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Effect of Hub Fairing Shape on Low Observability of Helicopter : I. Noise
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School of Mechanical and Aerospace Engineering, Gyeongsang National University, Jinju, Republic of Korea

ABSTRACT

The aerodynamic noise generated by the main rotor system, which consists of the rotor blades and
hub, is one of the major factors reducing the survivability of helicopters operating at low speed and low
altitude conditions. Therefore, hub fairings are designed to shield the hub structure from external flow.
However, hub fairings induce complex wake structures and unsteady flow over the rotor blades, directly
affecting the aerodynamic performance and noise generation. This study investigates the impact of
different hub fairing shapes on rotor aerodynamics, wake structure, and noise level using hybrid
CFD/CAA methods. The Spalart-Allmaras Detached Eddy Simulation (SA-DES) and Ffowcs
Williams-Hawkings (FW-H) acoustic analogy based on the impermeable surface method are utilized.
Computational analysis is performed under forward flight conditions, employing the overset grid
technique to account for the pitch and flapping motions of the rotor blades. UH-60A helicopter in full
configuration with circular, conical, and octagonal pyramid hub fairings is considered. The thrust and
pressure coefficients of UH-60A rotor blades were compared with experimental data for solver
validation at various advance ratios. The results indicated that the circular hub fairing produced the
lowest drag but generated the highest noise level, which is about 6 dB louder compared to the conical
hub fairing,
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Fig. 1. Helicopters with hub fairing
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Fig. 2. Planform geometry of UH-60A blade[25]

Table 1. Trim angles of main rotor blade

Flight Flapping
Test By Bic Bis
37T 1.12° 2.32°
Pitching
#0368 60 616 615
8.99° 5.89° -2.69°

Table 2. Blade specification of UH-60A

Property Value
Number of Blades 4
Airfoil SC1095 / SC1094R8
Radius 322 in.
Chord 20.9 in.
Aspect Ratio 15.41
Twist (non-linear) -16°
Tip Sweep (aft) 20°
Solidity 0.0826
RPM 258

> ¢

(a) Original hub
(non-fairing)

0

(c) Truncated cone
fairing

&K
(b) Circle fairing

o &(/‘<

(d) Octagonal pyramid
fairing

Fig. 3. Configurations of hub fairing
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Fig. 5. Computational grid system

Fig. 6. Surface grid near the blade tip

Table 3. Simulation conditions

Property Value
Pressure 101,325 Pa
Rotation Speed 258 RPM
Tip Mach Number 0.65
Advance Ratio 0.368
Total Revolution 10 Rev.
Reynolds Number 6.9 x 10°

Table 32 HFE X vy AlgdHolAE /T A
Al 2748 UeEtdgith 28 o= IH&EEE
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Table 4. Flight test condition of UH-60A

Flight counter d Cr Mrip as

C8534 0.368 | 0.006942 | 0.65 | -7.31°
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