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THE INVESTIGATION OF THE AERO-ACOUSTIC ANALYSIS METHODS FOR THE HELICOPTER BLADE

N.E. Park,”" C.H. Woo,' S.G. Lee’ and S.J. Yee’

The development technology for the helicopter is improved by the increasing of computing power and advanced
test facilities. The increasing efficiency of fuel consuming by the developing of improved lift-to-drag rotor system is

the major issue,

the noise reduction for ecology(civil area) and increase of survivability to reduce noise

detection(battlefield) also are important. This investigation shows the classification of helicopter external noise and
requirements, the noise flight test methods, the numerical modeling method for aero-acoustic of rotor blade and the
result of CAA(Computational Aero-Acoustic) for main rotor blade.

Key Words : H2H-2 288 41(CAA, Computational Aero-Acoustic), F4HT-#<I8HCFD, Computational Fluid Dynamics),
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Fig. 1 Helicopter Flyover Noise Test by ICAO Certification Test
Operations[1]
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Tone corrected perceived noise level PNLT, TPNdB

(1) 12)
Flyover time f, seconds

Fig. 2 Noise Time History
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$18+ H<HApproach), ©]E(Take off), 51| YFly over)ES 7+
Zt g @3 dAPH(EPNDB, Effective Perceived Noise
Decibels)2 7FA e vk, 82 dTFEolME FHA4
& WA TS =] A AXemIR 3u]F
(Fly over)oll 34 Z} Octave bandoll W3] 4= 7HA3L

l CFDS & 1]

1/3-Octave Band =4 (SPL)

- ARABUSA SFAX

- BEFC D02 E 94X

24 Band® Noy(N) ¥38

=N = Neas + 0.15(Sum(N) - Nrs:)
C = Tone Correct. -N: : 1/3-Octave Band Noy
Factor - Nea : Ni2ES ZCHRE

Noy Data Table X £

- 1dB Stept =0t

-N :Total Noisiness

PNL Calculation

- PNL = 40 + 10log N/ log 2

PNLT Calculation

-PNLT=PNL+C
- Max. PNLT Determination

PNLT Database

AN HSRA 2T

- T: & Tz Calculation on PNLT

EPNL Calculation

- EPNL = 10logs[1/10Intg(Antilog(PNLT/10))dt]

Noise Footprint

- PNLT & EPNL Iso-Contour Plot
- INA (Integrated Noise Area) 2 &

Fig. 3 EPNL Calculation Flow Chart
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A o2 o age] AFAR AHH= W3t AL
FAR 36 %= ICAO Annex 16°]tt.

e FAR 36: FAR 36 subpart H helicopter noise

® [CAO Annex 16 chapter 8 and chapter 11

(C1FF] 3175kg ©1’d] -+ Chapter 80] 4-&-%)

ICAOS} FAR 360 AAF] Q& 28 739, &7
Zol] 3t At R t-g3t 2,

- ICAO Noise Limits (Annex 16 Chapter 8.4)
£ 2002 39FE AlxE

e Take Off noise level: §7.03+9.97log(M)

e Flyover noise level: 85.03+9.97log(M)
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® Approach noise level: 90.03+9.97log(M)
(M=MTOW(kg)/1000kg)

- FAR 36 Appendix H, Part D Noise limits

: ICAO TFARTE S22 AlgAE 278k A

e Take Off noise level: 89.0+3.01[log(M/800.137)/log2]

® Flyover noise level: 88.0+3.01[log(M/800.137)/log2]

e Approach noise level: 90.0+3.01[log(M/800.137)/log2]
(M=MTOW(kg))
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Table 1 Example of Military External Noise Level

= =2~ i1 T
T35 (Hz) (dB 712 = 0.0002 dynes/cm’)
O(cl;z;\)ie Center (Hz) Hover Cruise
57
Overall 9. -
224-447 31.5 8 9
44.7-89.2 63 8 9
89.2-178 125 8 9
178 - 355 250 8 9
355-1709 500 8 8
709 - 1410 1000 8 7
1410 - 2820 2000 8 7
2820 - 5630 4000 7 7
5630 - 11200 8000 7 7

(Overall< 22.4-11200Hz F3p5t]e] BE o=|9] F3h

Skid Height
5 Ft. AGL

Helicopter Rotates in 45° Steps
8 Microphone Positions

Fig. 4 Helicopter Hover Noise Test Schematic[2]
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CAA(Flow-Noise)
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Fig. 5 CFD Anaysis & CAA Analysis Process
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1) Comprehensive transient CFD analysis: 2~
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Fig. 6 Main Rotor Outer Boundary Information
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Fig. 7 Main Rotor Outer & Inner Mesh Geometry
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Fig. 8 Hovering Noise Flight Test Schematic

- CFD tool : ANSYS CFX

- Blade No. 14

- Collective Pitch Angle . 10.5°

- Solver  : Unsteady pressure based N-S, SST turb. model
- Flight state : OGE Hovering, ISA, SL

- RPM : 258 rpm(CCW)

- Unsteady time step 1 0.001292s (2deg/iteration)
- Total iteration No. : 540(3 revolution)

- Sub-iteration No. 08
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F.M. of UH-60
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Fig. 9 Hovering Performance Comparison Exp. with CFD for
UH-60

Fig. 102 AAlelidE Faf Altelofxl UH-609] A5
dAe Feet Adfo|rl. UH-602] noise peake] harmonic-
lrev~4irev7} 2 X2E3 Z}ZF 87dB(17.2hz,  lirev),
75.7dB(34.5hz, 2ftev), 67.1dB(517hz, 3frev), 57.9dB(68.9hz,
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Table 2 Analysis Result of UH-60 for Hover Flight

Thrust(N) Power(Kw) F.M.

Exp. 101,596 1965.1 0.73
CFD 101,688 2178.6 0.66
Deviation(%) 0.1 10.8 -9.68

Fig.

Fig.

(1]

(2]

3]

[4]

\ CFD2 81|

KUH CAA Analysis Results
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10 UH-60 Main Rotor Aero-Acoustic Analysis Result in
Hover
UH-60 CAA Analysis Results
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11 UH-60 Main Rotor Aero-Acoustic Analysis Result in
Hover(A Weighting)
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