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Abstract

The work presents recent experiments at the Kazan National Technical University (KNRTU-KAI),
related to helicopter acoustics. The objective is to provide a database of near-field experimental data
suitable for CFD validation. The obtained set of data corresponds to a Mach-scaled rotor of known
planform. An advantage of the current dataset is that direct near-field acoustic data is made available
and this allows easy and direct comparisons with CFD predictions, without the need to use far-field
aeroacoustic methods.

1. Introduction

Reduction of helicopter rotor noise is an important objective for design engineers aiming to achieve certification of
new rotorcraft that are compliant with the stringent noise regulations for operations from airports and inhabited areas.
Rotor noise contains broadband and discrete noise components. The broadband noise includes non-deterministic
loading noise, which includes blade self-noise, blade-to-wake interaction noise and turbulent ingestion noise. The
discrete-frequency noise consists of deterministic components of thickness, loading and high-speed impulsive noise
tones that are dominant throughout the flight envelope of the helicopter [1].

Thickness noise occurs because of the displacement of the air by the blade. It is mainly determined by the airfoil
thickness and rotor speed [2]. It propagates mainly in the rotor plane in front of the upcoming blade. This type of
noise occurs mostly at the tip of the rotor due to the high tangential speeds of the blade sections. The thickness noise
is the dominant noise component for an observer on the rotor plane, especially for hovering rotors.

The experience gained from the HART program [3-5] has shown that a key parameter for noise simulation is the
successful wake simulation, especially if BVI noise is considered. To this end, prescribed wake theory [6] and free
wake simulation [3,7,8] have been successfully used in the past.

At the moment, the access to all experimental data of near-field aeroacoustic measurements is limited. However, all
data, presented in this paper, is planned to be made publicly available, including the blade shape geometry and all
measurements [9].

2. Experimental setup and experiment conditions

2.1Wind tunnel

The experiments were conducted in the acoustic chamber of the T-1K wind tunnel (WT) at KNRTU-KAI (Kazan,
Russia).To perform the acoustic and aerodynamic experiments modifications were necessary, including the addition
of ceiling and side walls, running between the jet and diffuser.

The retractable walls include Helmholtz resonators for absorbing acoustic noise of low frequencies coupled with
pyramid shape melamine foam material for absorbing acoustic noise of higher frequencies. The Helmholtz resonators
were designed to enable aero-acoustic rotor measurements of the rotor rig at lower frequencies (See Figure 1 for an
overview of the test section).
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Main object of experiments described in this work is a mach-scaled rotor. Such rotors have high rotational speeds,
and tend to generate acoustic pressure in much higher frequencies compared to full size helicopters. Therefore, the
melamin-based acoustic absorbing material was selected to satisfy those requirements. A scheme of the wind tunnel
and acoustic chamber is sown on Figure 1.

Figure 1: Wind tunnel and acoustic camera schematic.

2.2Rotor rig

For this work, the angular speed of the rotor was set to 900 rpm. The collective pitch angle at 75% of blade radius
6,5 was set to +8°. All tests were performed in hover mode, i.e. with no free stream velocity. The rotor radius was
R = 0.820 m. In this work, however, all the distances will be presented in terms of relative radius ¥ = r/R = 1.2,
where r is a horizontal distance from the rotor’s axis of rotation, and the relative distance ¥ = y/R, where y is a
vertical distance from the rotor plane (see Figure 2). Rotor rig had four blades of known geometry with parabolic
tips. (see Figure 3)
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Figure 2: Placement of the microphones during the experiments. The linear array is shown adjacent to the rotor.
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2.3Data acquisition and analysis

The measurements were taken with DBX RTA-M microphones coupled with Panasonic WM-61A cartridges. An NI-
PXI 4496 ADC card, supporting sampling rates of up to 204kS/s with 24-bit analogue-to-digital conversion, was
used. This setup allowed recording signals from the microphones simultaneously.

The microphone placement is shown on Figure 2, with the microphone array positioned at a relative radius 7 = 1.2.

3. CFD setup and conditions

Numerical simulations of the flow around the rotor model for hover mode were based on the RANS approach with
the k-o turbulence model, and carried out with HMB CFD-code. The flow around the isolated rotor in hover mode
has a periodic structure. For this reason, a computational domain was constructed for one blade only (Figure 3). A
multiblock grid was created using the ICEM Hexa™ tool and contained 4.4 million points.

The near field sound generation at any considered point is determined by the fluctuation of the static pressure
induced by the rotation of the rotor. The grid consisted of 172 blocks and 4.4 millions of points with a careful
arrangement to capture the loading of the blade and provide good resolution of the wake. The grid was constructed
using previous experience with similar configurations [10], and while it was coarse, it captured the main flow
features with relatively good accuracy.

Figure 3: Computational grid for one blade of the rotor.

4. Results and discussion.

Figure 4 presents experimental and CFD results of wake boundaries in hover flight obtained at KNRTU-KAI. The
flow visualization was performed using a Dantec PIV system with a Nd:YAG laser. The vortices were identified
using Q-criterion for a 2D case, defined as connected spatial regions, where the Euclidean norm of the vorticity
tensor dominates the rate of the strain tensor, i.e. when the Q > 0 condition is satisfied [11].
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The position of each vortex, obtained in the experiment for multiple frames, is shown by dots in Figure 4, which are
then approximated with a polynomial line. The CFD results are then added to Figure 4, which show good agreement
with the experiment.
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Figure 4:Comparison CFD with experimental results of tip vortex coordinates for the hover flight

Figure 5 shows the noise level distribution around the rotor rig, which was operating in hover mode at a collective
pitch angle of 8 degrees, at different distances from rotor (¥ =1.2 to 2.1 in steps of 0.1). The vertical asymmetry of
the peak sound level is believed to be caused by coning angle of the rotor. Figure 6 presents the comparison between
CFD and experimental exponential sound level at the distance 7 =1.2.

Comparison of sound pressure levels (SPL) in the temporal domain for experimental results and CFD computations
are shown in Figures 7-9. Each microphone position is defined by relative distances 7 =1.2 and y with respect to the
rotor plane. In order to show the distribution of the acoustic pressure, the first five periods of the experimental data,
taken from the same microphone, are shown (Exp-1 denotes the first period, Exp-2 the second period, etc.). The
results were then compared to the CFD data (red line). The peaks at time instances t,,t,,t; andt, are marked in
Figures 7-9by vertical dashed lines. The time span on these figures corresponds to a full revolution of the rotor.
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The comparison of the experimental and CFD data also show that these results are in a good agreement with each
other. However, contrary to experiments, where the coning angle of the rotor changed due to operating conditions
(B, # 0), the coning angle for the CFD simulations was set to zero (8, = 0).
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Figure 5:Exponential sound level values. Experimental results. Cr = 0.01, 6, = 8°, M;, = 0.23.
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Figure 6:Comparison of CFD and experimental results. Cr = 0.01, 6, = 8°, M;, = 0.23.
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Figure 7. Comparison of the first five periods (Exp-1 to Exp-5) of the experimental measurements and CFD results
for vertical distance from the rotor plane y = 0159. The peaks at t; = 0.01152 s,t, = 0.02798 s,t; = 0.04444 s
andt, = 0.06090 s are shown with dashed vertical lines.
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Figure 8. Comparison of the first five periods (Exp-1 to Exp-5) of the experimental measurements and CFD results
for vertical distance from the rotor plane ¥ = 0. The peaks at t; = 0.01170 s,t, = 0.02816 s,t; = 0.04462 s
andt, = 0.06108 s are shown with dashed vertical lines.
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Figure 9. Comparison of the first five periods (Exp-1 to Exp-5) of the experimental measurements and CFD results
for vertical distance from the rotor plane y = —0.159. The peaks at t; = 0.00951 s,t, = 0.02597 s,t; = 0.04243 s
andt, = 0.05888 s are shown with dashed vertical lines.
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5. Conclusions.

The work presented experimental results obtained using a near-field linear array for a model-scale rotor in hover. The
array was placed at 1.2R distance from the rotor. The comparison of experimental data with the CFD simulation
results of acoustic pressure fluctuations in temporal domain showed good agreement. The CFD simulations were
based on RANS solutions obtained using the in-house HMB code. So far, the following conclusions can be drawn:

1. Experimental data can be used for initial validation of CFD solvers, which are easy to run and economic in CPU
time.

2. The data appears to be accurate and agree with theoretical estimates and preliminary CFD-results.

Future studies will be aimed at forward flight with focus on BVI and HIS noise studies, using near-field microphone
arrays. Future simulations are also to be performed for validating the HMB solver.
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