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English symbols

A
a
ajj
C]l], roll
C]l;f,ﬂ'f,ch

G,

n

comp

D
D

parasite

ds

Rotor disk area

Squaire‘s parameter

Influence coefficient

Rolling moment coefficient
Pitching moment coefficient
Normal force coefficient

Power coefficient

Torque coefficient

Thrust coefficient

Drag coefficient

Chord length

Speed of sound

Chord length with compressibility
Rotor diameter

Parasite drag

Incremental arc length vector
Sectional force

Equivalent flat plate area
Heaviside function

Turbulence intensity

Local wave number

Amplitude function of a frequency spectrum
Span length of an airfoil section
Turbulence length scale

Mach number

Relative Mach number

Tip Mach number
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X, Y. Z
Xo» Yo, 2
L1yY1y 21

ThsYns2n

V4

Normal vector

Acoustic pressure

Induced velocity vector

Rotor radius

Radius of curvature of a parabolic arc
Vortex Reynolds number

Radial distance from the rotor hub center
Centroid of the trailing vorticity
Vortex core radius

Initial vortex core radius

Thrust

Lighthill stress tensor

Observer time

Velocity components

Free-stream velocity

Swirl velocity

Normal velocity

Blade coordinates

Shaft coordinates

Coordinates along a parabolic arc
Hub-center coordinates

Down-stream position below the rotor plane

- vii -



Greek symbols

OIS

Angle of attack

Effective angle of attack
Shaft angle

eddy viscosity coefficient
Dirac delta function
Boundary layer displacement thickness
Coefficient of a parabolic arc
Collective pitch

Lateral cyclic pitch
Longitudinal cyclic pitch
Circulation

Vortex Circulation

Advance ratio

Density

Rotor Solidity

Retarded time

Velocity potential

Azimuth angle

Rotational velocity

Subscripts symbols

ref

ret

Free-stream values
Loading noise term
pressure side

Reference values
Retarded time integrand
Thickness noise term
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Superscripts symbols

High frequency term

Low frequency term

Mathematical symbols

Abbreviation

ICAO
BEMT
BPF
BVI
CFD
FM
HST
LCH
RANS
SPL
PBS
DBS
DNS
LES
LFE
TE
FFT

Gradient

Laplace operator

International Civil Aviation Organization
Blade Element-Momentum Theory
Blade Passing Frequency
Blade-Vortex Interaction
Computational Fluid Dynamics
Figure of Merit

High-Speed Impulsive noise

Light Civil Helicopter

Reynolds Averaged Navier-Stokes
Sound Pressure Level

Pressure Based Solver

Density Based Solver

Direct Numerical Simulation
Large Eddy Simulation

Leading Edge

Trailing Edge

Fast Fourier Transform
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A7t 2 Aol YA was

Orthogonality s #&sh= W 0|

Ir

: 1S WA © 7 FLUENTO|A]
Skewness 2} Orthogonality®] QualityS Htsh= 7|50t}
B 1. Skewness®}t Orthogonal quality?] A4 A mct 7|&
. Very - .
Outstanding Good Sufficient Bad Inappropriate
good
Skewness
0-0.25 0.25-0.50 | 0.50-0.80 | 0.80-0.95 | 0.95-0.98 0.98-1.00
. Very - .
Outstanding Good Sufficient Bad Inappropriate
Orthogonal good
quality
0.95-1.00 | 0.70-0.95 | 0.70-0.20 | 0.15-0.20 | 0.001-0.15 0-0.001
H =Fox FAE AR Skewnesst 0.2417% 7Y =& 7|50
&%ty BE3F Orthogonality:= 0.83509% Skewness®} PIXFZ7IA| 2 F4-3]
£ 71F0] S3uz A4
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2.4

o

A A

EC155 &7]= & 5709 WRIZH E#o]tx o]Folx it} wehA
'aa249 s flEl g viEFE 7204 oAl Jolow EEstal, T
Zd Al Z 7% (Periodic boundary condition)= °] 3[4 X
Aru|Alel= fEo] = g EH vt e

o] Bl o] A AAS FaAT F 7] AAEAS E8lsk]
Adketol = AAZ A 4 Se.

AYFEASE AHgSte] Belol =] W AARAL ZHO A%
) Sapmal BUSA AGSAG, AMGERSE AL 9
YA B4 JEE w3 2HO) S wet A% f3) 9F 5
29 ae s,

B $ERl AE FUANE FESEE Tl A we o5
Aget, 7 99 RReE A A% HES BEAAT]

o|lE&

A3l 32 A} Point sinkE ©]-83 7] BAIRAE ARESTE o]esh

S AEEE 2HY A s siAlekedl o] AEAE A

SA = WS el AAAZRAY fre 99 AE EUoEH

353‘_%"3% STUA7I= a3E 7HAgh ol2fsh WS Source-sink R,
+ Froude Condition ©]2}il st Ax}2|H|d-S df|lAsh= ofe] =l

H ‘5%01 ARG olt19-24]. AW AR AE2 21T e

1% 2.69 YERRSI
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a2 1)s

S

_’|7_

Pa, 71 A7) Z2H 5 oo 2H

drd*p W = nR*v_p

o

Feb 714

=

A

(2.13) Aol 2] (2.12)F didsta A

o] RE] ZAHOogHE AF d
| & 4 Slth
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0.000 10.000 (m) . L 7
I 1]

ol 2 A AAZHE Fluent UollA F&s7] 8l ob3 22
BAZAE stk siA G AAETLS 27 279 BASHITh

Inlet¥} Inlet-top BAZAL Velocity inletC 2 &% WoZ= A8 5
ATt 924> FLUENT®] User Defined Function(UDF)& &3 FT=2 -
dalgleh. Aok I =l HRsieich

Outlet AAZAL A = %R wFEo] MRS A9|E BRO

%
s} FUsA ZE] B WO R Flow/} W Sol7Al AH sk,
1
Ve
c}. olell wek ALEE ms 00l 771 AHA Continuity7} HETH=

R ol digels HRe Wl 5w olle wAU b s

fs A2 Tj €



Ae FAG 5 gk 919 2 P Fal Taasd 29 54 @
Q9 Cp FME FRAAE § MR ARAS ket P,

Cp= T/p,7RAQR)? (2.15)
Co= Q/p..mRI(QR)  (2.16)
FM= Cp(Cy/2)?/C,  (2.17)

2H7F Eobb wEE Diske 2 FAs wEko R e
A FE ] FHS YeRH, AirfoilollA 22 9] WS el
Litg &3 THEAS dded = ok vRRIZHEE Aidoil  3ellA
Uetdl= EHE Alee s Ea AT 27 wEed
HrE Bl 7ot sk A BEaATE Jeaith 11 2.8
2994 Tteration®] HWEF= Fro] sk }HoR FH= AE =
AL, olF B3l TFetaal ek ate R3S WSSt Iterations ©
20,0001 A% A, A4S Intel CPU 2.4Ghz 24 Core = <F 6

AL Q¥
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CL vs Iteration (EC155B1, Hovering)
18000 —

16000 |-

12000

L 1 L
10000
Iteration

a9 2.8 ¢, vs lteration

Cm vs lteration (EC155B1, Hovering)
8200

8000

7800

7200

7000

6800 -

L 1 L L 1 L
10000 15000
Iteration

a2 2.9 C, vs lteration

m
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2.0 38 {4 HZF

2.5.1 E#ol= %

EC155B1 #2|55E &89 =+= Eurocopter jibolA] TH= 2102 1997
of AFOoR cFrtEo] 1999d5E AA7MA 7HEEIL = FEFH
T ZHo|th @Al digls AE7F Ao R FXlEhE
LCH Ao 7]&o] He Eol=g ATHa vk 3845

2
AgR ZE Beolte] PPt TAA AT Qa B =E
YA e

B ATeIA ALgE Belo|st 5
THIL e FAoltk oS S Fol] It |

7] 913l Parabolic Swept®! Tip shape®| &% Zo] 5xlo|c}

2IE AT, g 2oFH, AW SSHEE WSt 9
AR s S Ak Hda To av9E T
%3] A (Advancing side) Alolli= E#lo]=9] S A wtEo] &
T Z9o] okgo] ko] H= Hisko g H|EHY
1314 (Retreating side) Alolli= $4AE5S ol 5 B2 A=
]-T’— ATH25]. 12t o]t FEZ1O] ARG 3

(90 < ¢ < 270yl AeIM= A 219 AR
% oAl YEhs Lag @7de] dojd R Sk 1™ 2100
ECISSBL &e|ol= 4= WERRlaL, 7F Seol=e] AR Airfoil ¥
%47 planform, HIEHZE X 9 2 JAS s E 7R s
gAISHA] SESLT

9

:'gﬁdrérsﬂrﬂ:oinfghrﬁ
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252 ¥84% HF

8% Ao ECI155B1 S#0]=2] Reference #k= &83k3ict 4

dElE 7 d S 9 EAARE T8 2.11-12¢] BAISIH &l
Al A¥= Reference w7 F 6% 22k WY WlelA fAkst AvE HE]
o}

O% 213-140l= AR A% ¥ FMES YeRSItE AFbgte]
Reference 2= ThA 2fo| & Hol QAW 35 HAE Z8)st -3
ol AES] 8 A Al AR S e Ae o o Sl
olglst o]fi= AHAFOlA A&t Reference #kol A@atel obd siAzk
ojth= A3}, o] thE gHelA WAHE o5 o)7] WEd Zow

AT weba B =oA &5 Y s4] A3 Reference 7k
o] fFAMIE Y= Ao HAFsty, &% FAHPF S &3l =5 ¥
ATES Hng F3l HAs) AFE APk AR 1 gujE 7
by #ek 4= Qo

A Ay oF golA A HE Zter) ¥ Sl ets ARt v]sy
58] A3ER] FM(Figure of Merit)©] U] o]} &2/ =tk A&
2 - FEATY vl e AYE R A4nr SedsE Al
T7lehs Ae & F AL EMolA = 57 575 £2 o] of
W oggo] 7P =2 FHZo AU R 7t EAgteE As ¢ 7
Utk olmje] e oF 58515NC. %, EC155 &7 FAIQ 4
ShHE Al o EFo] °F 10000N % di= otk ©
B3 oF groAe] Az Hl¥ @so] 7P Foe AS & 4 Stk
upeba] AAZ BT E Agete] AFE T Aldls, A 8% o4

T
oM HlFeljol £ B8R dFE FD F Av= e & 3tk

E _
rl
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_E
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Ct vs Collective pitch (Hovering)

S}
AH Reference
—— —— KARI
—a—— KAIST
— = SNU
| I 1 1
-2 0 2 4 & 10
Collective pitch [Deg]
a9 2.11 (, vs Collective pitch (EC155B1, Hovering)
Cq vs Collective pitch (Hovering)
o
[}

AH Reference
—a—— KARI
—a—— KAIST
—ma—— SNU

2 4 6
Collective Pitch [deg]

a9 2.12 ¢, vs Collective pitch (EC155B1, Hovering)
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FM

FM vs Collective pitch {(Hovering)

AH Reference
KARI

KAIST

SNU

2 4 6
Collective pitch [Deg]

=

3 2.13 FM vs Collective pitch (EC155B1, Hovering)

FM

FM vs 6Ct/Sigma (Hovering)

. 0w
. 0w
[ —
.  m

AH Reference
KARI

KAIST

SNU

0.5

0.1 0.2 0.3 0.4
6Ct/Sigma

0.6

0.7 0.8

a3 2.14 FM vs 6C,/Sigma (EC155B1, Hovering)
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E2o]l= Tip Speed SA] o] &#t3 LASHA U2tk & FRlekl
Tl Tip SpeedE T3h= 22 T 2t

v

tip

=R (2.18)

o714 RS HHlol= o], 2+ ZAEEE ou|dth & 4
® Bgo]=2] RS 6.301m, 22 342 RpmO|t}. &= 9] W3S 3

X
rad/s® LHER), 3426702” — 358 radis 7} T} mWeE o|2Aow 7|

AFRE Tip speed V< 221.8m/s o]tk ©]Z12 FLUENTZ 3|35t 2o

FAYNE TUs A o= AL 19 2.15-16 = E9) &
o]3)k _/,: o]r/].'

|
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5]
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=
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T T T T T T T T T T T T T T j T i |
0 0.2 0.4 0.6 o8 *
Xnondimension [ m ]
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a2 2.16 3]A A] @AIst= Eao]lto] £A1%F W 4 ¢ (Nondimension)
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Fol £ F3EE % 2179 EHH26]. EHJ ol Edlol=
Az ey Fork= WE FeE a8v, £S5 web JEd %F% Wake
& A Aol A Hok v R -2 E Fl olE
T 9E W] Yo AS sl 1316} Ad= 1
2.18¢1 YA|SFATE

T3 Velocity contours E3llH 0 U 52 FoA HE4 0] ﬂu] 3
2 HAsteR], £ 7= ojudhx] Eelsgit) &
WY sk o 28 FHf HASHE Airflow?] E5= 19 2.199 YERYS]
th36]. Airflow 92| siAlet ARgtE w8l 9] 19 FU3 Contour”}
o= 715 st a3t Airflows 1% 2.2001 HAI5FTH

thgog Hygo|to f£rog dlst= &£ By} o]. Byo|=
TR sk feol Edlol=el FHEE W ojudt WS 2t
=4 EIESIth o207 Airfoil?] LEF-olM %5 H57F 00
51, BeolE 9= el 925 S0} A3 Skehs A ¢ 5
ot olsh B Al vem Yo I¥ 2215 T AT
Aok F7hE B S-S 2D Airfoile] obd 3D @A Aol wEo]
Spanwise ‘WO R ATE £L7F SYEo|EE Bl SEE S5 U
AL AR AR S Ak sTeR Hug el f59

StreamlineS 7 X T} Streamlines 73 2.220f WA} TH
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Rotor thrust

PP

NN 77

Quiescent LI
fiow Quiescent
flow
i - W
v - W
-~ - -
T - =
Rotor slipstream or Slipstream
‘far’ wake boundary
Tip vortices convect
along slipstream boundary

a9 2.17 JAsts 28 FH9 £E7(26]

N

L) AR ; V
SRS IR
Y ‘\\\\ WG o AR
e WSS W “‘i‘\\ VR

s

Nho Ny o N
OV L N
s W\ W ““\\\

e NN § \
N “\ ~\ \\“.\‘ \\‘\. ““\\ \ { IR Y @
Ty -

]
I

3 2.18 3|Aste 26 FHY £=7 i Axt

ae AL



5 = 27]
irflow[
G Airf
2] 1\“6]'—
ST A7) 0N
31
s} 1)
2.19
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[m s~-1]




~ 1000 (m) -
R

33 2.21 8Asts §50] Befol= F¥o] BUsn WYL S5 ¥

o 5000 10.000 (m)
]

a8 2.22 52X Z=Yo|4 9] Streamline
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npA o R RE oA WS SRE dSehe 3 A FE ZE
SYol= sid e FHerE dA SHelA g FQstth 53] CFDel
Ao 7 A5E FEE sk dHell M 7 Fesk EAlolt
[28]. AHEIE I Zt7) 6deg A Wl So]= HHA HolHUT b=
SFE 1% 2239 HASKITE 3t dA fsdell A LSS Vortex
lines 1% 224250 PAISIATE 19 224+ oF T ulq] e o
9] Vortex lineT% % ZAolH, 19 225% Meshe] A7]E dHjdo=
A 3RS W VortexE TAISE Zoltk + AgkE Fal CFDelA
Vortex linex> Mesh 2] Z7]9} WAsh Aol vh= A& glsigith
A= 30&} @_’0] Vortex lines &<2lsl7] $J34 Mesh-J =717} Chord 4

o 0.150 0.300 {m)

0.075 0.225

3 2.23 Beol= RHOA Q] Wake
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o 2000 4.000 (m)
)

a3 2.24 85749 Vortex Line (2 rev)

0 3000 6000 (m)
]




2.5.3 UH-60&7]¢} EC15537]9 &8 A% nju

HAAZA 7H el s} 9l @71]l UH-60 delwH =2
o=t ¥ AyE Witk olE F3 ECIS5Bl E@o|=7F <
kY] Y @Y AaE ZeA dotE gt i 2= AAHIF
Al UH-602] &2 Reference?} EC155B1 Edo]l=2 28 &4 #=
vl et Zlo e

F 2. UH-601} EC155B1 Eojt9] z3 H]i[38]

Thrust(N) Power(KW) F.M
UH-60 Ref.
101,596 1,965 0.73
(10.5deg)
EC155B1 Ref. 0.77
79,950 1,675
(10.5deg) (0.041)
UH-60 Ref.
78,956 1,383 0.707
(8.5deg)
EC155B1 Ref. 0.76
64,150 1,222
(8.5deg) (0.053 1)
EC155B1 CFD
62,317 - 0.67
(8.5deg)

UH-60 Z2]FE2 FHof o] F T2 °F 10ton°]t}. o= AHUEHE

97 2Rl oF 105% A% 1Y 2 5 e Folth 74
o AdEn Zueld T oAse 3 uae @759 2/
Belo| =] Mo o ovl7t giek. ST Ae vy

HAo] thE7] wit
&S el FMS E8 7
t}. 10554 UH-609] FM %k ©F 0.730] 3, EC155 3718 FM
< ¢F 077010 #m o) BHEA S 918 855l e 4 FM
W Alakl el w7 2 EC155B1 E#lo] =9 FM7} UH-60 £
oj=of Hla] °F 0.053 % Y = Aoz YElwt) olwldt AiE

de)FE o By 58S Hud F
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we v o fE o ﬁ ol

A FE ZE7E et vy A 29 3.0 oA g1 F
Zo| wi% EFeta 7|EAoE Ay AdHolth A S8 7t
oFE o ZEH= 2H Edol=e] A s Ax £
S| £ el A dider wE £2E AskA Ha vk
FEHEAME A Fro d HREnkEe] Fart A A
29 H2F AdsH A olg #Zol Y AW FF
o] Agldt= 5—1\—5 2= ZHo WAsteE 38 S vlgF A ow v
Al Ho o] F AolFY JA| AojE T FHo ¥ FEE T
A "ok =3 2Ho| #AEste vY, vHAY ¥ AEES EH
dol=9 =3 XA (Flapping), & =@ 1 M (Lead-lag), 3|3 X

4o

3.1 AFH 2899

ofN

7o 54

4 BLADE-VORTEX
INTERkCTION

. . TAIL ROTOR
Ll UNSTEADY LOADS.
LN =z 7 INTERSECTION WITH
4 / / MAIN ROTOR WAKE
H S I, ADVANCING BLADE D { L

THICKMNESE, LOADING,
SHEAR STRESS
RETREATING
BLADE STALL &
B/V INTERACTION

ENGINE

£
e SOURCES
RD -
gordH ap”
R HARMONICS M
TR HARMONICS
L — BVI, HSI
< _ » N
NOISE S a N, FF
— \\ T
\ ENGINE
\ L
\
FREQUENCY

a3 3.1 3189 FBINA WS o
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™
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ol
P~
dlo

e
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A (Pitching) & A ©.7]7]% shti29].

ole} 2 v AHAAM &EHe EH EHoEe ¥
A @ doriy B A5y vAYSES 7HAA dd @
FHOAA WALEE A5E Fge] AFEHS] SA wet A
M2, BAE T35 Ao (Discrete frequency noise)t F T &
(Broadband noise)©.%= 4 A ot 294E FIF A0
3] A (Rotational noise), & 2rE A (Interaction Noise) 5 ©]
om, Ffe] AgS I UL
o]= z}A| A& (Blade self noise), 274+ (Vortex noise) 5 ©]
[30]. 2 §Fe] Qi Ag, TEpolH EQl 4l 7jojuk e A
Asts 253 1] ZE 93 &5 F ZH o8k Aol ¢
af 1 gFol 7] wEel EFH FHAE dS5elds e

OJ‘I.::
o

U

-r
Oo>’£4
Me O 30 ff mlo 4 Lo

(Turbulence ingestion noise),
]

30 e

—)

3.1.1 9% F9+ &9

A2 FEH g AHEHAA AR HAYE B2 39
F3 34 (Blade passing frequency, BPF)Q] AulQl sFE Y eofA
TAH = o7 =50l 2d% Ty A50% REH ole2
Edol =9 33 A Y dA A wHEEE Y wke] st
Aoty #d% FI3F A5 HE T/ 45 (Thickness noise), st
Z Ao (Loading noise), S# 0= 97 AT &E A3, 1E5FTEH A
o

T=E TH30].

o 2ol

& o6 glo fob fU B do &
)
k>

e tAEe Aol oaf WS £LOoRA, Beol=dn @
W FHol 1 FL Aotk MR VFOR A 2
Bojo|mo] Agatt T AFES AT 25T WANG
e T 223 #F £ Hd ALER HF 3798 o
s @AE 2E Beo|=sh gl utet Belo|=r} Ak 2
gel= Bk ANAA B, oy Zeol= Fd fA A
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= A Mol el 71903 AgolH, dF AL FZ o=
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Al AP vj§- kst xdef| Hgo] rhsdEE Unkslet 4
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H(Time domain method)¥}
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3.2.2 Ffowcs Williams—-Hawkings Equation
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<Appendix. UDF example_6degree>

/********************************************************************
sk % [

/* vprofile.c */

/* UDF for Helicopter sink boundary condition velocity */
/********************************************************************

* ok k /
#include "udf.h"

DEFINE_PROFILE(velocity_magnitude, t, i)

{

face_t f;

real x[3];

real rl;

real r2;

real r3;

real conl; /*W_in valuex/

real con2: /*absolute value of position vectors*/
begin_f_loop (f,t)

{

/* centroid is defined to specify position dependent profiles*/
F_CENTROID(x,f,t):

rl =x[0];

r2 =x[1];

r3 =x[2];

con2=sqri(rl*rl+r2*r2+r3xr3):
conl=225.66%sqrt(0.005742/2.0)x(6.3/con2)*(6.3/con2)/4.0:
F_PROFILE(f,t,i) =

1.0000*con1;

}

end_f_loop (ft)

}

DEFINE_PROFILE(dir_u, t, i)
{

—-1.-
T
 —
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face_t f;

real x|[3]:

real rl;

real r2;

real r3;

real conl; /*W_in valuex*/

real con2; /*absolute value of position vectorx/
begin_f_loop (f.t)

{

/* centroid is defined to specify position dependent profiles*/
F_CENTROID(x.f,t);

rl =x[0]

r2 =x[1];

r3 =x[2]

con2=sqri(rl*rl+r2*r2+r3*r3).
conl1=225.66*sqrt(0.005742/2.0)*(6.3/con2)*(6.3/con2)/4.0;
F_PROFILE(f,t,i) =

-rl/con2;

}

end_f_loop (f.t)

}

DEFINE_PROFILE(dir_v, t, i)

{

face_t f;

real x[3]:

real rl;

real r2;

real r3;

real conl; /*W_in valuex/

real con2; /*absolute value of position vectorx/
begin_f_loop (f,t)

{

/* centroid is defined to specify position dependent profiles*/
F_CENTROID(x.f,t);

rl =x[0]:

r2 =x[1]

r3 =x|[2];
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con2=sqri(rl*rl+r2*r2+r3*r3):
conl1=225.66*sqrt(0.005742/2.0)%(6.3/con2)*(6.3/con2)/4.0;

F_PROFILE(f,t,i) =
-r2/con2;

}

end_f_loop (f,t)

}

DEFINE_PROFILE(dir_w, t, i)
{

face_t f;

real x[3]:

real rl;

real r2;

real r3;

real conl; /*W_in valuex/

real con2;
begin_f_loop (f,t)
{

/*absolute value of position vectorx/

/* centroid is defined to specify position dependent profiles*/

F_CENTROID(x.f,t);
rl =x[0]:
r2 =x[1];
r3 =x[2]

con2=sqri(rl*rl+r2*r2+r3xr3).
conl=225.66%sqrt(0.005742/2.0)x(6.3/con2)*(6.3/con2)/4.0:

F_PROFILE(f,t,i) =
-r3/con2:

t

end_f_loop (f,t)

;

DEFINE_PROFILE(vel_u, t, i)
{

face_t f;

real x[3];

real rl;

real r2:

P e i)



real r3;

real conl; /*W_in valuex/

real con2; /*absolute value of position vectorx/
begin_f_loop (f,t)

{

/* centroid is defined to specify position dependent profiles*/
F_CENTROID(x.f,t);

rl =x[0]:

r2 =x[1];

r3 =x[2]:

con2=sqri(rl*rl+r2*r2+r3xr3).
conl=225.66*sqrt(0.005742/2.0)x(6.3/con2)*(6.3/con2)/4.0:
F_PROFILE(f,t,i) =

-1.0000*conl*rl/con2;

}

end_f_loop (f,t)

t

DEFINE_PROFILE(vel_v, t, i)

{

face_t f;

real x[3];

real rl;

real r2;

real r3;

real conl; /*W_in valuex/

real con2: /*absolute value of position vector*/
begin_f_loop (f,t)

{

/* centroid is defined to specify position dependent profiles*/
F_CENTROID(x,f,t);

rl =x[0]:

r2 =x[1];

r3 =x|[2]

con2=sqri(rl*rl+r2*r2+r3=r3):
conl=225.66%sqrt(0.005742/2.0)x(6.3/con2)*(6.3/con2)/4.0:
F_PROFILE(f,t,i) =

-1.0000*con1*r2/con2;

—-1.-
T
 —
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}
end_f_loop (f,t)

}

DEFINE_PROFILE(vel_w, t, i)

{

face_t f;

real x[3];

real rl;

real r2;

real r3;

real conl; /*W_in valuex/

real con2: /*absolute value of position vectors*/

real con3; /x2xvix/
begin_f_loop (f,t)
{

/* centroid is defined to specify position dependent profiles*/

F_CENTROID(x.f,t);

r1 =x[0];

r2 =x[1];

r3 =x|[2]
con3=-2.0%225.66*sqrt(0.005742/2.0);
con2=sqri(rl*rl+r2*r2+r3xr3).

conl=225.66%sqrt(0.005742/2.0)x(6.3/con2)*(6.3/con2)/4.0:

if(sqrt(rl*rl+r2*r2)<=(0.707x6.3)){
F_PROFILE(f,t,i) =
-1.0000*con1=*r3/con2+con3;}
else

F_PROFILE(f,t,i) =
-1.0000*con1*r3/con2:}

end_f_loop (f,t)
}
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Abstract

Aerodynamic and Noise Analysis on Hovering
Flight of High-Lift, Low-Noise Blade for
Optimized Blade Design

Younghwan Han
Department of Mechanical and Aerospace Engineering
The Graduate School

Seoul National University

In this study, unlike ordinary blades, the blades with taps to increase
lift and parabolic swept tip shape to reduce noise were used. For the
aerodynamic of the rotor flow field was performed using the ANSYS
FLUENT which is CFD commercial software based on Cell-based finite
volume method and compressible Reynolds Averaged Navier-Stokes. The
rotor aerodynamic technique was verified using aerodynamic reference

provided by Airbus Helicopter, and the validity was confirmed.

After the aerodynamic analysis, the surface of the blade was cut into
several airfoils shapes, and then noise analysis was performed according
to the collective pitch using an In-house code that can calculate the
noise using the pressure coefficient of each airfoil. For the noise

prediction, this study wused acoustic similarity method and used



Formulation 1A of  F.Farassat which modified Ffowcs
Williams-Hawkings (FW-H) equation to facilitate numerical analysis in

time domain as governing equation.

Finally, it is possible to predict the helicopter aerodynamic
phenomenon and noise level during actual flight, to help design, and to

suggest ways to reduce the cost and time of helicopter development.

Keyword: Helicopter rotor, Hovering flight, Noise analysis, Blade tap,
Low-noise airfoil
Student Number: 2015-20796
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