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Validation of Noise Prediction Theory Using Scaled Rotor

Experiment for Hovering Condition
Anki Min*, Jae-Ha Ryi*, Wook Rhee** and Jong-Soo Choi***

ABSTRACT

In this paper, a series of experiment is performed for a scaled hovering rotor in a
semi-anechoic chamber and the results are compared to the noise spectra predicted by using
Lowson’s loading noise equation and FW-H equation. It was founded that the sound
directivity pattern for both experiments and predictions are similar in their trend.
Meanwhile the FW-H equation showed better agreement with experiments in the near-field
noise spectra, but at the far-field the Lowson’s equation performed better. The discrete noise
are known to be proportional to the loading on the blades, which can be controlled by
collective pitch angle of the blades. It was founded that the predicted spectra with FW-H
equation come close to the measured noise spectra in low collective pitch, but in high
collective pitch angles the Lowson’s equation be more reliable.

x =

kﬂi

ERdNE FAEY ZHhM g W) S
217 FW- H«] SEFALR 02 o o] 425 (Discrete frequency noise)<
At &5 A5 71 e WA (Directivity) HES Atz oz dJdaet fFAFSHA
ges, Azol Ha A9 A 2A Nearfield)| e FW-HAS| o 277,
(Far-field)ol = Lowson?|¢] o|SZ237 A@ A3t ¢ FARE AL sttt I3
F(Collective pitch angle)oll ™3t AF9] A9 e Xzt A= FW-H2 9] o ZZ2347], =
X Zte M= Lowson?} o] o Z 277 AP A7} o FAMEE 21E Est itk

ZH A4¥S o]&3] Lowson? 3%

I‘_?L;':

=
‘::r
_7[':\

=
=

32
rot

T e ol do ¢

rlo N M 2o b

Key Words : Scaled Rotor(S4 ZH), Hovering(*d XI¥13}), Noise Prediction(ds %),
Discrete Frequency Noise(¢]|4t 35 A+8), Helicopter(& 2] 5 E)

x
ru
|3
R
o 32
2
rO
ol
-
i
-
o ?W
s
i3
o
o R
>
)

B ofn K

ol X

Ao 14
5 Ags ZAuE 59, 54 5

ot

of

N

=2,

=

ol

=~
)
N
=

2011 102 199 A4 ~ 2012 19 269 AAIgE
* A3, SEddta g3¢ 2
S EER EERE P
o 939, FYdsn 33 EE 4D
WAIA A}, E-mail : jchoi@cnu.ac.kr
WA FHT vek 99

N
o N
e T pd
1 4 to do rlo Ho

oY

et

r

L

E

rr

P>

n[o

Lo

2

5 zag A4 v

o rlo & mx W2 do ot

Ol
o
£
@)
s3]
)
i
2]
oo
ol
N
R
Mo -
:tlle

x4
>
()
o
A



202 RIS - ol Alat - o) & - AT BB T 2
AZEol A 4] Algte] "asith CFDE A43  21.2 & 71d
HAg AA= WY SV S A DA B ERA AS o0 ALHE o|E2e
219 Ao wepA 4 AAE B BF [owsone EASA3 Ffowes Williams
& F 2Bk "o G WMEE AL Hawkings(FW-H) 9] 8k AH4] ol o,
T B &g o HHs IHS &3]0l Lowson®] &t&24&4]*9e Lighthille] &34
= AT WA AW 28 2 B2 A & Ao sl DJ’E.L%(Monopole) B
o g AV v B =22 2HY ¢ =9 (Quadrupole) 2~ & FAsta o|F49
g HAs e A8s Y HAVATE &S Dipole) 2 & IS H FFoz mesld A
AXE A|Zto 2 i%%*éi‘f] qFS EXE Foh g3k Aot} o] o]RL A7+ % 9 (Time-domain)
o] 7HA &571W Sl HHst HEs7] e Apgsig
A Agsitta AztEE dS7Es Eelsta
£g A€ B4 MOl me Aol was o [ 1 {F “‘MQLF.MH 1)
s} s, (1—a)%? "7 (=ag) ~7
1 {8E F, f?Mr}
+ +
. 2 = ag(1—=M ) ot 1—=M, ot ]
S o] Iy A= E=a =
01 cl& 7% Aol 28 A dZeAe CFDE °]&3t

noise) & &3] HsiM= g FEAAHE
(Airfoil geometry)7} & 3}al ‘8]-% + (Loading
noise)S <l&3t7] HdlA= 2 24 (Element)E

7}
8 (Thrust)?} EZ(Torque)”} *é itk B =
EolAM &9 As A5 &5 453 ‘:’}7]'7]'
AZ g2 Azt d5g 5 e WHe A

& X-foil#} BEMTE ©] &8 ¥
2o Y HolHE XAfoils o]%
dlolEHl o] 2~8}stal BEMTOA a3 =31

rr

SR
. BEMTo|
sfof

o] Fg HoHE 7MY Al&ste HAS Al
Ei=3
B =5 Al&% Blade Element Momentum

Theory(BEMT)= Blade Element Theory(BET)%}
Momentum Theory(MT)2] oS A7} 2o
AA st 2Ed) 289 o] AW
74A olgel Fad i Wg PR
T RAT, FEEE(Induced velocity)=
FEEEE d99 Foez 7H3

& g mep
sl BETS} MTe] 39 a)4 Anrl 2obd o

(<3}
=
(<3}
=

oX, o o -1n

A FEEEE AFgA7IEA HHE Ak
o83t A 7S BEMTE 3tk 18l 339

ao] XHEL& Prandtle Tip loss factorS Al&
sttt BEMTY @32 983K (Chordwise) 9]
ANS & F glold Aol e Edol=+

% AEr} "ojdtks el AUtk AW
B oERAAE 448 SHosE Ass) 0
of olol HE e 9e Aoz BoHEh

A 7] Wl HV‘ '3]”5«] 5ol 37} ’5‘}

A]o}z Az za an
IEE IO

I 8F(Chordwise) 9] 314

o=, Ffowcs Williams - Hawkings(FW-H)

o S A0 Lowsond] 3454w vt
}

A Lighthill®] &SAAA A Fuaio],
3 o2 28

471’0019 (z,t) =

m[/[
o, ///[rl M|} avin)

E =FdA = Hanson®] FW-He| &3gA12]
S F3¢ Y Y(Frequency-domain) &2 HESH
213)s A&k

plt)= 33 B,y exp(—imN2pt) ®)

PmA;, =Py, +Pp, + Py, “)

FW-HS 3342
= Z

Lowson9] 3tF4S43 2 o|f =, H|AA 3
F 45 (Unsteady loading noise) &3 JAWL3F
9 sy, aE AEY 2e FE ALsta 4

(@)t 2ol At



%40 & % 3 9K 2012. 3 AR oM H4 2H S $9 45 A5 VW AT 203

22 X8| 2E =25 HdE A

Add AHEE ZH EEel== 4E RCEE
FHE HA4 28 Beol=z, 972 &57HA
2%6}7] 8l F3FAe Z7|(Volume : 2119

, Cut off Frequency : 150Hz)E& 1&]ste] &
73% 600mm= ZAAF3ATh ZE ] L X-foil
g olg% 244 2Y A= oAg 2ol 9
NACA00122 ZZ3tH i, Aspect Rati07} ok
8.8421 2719 E =L /\}J‘lﬁ}ﬁﬂ- E3k Fig.
1ol e & 5 3le A A *e‘féfﬂ] A
2H dEE ¥ 057FH 128714 2% 7H4
nES ol &3 AlAe
AP FEUSu AR =
4 AA(Fig. 2)5 AH&3tdth 9
sl AHEE st 4 A= 25 2d

5, Mo

S —
5 T e
25 Ao Y% Eas ZH W e TS e
A 32 F9L 60N, AP 3= 0.1573% W AR —L G
o] EAE 24Nm, HIHE A= 0.1846% <] 4 ;? 1 P NN S i)
¢ et AFE 269 80 AgE B 7 SRR S P
Be] 4%S Teiste] 3000rpm (My=0274)01 4 o 11 LN N X
- - ¥ . /" 140
A3t w [ 111 Y
Al =Ho Flg 33 e Aoz A o /X? 7 . \ //(/ 1300 o i
A3 wle]ZZE o} o] (Microphone array)E ©| e T 5 = W e =.
&3t FAs9th. 534 Fo|(Vertical height)=
2 IAFHAH e FololW, FAWIE Fig. 4. Layout of Measurement System

2H A FHAME NNFoE 80=0lA 150

7R 10 tAe = 8/ FHE SAHSIAL, Wi x| 8 7702 wlo]|ZEES o]a TAE ulo)
34 Ade 2H HZY 1AD)RFH 15 m2% og oS Wzt Wa FAATEA &
(L5D) HAo= 28 HF 1WMADIA 74 gg Zgsigrk. Adel AEE vlolazEe
s ST olek 2ol 3 Ao Wit CalibratorE ©]&3}a] 1kHz Z7HolA 94dB<]
Hal A F serhel e ZASAEE, ool A xe gwe 2wE Byl g
L5 vo|maz E g EAZ A HEFo = Fig. 49] g goA ol & 4 9= A AY
T8 4% 2 2% 40 83 2 43 &
e} mo]AZE ofgole 8 H Holy HS5
ZHl= National Instrument(NI)ZHE ©]-83}4
FEstgon AF ZzIHS LabVIEW2009S
o] &3te] AT

=

i
=
[e]

i

23 = 7|1 H3F

231 38 M5 dF 7|4 AS

o o

FHEA A S F=E A (Thrust coefficient,
Fig. 5)¢} EZ A4 (Torque coefficient, Fig. 6)<]
B A Aot FAS 27 e RS &
Akt
ol 9 Aot BEA AS
Figure of Merit(Fig. 7)< 9_']-7]- = A

AL Bold 4 gAu B

A= T

Fig. 1. Blade of NACAQ012 & Hub

e

Fig. 2. Rotor Test Jig & 2-Axis Balance



204 ety - o] A3} - o] & - HES R T
E A% g2 HAME FALSTH dF4L0] 232 42 oF JH HAS
FE o]F7] W&o FFhS M FHo] & 2o o= swe Aze wad Az, 1|
= o5 Al 9FS F= Fakolmh IR A A 2zt AU Aol AEHE
A FE AFe dF BHEE &5 dF ¥ 4o xze 229 39 sdEd WL
A fidar dgdd (Power Spectral Density)Z YEISS wel A
WAzl B3 Fo$EBPRIAY &g @y
0010 @' ' ' (Sound Pressure Level, [dB], Reference Pressure
~o BEMT = 2x107°Pa)olth. &5 HFA HA e
e Oé ¥ (Overall Sound Pressure Level)Z H|ul3}7|
z s g 39 2HEY dxo A WA 2l T3 F
2" T S5 wad ot @A 29 dZd A8
§ "o £ PP Ee] oldt F3SE & &(Discrete
1 Frequency Noise)THe o] =3}7] HEo 2, ol 4
- A0 Fo 2gdAE A WA 2 B3 FrsoA
0.002 | HO/,,Ei 1 o] ALo] AA| o]t FuF 2L YRELS A
P A8t7] o & o]t
T S 2 WEY PF ARE AW BA ¥ =
Collective Pitch Angle [deg] = }_ﬁoﬂ,ﬂg} @% 7‘:‘334_% 5[:%—3]_1—‘: 3‘1% %7},
Fig. 5. Plots of Thrust Coefficient vs Pitch S3tEE A X4 gg HFAA AHEH
= 209 ZAH(@SAEY 0.6m, ZEH FAH 1
0.0010 — . T : Hl A, 1D)q %743](1%7%?4 51m, 2§ 3
5 Expermen 7l 851 Az, 85D), 1gla X7t 059} 12
0.0008 |- 4 Es FEIAT. Ao BFY A5 28
= 3 H A g 236 tjal A of 5RO FE g A
§ oo P Y S L C LY
5 o 3 AFRE AEd, &5 dEs VEeE B
2 ooms | @ 1 < o, 241D, Fig. 8, 9)°llX= FW-HA 9 ¢
g e 7347 49ATS 1 g o AR, 2
0.0002 | B = E
"
—O—FW-H Thickness Noise
0.0000 I I I I I —A—FW-H Loading Noise
0 2 4 6 8 10 12 —(—FW-H Total Noise

Collective Pitch Angle [deg]

Fig. 6. Plots of Torque Coefficient vs Pitch

- T T T T T T T T
[0 Experiment
o BEMT
08| i
_o—0—0—0
508 o 8 g
2 O
5 o m|
il /
S 04} o | B
= /
L /0
o
02} B
lof
e
0.0 L—=2 I | I 1 L
0 2 4 6 8 10 12
Collective Pitch Angle [deg]
Fig. 7. Plots of Figure of Merit vs Pitch

—— Lowson Loading Noise
[0 Experiment

o

=

[y \ 60

% \

— \ 70

2] A,

=2 A

> 2! 80

.(7, |

g 190
]

a ]

© 7100

= /

3

=4 / 110

(] /

> /120

3

<)

o

180 170

Fig. 8. Directivity Pattern (Observer Distance:
0.6m(1D), Pitch Angle : 0 deg.)



440 & % 3 9K, 2012, 3 A g ZAA ] E=a 2E

—O— FW-H Thickness Noise

—A—FW-H Loading Noise

20 ~(O—FW-H Total Noise

T~ 30 —¢— Lowson Loading Noise
b, O Experiment

Power Spectral Density (1st BPF) [dB]

Fig. 9. Directivity Pattern (Observer Distance:
0.6m(1D), Pitch Angle : 12deg.)

—O—FW-H Thickness Noise

—A—FW-H Loading Noise

—(O—FW-H Total Noise

—r— Lowson Loading Noise
O Experiment

o

=

[y

i

P \ 70

= A

> A 80

(2]

S 190
4

o [

© 7100

©

o /110

i J

5 120

=

o

o

180 170

Fig. 10. Directivity Pattern(Observer Distance:
5.1m(8.5D), Pitch Angle : 12deg.)

AL Lowsond o d=ZAyrt o §ASH
gos 4 grh. W] YA Q25D o4,
10)ell A= A zke] we} FFgo] debiin. &
2 zto] wr& w(F A2t 0%, Fig. 8)= T/

74A dZ3E FW-HA S o ZZAnrt 2847
s} o kel Aol Eof dEAL] HF
o] & w(9X7 12%, Fig. 9, 10)= Lowson?] 9]
dSd37t dfddet ¥ fAksh

ok
ez g0
oo &L aq o

B

aga e Fee 271s 97
|

= Lowson? 3l=Ag2l9 o=
7 AE B AT A e At
2 zkel g Aol =

WA,

=
B
N A%Z zade Ado] Aaysolel @k PF

Zol ).

L N

o7

Aol o

=
B
dlo
2

=
WA BEAEE

o} Al 71A A

)
100-110%8] V27w A Adats 297 B

o] ASE HX7Zo] BLFE 2L o2 HI
ok 71 2A BA| FHASFT Sk, F
2

Ho] F5% VTS &
FHA57 3 =

Al
ERE R
ae Azl o

[
rlo
5]

e g oS
g}:

= NN
Fig. 119 278 Siuw, Aelo] o &g

o 74

120

mms| Hw, =AID)dNE
=3 Adsk 4gaRs 8 4

o

& AE AT F A, 9ARS5D ol d)elA
o
(?_

53 Ayt dd2Hst #
o)

100

20 -

Power Spectral Density (1st BPF) [dB]

| O Experiment
- — -FW-H Eqn.
Lowson Eqn.H

1 1 1 s 1 1

Fig. 11.

1 2 3 4 5 6

Distance [m]

Validation of Noise Prediction Method
-Microphone Position(Pitch Angle: 12
deg., Observer Angle: 110deg.)



206

100

80

60

40

20

10000

Power Spectral Density (dB)

Frequency (Hz)

Fig. 12. Validation of Noise Prediction Method
-Frequency Range(Pitch Angle: 12deg.,
Observer Angle: 110deg., Observer
Distance: 0.6m(1D))

o
=]

——Experim, uanooRpM)
Expe N

N
S

]
53

Power Spectral Density (dB)
>
=
)
8

Frequency (Hz)

Fig. 13. Validation of Noise Prediction Method
-Frequency Range(Pitch Angle: 12deg.,
Observer Angle: 110deg., Observer
Distance: 5.1m(8.5D))

Asdd AHgE 2¥e A WA 2 73
ZF35(BPF)E 100HzZ ©] F34+5 Fz &
Hrzat ZA (1D, Fig 12)914E FW-H2 o
A& At ddEHAe ¥ FARE AS FQ
& 4 gt aga 97A2(8.5D, Fig. 13) o A
Lowson“oi d&3 Azt AFEHe} {AF
& AE A 5 Ut

T WA 3 B9 F35(BPF)Ql 200HzE =
U718 (8.5D) EF FW-H2A o
AP AT} ofF AR AL

Al A ool 2l F3 F3E(BPR)o M=
ZAZ (D) AT Lowson2l 2] oSZ277F HF
At AR FARE RS EId & Ak o]9
2ol ZAZAD)AMTE AS5AR7E AP AT}
AR AL B9 A5 (Broadband noise)? =
Bl 3dskA] @45 weol 712 &Fo] o] 73kl
Aol ol Fukg AgRG & Ao 9oz F
AETH

Aol A FANZEGZ 7] FICAO)AA A A]
% = A" E 2

3t-ol & - HE5 s B 7 T
stwl A 10Do] e Aef7hA] st AT
D}. ShA|RE & ?i?(ﬂl*i” 10D} 3% 74 o
ol 7h7ke] el ofF whabige] Ggo] 3

G gaste] 4AE 8502 ARHAT
ARz g hg A5l sed ARk @
0] el of 1oz 9o AfE} 2ol

) 5

ofF F2 Azt dE5T = e AS FAEA

o
_ﬂ
™
q?;
[uy
JB
i
i
&
i
8]
L
E
o 2
=
> ol

1

=9 73%*43 ivﬂ FWH"‘A a]]ZﬁJJrQ} 3|
4 ARA AFAFol ofF A AS
2= At} ¥HH, Lowsond 9] d&4A3E HW
o| Ao Mgt A3FA T Zro] A3FA

3 Ao dAGE Ae B & A o9 pe
ol e A4 Feazol Ao WA
T Axm 2% o3t FhAAE AL

ApA8E7] el

L8 oo 4 O N g & &l ook B

_/.:—8—77}1] dl#o}u H29 A7t o 4
Aot AR Ao' J&LEJE}. ol ¥ =
Ed "UX(Power Spectral Density)E 23 F
F dodoz f AAF HuIHREE AL
60 T 5 T . . |

00 Experiment
i o— FW-H Eqn. o
S |- LowsonEqn, P
= B 7
g o0 —o0—0—°" & ) ﬁ/,/&/’ﬂ”/&rw
@ 40 F 5o 4
2 o o _a—
= 2.
yd
3 o
3 o~
o
e .
% 20~ i
2
%)
5]
=
o
o
0 1 | 1 1 1
0 2 4 6 8 10 12

Collective Pitch Angle [deg]

Fig. 14. Validation of Noise Prediction Method
about Pitch Angle

N
=3
T

10000

Power Spectral Density (dB)
>
F
=
8

Frequency (Hz)

Fig. 15. Validation of Noise Prediction Method
about Pitch Angle(Observer Angle: 110
deg., Observer Distance: 5.1m(8.5D),
Pitch Angle: 0deg.)



%40 B 5 3 B, 2012, 3 A 2049 Fa 2E AYS B 28 2 W AF 207
60 —?— 7|
40
0119E AR(@ST7)123)9] Pz o
& FATATY Qe Wol FYH AFYNo

o

Power Spectral Density (dB)
>
=
ab .t
8=
2
8

Frequency (Hz)

Fig. 16. Validation of Noise Prediction Method
about Pitch Angle(Observer Angle: 110
deg., Observer Distance: 5.1m(8.5D),
Pitch Angle: 12deg.)

< ZHo 3 WA 3 5%
F3}2(BPF)Ql 100HzE 952 Awrd, 337
0% (Fig. 15)9l M= FA &S7HA 33 FW-H

A7 A@AAe o FAbsta,
x| Zto] 12%(Fig. 16)°l A= Lowson?l9] &
A7t A A7} o fAbsioh

T WA 2§33 F3(BPF)Y 200HzE B
W, Al tig &% A5 1 dAEH KAk
A EE A Zd disiA FW-HA SR o3
A7t AFAHS} olF ARG S B F

0 9

¥

£3} F315(BPF)IA &
P4 BE AYAT} 2 Aols} vk
1

o
a2 Al G Al dg &5 dF 7H AF
I AR, Fde 259 ZEE A
&S el 7|8 &5o] o] FIA e o4k Ft
T AT Z Zo] djeg FPHT
m. 2 2

E o=RdAE M dEe 3]
gk 25 A HAHS AAE QA8 g HA
s 7IHe] A&E f% A dAF=E, HES AL
bl 2 dFo] 7t A% dF 7IHEY] A
TS EXE ATFE APk oAF A7 &
5 il AHEE A5 45 Ve SRS
A @53 & Ay, 20 EE o H{T &
<+ dF 7% ds gQsidn. 8= v
Goljx| A gk, AAMA 93 A5 L 299 T
7o 3 A& (trend) S dZdtEdH dolME
FTu 245 Bty AddEn. wepx A
vl o] sldelrle As Az HH3 AA
o Slo] @713t 7] HAHsHAA ] Fwd] &8
o] 7bssttka ATETh

2010-0014978).

1) J. Gordon Leishman, '"Principles of
Helicopter Aerodynamics", 2nd Edition, ISBN
978-0-521-85860-1, Cambridge University Press,
New York, USA, 2006.

2) Gessow, A., "Effect of Rotor-Tip Speed on
Helicopter Performance and

NACA-WR-L-97,

Hovering
Maximum Forward Speed",
1946.

3) Gessow, A., "Effect of Rotor-Blade Twist
and Plan-Form Taper on Helicopter Hovering
Performance", NACA-TN-1542, 1948.

4) Lowson, M. V., "The Sound Field for
Singularities in Motion", Proc. R. Soc. Lond. A
3, vol. 286, no. 1407, 1965, pp. 559-572.

5) Lowson, M. V., Ollerhead, J. B, "A
Theoretical Study of Helicopter Rotor Noise",
Journal of Sound and Vibration, Volume 9,
Issue 2, 1969, pp. 197-222.

6) AF, |y, "2 e FgstEel
g 2o PASA, FHFFSFA, A
367d 43, 2008. 4, pp. 307~314.

7) C. Lucille Parks, "A computer program
for helicopter

v

rotor noise using Lowson's

formula in the time domain", NASA-TM
-X-72759, 1975.

8) Hanson, D. B., "Helicoidal Surface Theory
for Harmonic Noise of Propellers in the Far
Field", AIAA Journal, vol. 18, issue 10, 1980,
pp- 1213-1220.

9) Hanson, D. B,
Design Parameters on Far Field Harmonic
Noise in Forward Flight", AIAA Journal, vol.
18, issue 11, 1980, pp. 1313-1319.

10) Hanson, D. B. '"Near-Field Frequency
-Domain Theory for Propeller Noise", AIAA ],
vol. 23, no. 4, Apr. 1985, pp. 499~504.

11) 4%, “AAgANA vdst=s 8 B

s 54 A o 4

oEe] Y % 28
BA A7, AR, Fyoist, 2007,

"Influence of Propeller

= =X =



208 RIQE7) - o] A3} - o] HAZ B T Al

12) o5, "3 ¥t dFLATs Z2d9d AR THESHHS T UH-60 AAH G =
A dA sk vX1l_/t% | i 233 A7, 4 das A7, FEANRATEE 2000dE &
Are9) =, Sl e, 1999. Asted 3=w5, 2009, pp. 70~74.

13) ol&, “v ““ﬂ] 2149 F22H 17) 29wl Hs5, ZW3, "UH-60A Z¥ &
FREA U@ 494 A7, g, 3 dol=e] FANY A, BRALGAT
g g, 2010. 32 A13d Al4Z, 2008, pp. 45~49.

14) Mantay, W. R., Campbell, R. L., Shidler, 18) William G. Bousman, "Aerodynamic
P. A, “FULL-SCALE TESTING OF AN OGEE Characteristics of SC1095 and SC1094 RS8

TIP ROTOR”,
277-308.

15) Norman, T.R., Shinoda, P.M., Kitaplioglu,
C., Jacklin, S.A. and Sheikman, A., "Low-speed
wind tunnel investigation of a full-scale UH-60

Helicopter Acoustics, 1978, pp.

rotor system,” AHS 58th Annual Forum,
Montreal, Canada., 2002.
16) Whg2, $E2E, HA5, HHZ, o]¥FE, "

Airfoils", NASA/TP-2003-212265, 2003.

19) Paterson, R. W., Amiet, R. K,
a model helicopter rotor due to ingestion of
turbulence", NASA-CR-3213, 1979.

20) David A. J. Brent Wellman,
"Hover acoustic characteristics of the XV-15
with advanced technology blades", Journal of
Aircraft, Vol. 31, No. 4, 1994, PP. 737-744.

"Noise of

Conner,



