," J.A.8,A.(in press).

(13) Chase, D.M., 1985, "Wavevector Structure of
Turbulent Wall Pressure and Its Filtering by
Normal Transmission and Spatial Averaging in



1334 ozl - HAF - WA - oA

Sensor Arrays," H G. Urban, Adaptive Methods 29~67.

in Underwater Acoustics, pp. 145~153. (15) Hardin, J.C., 1991, "Acoustic Sources in the
(14) Chase, D.M., 1980, "Modeling the Wavevector Low Mach Number Turbulent Boundary Layer,"
-Frequency Spectrum of Turbulent Boundary Layer J.AS.A., Vol. 90(2), pp. 1020~1031.

Wall Pressure,”" J Sound and Vib., Vol. 70, pp.



