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ABSTRACT

A noise prediction code for helicopter rotors was developed using a nonlinear vortex lattice method
(NVLM) and the Ffowcs Williams-Hawkings acoustic analogy with impermeable boundary conditions.
Aerodynamic loading was evaluated by coupling NVLM with a vortex particle method to compute
loading and thickness noise. The code was validated using Caradonna-Tung and HART-II rotor data
under hover and forward flight conditions, respectively. While pitch angle had minimal influence on
thickness noise, overall noise levels increased with pitch. The predicted aerodynamic forces and
acoustic pressures showed good agreement with measurements, demonstrating the capability of code

for designing low-noise rotor blades.
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Table 1 Blade geometry of Caradonna-Tung rotor

Parameter Value
Number of blades 2
Root cutout 20 %
Rotor radius 1.143 m
Aspect ratio 6
Airfoil NACA0012

Table 2 Simulation conditions

Parameter Value
Tip mach number 0.439
Rotational speed 1250 r/min
Collective pitch angle 5°, 8°, 12°
Time step 10°
Total revolution 20
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Fig. 5 Geometry of HART II rotor blade

Table 3 Blade geometry of HART II rotor

Parameter Value
Number of blades 4
Non-dim. root cutout 0.22
Rotor radius 2m

Blade chord 0.121 m
Blade twist angle -8°

Aspect ratio 16.528

Airfoil NACA23012

Table 4 Simulation conditions

Parameter Value
Advance ratio 0.151
Tip mach number 0.642
Rotational speed 109.12 rad/s
Rotor thrust 3300 N
Rolling moment 20N -m
Pitching moment 20N -m
Time step 10°
Total revolution 20
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A 2 A e Hdolg VM= A FHE ok
A BN ofyE FALSE AjAQ] AFYoE
&3S glskelth Azng T Z2Ho T3
A5 9
7

¢

£ e

il

AskE sjAe A,
& Aol mEFLH 14}
I 4rRERe] BVI @S 2 Seke A &

rO Mo ofN X AN

o Ko oo Q O rE oo &

&t 1

28 A5 peak-to-peak 7S Ak} w] g
A, 5% WAFe] A7)= va At Aozt 9l
ARk ARbAQl A & AT g WAL
A 2 A3 =9 Adf BVI 2ol 2k 9
A5 A3 Aol 719 FAFeHAl 538kt

12
ol-g3to] ARt 9 Azl vl FHAE oS ATE
Feystelet. shARt T 7I7bA] aEshAl |
A CFD7} Algste dlolE ] &olut Ao whef &
HMFAEE HEAORE AT F S AR o
At w3, 2H-2H, 2H7|A, 2H-54 & A%
2802 Q3 B I &S S FIE o

S g glen, o= A7IAl sy FelA 2

Ak g0t ke Fejel = 21 AL
M A g2 E] (urban air mobility)dll = E ]
8 5 g Ao JdEh wep FF A
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o= E3hy 7]wke] FW-H ST F712 2
Aol 2= A AoH, FHHoR o] wF
o] &% A 7S B FF Ars EYol=
AZ A Z7] A GACIARE ZE BEel=9] &
&2 m2s) 45T & 9E 71ES fRshs A
A% Byolt}. ol =Y EHol= ¥4 AA AT
9 Ang BHolE 29 54 B4 A7 g &
49 Zoz suHr
z 7

o] = AF(EANAA) Y] Adow =
ATae] AA7IE AR ALS BHol= &
A 71 A9 deko R S EH S
Aol A= HYTHNo. 18-202-805-051).

D)
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