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ESTIMATION TECHNIQUE FOR AERODYNAMIC SOUND RADIATION
FROM A CYLINDRICAL BODY UTILIZING PARTIAL-SPAN CFD RESULTS

Its construction and validation through experimental analysis

KU ¥R th*, JF ROE 122, B AR F A
Takuya OSHIMA, Michihito TERAO and Hidehisa SEKINE

Estimation technique of aerodynamic sound radiation from a cylindrical body using results of partial-span CFD
computation is presented. The technique replaces the calculation of Curle equation in Lighthill-Curle computational
aeroacoustics technique, and is based on Morse-Ingard’s and Goldstein’s theory and coherence model function. The
validation of the model function and the technique through wind-tunnel experiment results 1) measured coherence
between surface fluid forces on the body surface shows good agreement with the model function, and 2) reasonable
agreement is obtained between measured SPL at a receiving point and estimated SPL using the technique.
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on the i-th axis x

Observation point \Ixz

Flow

Computational /
measurement span a

Span of the body b

Fig. 1 Geometry and coordinate system.
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Obtain surface fluid force per spanwise unit length P(ys) by CFD.

Obtain surface fluid force per spanwise unit length P{(y;) by CFD.

VP;()’s)

ompute spanwise aver§§ed mean squared fluid forc
er spanwise unit length P/,

52 _ 1 [°? 2
P [ <P > ds

Compute spanwise averaged coherence y(&).
1 a/2-¢
%(8) = /_ o pi(ys, ys + €)dys

a—¢
o < P(ys)Pilys) >
I‘;(y:i’ya) \/< IR(ZI3)|2 >\/< |Po(yé)l2 >

Determine coherent length /; by least-square fitting y; to
Gaussian function.

Compute k(b, ).

- bz
h(b, 1) = 212 (e L - 1) + V2rbl; Exf

Compute the final estimated squared sound pressure p,>.

7= () P20OLW)

Fig. 2 Procedure of estimation technique.
&E&RL, Eq. (8) DARIDOMAR % vi(£) TEEMAD L
2s oL V52 [((az .
<> =2(5) 7 ["@-oRetni@ae. 0

ERICBNT Ref{7i(€)} & £ DB E LTETIMETIUE, <pa|*>
REFVEKICEDRINSB. T TR Eq (3) DEFLRITH,

2
Re{vi(§)} ~e f” (11)
ELTEFMET S, BB Eq. (3) EBRD v OEBOBOET
MEEBSTOBOR, 3287 MERIAZ RS L THHE
B-ZE R HEEEZARR L2 EIC X5,
Eq. (11) % Eq. (10) WA LRIEICHS T3 ERRERD,
EFNEIKICE B2 HATE 2 RTEBEDOHEME 52 Mo BLLL
DR ELTHRENS.
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7= (5L) Phcet), (12
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h(a, ;) = 217 (e 1) + V2ral; Erf( \/il,-)’ (13)

L Ef i3 A0EERKTHS.
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| J70)

Fig. 3 Procedure of usual 2-step method.

SORICLBTEHREICBNTIRLTOREKTL < a 28T
EOCHERNT 2 ERTHLENDD, EALFTEE%KTHS.
ZFHUIH LT Egs. (12), (13) I3, YUZEHIRILLBZNVEATH
AT TH 5 HHRETH 5.
2.2 #EFH
Fig. 2 iCRIBIOENLD SHEL ZRETFRFELEOFREF
JEZEFRT. HBOED, Fig. 3 125@E%ED Lighthill-Curle 2341 &
%2 X7y TEEY R T. Fig. 31BN TYL—TRT Curle ®
ROFERH, FFETI Fig. 2HP /L —TRITFREICERS
N5, TTREFRERITICEDBESNE Pi(ys) 2 Egs. (6), (9)
25 %, Re{vi(€)} 2EHTB. Z0 Ref{vi(¢)} iTHL,
B/NSRIEICED Eq. (11) OH Y AR HRBEKAR b EA T 54
BES I; OHEEZTS. S SICHNBOERIMEDZ /X HMic
—BREDRENS, L BBIFANIZE S THRABOBIEDOSITHK
Hia—giitinsEEA5NS. LEMN>TEq. (12) R,
ZERIZBVWTHRB SN IPEOLAN bDSDREREE 2 F
EOHEM 52 13, BT ESNE L 2ZRAVTTRATESNA.
2= (_L_)213izh(b, L) (14)
2cox
ZZT <|Pi(ys)|> > REBITZANHRICEDOEGNH D &
BRAONBTIEND, TOANAHRTEEEE P2 &35, Tizbb

a/2 -
= 1
=1 / < |Pi(ya)[? > dys. (15)
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3 XER

Eq. (11) OEFNRB I UEHEFHEOZUEEZRTD, B
FHERZTO .
3.1 RERH

Fig. 4 CHEBERADOERN, Fig. 5 CHEREFAB X CHIE
FHEEERT. WELE L = 14 mm, Z/%2 500 mm O&BERIE
HEMHEAROD Fig. 4 IORTEE2ESEAREEE L, FRE@IC
EERAHRE 2 MET 5. EELZTRFTEREICBIT 228
3, EBRICKREZISWH LBBRAKMLOEZO b= 300
mm (21.4L) £ U7, BIEEICE Fig. 5 IRTEDCHEE 1 mm
ORMEHRBOZE XN HRBIZ 7 mm (0.5L) BIRGT 8 &, 14
mm R T 4 &R0 12 R, ThThoRiOoLSE:
HBRAENTEAE NI 7 OR IR DRET 2. &5 1IcHikd
DMS z2 BiAR 1 m ONBIZZZEEAIA /708 2REBLE.

Table 1 CEREHFMB IO —AAHERT. ERFEU IC
DNT 5 m/s 5 10 m/s O 3 &, HBRMAEDZA 9ITDNWT0°,
30° D2 MOMEBICEDE6 r—RXERELL. BELLT, R
ba— V& St = fL/U ZERBERICRET 380 B KA
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Fig. 4 Experimental setup.
Microphone (Primo EM133)

Microphone
at the receiving point

luen

X
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X3
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a) Test body surface b) Test body section and block diagram

Fig. 5 Details of the test body.

Table 1 Experimental conditions.

Cases | 50| 530 | 7-0 | 7-30 | 10-0 | 10-30
6 [°] 0| 3 | o] 3 0 30
U [m/s] 5 7 10
U/L [1/s] 357 500 714
Re [x10%] 4.62 6.47 9.24

=)V U/L, VA /X RelZDWTH Table 1 IZ;RT.

z3 BEEIL Fig. 5 DM A V7 ORMNEZ 23 =0&T 3. &
72U Cases 10-0, 10-30 TIHXEROHE L, TwmD 2 170K
CEERLBMo D, Tmhd 3BBOTI7ORfLER
z3=0&T3. UTF, z3=0MBOTI Ok 2HHETI /DO
R EFES.
3.2 HBRANALUFGHOHELE

AN H B RS M 0 FiE N D o BiARRS Pa(ys) i, AL
B ys ORBEANT 1 70K TRIEBSNZEBEN p(ys) XL,
BIEED ys MEIZFEE, MRmo ys fLEd Karman #BHICK
S (FEHE L TIREME) OEBENZEEL, Eq. (5) &b

P2(ys) = 2Lp(ys) (16)

ELTRDED, X512 Eq. (15) OFETIE, BETIENR
HOMOHMAE T 23 FAICENREO ER—OEBEH 2KE

Table 2 Peak Strouhal numbers of p°.
Cases 50 530 7-0 730 100 10-30
Peak St of p° [ 0.129 0.126 0.120 0.108 0.119 0.112

Table 3 Peak Strouhal numbers of lo.
Cases 50 530 70 730 10-0 10-30

Peak St of I | 0.137 0.126 0.122 0.110 0.120 0.115

L.

BHEERTE, EE2RETRELD z2 HETRES DB ZR
#>. z) HEGHEDI—RIC EHRAE THRMO™ETREZDY, E
ROLDBEHEZEHETIETIALIIRBEYTHS. LizhioT
HEOEBENFRRESBELIEDY, SHROBELLLN.
3.3 k- ROHEEE

Eq. (9) TEEhB3I— L ADAN MRS EEEN
7513, MRANCRIZE+ R EORFRIERPBES DA,
BRERTEDOL D REBOAERHERII—BRICRETHS. Ly
LABNEEREORRELTWBRABOLIIZ, FhOHEEMNA
NHRC—E L DEFEMNR O T, Pi(ys) KEATIANH
DR/ B THBIBEE < P (ys)Pi(ys + £) > & ys ICHREIHR
THBW. T < |Pi(ys)]? > IKDOWTH ys Itk 5T —EHE P?
LIRELTWBMNS, Bq. (6) &V piidys KK 5T ¢ ORITKE
T%. §habb, HED y3 IZDOWT

hi(ys, ys + &) = pi(€)
L&INB. EX#E Eq. (9) KRATHIE
Yi(§) = pi(€)
Lz, ¢ EIENLERD 2 ABICBVWTRDSN2aE—L Y
A& Y(£) ETBIENTES. PENS, EETI/OR B
VEESA I ORNS OB ORI/ 0ROIE—V A%
y2(€) ELT.

Ab— L AFEHKOT 5 > TN EGEEKIL 64 B &Lz,
3.4 WEFRHOZLM

ERHOZLHICBEL TS, UTORMNETo .

0=0IZBNTU Z5m/s ™5 20 m/s & L& EDOHRMEE
RAA I OROEBESN 2 REHEE, 271 70FRICDNT
FELN)V L, TFig. 61RT. BXT 14 m/s ETRBIHT
B4 RACH > EEHENVBONTNS.

FEFEREORBRICETABRNELT, Fig 7T,

a) —HRIGHE U = O(REEEIL) & L TRBREZREBLLBE,
b) U =10 m/s, MBREZREL LM >1BE

c) U=10 m/s, RBREZREL ZHE (Case 10-0 DRERI)
DINIT— 2 TRERIZBISFELNINORERRERT. a) I
BNWTHRINDANA VIIEEHBEROBREER /1 XEEZ
50134, b), c) OXBHEBERICIZRIEEL Thizlh, 35K
b), c) DLEN S, RBENSOEH TR EAKREZRNT
AR BT TN LB 10 dB A EOTEL RV EHERL
THY, BEREOEEIZIME RN LK. Case 7-0 B
BTHolM, TOMDT—XTIRESFAZ S/N MBS hy ),
BRORE A FEHERER EREMOLLEII Cases 7-0, 10-0 D 2
F—ADHITo 7.
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7 PR . a) W/o flow
125} 0L . B W/SHow i testbody — | 100p A ¢) W/ flow - '
— 5 ) W/ flow, w/ testbody - 80 T
[22] 120 - 30 ’ % o ~~m~'"'~""'“"*“’v~w~¢
i ; 2 60t
=115 ) : I
o U4 law ~ 9ol
. +12 dB per double U) ) ]
105 - . ~ _ - 20— ., e - ; -l
5 7 10 14 20 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 0.10.203 040506070809 1
Ulm/s) St St

Fig. 6 Mean-suquare surface pressure Fig. 7 Sound pressure measured at the Fig. 8 Sound pressure measured by the

detected by embedded microphones.

a) Case 5-0

g
2

o RRG—

receiving point in Case 10-0.

base microphone in Case 10-0.

b) Case 7-0 ¢) Case 10-0

~

e(Y2)

f) Case 10-30

Fig. 9 Measured Re(72) versus £/L and St.

Case 5-0 ——
» Case 5-30 - ]

" a)U=5m/s

. ' Wil

" b)U="7Tm/s

' c) U=10m/s Case 10-0 —
Case 10-30 — —- ]

basé 7-0 —
Case 7-30 -~ -

; 2V
ks, Lr T3S SO,

St

0102030405060708091 0102030405060708091 01020304
St St

05 0.6 07 0.8 0.9

Fig. 10 Estimated coherent lengths.

Fig. 8 12i&, BIR® a), c) KB ZHBREEATA 7 OKR> D
BEERERT. BREBEAATIZ7O0RICDOVTIER, £5—2X
T Fig. 8 LREKD AT/ S/N B S hi-.

HEEOEBENRE OB I URBRENT A 7 0K EATOZR
M THR E 5 Helmholtz BB DOHBE BT 14.1 kHz TH
D, 1kHz UTF2RENR LT IEERICIIHEL N,

4 REBRER
4.1 FRBORLMHES

Table 2 12, BHBEANT A/ ORIIBIDEEHES 2 Rl
< |p(x3)|? > D&~ I R EHE p2 O¥—2 X bO—N\)LEK
ERT. 0=0° OBEE, WY TONEKL A VIR BY
% Kéarman MBHBICE 2B NBREOE—I A FO-NIVETH S
0.12 75 0.13 LiFE—HLTHBY, 2EROEEN T YEIGR
INd. iz, 0=30° DFEFIT0° DBEALVETETLTWS.

4.2 EFNAOBRLMHEICKT SR
4.2.1 k- RBERE

Fig. 9 ICiABmEQECEELI N R/ HmER ¢/L, BX
YR FO—/\VEKIZHT S Re(yz) 2FT. WihOr—ATbEe
TORBEIT ¢/L DEKITHEN Re(y) BEALTVNBA, & —
AD P2 DE—7 A bO—NVEIZERMIET 2R hO—/ VKT
&/L DIIMITHT B Re(yz) DREDARERLNITIZo TS, Re(y2)
NE—D ERBA MO—NVEROEBZRTIE, UBKUKOIZES
T Re(yz) DAFIIZIERBEE Ro> TS,
4.2.2 HBRZOHTEER

LB/ _RINT A—FHEE S 1T 5 O MINPACK® 2/
WT, Fig. 9IZ:RL7 Re(y2) Z Eq. (11) KESEIETHESH
FABEE I, ODHEERRE, Fig. 10T LITX>TEELL TR
T, ik, LAE—7ERBX MOo—N)LEE Table 3 IZRLU=.
Table 2 EHEET B &, 52 O¥—2 A bO—NVEEFIE—HL
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IR a)Case 50 RN ==, b)Case 7-0 [N S, " ¢) Case 10-0
0.8 = Sy =0120 1
< 0.6 IL.=5.16 |
R L -\_.:
g 041 \ s=0501
0.2 \ﬂ=%9\\\ _____
0 \ -
-0.2 R , , . . .
0 ; N " e) Case 7-30 |\ f) Case 10-30 |
g 0o S Hrs3se | i 115~
(] = S . =J. 3 e
§ 04 WL=157 o o S8 ]
02 e TR NN |
ey $t=0.500
-0.2{L/L=0610 , . : . . , . |B/L=0552 | , A
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
gL gL , gL
Fig. 11 ——: Measured Re(y2) plotted against £/L at representative Strouhal numbers, ------ : their curve-fitted Gaussian

functions. Estimated values of l2/L are indicated in the figure.
1

‘Measured
0.8 Estimated Gaussian curve ————
a 0.6 (L/L = 0.00292)
E 04
0.2 )
0 N\
‘\/ A
-0.2 . . .
o 1 2 3 4 5 6 17

EIL
Fig. 12 Measured Re(1y2) and its curve-
fitted function at St = 0.8 in Case 7-0.

Fig. 13 Power spectral density of surface pressure along spanwise (z3) direction.

50 T T T T T

" Measurement " Measurement
40 + Estimation - Estimation .
Incoherent source assumption -------- Incoherent source assumption --------

— 30 1.8dB ]
E 20 2.8 dB -
Ky }

10 pa N

0T a)Case7-0 b) Case 10-0
_10 1 1 1. 1 i 1 A 1 1

T T T T T T

02 03 04 05 06 07 08 09
St

0.1

1 01 02 03 04 05 06 07 08 09 1
St

Fig. 14 Comparison of sound pressure at the receiving point py’s measured by microphone, calculated through present

estimation technique and through incoherent source assumption.

THH, Kérméan WEHSZA/SHRIZaE—L > b THDH I &8
bhs. /L DE—V IR 5 MET, F—ARESTIRIE—ET
b3,
4.2.3 HORAGBICHTIES

Fig. 11 KRET—RiZBIF2 L OE—I XA O-—NIE (K
B Stpeax TRT), TOBEBIVCHEARBORRARREL T
St = 0.5 EEEICBIT B Re(y2) 2 ¢/LIcHLTSOy L. £
NEND Re(y2) IKML Eq. (11) 2EESSETHES N /L D
i, BLXUEq. (11) 0REEBEMELE. St =0.5 TIRRAKIZ
BIEEMNA L2 TWBA, B/MIE 0255 -0.18BETHY,
BREHEEZRELTWBEELS. EE—I X bO—NVEOREG
LETlE Cases 5-0 BEH I ARG LETRRD I —ABFEHT .
UL LS BEMICIE Eq. (11) ORBBERLS —BL TV,

727U Fig. 12 KATRT XD, T/ 0RBITEOR

EBTA Z Ok Mot —L 2 AEE Re{12(0.5L)} BN TH
A& o AERICBWT, B/N_FHEEOREL I2/L = 0.00292
OXIBFEHTNIDHBESHEMERIHERNRAS N, €D
HEROSELAEERETIE, BEFETI/O0R Moae—L
> A% max [Re{72(0.5L)},0] & L THBES #H#E L.
4.3 WEFEOZHMKRE

SESTI 70K TRUSNEEEE, RAZHENDSEH
FFECI > THEINAETEORBEITS. 3.4 ORI THE
i S/N H &R L HBiE /e Cases 7-0, 10-0 iZDWTD
ARE L.
4.3.1 ZEBEH 2 FFHE

Fig. 1312i3, HBENT I/ OR TRIHSNICERHES 2 R
< [p(z3)]®> > %, A FO—NVEBIUEET 7 OR AR
BEEEUEANHMEE 23/ I3 UTEEVRIIVTRY. W
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=X EHZ FO—/NIVEIZH LT Table 2 IZxtiS L - Big# T
HARRE— I RRESNZ2H, ANCERICIBE—ETHS. &
K55, Eq. (7) BHERFROBREHBAN S HRNIFE—TE & OKE
BNEFEIN 3,

4.3.2 BRESEERMESLUHTEOLES

Fig. 14 CRZERICBIZTELRINOZFEIA 7 ORI
S OEHE, FHEEFEICLDHER, FHBEELT, BLB
ERRRICEMBEEEZREELTEgs. (1), (4) CEDEHL-ES
RY. BITANR, HESA /ORI HSEHLE 6 SEEHL
a=3L &L7.

723 Curle ORITREMTBORHZMRICHB I TWLS,
AERICBIT TR S WIER 1 m 1% Cases 7-0, 10-0 izBiF
% Karmén RHEHEAKEO St = 0.12 IZH BT 2 FHED 5.7 m
BLU40m &DEVEYD, EERBEEOEEEERTER,
L7485 T Fujita 57 I2iifly, UTFORXTHEERBETEOME S

ol
E:O—%ﬁJH
ZZT P RRESNEERERES, j IERELTHS.

Case 7-0 IZ817 3 Kérméan #BUHHAREEICHIET S St = 0.12
DOY—2 T3, FHEFFEICL S EMIIERES LKL T 2.5 dB
B> T3, —FTEHETREEZEEL =B ERMBELD
7.0 dBE< 2> THD, AFEOHNEIEIENHEEE S X
TWb. Case 10-0 IZBIF5 St = 0.12 D¥—2 Tid, SH#HEF
I L BHEEMEIZERME & L T 1.8 dB K EE-> TNBDIT
MU, MHBETEERELBAIIENELD 2.8 dB @S ERD,
ENRDSEFEOLNEREGENREEEEZTWS. BEh
5 Kérmén i IC & 2 MR FEOHEICB N T, FHEEFE
DEBENREINS.

Kérmén #BHAEE L D BRAKKICBWTIE, Br—X&b
ERELDBNEEEERBERICHS. TORERE LTI, BE
BBIZBNTIX Eq. (16) DIENER D ST/ W IR B 5 2 &,
BLU P} BHBICEY M 70K BIHTIE—L Y NREBE
HERE LI ANHEREINS.

¥k, @i —2Z &b Kérman @B EERKOBZTICHET 2
St = 0.24 fHE CHEBEICHFET 2 — 2 NERECEELEND
BEESO LABETHS. FREELTRINAE CRAMEOESIES
(BEWiN & LTIUHE) EhaoTWaAEDIZ, EHEHELTIR
BHINTHREATEE L TRBRINANI EREISNS,
FHIISBOBRFELEWN,

5 F&®

Lighthill-Curle OZEHFHRICE IV EERWER D RIC X
SENEFRERINITBNT, BEAN OREFRGERITEEEZRL
THEEANVDS OBFHETEHRE 2TOFER, HUXEEHO0
E—L 2 RAETFINRICESWTHELE. ISIARERNSESF
NAOZUEZERL, SHEEFHROEFNHEYRERL.

EELUFHTREBRITC L - 2/, MEEEOLHEHREG
R ORBRE AR, JE SRR EORRRREL, XDEERE
FHROZUHEB LA YHERRICIIBERITIC X 2RIV ETH

5. ¥z 1.2 HiTHRAREZMES BLXUHEHS OREFEEOLED
BETHS.
FHEEFEORBELT, KRB TEYRIE—L > AEF
WREERTDZ LT, BSHERYELN OFAR ORI b i
TIREARERENEITOENS. FIZIERT U FERBTFOLO BERY
ERIDRITIZBNTS, EPHFEMOIE—L  ADEFIIZLS
HEEFEMENTREEZI SN, SHROBME L TRMLEL.

T3
ARFRO—BRIBHEEREHARBD S EEHE (B)
16760473 IZ X > Tirbii-.

E
Y 1) EA S AREMEICBT 5 s 5 TRk s COBSE
ERK (EBES) B FRMO 2 < —BERWTIFE—E OREE
L2RL, BHARERTYEEERS (Fabb, FEER2HkE
NELTRAMERS)S 25, Hi< &b Karman WA
WEGEDI BT Eq. (16) BRDSIDEHMF L. 727 LS
FEN~OF5VNE 7384 Karman BB O EHE0_E DR
AT 5 EROZYEIIRANRY, SERNTRESBELEXT
2%

BB, FRRCBOTEIRRAEMEORS E, &2 /8> HrAiE
KOEMED—ROHOEBENZFHML Eq. (16) IKE>T Py
BEM U, AFREKERERITICERT 588 mhRE
DENNBENDI®D, Eq. (5) MHEE P, #RH 3 T & AR
TH%.

¥ 2) Cases 7-0, 10-0 BUAD4 — R THREFA S/N HAVE 5N
Mol BEIL, Case 5-0 TWEEMN U = 5 m/s &BWED, ¥
72 6 =30° OMZAEF L Cases 5-30, 7-30, 10-30 I2HWT
IZWAAIZE D Karmén MOBEMERS NS 19 5, HRRG
BERETHENFAGINS N EITLB.
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