PFLLAEFGE WYHE 2A o)z

=&, pp. 938~A1.
YEs} 28 &8 YAl

[¢]

HAE o

Duct Effects on rotor noise in radiation
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ABSTRACT

Sound generation and radiation from the duct-rotor system are calculated numerically. The wake geometries of a
two-bladed rotor are calculated by using a time-marching free-wake method without a non-physical model of the far
wake. Acoustic free field due to a rotating rotor is obtained by Lowson’s equation. Using Kirchhoff source, rotating
sources are modeled as stationary ones and can be inserted in the thin body boundary element method. The Kirchhoff
source is validated through calculation of acoustic pressure due to a rotating point force. The thin body boundary
element method (thin body BEM) is validated through calculation of acoustic radiation of ducted dipole. Using
Kirchhoff source and thin body BEM, acoustic radiation of a ducted rotating source is calculated. Acoustic shielding is
observed by inserting a duct and shows different phenomena at each major frequency. Acoustic radiation of a real duct-
rotor system is also calculated using this method and the ducted acoustic field is significantly different from rotor only.

1. M &

T delgEst d8 WA 23 o) &HH
A dEFHe F2 A5d9d ZE (rotor) A&
A UF & A glo] & A H3 v 2
289 i FEH ¥Y AL A &
gHAE X1 M3t 2E, F A} §
o oaiA wAc gdetd FFF ZH 2§
&8 o]lE ZEolt IATE Ao gloA
E7} sdsdA o1 g FEstE vAY 7 F
2o REg o] AL A, AAR oly
3 ZE F99 uAZY 453FE FGeA 53
7] 4% AFEC] Ag 20 AE £F3 Y5
ottt olgd /KFF AFele & (vortex
method) & CFD & o] &3 Wyl Eo] A& o] F
3 o, AT wiAL 7 AFE Y
=d oA opFe stFHo] CFD Hrthe A3
= %%015}

019}‘“

ol

fu o o

9_‘11 "’}7'10“ ‘a’—r‘?i] §] }"E— i%%q} Eﬂzﬂ' o
TEo| BA ot HIA=
EAETH 2 ZEHFYNY F2E A8 4¥ES

+ KAIST #&8¢-F33a st
E-mail : airman@acoustic.kaist.ac.kr
Tel : (042) 869-3756, Fax : (042) 869-3710

o GFGFEFATY JAYIF
s+ KAIST &3 953%83

2T &5 A Eo] o]FofA 3 Yrt[1-4].
aff & Ay, AAL4d, v‘?l&d:‘ﬂ
@3 Uy Eo] o)&HAR FALAHo &
el 5494 go] o]&HT Ut
2 dA7eME 2 FYo HE U+
Q= AL dide] vAA 2H FEAE A
7+ AA 2R £FU(Time marching free wake
method) & o] &3] A&stA #ddstn zHze
ASel st 2E £25S 2& WY (Lowson’s
method) & A AL AHE o)l 88tod a4t

21 A ﬁ’il Aw =FY
3

AR FRYS A4 THE fES
2wl 3= Laplace Aol SWle] 9Fe] 93

source term ©} F7I9 A& A4 HH of A
AXE FA  viAZ HEEE ZEFEH Y
AFE AAslA At olE vg 4F9 ¥AE
Zo]A 1 A4S prescribed wake method 9
713 dg Holgt & + o o]g Fi ro
A dF9 HAFY AFE A5E F WA
HEx= zolgt, AAHE £xFHd WL [5,6]
Ae=o] o

31  sidste HEol oF &5 sy
2Ho 98 422 2y HEHel el 3t
of A= E BAEH AP A st



2AysE ol thgF Zo] Lowson 21& Tl
78 F A9H7].

v (. FEM,
i = aor(l—M,)sz" +(I-M,.)]

oL (g a=MY
2A-M) T (1-M,)

(D

_F:MI]

A

338 1. gAste ol 9% A 24

AMAA g = 5%, FE ¥, re $d43 #
SAY Agoln, %y IR 1 oA Hole
2 FSA 9 £49 X dejol}.
M, =(x -y )M, /r &} 2ol B S M 2 3A
e 89 mieloln oA [+ AR E
vhebdich,

3.2 Kirchhoff 8¢ 2 A}

dutd o2 A3 ZE FHdE= dF
g FAY dedd oebA] 2= (shroud) 8 2
TFEREEC] o ojgfdt FREEY g3 &
< Wo] A}, o] F Ao} FHFL )
1371 A8l AAQAds 2L #YYE]
o] &= A Hed, oy FHAE 23HL AAL
293 2 I AAAIZ] fYste XL
Kirchhoff &9& ©]4%c}(8,9]. Kirchhoff ¢
9 I¥ 2 & Zo] FAHI}T 25 EE &M B
g8 #AFEE o)FA HHY, FAIJE L5499
542 Kirchhoff S9¥4d9 ¢&€1 ¢899 vl
Roz @48 a9t

olu}, Kirchhoff 922 dald ZE 28
b3 o] Kirchhoff &8¢ ¥HAERS 3
gozy 78 & Ao

X do o

)

=L ;M,[amgg(m —j—ﬁ(K)G(P,m]ds(K) @

o, 4p) T 5% 4k) I sg/onk) £
Kirchhoff &9 EW9 S¢3 £¢49 w&EXE
Uetdth G(p, k)% oG/an(P,k)E AHEES 1

dgerst 19 Z9dAM Y mEFFE Juldnt

Kirchhoff surface, K Observer point

AN

ANormal vector, n

1% 2. Kirchhoff &4

oju}, Kirchhoff S¢22 txg 2¥ A&
&3 o] Kirchhoff S92 EHAEL 3
gozn 78 U
oP=_-

1
4x I Kirchhoff|

oG 24 (2)

[ 4022602216000 st

old, gp) = =X ¢k) & og/on(k) ©
Kirchhoff &4 ®WY &4# S niAE
Yebdo, G(p, k)% aG/on(P,K)T AFEEY 1
UEF 19 BHAAY w|EFFE |
33 gesx AAesy

YES o] g2 EA ot A2 At HHFE

AYs7] Astel et 2o ghe BAGNMY AW 3
Agaye ol 8a4cH10,11],

[, xV,G)-(ix VIIgI) + &7 (4, - AGLIPINAS 3)

-
= 47r—;'—p-+47r5¢,/&1y

old, i, & p FHeNg EHd @
AEE o, [[g]]l=¢"-¢ , = ¥ (wave

number), ¢ ¥ YARYE S uerdd. SlAbe}
Kirchhoff FH2Z2RE MAHE Afdds
RPN M dig Zo] te 2 Ag
A JAtE S 78+ Ao

4P fm.,,[ #2210 -2 (k)6 k) ]czs(m

(4)

4r

74
(=}

4. sliMg

It
oM

41 =2H 3% Y4 #S

= 7ol 290 ARAA AHFFHE A
A8 2HY #EFS dA¥In 2EH =
ZtaAle 49S A2 H9 vnatgiai12].

- 939 -



o
o
1

®  TestDats, (F.X. Caradona and . Tung)
-~ -« [solated Rotor (Predicted)
Ductod Rotor (Predicted)

° ° °
< o 2
e

Sectiona} Lift CoefTicient, C,

o
T

[}

% 3. dE FHAs vE

29 3 ¢ =HUHY FYASE
a%olth. FHoz mAE A=A9
TAE PR T ANFE ¢ & Aok

v ¥ &
7NZER

0012
0.011
001
0.008

* 3
© o008 !

10
Revolution Number

a¥ 4. AAFYAFY FHFA

39 4 & AAFYASY  FIIHE
BelFn gtk A¥A  d@ YA
00046 olm FAANel A A}

At olst ol

AFE Z2I¥e

o] §-3e]

dEYe] ¥t ZHY FFFE AYHE}T

2% 5 = ARFRUS 9 dME 2Eg 9E
ZHY FRINE RAAFL U9 3% 3 #
4 9 HdMoz EANY HolH/} HE =2EY
dolgole] e HEU] HUHEAN AAHY
FHREI FolFFE & F deH ols HEI}

26 FH49 %L EolFe €S stdA
ZHYFE Add ZH {EHe FESET
F7hat7) wEolt.
42 ZAaHe HE

g EA AALANE FFH] As
g4EUe] FdUEr olFadd PAEAE

st gdaiet wimdAct(13]l. 218 6 &
AAZ AN age BFYE wad T¥olH
9

k=8.3 # 3.25 F A YoM 2EF

SN
‘@m»s
Q. [T}

29 6 HEQY  olFisd  d@
WAlASHl . (—: 423, o gdds) k=8.3, m:
dda) k=3.25)

51 9HE ZEQ £33 YAl 5

ool 4 FollM HAFE WHES 0|48 HE
Yol Foids 2HY #53S f4sta o9 &
Sl E Mg Bkt ¥ 7 2 sd" 9E
2H AAHY BES RAFE JHo|th

2% 8 & HE ZE9 ZE 959 A9
&3] 2E g TAHE 289 TS
& adold, & 9E 2E9 FHed
A gL do] wiAd 28 WFHS
= agoltt, SR HES 2siA P
HEwo orgixdge] 23 ZEHASH
Hale o 5 Q= ¥y, I¥A F
T zolE Kol YA+ ZRE Y =
90 £ 2A49 S¢olth. HE ZHS B¢
1% 4 oA Roly uist Fo] ZE HEY
off AN Aol o ZFaFeZE AsPA F
Sotol AAA HEd oY E4o] wtg =
stZch Wl o2 Gl F At &
g Hol1 YA gtk 18 9 & HE ZHY
2o glojA HE o3 Ad AFHE HAFE
a%olth. "HEY A AdE ¢ A9 g
2HY FJAHUA 0 &,
et glen "EJ 93 A4S d ARt
AA Jdetds & ¢ A

o)
fo |m
1o

T
o & M odelr 0 X o kANl RO

2 o oY X
o%k

1

i of

b Mook Jo 2

- 940 -



Kirchhoff source

a¥ 7. 4E 2E AAH

%0 dagres 1st BPF

YRS

3% 8. ZEaES WPYO HE ZHY
source field, = 28 %9 source field)
6. & 2

ZHago HEZ vAE G d& ARFH
M ZALAEYE ol&stol AHsgid. 7Y
BHlel diste] HEE HFAE Fotol AHEL
gud & #4E FY3T. 4EY WYL =
B FHY #%5& 20 v E BEAM 2
B g £5E% F/MIIAR & d9d
Ao 2Ed AAele & FFo] gt AT &
Bago] BAsteE eiM ZH FHAZdd
2% At a3rt 2 ¢ F AdY FF HE
o] ¥3AE T oY HES 4L RY
ol d7& ot Aok

Wn TT12008
P

100987

¥ 9. 2E &5 #EH (0 HE =2HY
source field, m: B E ZE Y ducted field, —:
2H 9=9 field)

% 7]

2 AT AdAERd g3 Ay FEF
ATdelA FPFA UTHE TIeMNTAYY
‘el FE ¥ E03 AXY Jls A FAd
Ag3A F RIS veln Ade] FA=HY
o

EoEs

(1) Eversman, W., “Radiated Noise of Ducted Fans,”
DGLR/AIAA paper No. 92-02-139, May 1992

(2) Eversman, W., “Ducted Fan Acoustic Radiation
Including the Effects of Nonuniform Mean Flow and Acoustic
Treatment,” AIAA paper No. 93-4424, October 1993

(3) Myers, M. K. and Lan, J. H,, “Sound Radiation from
Ducted Rotating Sources in Uniform Motion,” AIAA paper
No.93-4429, October 1993

(4) Dunn, M. H, Tweed, J. and Farassat, F., “The
Application of a Boundary Integral Equation Method to the
Prediction of Ducted Fan Engine Noise,” Journal of Sound and
Vibration, Vol. 227, (5), 1019-1048, 1999

(5) Na, S. U. and Lee, D. J., "Numerical Simulations of
Wake Structure Generated by Rotating Blades Using a Time-
Marching Free-Vortex-Blob Method," European Journal of
Mechanics, 18, (1), 1999, pp. 147~159.

(6) Chung, K. H., Na, S. U, Jeon, W. H,, Lee, D. J,, “A
Study on Rotor Tip-Vortex Pairing Phenomena by using Time-
Marching Free-Wake Method,” American Helicopter Society
56th Annual Forum, Virginia Beach, Virginia, May 2-4, 2000.

(7) Lowson, M. V., “The sound field for singularities in
motion,” Proc. R. Soc. London, Ser. A 286, 559-572, 1965

(8) Jeon, W. H. and Lee, D. J., “An analysis of the flow and
aerodynamic acoustic sources of a centrifugal impeller,”
Journal of Sound and Vibration, Vol. 222, (3), 505-511, 1999

(9) Jeon, W.H., “A numerical study on the flow and sound
fields of centrifugal impeller located near a wedge,” Journal of
Sound and Vibration, Vol. 266, (4), 785-804, 2003

(10) Wu, T. W. and Wan, G C., “Numerical modeling of
acoustic radiation and scattering by thin bodies using a Cauchy
principle integral equation,” Journal of Acoustical Society of
America, Vol. 92, (5), 2900-2906, 1992

(11) Ih, K.D. and Lee, D.J., “Development of the Direct
Boundary Element Method for Thin Bedies with General
Boundary Conditions,” Journal of Sound and Vibration, Vol.
202, (3), 361-373, 1997

(12) Martinez, R., “Diffracting open-ended pipe treated as a

lifting surface,” AIAA, Vol. 26, (4), 396-404, 1988

(13) F. X. Caradona and C. Tung, “Experimental and
Analytical Studies of a Model Helicopter Rotor in Hover”, TR-
81-A-23, 1981, NASA

- 941 -



