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Abstract

The work presents recent experiments at the Kazaioial Technical University (KNRTU-KAI),
related to helicopter acoustics. The objectiveoiprovide a database of near-field experimenta dat
suitable for CFD validation. The obtained set ofadeorresponds to a Mach-scaled rotor of known
planform. An advantage of the current datasetas direct near-field acoustic data is made avaslabl
and this allows easy and direct comparisons witld @Fedictions, without the need to use far-field
aeroacoustic methods.

1. Introduction

Reduction of helicopter rotor noise is an importabjective for design engineers aiming to achiessiftcation of
new rotorcraft that are compliant with the stringeaise regulations for operations from airportd arhabited areas.
Rotor noise contains broadband and discrete nasgponents. The broadband noise includes non-detestii
loading noise, which includes blade self-noisedbto-wake interaction noise and turbulent ingestioise. The
discrete-frequency noise consists of determintimponents of thickness, loading and high-speedilshg noise
tones that are dominant throughout the flight eopelof the helicopter [1].

Thickness noise occurs because of the displaceaieht air by the blade. It is mainly determinedthg airfoil
thickness and rotor speed [2]. It propagates mdmlhe rotor plane in front of the upcoming bladéis type of
noise occurs mostly at the tip of the rotor du¢ghwhigh tangential speeds of the blade sectioms.tfiickness noise
is the dominant noise component for an observehemotor plane, especially for hovering rotors.

The experience gained from the HART program [3-& Bhown that a key parameter for noise simulatiche
successful wake simulation, especially if BVI noiseonsidered. To this end, prescribed wake th§@rand free
wake simulation [3, 7, and 8] have been succegsfisked in the past.

At the moment, the access to all experimental dateear-field aeroacoustic measurements is limitéavever, all
data, presented in this paper, is planned to besrpablicly available, including the blade shapergetry and all
measurements [9].

2. Experimental setup and experiment conditions

2.1Wind tunnd

The experiments were conducted in the acoustic bbamwf the T-1K wind tunnel (WT) at KNRTU-KAI (Kana

Russia). To perform the acoustic and aerodynanpe®@xents modifications were necessary, includiggaddition
of ceiling and side walls, running between theajed diffuser.

The retractable walls include Helmholtz resonaforsabsorbing acoustic noise of low frequenciespbted with

pyramid shape melamine foam material for absorbhowustic noise of higher frequencies. The Helmhelsonators
were designed to enable aero-acoustic rotor measuts of the rotor rig at lower frequencies (Segufé 1 for an
overview of the test section).
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Main object of experiments described in this warkai mach-scaled rotor. Such rotors have high ootatispeeds,
and tend to generate acoustic pressure in muctehigbquencies compared to full size helicoptetser€fore, the
melamin-based acoustic absorbing material wasteelé¢o satisfy those requirements. A scheme ofuiine tunnel

and acoustic chamber is shown on Figure 1.

Figure 1: Wind tunnel and acoustic camera schematic

2.2Rotor rig

For this work, the angular speed of the rotor wetste 900 rpm. The collective pitch angle at 75%blafde radius
6, was set to +8°. All tests were performed in howerde, i.e. with no free stream velocity. The rotadius
wask = 0.820 m. In this work, however, all the distances will peesented in terms of relative radius r/R =

1.2, wherer is a horizontal distance from the rotor’s axigatftion, and the relative distagce y/R, wherey is a
vertical distance from the rotor plane (see FigeixreRotor rig had four blades of known geometryhwiiarabolic
tips. (See Figure 3)
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Figure 2: Placement of the microphones during #peeements. The linear array is shown adjacenté¢orotor.
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2.3Data acquisition and analysis

The measurements were taken with DBX RTA-M micrapfsocoupled with Panasonic WM-61A cartridges. An NI
PXI 4496 ADC card, supporting sampling rates ofta04kS/s with 24-bit analogue-to-digital conversiwas
used. This setup allowed recording signals fromnti@ophones simultaneously.

The microphone placement is shown on Figure 2, thighmicrophone array positioned at a relativeusidi= 1.2.

3. CFD setup and conditions

Numerical simulations of the flow around the rotoodel for hover mode were based on the RANS approdit

the kw turbulence model, and carried out with HMB CFD-eo@he flow around the isolated rotor in hover mode
has a periodic structure. For this reason, a coatpuial domain was constructed for one blade oRigure 3). A
multiblock grid was created using the ICEM HE%aool and contained 4.4 million points.

The near field sound generation at any considexadt ps determined by the fluctuation of the stgtiessure
induced by the rotation of the rotor. The grid detesl of 172 blocks and 4.4 millions of points wihcareful
arrangement to capture the loading of the bladepsadide good resolution of the wake. The grid wasstructed
using previous experience with similar configuraio[10], and while it was coarse, it captured thainnflow
features with relatively good accuracy.
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Figure 3: Computational grid and geometry for olaele of the rotor.

4. Results and discussion.

Figure 4 presents experimental and CFD resultsalevboundaries in hover flight obtained at KNRTU{KA&he
flow visualization was performed using a Dantec Ristem with a Nd:YAG laser. The vortices were tded
using Q-criterion for a 2D case, defined as connectediapetgions, where the Euclidean norm of the vdstic
tensor dominates the rate of the strain tensorwhen the > 0 condition is satisfied [11].
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The position of each vortex, obtained in the experit for multiple frames, is shown by dots in Fagdr which are
then approximated with a polynomial line. The CF3uits are then added to Figure 4, which show gapeement
with the experiment.
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Figure 4. Comparison CFD with experimental resoftdp vortex coordinates for the hover flight

Figure 5 shows the noise level distribution arotimal rotor rig, which was operating in hover mode allective
pitch angle of 8 degrees, at different distancemfrotor ¢ =1.2 to 2.1 in steps of 0.1). The vertical asynmgnef
the peak sound level is believed to be caused bingangle of the rotor. Figure 6 presents the @epn between
CFD and experimental exponential sound level atitsance™ =1.2.

Comparison of sound pressure levels (SPL) in thpteal domain for experimental results and CFD catafons
are shown in Figures 7-9. Each microphone positiatefined by relative distanc&s=1.2 andy with respect to the
rotor plane. In order to show the distribution loé tacoustic pressure, the first five periods ofekgerimental data,
taken from the same microphone, are shown (Expribtde the first period, Exp-2 the second period,).eThe
results were then compared to the CFD data (reg.limhe peaks at time instanagg,,t; andt, are marked in
Figures 7-9 by vertical dashed lines. The time spathese figures corresponds to a full revolutibthe rotor.
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The comparison of the experimental and CFD data st®w that these results are in a good agreemidmteach
other. However, contrary to experiments, where tmming angle of the rotor changed due to operating
conditiongf, # 0), the coning angle for the CFD simulations wadseerds, = 0).
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Figure 5: Exponential sound level values. ExperitaleresultsCy = 0.01, 6, = 8°, My;, = 0.23.
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Figure 6: Comparison of CFD and experimental resgjt = 0.01, 6, = 8°, M;;, = 0.23.
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Figure 7: Comparison of the first five periods (Ekpo Exp-5) of the experimental measurements &rid @sults
for vertical distance from the rotor plagjie= 0159. The peaks & = 0.01152 s,t, = 0.02798 s,t; = 0.04444 s
and, = 0.06090 s are shown with dashed vertical lines.
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Figure 8: Comparison of the first five periods (Expo Exp-5) of the experimental measurements &fld @sults
for vertical distance from the rotor plafie= 0. The peaks at, = 0.01170 s,t, = 0.02816 s,t; = 0.04462 s
and, = 0.06108 s are shown with dashed vertical lines.
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Figure 9: Comparison of the first five periods (Ekpo Exp-5) of the experimental measurements &fid @sults
for vertical distance from the rotor plape= —0.159. The peaks at = 0.00951 s,t, = 0.02597 s,t; = 0.04243 s
and, = 0.05888 s are shown with dashed vertical lines.
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5. Conclusions.

The work presented experimental results obtaineyus near-field linear array for a model-scaleran hover. The
array was placed at 1.2R distance from the rotbe Tomparison of experimental data with the CFDutition
results of acoustic pressure fluctuations in terapdomain showed good agreement. The CFD simukatieere
based on RANS solutions obtained using the in-hélM8 code. So far, the following conclusions candoawn:

1. Experimental data can be used for initial val@aof CFD solvers, which are easy to run and eogin in CPU
time.

2. The data appears to be accurate and agreeheithetical estimates and preliminary CFD-results.

Future studies will be aimed at forward flight wittcus on BVI and HIS noise studies, using neddfimicrophone
arrays. Future simulations are also to be perforfoedalidating the HMB solver.
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