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Experimental Study on Flow Noise Generated by Axisymmetric
Boundary Layer (I)

- Wall Pressure Fluctuations on Axisymmetric Noses and
on a Cylinder in an Axial Flow -

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

The axisymmetric bodies considered in this study have hemispherical and ellipsoidal noses. The
near-field pressure fluctuations over each nose model at Rep=2.43x10° were investigated in the laminar
separation region and developing turbulent boundary layers using a 1/8" pin-holed microphone sensor.
The wall pressure fluctuations were also measured in an axisymmetric boundary layer on a cylinder
parallel to mean flow at a momentum thickness Reynolds number of 850 and a boundary layer
thickness to cylinder radius ratio of 1.88.
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Fig. 12 Time-Frequency analysis at s/D=0.7854 of
axisymmetric nose model 1 without tripping
by Choi-Williams distribution method

j\mf\f\lﬂ ) Ik /\p‘ﬂ/' N\W% \/\f

o i nie e T T T e
et

Fig. 13 Time-Frequency analysis al /D=0.9161 of
axisymmetric nose model 1 without tripping
by Choi-Williams distribution method

"“‘/J‘ W/\/\rk W”A

T i
Timaia

v' J\N h‘/ i “leuMmA\v J\N

o5 [1:H

Fig. 14 Time-Frequency analysis at s/D=1.0467 of
axisymmetric nose model 1 without tripping
by Choi-Williams distribution method

(]

Fig, 15 Time-Frequency analysis at s/D=1.1773 of
axisymmetric nose model 1 without tripping
by Choi-Williams distribution method

Pl

04 TAad af oan
Trmatesc)

Fig. 16 Time-Frequency analysis at /D=1.4387 of
axisymmetric nose model 1 without tripping
by Choi-Williams distribution method

NZ-Fag GG A9 Choi—Willia.m‘-; 2
E ol43%o =d l(no tripping)d % $ol ozt
o /D9 Aol wrzt AE-Fe B L Fig- 11
ol Fig. 16704 el sich. Fig. 11, 129
Ad Y] [EE AHET FF4Yy fEE
dog Qg E AFd 9 AHF 154"""\—‘-
AFd7t @ FREv dAsE A=-12 A
A& ol F33 ¢/D=09161 = Hg Flg. 139l
M= 28I dF A TR v odyx
2 M AL dgdAe dze] A7 AA
FdEch £ AFH FY offx] #yt opfa}
a7 GHe oyt FAe dAY, F3)
T FGel g AupH oA BEXi= 2PN
HEo] 1k~2kHze] F54 Fofa] X uj] 3 o]},



952 olzuf - AHF - AL - ol ¥A

Fig. 14 o]FA = H4E9Ey dRAdAz 2l
A Al gel e 4EAF AVl /DIt
0.9161¢1 ARt} ol x "7*54"}“- BN A
HWAel Fag ggo) Bitdd. F dRduA
g e AFue dydA ﬁ"ﬂ’ﬁ?l o 1] %)
PEE fA8 aFdr 4922 A7 4
A B2xdan ok 99 Choi-Williams %9
A Zb-Fob BN YE-S o] &8t Z Rdd o
A 2ME A7 2FHIA ojFolA 9y
A Mol d4 1 dF ADF A=
fq =7} AFEhg ®et o nFaFA 4
goeoz dquRrt 2X oJHES g
dE AL B2AF 5 Uk

g

r%o

I Madal 1 Axi-aymmatric body(Ne tripping)

) Model 1 Axi-symmstric body(AA120 Sand-papar}

A Model 2 Axi-symmaetric bady(AA120 Sand-paper)
—7— Modsl 3 Axi-aymmatric body(AA120 Sand-paper}

n
T

2, 2

w
*Er
4
]
/
%
i
1
T,

<p*>i<p’>
N
.,

4 PP U NI TS RO R DUV S S
04 05 068 D7 08 0% 10 14 12 13 14 15
s/D

Fig. 17 Distributions of kurtosis coefficients
for axisymmetric nose models

1 Model 1 Axi-symmatric hody(No tripping)
1 Model 1 Axi-syrmmatric body(AA120 Sand-paper)
08r &+ Modal 2 Axi-symmatric body(AA 120 Sand-paper)
¥ Model 3 Axl-symmetric body(AA120 Sand-paper)

[ A L NI I E
04 6% 08 07 DB OB 1D 11 12 13 1a 18
s/D

Fig. 18 Distributions of skewness coefficients
for axisymmetric nose models

Fig. 174 Jehd #AEA 2(kurtosis)o] & &
Ao g 2d 1, 2, 3 EF AFoME 714
Agt BEE fAg 2dle] AgeE /D7
1.0467 2 Ao A dF HAdFo] d2ar] Azst
W, /D7 11773 2Hd A= dFAAZe=z o
g0 &5 A9 /D7t 14387 FoA £
dgd WRAAS g J9r "Had JdR
AAZ) N AFACA Rep=2800, d'=7.1014 7
EAAE 9 544 %00, Schewe'e ZAFE
Res=1400, d'=19¢kA ABEA 27} 4809, £ &
3 HAFEE Y Res’t 800~900 £3X<2 s/D7L
1177304 8] G 5AARe ABALZ 42 22
A BHHL Y& B F vk 2R 204 =
s/D7F 1.308001 4 @& Av: 2 GFAAZFL
2 wastn glo] AEAE Ay FHE B
o, 24 38 ALE o/D7F 14387 X AN ©F
Agzow oxd YRAAZToR @ d¥d 4H
ojmz Afgtd Z7kzt AA JEUdm dth
Fig. 189 Jgld =d 18 A7 2 (skewness)
BEydxe dF AdF9 s/D=1047 ZAHA
ko] olWEZ} A ew P FFI} &
A wrgd ¢/D=1439M 5 %9 olWlEV} tha
zolEx vt =4 28 2d 394 GFAA

3oz 94 wosr £ YuF non 3o
W, 29 28 Bf 49F 2A4X agn 2y
3& 2Futeg ggo] ofF e gl

3. 20 AEH HH 4EUY

Zutg AU FEAME 489 FH29 4
F0]Q 2x(a+ty)st 11 HANAMY HAEHA
o F& #3 dAsez, $F4F ¢ 442
2R A SERITE log yol ®#EsA Aok
GHaEo] HU £5F mgo] g A o
Adr 8@y 2349 HIEE EXE EFHEE
o =E8AA Arh
44y #FEAE o] &t UM F9
BYAg 2H g g}

_BP oU
ar 8x r

o AAF

=0, ar(TV) 0



iy B4 AA3 FF5LL0] W HEH A1) 953

BU aU _ _lﬂ
U Ve, ar —  p ax “r 87’(
_%W(T u) (4)

714 U, Ve 2t 9% 4 wauge) 3
F&Eoln Pr Bigdeld, gz u, vE %4
Z} Z2urg W dAdeke MBELEE AR T
3 AAS MAFA §'F £EFFA 6=
yog Pateizic?

(5+a)

(6+a)"a—f TU)drz %)

; ; (5tay? ,
+a'—a'=[ "0 F-a ©

WY UU 7 RS e dAsgn g
3 (Coles™9) 74A), ¥ A MY FAEE
BPyE ooy e oz gL

o= N TR V()

mkd Eukek Ay fEAAT y b el
y(+y2a)te W7t F28S 4 F7 vk
Willmarth 5" Table 2¢] o}zl ZolA
4548 rms, H5Y 4H2YER gide
(U) 8¢ £AFAG 159 2w JE9 o
goz s H4edHe dode odyed 2V
7} AAHez Hid dE HepFkm AT
£ w8 /U>108 WFe TFIAFAAY
g AEE duyre B Aerd ot
(F 2) F718H0, w 6 /Ux<ls] HFurol A
v ddx 2=zt ghhsrta FEE A
Willmarth $%& §/a7t F71894 4=

Table 2 Summary of measurement conditions for

cylinder wall pressure spectra

LDigmeter | Free Siream Sensor
ds numbe Medi
of Cylinder|  Velocity 8/a | Reynolds number size ium
Willrvisrth wnd 7462em A2y "
= ' L& | Reg=262%10 15mm | Air
Yang (19711 [ {145ft/5)
002" it/ Rl Rep=1.04% 10"
] iit/e o ?94 10 - A
- 20 -t | -aeE| -aes
ki 08Fem
953 12mys .04 Rey=2870 . Ail
Luentow (1995 04853%cm /s i ey o ir
Bokde and 0.07em
Q.ATem 10.6m/s 481 Tty -2530 N Air
Lueptow (1459) s o -8
Shin (1966) /A N/A ” = Rey-R33(8 /a=2) aume- | e
S “ 7| Reo=10(8/a5) | viesl | rical
Present 0.2mm
20X B/ 188 Teo Al R Al
Fummirnant X¥cm HUVY u . ir

(large-scale)?) #d AE34Ed duAzs o
Fugow mojgs AWEAck HZ Snarski
g} Lueptow'e] @A mag ¥ty 4%
& YR AE AAF DA YFE F= 4
Ao Sdgre A2 didE gdsie dix ¢
Sl o AFA: 4R 2 AT YEYA
o] A&k dHEE Hd 24 AL 959
aFERe ez BFEE 7 Aok F WAdE
HES mago] Yot SMEE Alolo B
F7)ol P, A2HE AEe &S 2HE

F3 AEd AEAHY S0 Sﬂ%ﬁ}ﬂl !
ok w6/t UF A e (8/a<

500 Huy HAS GFFR7 Gt
gt 28y Hurgke] FENAE Hte H
& e yelrl 2oEr EHE s d3=
SEAURAE FAAZGn ANHA FEeH
t}. Bokde$} LueptowE Table 29} ‘tepd 4
Y zAsA vn oz HE HELH A
Aozt 30" 7+#0118)9S A=stich Shin
2ol meAddy f59 #AH A7 Aze
Gg5o vste LEe) e we} W
G 5327 ass, FEuG] FIHEHEA(S
/a=200 4] B2 F7}) ¥ FER= 6~-7HAA 442
#F4ES At waky e wiAAA o
e 237 d¥d 9 729 A7t gﬂq

A g vg AFote A 4l 7:1'5‘5—
gste, AN dojutes £H Moy d
4 5ol o B AEZe AFEUHS A=
diAHe S JRud Ot AAA drhx

o Azt

W/D=39.0

1
155210

[
Test Section "

Fig. 19 Schematic measurement setup of long
cylinder model and measuring device



954 olul - L% ALH - o]

—a— UW=8.5m/s, u'=0.4m/s

yu5.76i60, x+6.10

uzu I s .-;—'
3 i

(u yiv)(1+y/2a)

Fig. 20 Distribution of mean streamwise velocity
in an axial flow along cylinder(6 /a=
1.88, Red =850)

—a— Uw=8.5m/s, “,=0'4m/5’

020
u
[R5 \
018 \-“\.
0.14 & ‘.
2 " a
E 0.12 b my

10 100 1000
(uyiv)(1+y/2a)

Fig. 21 Distribution of turbulent velocity intensity
in an axial flow along cylinden(S /a=1.88,
Red =850)

B oA E 71 AU §/a7t 188404 ¢
% 5495 ¥ é%?&a AHERE APHO
2 SRtk ddd oz @& fHelg2FolA
FAE BAFE 47 A8 ™o AFE A
HollA 3em FF Al AA 1201_1‘/—*1 ¢ & Zcm
A AEE AYUE AR FEAFJT WL £59)
8om/soll A 29E F3Y . Fig. 1991 Ay
oA B5o] AFEE ¥4 AT ¥7Y
o], =93 do]7} 1.26m, 27 e] 0.02m¢<
Ao Sdgos X/D=390°] #He 1/8” =
Z npo]laREL MUY HYe FASAT. E
& 70 Ay FEeA %JZFHJ‘%}" 9 Fdg
BEXE HEE7 Y SEE2HE 346}‘3‘4 ekl
YHEEE AFUYgeE WMEFHoR ZHFH s

0 g T 1 T 1i0*
! PR
10 - b RN
16° e
r 7 10t
:
> ¥ ‘. w0’ "
. ] X
R T 3o ]
T ;1 do® 2
F] f bt ;
CRIN S 8 (au'R v v avu! PN ETTUA ]
—r  Proment dstafa1.88, Ro =860 B ey
2 107k a wedm(Re =2620), Bordo ol o, 1009 R P &
o> ®  Flateplata(Rex3386), Faraben, 1681
107 [ & Fintivein(Re =248); Chol & Moin 1990 N .
. (IR T 110
1x10” |1 ——Praent detngin= 8, Fie,-850}) s
L F U Sm48Re 22530) Bakde ot t, 1909 H107*
Ixt0 F © Flat-plate(Re r3386), Farabae, 1887
o A Flatplate{Re x285); Choi & Moin, 18080 4 = 10"
10—7 1 L 1 L 10'
0.01 0.1 1 10

vl u" or mﬁ'IUQ

Fig. 22 Power spectra of the wall pressure
fluctuations in terms of inner and outer
variables

4 Pravent data(Re,=850,d'=5.2)
8 Fistplasta(Re 3400, 's33.3,F arabes, 1001)

40F .
-~ Flat-plata{Re ‘-Sﬁo,d w=13;Spalar, 1988)
35F —a 6/auS.U(Ra“'2B70.d.-28:5namkl,1995)
—w—§/as5.0(Re,_v400,d"=8:Neves ot al. 1691)
s 30F
- b
g 25f Tk
o .
20
A -
18
101
v
05|
I L I L L i
] 1 2 ] 4 L]

Fig. 23 Wall pressure r.m.s. normalized by mean
wall shear stress(T o ) with respect to
transverse curvature(§ /a)

F5d F49% 490 F4L€ 4AAHG Fig.
209 FAF ¥4 S22 X FELHE 1ndd
o {2 & a8 o] &% ~Ad=Z el
Fig. 21& Adn Evd M2y A9 27214

dEFAEE e Aoz HY ZAOA e
YRAEZERE Holy FALFLE olFHA
AfHEe dH Az FHea vk FEER
F7t e dAcld] g WEEe 2AdE o
B MY e ssl2a8e Fig 229 2ol
&49900,



Fe)3

Bokde "9 Z4ZA7H 6 /a=48], Res=2530)
L B A¥EzARY 28 dojszsa dd A
T g Aol i) 22 oA #HWE BHold, 1
Fub G ME 2E o G358 FAAE 1Y
th ool B ATeA A gs W E9 A Fo
Bokde $“'9] 414 27|l o} y@ =R
o} zro] mFugolx o7t gvigk HALE U
H Aoz AAAY, Ed ZEERI gl AP
o] ALl e HolyEF(Req)d Choi 9
Moin™ A4t Axel wlwsd aFuko A g
A s FAE 7)€7]) FEHE Rolm glth

Fig. 23°] veld 224 2E(6 /a0 i3 o
i 99 AdSHa §E HEdHe Agyd
Augadd w9 g HE HfoAe 544
B) 2 ) L}E}Lﬂﬂq_(ax(wh(zo) Snarskim)-‘i Agz
A9 d'=26, Rey=2870, &/a=5NH Dms/7 o
18, AXA2E 505, AFU2E -0089) #E
ZAsgon, B AgAME d'=52, Res=850,
§/a=1.880 A pms/7 o E 258 AAEA2E 314,
2FY 2= -0.129 o] AZHAT B Ag
2o o2 4y dAde vasted A g2 9
o Ww gEgEe 277 AAYez o A
71] AZ =YL H & wfe]ag Ee]| 47} Folx

WP HolEasda o & H4EAHE
aJrLH—L— Ao Huslm YUk 5/a7t 1889
v &g -"“”Vé‘ﬂ A9 {8 28
olxxfY HY K59 TAZNFE &Y EAT
FAHES @ S o

4. & B

A Z o]z E AAE o435ty 4 717 F
gel AFE N9 1(x/D=05), 29 2(x/D—0.75),
Ed 3x/D=1.0)31 #ciad Faiol A& z+ 5D
Ao AAST 54 4L €U 948 AHEY
& FA43A) dwHoz FHEsA 2Zdd
FT4HE B8 HAS B5A4AE 2AE 9%
el 2 e FHuheEzh dRHo Myt M i
Ak, A kA mde] distd® ubE] Habel

Ho et B d7dAe H e
AAZ FAE Teste Fa4 840 A A
43t 5 39 ¢ AAS WS WE SFu

X AAE F5&

ol @ 2¥Y A+ 955

Rk

d9S EMEgn g AAZANA AL
42T E =8 24 AFF HEE o
ejold el HH gEAseEy ALY WA
] dAE HoFu, F/EE AR 49L& =
gate] Wi @A AAdHESA Ak w2
ATl E g de JuAS dF AAS
Haje] 2AdgE 3 v YSUFES =Y
gtom, A 7hA 8] e AFFo A o
H AsdEg AAYYs e e 4 7_‘4"]‘38‘9”«0“
A dFAASeRe] wedAA S 24sgch
b el Rde R He) A7 ’e}"rr"ﬂ
A oAgshy, ¥ gEAadER”] EHL FF
eyl FAYA T FGelA oA ddle oA
& Aeg Rolthrl SR olF9 uF A
GEFE AUAA Zhsie] &d dE" dRAA
Zo] Ho oA Hde otAstd ¥E HE
4o ojllE EAd B8 AT AEAx §
Aol 7HEH0 GHovAe] des md]
oA s/D7F 09160 o] FF-E Alsgho] ARt
R AAH S °3°"°£_r'. %}‘%5]“““‘] 4291 o &
g3E A FEE F A
7 Add9 §/a- 188(Rea =860)oll A & Zutgk
59 449 AAF B4 2 ¥H9 A4E¥YgY
AL Bty FEEFHY de 2AY £F
g WHAAS B4 A7 ¥d 4%
= i“-r’—‘]-‘izé.‘% Ze dolmrsd HY AR
Zizn}-’r" el M uA 7L A A
DFFF(0 v /u. 2050 Tt
e E&CNE AR duR FEE EASY
=3 _E?P Pmd/ 7 0 SN B d7dA AL
T o2 RE d'9 9Po= WA Y

9—] 37]7]' g Hojgzsd ALRg ozt
T ATE Ve 2 AFelAg 2 A3y
ARG GEENE 2L HelzAyy HE &
T FAEE & 9 Atk

ororlf

o

ﬂrz&

% 7|

B ATE £330 UA-L2%4 47
| Aol o3 A, Ae L e
Qpad 2e S EPUS

=5



956 o] &) - 71 = .

Hugs

(1) Willmarth, W.W., and Yang, CS,
"Wall-Pressure  Fluctuations

1970,

beneath  Turbulent
Boundary Layers on a Flat Plate and a Cylinder,"
J Fluid Mech., Vol, 41, Pt. 1, pp. 4780

(2) Willmarth, W.W. and Sharma, LK., 1976,
"Axially Symmetric Turbulent Boundary Layers on
Cylinders: Mean Velocity Profiles and Wall
Pressure Fluctuations,” J. Fluid Mech,, Vol. 76, Pt.
1, pp. 35~64

(3) Snarski, S.R. and Lueptow, R.M., 1995, "Wall
Pressure and Coherent Structures in a Turbulent
Boundary Layer on a Cylinder in a Axial Flow,"
J. Fluid Mech., Vol. 286, pp. 137171

(4) Bokde, A.L.W. and Lueptow, RM., 1999,
"Spanwise Structure of Wall Pressure on a
Cylinder in Axial Flow," Physics of Fluids, Vol
11, No. 1, pp. 151161

(5) Karangelen, C.C., Wilczynski, V. and Casarella,
M.J., 1993, Amplitude Wall
Fluctuations beneath a Turbulent Boundary Layer,"
J. Fluid Eng., Vol. 115, pp. 653 ~639

(6) o1&, 43F, 1999, "HH v AAFoNA
o) ¥ gHAdF digt APH a5, dF)A
T3 =83 BY, A23d A6E, pp. 722~733

(7) Bakewell, Jr, HP., 1968, “"Turbulent Wall
-Pressure Fluctuations on a Body of Revolution,"
JASA., Vol. 43, pp. 1358~1363

(8) Haddle, G.P. and Skudrzyk, E.J., 1969, "The
Physics of Flow Noise,” JA.85.4., Vol. 46, pp. 13
0~157

(9) Arakeri, V.H,, 1975, "Viscous Effects on the
Position of Cavitation Separation from Bodies,” J.
Fluid Mech., Vol. 68, Part. 4, pp. 779799

(10) ol=ul, A& F, B, olAd, "FAY =
Aol AAE FEadd A AFH A+
AFH AolAlol B HAMLE," HE7|ASE =

"Large Pressure

A4

- ol

ZHAHAHE)

(11) Schliching, H., 1979, Boundary Layer Theory,
Seventh Edition, McGREW-HILL
(12) Lee, SXK. and White, P.R,
Enhanced of Impulsive
Signals for Fault
Reciprocating Machinery," J. Sound and Vib., Vol.
217(3), pp. 485505

(13) Choi, H.L. and Williams, W., 1989, "Improved
Representation  of  Multiple
Component Signals Using an Exponential Kernel,"
IEEE Transactions, Vol. 37, pp. 862~971

(14) Schewe Glinter., 1983, "On the Structure and
Resolution of Wall-Pressure Fluctuations Associated
with Turbulent Boundary Layer Flow," J Fluid
Mech., Vol. 134, pp. 311328

(15) Cole, D., 1956, "The Law of the Wake in the
Turbulent Boundary Layer," J Fluid Mech., Vol.
1, pp. 191226

(16) Shin, D.S. and Choi, H.C., 1999,
Numerical Simulation of Axial Turbulent Boundary

1998, "The
Noise and Vibration

Detection in Rotating and

Time-Frequency

"Direct

Layer," Proceedings of the KSME Spring Annual
meeting B, pp. 50~53

(17) Choi, H. and Moin, P, 1990, "On the
Space-Time  Characteristics of  Wall-Pressure
Fluctuation," Physics of Fluids, Vol. 2, pp. 1450~
1460

(18) Farabee, T.M. M.J., 1991,
"Spectral Features of Wall Pressure Fluctuations

and Casarella,

beneath Turbulent Boundary Layers," Physics of
Fluids A, Vol. 3, No. 10, pp. 24102420

(19) Sparart, P.R., 1988, "Direct Simulation of a
Turbulent Boundary Layer up to Rg=1410," J
Fluid Mech., Vol. 187, pp. 61~98

(20) Neves, J.C., Moin, P. and Moser, R.D., 1991,
"Numerical Study of Axial Turbulent Flow over
Long Cylinder," 8th Symp. on Turbulent Shear
Flows, Munich, Germany (Sept. 9-11), pp. 1~6



