/,:w,”*‘ . 5?//),,,;;4;»»» ,,
'w . ,» .

.
” e
f»,,,»,,y,,,:,,

.

.
.
%r/ii%{f - .

. ,,,4/,;;»,,,, . e
%f»;f»;;x .

,»;, :,,,,,) . »%

e "»ry . -

. ';,,ﬁz .
o »/» . ,,;,),//, »,

e MW« »M»,u/,,,»w» o ,({;(y,w»,,,m

E y,w

. ”w»," w,
.
.

.
.

. ";)/ i ,,,»;))f’ 1’
g,
. ;? W ”*;’»’ y}m Rkt el
...
s '/"9,%/» ,, ,,),,»,»y, . 4,/{» .
. . 7;,,,
. »»»émi : w;» . »/,, 'w, . y;; .

)),;4,‘;)/,

e
wk i
;%");:7» )'tkv?‘/&éf &
:,")f/ »/»ya)"){,{) ,,,} ;x, i

. ;, ,, )é .

’,‘

“*%

b

|
et
o
S

o
-

“\\Vii
L

.

e

-
o
-

.

“f*s
‘%&‘E«‘

.

.

S

e
- ,»»»;»:)/:» .
.
.

e
o

e 4 ik
. o 5

o

/t

. .

, . .

. /»,/ / .
.

. -
e ”/:v::»,»»» .
e ,,,,z,

.
ww%‘%
. ,»,M,‘x

e . . )»,;4:,”
f»‘ .
)” . S
%» . »” .
..
. ,}’, x,, s/»t»»;;;»,
.

. r,/m .
;fg; ;;g;iw f Mf{

.

.
3

-
-

-
>

.
.
.
o
.

i

s
T

S







. Report No.

2. Government Accession No.
NASA CR-2126

3. Recipient’s Catalog No.

. Title and Subtitle

NOISE FROM INTERACTION OF FLOW WITH RIGID SURFACES: A REVIEW OF

CURRENT STATUS OF PREDICTION TECHNIQUES

5. Report Date
October 1972

6. Performing Organization Code

8. Performing Organization Report No.
2276

7. Author(s)
BY RICHARD E. HAYDEN
9. Performing Organization Name and Address

Bolt Beranek and Newman, Inc.
50 Moulton Street
Cambridge, MA 02138

10. Work Unit No.

11. Contract or Grant No.

NAS1-9559-14

12.

Sponsoring Agency Name and Address
National Aeronautics and Space Administration
Washington, D.C. 20546

13. Type of Report and Period Covered

Contractor Report

14. Sponsoring Agency Code

15.

Supplementary Notes

16.

Abstract

A brief review of some fundamental aspects of sound arising from turbulent boundary

layers, noise due to flow past a single discontinuity (trailing edge), noise from airfoils

operating in turbulent flow, and noise due to rigid flow discont

in rigid ducts is presented.

inuities (spoilers) immersed

Emphasis is on dipole-like sound fields associated with

turbulent flow past a trailing edge, rigid bodies in turbulence and in-duct spoilers.

Representative available data are reviewed and evaluated in terms of theoretical considerations

and, where possible, empirical prediction techniques are given in terms of convenient

aerodynamic and geometric parameters.

Limitations on current knowledge are discussed.

17.

Key Words (Suggested by Author(s))

Noise
Aircraft Noise
Airflow Interaction Noise

18. Distribution Statement

Unclassified-Unlimited

19.

Security Classif. (of this report) 20. Security Classif. (of this page)

Unclassified Unclassified

21. No. of Pages 22. Price”

6l $3.00

For sale by the National Technical Information Service, Springfield, Virginia 22151







TIT

*gl2z "ON 3J40dsy
- QU URBWMAN Ppu®B ¥aurded 3T0d poul8Tsse u9aq SBY qg0dsa STUL

* pafpaTMOUNO® ATTnJo3Ba8 ST UOT3EBNTEBAS J0J B1RBP 3USJIIND
FuTpTAOdd UT J93Us8) YdaBISSY £oTBurT YSYN JO PpJBAANH ‘H "H N
Jo uoTa3eaadood 38Ul *JSTT9H "H "H pue TUBWEBJITPUBYD T Y
‘pneueypy ‘O ‘¥ “Sdd son3eaTT00 STY JO SUOT3NQTIIUOD pue UsTm
suoTssnosTp TnJdiau So3paTMOUNO® LATTnJo3eJI3 aoyine SYL

*ygoM 2Uj4 JO UOTJBNTEAS
qToTTdwl UEB SEB papusjul 30U ST SYJIOM pogBTed JUBOTJITUITS 03
sousdajod Jo uoTsstwo Auy “Po3To gem sTdwes aAljejussaadad

B ATuo €saseO yons ul -quowesJgle TBTAUSSSS UT ST UOTUM

evaep TRAUSUWTIadxX® po3eTSd JO SUMTOA STQBJISPTSUOD B ST 949U3

¢ podoA0D SEBSJR 2Uj JO dUOS UI “TL6T 4200320 03 JoTad UuTBWOP
orTand ay3 UT STABITEBAE TBTJI93BU SJISA0D qaodad aulL *@TUTBATA

‘uoagdurey €dJao3uUd) YoJaeaSSY £oT8urT YSYN ‘UOTSTATQ SPBOTI cyourdgdg
coTasnooy ou3 AQ pagsjsSTUTWPE PUE hT-6G56-TSYN *ON 39BJL3U0D

YSYN Jopun $339SNYOBSSEN ¢o8pTaque) ©°OoUl UBWMSN PU® vsurdaag
1109 Kq powaoJaed sem qaodaa sTyjz Uut poquasadad 3aoMm UL

R TOLERDE



. s




6¢
6¢
T¢
T¢

fe
0c
6T
6

9
9

G
T
T

T

XT
A
TTT

o3ed

.

I R R sl fo iR L C ke Rt

S IR I I\ e f o lafe)

e o s o6 6 o 8 o 0 6 0 6 s s e e s s s s s e s e s 00 mgOﬁP.m.ﬁ.S.ECHO,m” H@O‘.m.HHQEm
e o o 6 o 5 8 8 s 8 0 6 8 s s 8 s s 0 s s 0 s e s e s PC@EP.@Q,HB H.@OHP@.\HOQQB

A R R A N

~NOYIANHE CANIANOD ¥ NI SHYHTIOLS MOTd WOHA NOILVIAVd dNNOS

e o 06 6 6 8 8 8 s s 6 s 0 s e 2 e e e 0 s s s 0 s 0 000 JCOﬂP.@ﬂSE.HO—m H.u@O..ﬁ.Hx._“QEm

ceeesee o8y oT0dT(g 3UTOd WOJLJ UOTIBTAS(Q JO 399JJdH
<eeeess gDTQSTJI870BIABY) 90JNOG JO UOTSSNOSTJ TBIUSY
++ oM TANI HGYAISIA NI SIIA0od dIDIY Ad NOILVIQVY aNNos

e o 8 ~ < s s 8 e s s s e s s e s e e 0 e s e mgOﬂP‘QHSOﬂmO @»PHP.@QHPW.S.._”.._“H
e e 6 - e o s 6 8 6 8 e 0 s e e e s o s e s s 0 s e mgonﬁo“mﬁﬁg.\ﬁom .ﬁ@OﬂnHHQEm
e 6 6 o 6 0 0 0 0 s s e e 0 0 s s s e 0. Qw,@m C(...\w. ..HO wwﬁv.ﬁm QPom uo Bonﬁ_m

R - Yo 1= B 5 a T 1)

SpPTS SUQ UO MOTJ :SUOT3BAJISSAQ Teauautaadxy Jo KLaewung
L i s SUOTABJODTISUO) TBOT3O408UL
O R (She )\ cseict

ONITIVHI *ALINANIINODSIC HTIHNIS V LSVd MOTA Xd NOILVIAVY ANNOS

e o o o o6 o o 8 e o s s e s s s s s e s s e e s s e o0 P.HOQ@WH WHQP%O @QOOW
ceeseeeeaseee s I3TQOJJ TBJISUSYH OU3 JO JUSWSZEIF

Q'..'.'.o...|..lnl'.'...OOCOQQOOQQQQll..... ZOHBODQom—HZH

o.ocho.o.c......;..cocoo.c-.o..oo.-..c.o.o-.c- Mm.ﬁ.‘ZZDw

e o 6 5 o6 6 o6 6 6 6 6 0o 0 0 s e 0 s e e e e e s s e e s s s s 0 mdomzwm mOBqu

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

© SETYVI ANV SEYNDIA 40 LSIT

.....................o.‘.................o.... Qmozmmom

SINILNOD 40 379VL



Ofr

%3

ne

62

9z

T¢

81

LT

qT

€T

¢t

T

0T

23rd

e eeeeeeeaaaaaaeeeeaeses SMOTIUT TRBUOTSUSWI(
-¢ pue -g UT STTOJJTy uedg 93TUuTg Jo ssuodssy 3JT1T

@ © ¢ 8 © 8 o 6 6 ¢ 6 0 8 5 & 8 6 e 6 9 e 8 S 8 9 0 0 S 8 G 0 0 G e s s s s s 0 0 00 @.ﬁogn._”g
QUTOd PIoTd-29dd J0J KJTAT309JTQ TOAST 2J4nNSsadd punog

T I S R Rt
punog oT10dT(Q autod Burandwo) J0J wWwelsLS 23BUTPIOOD

e eeeeeeiee et e AURUBANSEBO
UyaTM unagosadg 2STON TTOJJATY Po3oTpeadd JO uostaeduo)

seecccccceres gdr Q00€ 9B JTY TTTAS UT 3UTAOW 93BTJ
1874 UTYL B WOoJg 9STON 93pd BUTTIBJLL JO UOTABINOTIEBD

St aaiieeaieei i gapT] ABT4 94TUTIUT
-Tweg ¢9STON pPelBJISUSH-3YEBM JO WNJd3o3dS POZTTBWION

e o 5 o o o o 6 6 0 6 8 @ o 6 e s e e s e s s s s e e e T e e 0 s s e oo E@Pm\mm @PMH&
/8T2ZON TRUOTSUSWI(J-99JdY], B WOJI{ SSTON 9%pd JUTTTBIL

@ o & 5 o 8 & e 0 e e 0 2 0 s " e e e e 0 ﬁm mogmhmawmmu mmmng“ﬁgB mwﬁm
04 ang ,Jd8mod punog 83pd, JO UOTFONPSY PIAISSQQD

T T P, o
UBUM 904n0g osToy 93pd SuTTTBLL JO L3TAT3094T(
ceeeseeceeetes papq oSTON 93pH BUTTTIRLL JO uosTaBdWO)

e 6 @ o 8 5 & 9 6 & ° 8 0 8 & 5 6 0 & 8 8 S e 0 s e e s s s s s 0 s s 0 e 0 e @Wﬂozmm.@m

SUTTTRAL JO BJIioodg puBg 9ABI0Q £/T PIZTTBWION
ceeesseees 9OTQSTJIS10RIRYY 390 TIBM TRBUOISUSUT(I-99JaU]L

cereesscei e RFOTOUTUWIS], PUB WS3SAS S34BUTPJIOO)

© ¢ o 6 o o 6 6 6 6 6 0 e e 0 8 5 e e e s s s e s s e 0 0 0 s e s 0 e e s s s s e ww.@m

SUTTTRLL B 4SBJ MOTJ auaTnganl 04 ang 204n0g punog
c++e+ 9504Nn0S 0TASNOOY puk sandul pINTd JO OT3BUWSYDS

ceceseees yaTqOad 9STON MOT4 TeoTdAL Jo weaSBTQ }00Td

$3T4avyL ANV S3UNHI4 40 LSIN

9T

ST

e

€T

¢t

TT

0t

2an3TH



Om -o.ooooo.--.uc-no.-.ocono.a.u.aon»u.oo---o-ooooH@HQM—H
@j..................-......... h@P@E.@HQ POSQUQ@ QO.HD”
sangsadg wodJ SSTON J9TTodg JuT30Tpadd JI0J weagdowoy 02
9f ** 't 9STON JaTTodg JO UOT40Tpsdd J0J 3AdN) Teotatdudg 6T
m: e 6 o o s o s 8 0 s 8 e s e e 0 s e e a0 e s s 0o @H@.._u,m|®®cﬂ_.m,mug.m PO.DngH
soanog Jarrodg Jo0J gndanQ J9MOq punog Jo a3ury)y QT
Nﬂ ¢ o 6 6 6 8 6 0 s s s s e e e s e e e e e e e s %.HP@EOO.@ POSQlC..ml.\H@HHOQm NH
a3ed soan3dTJd

(*32u09) $379V¥l ANY $3UNDI4 40 LSIN






XT

BaJB 90BJINS
50UBLSTP TBIPRL (POXTJ J0) OTJToads
SOUBASTIP [BIDEBJI DOZTTRISBUSE

ANDQ 2/T =) sansssad oTWRULD

(s33eM Nﬂloﬁ aad gp Uul) TeAsT Jsmod punos
sanssaad JIuTaeniontt

JoQqUWNUSABM juaTngang astMmueds

ya3usT UOTABTSIJI0D TBJIZSJUT

ya3usT 23®Td

20URQJINASTD
sanssoad TTeM J0 Appe 3uUsIngdng JO UOTSUSWTP UCTJGEBTILI0D

seTou JeTTods J0J J0308J UOT3BZTTBUIOU OSTE
¢ JoQUNUOABM 90USTNCANG POZTTBUJIOU Jo J9QUNUSABM OTJSNOOE

A4TSUS4UT OT2SNOOE

_I-p =

qU3Tay (30TS JO) STzZ0U

Aprmgv KousnbaaJ

JIS93WBTP 30onp

aoTTods MOTJ JO UOTSUSWIDP TBUOT308S=SSO0JLD DT3STIS30BIBYD
Aqov JUSTOTJIS00 3JTT 40 ‘Y33usT DPIOYD

poads punos

98ps J0 TTOJJII® U®B JO ueds

BOJIE

30an0S B JO SnIped OT3STIA930BIBYD

ST0GWAS 40 LSIT

JO U



STX® Q = § 04 Tewaou auerd Uutr aT3u®
£qTsusp TBJI309ds

£ytsusp pINTJ

Jamod punos

PINTI JO K4TSOOSTA OT3BWSUTH
ya3usToAaBM O0T1SNOOE

sT3ur TeoTasauds

(ssauxoTuj J9LBT Kaepunoq se®
yons) 9O0UBQANGSTP MOTJ B JO UOTSUSWID OTASTJ930BIBYD

Moeaq® JO ST3UB

:sLoquAs %834y

99BUTPJIOOD (20BJJANS pu® MOTJ 03) TBUIOU
57BUTPJI00D asTmurds
94BUTPJIOOD SSTMUWEBSILS

o3ps JO UYspTM OSTB (£L3TO0T3A ysezmdn JO anlrBA 94nTOsge

ya3usT uoTaBTaJJ00 9sTmueds osTe ¢ (£L3TO0T=A ysemdn €*e°T)

50BJJANS DUBR MOTJ UBSW 03 TBUIOU UOT3BNIONTS KaTo0TaA
uoTaeNaoNTJ A3TO0OT8A SSJISASUBI]

KqT00TSA uUBSUW

yoTaBNgoNnTJ K4To0TeA (OSTMWESJILS) TBUTPNITIUOT

23ps uB JO SSaUNOTU]

QWY

Jeqn zo00'0 o4 gp) TeaeT adnssadad punos
(

(*3u0)) ST08WAS 40 LSIT

1dS



e

sosayquadaed uT Latauesnb JO uBauW ( )
qusuodwoo 3utaenjonTJt () Jo ()

:s3diruadsuadng

UoTa908JIp-£ 2ays Ut £
UOT309JITP-X 9Uj3 UT X

eem 07 Juiureadgsd ‘OSTEB 90BJJANS 3B JO TTEBM B 3® m
TB301% al

s0danos 04 Jututreaasd S

UOTA299JTp TBIPBI 83Uyl UT I

TTBISA0 YO

UOTATPUO® TBTATUT JO jusalque 07 Juturejdasad 0
pPozZITBWIOU N

£4T00ToA TBOOT WNUIXBW JO anTeA UBSU w

£pog ® JO Y3BusT TInNJ 3B T

3af £

Apps juaIngdniy ® 013 wswcﬂm@mwg ]

ya8ueT UOTABRTSJJI00 JO OT3STIS830BIBYD )

:s3dLaosgns

(*oos/sueTpea url) Lousnbsaj (UETPEBL) JBINOITO m

uotaoung s, JaBag !

(*3uo0)) ST0dWAS 40 LSIT






sunipou ays fo peads punos sya v sovfans 2yz woaf Avav savbvdoad
uoyq yoiym suoigpbngonyf esanssead o7qrssaadwoo ozuir Apivoruosgns
Bui7g2avag 2av yoiyn suorgvngonyf (Az10072a g0) 2ansszad 27918
-soadwoour fo uoisasauoco oyq ul sgqnssa smorf panyf ozuzr seonf
-ans fo uoizonpoaiul 2yq2 :weTqodd a8yl 93B31S8J JUITW oM ‘snyp,
*$5TJBPUNOQ 20BJJINS/PINTJ 9Y3 JBOU JO0 ‘MOTJ 8yz Jo aJaed 9947,
ay4 UT J8yaTe ‘MOTJ @uyjz Ul souaTngang sonpoad €SUOTZTPUOD Kuew
Jopun ‘TTIM JIBOUS SNOOSTA 3BYU]G SoTTAWT UOT3Tpuod A3TSOOSTA
oyl ‘aTnsed 04 punos JoJ oTqrsseoadwod aq jsnw ATSNOTAQO DURB
SNOOSTA pauwnsse 99 TIIM PINTJ 292Uz ‘sdsYy UJIS0U0D JO S9SBO 93Ul
JO04 PpUnos 04UT MOTJ 8yj3 Ul ABJsus sYyj JO SWOS JO UOTSISAUOD
UT S2Tnsad SMOTJ PINTJ 04UT s8oBJAns JO UOT3ONPOJIUT SUL

Wa1qo4d LeJdduay |ayjz JO uawajzels

NOILINAOYLNI

*saoqswedaed oTJa2wo0a3d puB OTWRUAD

-0J9® JUSTUSAUOOD JO SUJIS23 UT USATS oae sanbruyosq uorjorpsad

Teotatdws ‘aT1qrssod aJdaym ‘pur SUOT3BJISPTSUOD TBOTISJI03Uj

JO SuwJsy UT PO1BNTBAS DPUB DPOMSTASJ 2JB BREBD STCQBTTEBAR SAT]

-Bquesaadsy ‘*saonp PT3TJ UT pesdauml (SJA9TTods) S8T3TNUTZUOD

-STp MOTJ PISTJL 03 onp osTou pur ‘MOTJ juaTngdangy ut dutaeasado

STTOJATR WOJJ osTou °(23ps JuTTTBIZ) LFJTNUTJUOISTD ST3UTS ®

psed MOTJ 09 onp asTou ‘sasfel Kaepunoq jusTngdni wWodJ IJUuTSTJIR
punos Jo saoads® TB4USWEPUNJ SUWOS SS8SSNOSTP ja0ded STYL

*98paTMOUY QUSJI
-JdNO UO SUOT30TJAS8Jd JO SSouUaJdBMB UB sadlnbsd pue TBTATJISZ 30U
ST ¥seq ® yong ‘sdaojourdaed oTJqowos3 puk ‘OT3SNOOE fotweulp
—0J9® U3TM suweyos uotaotpsad Jo Jurtyogeu gedoad Lq pskfordws aq
fLew yoTym senbruyosg uorqorpaad TeoTaTdws Jo jusuwdoTaAdp 9Uj
07 9TQBUSWER oJ8 UOTJBUITJUOOD TBIUSUTJISAXS STQBUOSBSI DPIATS08d
oARY UOoTUMm sayoroddde TBOT32J09U3 9S0YJ °Ss0BJJINS PISTJd UaTMm
SUOTA9BJI94UT MOTJ JO S&SSBTO TBJI24A9S £Q UOTABIPBI pUNOS 30Tp
-oad 04 posn aq Kew YoTym sonbTuyosl SUTIITXS UO UOTJBUWIOJ

-UT punoa8xorq sprtaoad 03 sT ggoded sTysz Jo ssodand ayf

AYYWWNS

*OU] URWMDN pue jauedag 3|09
uspAey "3 pueyosly £q

SINDINHOIL NOILDIQ@3Y¥d 40 SNLVLS LNIHYND 40 MITA3Y ¥
£$3974¥NS AIHIY HLIM MO14 40 NOILOVYILNI WOY¥d 3ISION



c

RT3usTusAuod pue KTTSeBo Lew suo ‘pejelad ATdwWrs oJe8 punos IJUTJINS
-oJ 9Uq PUB S$80UBQANASTP MOTJ auj uygzoq Jo peasads (uoTaededoad
J0) UOT408AU0D puk ‘areos ‘yaBusr ‘Lousnbaag sasqoswrdaed syj

90UTS *Apog 2yl JO SUOTSUSWIP OT3STJI840BIRYD 3Y3 PUB 9oUBJING
-sTp MOTJ BuTlonpoad-punos aysz Jo Lousnbad] 9T3STJI230BIBYD 3BYj
uodn spusadop TopOUW 804NOS 8yl JO aJn3BU ayjz ‘g *3ITH UT 3JIBUD
oya £g pe1BOTPUT SY * $90Jn0Ss SYTT-oT0dTIp J0 ‘s3T0dIpP OT3SNOOE
S® pPazZTJo10BJIRYDO oJB WNIpaW PTNTJ B UO $90J0J JuTieniont]
JO S£30anog rsaTaTauenb queOTJTUBTS ATTBOTQSNOOB 03 DPO3IdA
~U0D 3JB S2oUBQJINASTP anduTl sadfa sSnoTdea 3yjz UYOTUM UT J3UUBW
oATaeaTTEBND 2ya pue ‘punos sonpoad 04 PISTJ MOTJ LAdBIQTqdR SUWOS
£q uodn posgoe ST Apoq PrdTd B uTodoym waTqodd TeoTdA] B ATTRO
-TgeWaYOS $30Tdop g 24nl8Td *dooT {oBQpeaJ B 03 snodoreuR JUuTeq
snya ‘soourqJanasTIp pINTJ andut oayiz sousnTJUT ABW - SUOTABNGONTJ
£aTo0Taa puk aanssaad 9T3snooe - sseooad sTys Jo ,andano, ayj
¢SUOTA4TPUOD SUWOS JI3PU[ °PUNOS O3UT S20J0J JO0 sadnsssad asayjz JO
UOTSJ2AUOCD 2Uj3 JUToq J9UYjz0 aYys PpuB (wnipswl Iulpunoddns ayj uo
snyj3 pue) £pog 9Uyj UO $80J0J L0 sadnssadd O4UT S80UBQINGSTP
PINTJ 2Ua JO UOTSJSAUOD 2Ujz JuToq auo (psaToauTl ATTeoTdA]
aJde ,suoTiouny Jo9Jsuedsy, Jo sadhg omy £Apoq B woaJ A3TOT3JI04
pays pur ‘edousTngany Jasfel Aaepunoq ‘souUsTNqIng 99IJ SB Uons
S20UBQJINGSTP PINTJ 948 843U 3S8J84UT JO sandul oTSBQg 9Y]

W3I7904d ISION MOT4 TVIIdAL 40 Wyd9YId %2079 "L "9Id

S3ONV8YNISIa din1d LNdNI 40
NOILVOI4IQOWN OSNISNVO LIN3S34d 38 AVA

| MOVEQ334  D1LSNODV _

| | (S3ONV
| 308 -guNn1sia
(ANNOS) | aNnos NO $39404 ain4)
- - oL AQOS 0L S3ONV LNdNI
LndLno NO S30M¥04 | |fE¥NlSid a4
40 NOISH3ANOD| | 40 NOISH3ANOD
__ 0I1SN0DY anma

N
+SNOILONN4 d34SNVYL

*(T *38Td) ,uor3dung

J3JSUBIY, 9Uad puB 3nduT ays JO SFPaTMOUY 93BINODOE SABY 3SNU SUO

‘wogsks ® yons Jo gndgno aya LTezeanoor 30Tpsdd og ‘LrreoTrJroadg

*qndul (umouy 3ng) AJeI4TqIR Swos 04 anp weisks oTweulp fue JO

andano sy Suraorpoad 04 JBTTWIS ATTBOTJISUS3 ST $80BJJINS PIITJI
UyaTM JUT30BIS4UT SMOTJ AQq uorjzonpodd 9STOU JO UOT3OTpadd



TURBULENT
BOUN%ARY @

\

7 Lo~ -

' TURBULENCE )X —
ANAS A

DIRECTION OF

MEAN FLOW
= c -
CHARACTERISTIC SOURCE DIMENSION
FLUID SOURCE MAJOR ACOUSTIC SIGNIFICANCE ACOUSTIC SOURCE MODEL ; REGIME
(:)INFLON TURBULENCE |QD LIFT AND DRAG FLUCTUATIONS OF @D POINT DIPOLE; kC<<1
WHOLE SURFACE
SMALL SCALE PRESSURE FLUCTUATIONS |Q@2 EDGE DIPOLE; kC>>1
AT LEADING EDGE
(:>'TURBULENT @D SMALL SCALE PRESSURE FLUCTUATIONS |Q@DEDGE DIPOLE; kC>>1
BOUNDARY LAYER AT TRAILING EDGE
@2 ACOUSTICALLY "FAST" PRESSURES THAT | @2 "LOW WAVENUMBER" MODEL;
RADIATE DIRECTLY ke Sk,
(:)TURBULENT WAKE GDLIFT AND DRAG FLUCTUATIONS ON GDPOINT DIPOLE; kC<<1
WHOLE SURFACE
G SMALL SCALE PRESSURE FLUCTUATIONS | @2 EDGE DIPOLE; kC>>1
AT TRAILING EDGE

FIG. 2. SCHEMATIC OF FLUID INPUTS AND ACOUSTIC SOURCES



*S90BJJANS Y4TM SUOTIA0BRJISJUT MOTJ YaTM

P21BIOOSSE $90J4Nn0S ayYysq JO SuWOS JO aJanaeu AJIsA aYjg JO9A0 4USW
-29J3BSTP 9TQBJISPISUOD AT3usddno ST adsya ‘qoeJ ul ‘paadsoor
ATTesasATuUn ATTJIBSS908U 30U puB AJIBJIQTqJIR 24TnD adae saTJgo8sqwo
90J4N0S SNOTJIBA 9Ua AJTAUSPT 02 8Jd8Y USSOYO SWJI2] 3yl JO SuWOog

0T3SNOo® TBOTATJIO aysz 03 Tenbs J0 uBYU3 ssoT Aob\sv SJoquNUaABM
aA®ry sadnssadad 3sB] ATTROTISNOOB, 989yl ‘WNIpauwW pInTJ aya JO
psads punos TBOOT 8Yj UBYSZ JI94B3J3 8JdB S8T3To0TaA (eoseyd J0) uoTljg
-09AUOD 9SOUM S90UBQJINIGSTP MOTJ 9SO0U3 03 anp JI94ABT 990BJJANS ayj
woaJ AT309J4Tp pPojBIpPBJL 9q ABW punos ¢syjldusTsABM OT3SnN0OOB JO
SwWJaeg Ul 93JBT AJdaA 20BJANS B UQ 42AD] Adbpunoq qus)nqdani

oYq woaf uoravipvd 30041p - 2oanog ,perffvg-fring, ()

oT70dTp POTJIIBA-JTIBYU B JO sourdaradde

2ys3 sey ATsaTaBaTTIRND UoTym ‘pPTSTJ pPUNOS juraTnsad 2ya Jo

SOT3STJI220BJIABYO TeBTaABAS 89Yya s23UuBUO 20BJJINS 8ya JO osoussadad

9y, 'o3po 9yl 2B 2STXS £90Jn0s aMIT-oT0dIp paTJIpouw usays

‘(T < D¥) 9oBJJINS 8U3 JO SUOTSUSUWIP aYyjg 073 30odsad YzIm TTBWS ST

93p9 UB 2B wnIpouw syUad UYaIM JUT10BJISQUT SS0UBQIANGSTP PINTJ oTBOS
TTRWS yons Aq pesonpoad punos 2y JO YalusTeaBM 9Ujg USUM

‘umIpouw 8yl o017
SUOT3BNIONTJ WNJUSBWOUW JUBITJTUSTS ATTroTasnoor qaedwl ATausp
-usadepuT Aeuw yoged sdansssaad juaasyoo ATTBOOT UoBS PUBR UOTIABT

—-T90ouRO 949TdwoOOUT ST adaya ‘a3pe oya Jo urds oys IJuoTe ‘oJoUum
So3ps 9U3 3B 4STX® 073 UMOUY oJB £904n0S punos qusigod ‘Jasasmoy
*S90UsJdaJJTP L3TaeTod pur osBUYd 09 anp [S0UBD 07 PUS] 39BIINS

9ygq uo ssdanssadd €*9°T (0J9Z PABMOY SPUSL 20BIANS dYA UO 30J0J
dutgeniontJ 29U @Yz 4BYJ S90UBQINASTP MOTJ aya JO STBOS OTAST

-JI940BJIBYDO 8U] UBUY J23JBT Uonuw o0 ade MOTJ 3uragoddns ssoBIdans

‘seseo Auew ur - (,270dap 28ps, sv yons) sovfans s21urful
-1wes v fo 28pe 3v 2o0anos - souanog ,perffrg-Livom, (2)

*T >> D3 uaym 92%anos qurtod ® agq 03 PaJIdpPISuUoOd aq

Leu s0anos syq $p UOTSUSUTP 90Jn0S dYj3 pue (Y/Lz = °0/m =)

JI9qUNUSABM 0T3SNOOB 9ya JO SWJId4d UT passodadxs g ABW UOTJISQTJIO

90dnos qurtod a8y “untpewl IUTPUNOJIINS 8Y3 UO pajdsaxa IJuraq

S20J0J 3UuTiaBniONTJ 9ya 03 joadssa yatm aseyd ur ATTBTAUSSSS 2dB

sogJans ayjz Jo sjdaed TT® ‘SUOT3TpuoOo osayjz Jspun (g 314 Ut

0 Ua3usT pJaoyo sk yons) £Apoq aYyjz JO SUOTSUSUWIP OT3STJI830BIBYD

013 j39oadsad UaTMm 93aBT ST £pog 8yl U3ATM MOTJ 9ya JO UOT3O®

-J29UT aya £q peonpoad punos ayjz JO Y UY3IUSTSABM 89Ul USUM 20JNOS
sTodtp gutod B SYTT seA®vYyaq £poq 8yl ‘@oanog ,quzod, (1)

i gode osayy ‘*LArdde sTspow 20JN0S JUSISIJITP YOTUM
UT SouwTdad OT3SNO0O® JULSJ9JJTIP TBISASS SULJSP puk AJTJUSpPT



*1X9q JUTNSUs 9Uyjz UT POSSNOSTIpP
oJdB §00JN0S JdaYg0 oyl JO0J Sspoyaouw uoraoTpsaad Jo KaTTTgeoTTddE
UO SUOT4OTJAS9Y *20USPTJUOD JO 99J39p S9TQBRUOSBSI B UITM 3pBU

aQq aouuUBD J2ABT AJBpPUNOQ B WOJIJ UOTIBIPBI OT3SNOdB 308JTp JO

UOTANQTJIAUCD 8UYg JO S$91BUWTIASS 9AT3BaTauenbD ‘B3BD JO HOBT J0J

‘snyl ‘sodanssaad 9T3SN0OB SNOSUBIGXS UWOLJ 99aF ATquUsToTIIns

JuTeq se poeiadddoquUT 9 UBD YOIUM S3STXS BABP [RIuUSWIJIadXs

ou ‘sarsf Rquoema ased ayz J9A0 LQTATI0R TBOTL9J03U3 ST(QBRISPIS

-u02 24T1dsop ‘20UTS 949y J9UldnJ psjgeadsd 9q 30U TTTM sSdsde
£aepPUNOQ qUSTNQJIN]G WOJIJ UOT4BIPBJI ,,309J4Tp, JO 308fgns ayg

*sqonp PIBIJ UT poaeoOoT sdaaTTods MOTJ (£) pur ‘soust

-ngana 29J4J UuT Jurgeasdo sooBJans PTITL JI9Ujzo JO0 STIOJJIT® (2)

‘o8pe JurrTRaa ' ased MOTJ 39f TTeBM jusalngdang Jo0 JsLer Larpunoq

juaTngang (1) wWodJ osTou JuTgoTpedd J0J SUCTFBRTNWIOJ TeOTJATAWS
pur sTrauswepung saussasad qaodsa STU3 JO JSPUTBWSI 9Yf,

140day sLyl 30 adodg

‘poads punos pue K1TOOTSA UOT309AU0D 9Uj ATSAT309dsad ad®

e _
% Ucmob ‘fousanbedal JeBINOJATO dYg ST Mm aJ3Uym ( °/M) JaqUNUSAEBM



31 S®B pautrjep ST o< aJdaUym qao<mqu\ﬁ » ) o< BOJIB UOTQBTOJIJIOOD
B SauT] odnssadad OTWRUAD WBaJIlS- 294 2yl 04 TruUOTagodoad aq
03 paumsse ST 4 [ (¢E saouaasgay] Tepouw asTOU 23ps ayj Uul

*90dN0S STUA JO S2dangaeaJ 9AT2ABATTBND 8ZTTBNSTA 013

U0 MOTT® So0p ang rvusuwouayd TeBOTSAUd syjz qussaddsa AT93BINOOE
40U S20p oadayds mcﬁpmﬁﬂmeo ue UYaTM 20JN0S TBOTUBYOSUW PINTJI SU3
SutoeTdad ‘ssanoco JO ° o/m 03 Tenbs JgqunusA®M OT3SNOO® U3 ST
¥y pue ‘psads punos oTdoJqUSST 9yl ST O ‘wnIipsw ayj Jo £L3TsSuap

3ya ST d ¢4g 292407 aya Jo Kouenbsd] 0T3STJIS30BJIRYD 9Yyjg ST M SJaym

woabmﬂ

_ a
(T) T >> B uaym 5w = (™

us34Tam oq £Leuw Joemod puNos IsOUM [g PuB T SedusdsJeay] Topou
sTodtp autod ® £q pearurxoadde aq ABW 20JdN0S 2yUyjz usayj °sSTXe
padasJoad ® Z3UOT®R WNIpaW 9Ujz UO 80J0J B JUTLIISXS B, SNIPRI JO
aaayds B €B pepdelsd ST 20J40J JuIlaBNiONTI 99Uyl JO 8o0Janos ayjy JIT
*(€ "3T4) °oBJaANS PI3TJI ® JO o3pse JUTTTBJILG 29Ul JUTIS3UNOIUS
Appe S9T3UTS ® JOJ TOpPOW B JOPTSUO0D 4SJITJ 3UITW SU0 ©20JnN0s
PoINQIJASTP [BJ2US3 28Uyl JUTLJSPTSUOO 3J0J3g *S$90JN0S punos
oT1odTp oTdwWTS S®B porepow ArsqeTadoadde og Aeu SUOTABNAONTJI
wnjusuwou JO $90J4n0g  * (punoq JoMOT B sk ‘untpew ayjz Jo souepad
-WI OTASTJI22490BJIBYD aU3 ‘%54 pJaeMOq 3uTpusq) 93TUTJ 03 S3TUTJUT
woaJ seduryo LTadnage 2oBIAns a2yl JOo aurTd aylz UT SUOT4BNIONTJI
sangsoadad oTwWRUAPOJIPAY aya 01 sourpadwT 2yy aJaym gutod sseat
-3Jd sdanssasad B s® popaelad oq LAem sTya ut LAew o3ps oyl “‘o3ps
3U1 4® wnIpeuW PINTJ 29Ul 02 SUOTABNAONTJ Wnjuswow JO IJuTrjdeduT
3Ua UT saTnsad 23ps JurTIBJga B 4sed suoTaengonyg aJdunsssdad

19 TTeM JO J2KeT Adepunoq quaIngdni JO UOTZ09AUOD YT,

SUOLIBUSPLSUOY) [BOLIDUOBY]

*983pe JUTTTBJIG 29Uy a® 21dsoXd TL0oUBO

01 pusq 99BJJINS 8Yg UO SuoTaBniontJ aJdnssadad sysg €sosed yons

UT °*SUQ3USTOABM OTQSNOOB UT 93pe IJUTTTIBJIL 9Ul WOILJ 9O0UBASTD

93aeT ® ST 93pe Jurpesl 9Ujz pur - g9 TIeM juaIngdni B Jo

JoheT Aaepunog ausTngdna ® SB yons - MOTJ ajusTngang e sgaoddns
20BJJINS PISTJL B YOTUM UT 9UO 9Ujg ST 949U pa3eadd 9SBO ay[

ISION 3903 ONITIVYL
*ALINNILNODSIA 37HNIS V LSVd MOT4d A9 NOILYIAvd¥ aNNOS



MEAN VELOCITY PROFILE
NORMAL TO SURFACE

\
CORRELATED F= EQU|VA|_5\|? -
WALL PRESSURE DIPOLE FORCE
.

FLUCTUATIONS

a. SCHEMATIC OF PHYSICAL SITUATION

A
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b. "EQUIVALENT" SPHERICAL DIPOLE SOUND SOURCE

FIG. 3. SOUND SOURCE DUE TO TURBULENT FLOW PAST A TRAILING EDGE
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