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ABSTRACT

Helicopter noise has been considered as one of major design factors like a performance and safety since the public

acceptance, comfortability and stealth aspects were important for customers. According to the airworthiness regulation, the

noise levels in three different flight conditions shall comply with the specific limits. Main and tail rotors noise is most

dominant in far field due to the low and mid range frequency characteristics. It is an air-born noise so that the accurate

aerodynamic data is necessary for the accurate noise prediction. In KARI, low noise main and tail rotors as well as

analysis codes have been developed since 2000. The approach for low noise main rotor is a kind of tip modifications, so

called twin vortices tip to reduce the BVI noise. Analysis results show the 9.3dB reduction in terms of pseudo EPNL. The

uneven spacing concept is applied for low noise tail rotor. Three or four decibel noise reduction is achieved by new

optimized uneven spacing. Rotor noise and aerodynamic prediction codes have been improved also.
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Table 1 Noise Level and Margin of Target Helicopter

(unit : EPNdB)
Flight Regime Measured | Req'd Margin
Take-Off 92.0 96.9 4.9
Level Fly-Over 91.7 959 4.2
Approach 97.7 97.9 0.2
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Fig. 3 NRSB Tip Shape Concept
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Fig62 2&d4E 98] "ed FHHOEE F 3]
3 KARIAM A&z ME ¢ AA FVW 2= 9
AYHA AAE ZAEY Aok § F=e AT AE 34
9 FVW ZEax HIe HV‘“ F718E ARSI L
W, dA EFAN Fel 9 EYolt A T EA FE7}
A ZAH Qo o AF As U9 Iz 2 g
surEdd wug o do™” Fig. 7& 2¢H4 3= A
& gt dxd dFE 28 BVI &5 A@EAA
OLS (Operational Loads Survey) ¥A¢ 7% sy
NBAS% A5AE viise Bel F31 A 54 4%
AN AAFEG 2SS siME 8ol o]de] AR
o] Blol= Ao &7 HET) «&AAE CFD 34 A3}
oo s FHHoE 282 4FFE ¢ 5 Ay
o &% Q}E"l A4 3% T wE &5 549

A4

2

T TR T

[SU=:2 rﬁL‘
et



Fig. 5 Small Scale Rotor Test

Fig. 6 Free Vortex Wake Analysis Results

\ ~— Present Result
; e Expetiment

Pressure(Pa)

-40 L. 1 1
50 . 100
Blade Azimuth (deg)
CFD result
.......................... Experiment
=
&
g et
g e /ﬁxﬁw [ S
D
£ -
30 =
o % -
Blade Azimuth (deg)

Fig. 7 BVI Noise Prediction Code Validation
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(b) PNL Contours in Parameter Domain
Fig. 8 Uneven Spacing Design Trade-Off
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(b) Wind Tunnel Test
Fig. 10 Tail Fan Test Rig
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Fig. 11 Tail Fan Noise Test(Ground Test)

Table 2 Measured Noise Level at 1.82D (unit : dB)
Test Conditions | Even(A) [Uneven(B)| A(A-B)
95 d PNL 125.3 123.0 14

I PNLT 1311 1273 3.8
30 d PNL 127.3 1258 15
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