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Abstract

An aeroacoustic method for noise prediction of heli-
copter rotors in forward flight is presented. The un-
steady aerodvnamic flow field is computed using an
Euler solver for arbitrary moving coordinate systems
and flexible grids taking into account the prescribed
rigid blade motion. Using the computed pressure da-~
ta as input, two acoustic methods are applied, on one
side the linear part of the acoustic analogy method
and on the other side the Kirchhoff method.

First for the 4-bladed ONERA/ECF TAD rotor in
high-speed forward flight (g = 0.4) the blade pressure
data computed with the present method is compared
with experimental data and numerical results of other
authors using e.g. Chimera method. A good overall
agreement can be statet.

For the same ONERA/ECY 7AD rotor test conditi-
ons defined in the HELISHAPE project are applied
{yt = 0.33). The comparison of computed pressure da-
ta with the experimental data is less satisfactory than
for the first test case.

The acoustic evaluation for the second test case de-
monstrates, that for in-plane microphones the nega-
tive peak pressure is almost independent on the rotor
thrust. For microphones out of the rotor plane, a more
accurate noise prediction is obtained with lifting flow
conditions by preseribing the correct blade motion at
the aerodynamic computation instead of non-lifting
Aow conditions.

Fhe overall differences to the experimental data are
caused by the following facts. Applying the Kirchhoff
inethod with a rotating integration surface, for the
present conditions at imoderate high-speed forward
Aight not all non-linear effects can be included inside
the Kirchhoff surface. The Kirchhoff method with a
non-rotating integration surface requires sufficiently
accurate aerodynamic data. which cannot be obtal-
ned on the grid used due to unsufficient clustering of
arid points.
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Introduction

The aim of helicopter noise reduction requires the de-
velopment of advanced computational methods. An-
noying noise of helicopter has impulsive character and
is either high-speed impulsive (HSI) noise or blade-
vortex interaction (BVI) noise. The present paper
concenirates on the numerical simulation of HSI noi-
se. Most of the simulation methods are split in two
parts, on one side aerodynamic codes for the compu-
tation of the acoustic sources generated by the rotor
blades and on the other side acoustic codes for the
prediction of noise propagation to the farfield.

Especially for the aerodynamic flow field computati-
on the methods differ by the computational effort. ac-
curacy and fexibility. For unsteady computations of
rotors in forward flight, wake capturing methods like
Chimera or overset grid methods {Pahlke and Rad-
datz [1], Ahmad and Duque [2]) or the moving grid
approach (Boniface et al. [3]. Boniface and Pahlke [4])
have been developed.

Experimental studies have shown that for HSI noi-
se predictions for microphones located in the plane
of the rotor the maximum peak pressure value is in-
dependent on the rotor thrust (Schmitz et al. [5]).
Therefore. most of the aeroacoustic computations of
high-speed impulsive noise from lifting helicopter ro-
tors in forward flight are carried out by simulating
non-lifting conditions. No wake capturing algorithm
or wake models are included in this case (Strawn =t
al. {6]). For microphones not located in the rotor pla-
ne, non-symmetric blade loadings have to be conside-
red by applying wake capturing methods or aerody-
namic methods coupled to a wake-model.

The acoustic methods applied are on one side linear
methods {monopole and dipole term of the acoustic
analogy method) and the Kirchhoff method, which al-
lows to include non-linear effects. For test cases in the
transonic regime studies comparing these methods
were carried out (Kuntz {7], Brentner et al. [8]). Both
methods agree well for conditions below the delocali-
zation Mach number, but accurate noise predictions
at higher Mach numbers require the use of the Kirch-
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One example for a combined aerodynamic and acou-
stic method using the overset grid technique is pu-
blished by Ahmad et al. [9]. The purpose of the pre-
sent work is to show the feasihility of a combined
acroacoustic method including an Euler solver using
flexibie grids. This paper contains first results of com-
putations on coarse grids. For a high-speed forward
flight test case (g = 0.4) defined by ONERA for the
ONERA/ECF 7AD rotor comparisons of aerodyna-
tni¢ blade pressure data with experiments (Beaumier
et. al. [10]) and Euler results computed by other au-
thors using different methods {e.g. Chimeraj are car-
ried out.

Fupthermore this paper shows comparisons of aero-
aconstic computations with experimental data for the
ONERAJECF TAD rotor measured in the DNW in
the framework of the HELISHAPE program (Schultz
et al.[11]). For this moderate high-speed forward flight
test case with g = 0.33 aerodynamic and acoustic
comparisons are done.

Aerodynamic Methods

The DLR aerodynamic code FLOWer is applied for
the computation of the present test cases. FLOWer is
a finite-volume solver for the solution of the Navier-
Stokes equations on arbitrary moving coordinate sy-
stems and fexible grids (Kroll et al.[12]). In the fra-
mework of the present work only inviscid computati-
ons are carried out. The integral form of the three-
disensional Euler equations in a moving Cartesian
soordinate system can be written as:
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W is the vector of conservative quantities with p.q
and £ denoting the density, absolute velocity vector
refered to the biade fixed coordinate system and spe-
cific total energy, respectively. V' denotes an arbitrary
deforming control volume with boundary 8V and the
outer normal @. A source term G has to he added, in-
cluding the time derivatives of the unit base vectors of
the coordinate system rotating with the angular velo-
city of. The gas is assumed to behave like a calorically
perfect gas with constant specific heats.

For the calculation of the convective flux tensor
the boundary velocity §; has to be introduced. This
vector is defined in the moving frame and contains
three components induced through translation, rota-
tion of the coordinate system and the deformation of
the mesh {compare figure 1):

b = Jirans + Grot + (Tﬂex (3)
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Figure 1: Moving coordinate system

The translational velocity is determined by the ad-
vance direction of the rotor and the tilt of the rotor
plane according to the tip path plane angle arpp and
is obtained by the free stream velocity in the intertial

-
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v 4 and J are the azimuthal angle, flapping angle
and pitching angle, respectively. Finally the defor-
ming grid velocity is given by the local velocity for
each grid point:

“Ef!‘-.t' = -i'f:_‘z- + .l;lﬁ_‘:.[ + :E.: (T}
The veansforination between moving frame 7 and the
. . -t .
inertial frame 7 is described by:
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D is the tensor including the rotation around three
axis. For the present application of helicopter rotors
in torward fight the pitching and flapping angle are
periodic functions of the azimuthal angle:
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The approximation of the governing equabi‘ons fol-
lows the niethod of lines, which decouples the dis-
cretization of space and time (Jameson et al. [13]).
The spatial discretization i1s based on a finite volu-
me method which subdivides the fiow field into a set
ol non-overlapping hexahedral cells. The celi-vertex
approach is realized, in which the flow variabies are
associated with the vertices of the cell. The spatial
discretization leads to a svstem of ordinary differenti-
al equations for the rate of change of the conservative
flow variables in each grid point. The time integrati-
on s realized using the Dual-Time-Stepping method
according to Jameson [14] implemented in FLOWer.
Tus nethod has been already applied to other un-
steady test cases (Heinrich et al. [15]).

Tle no-normal flow condition is hmposed on a bo-
dy. The far field boundary is treated following the
concept of characteristic variables for non reflecting
boundary conditions {Krell [16]). Auxiliary cells are
used to store the neighbour flow values in order to
match the solution across mner cuts. In order to have
second orcler spatial accuracy at inner cuts two layers
of auxiliary cells are used.

The multibladed rotor is computed by simulating all
blades together without introducing special bounda-
ryv conditions to take into account the influence of the
other blades. Body conforming single block computa-
tional grids of an QI topology with a wraparound O
in chordwise direction and the H-type in spanwise di-
rection are generated around each blade. These grids
are transformed in a cylindrical shape with an azimu-
thal extension of the segment of 27/V (N = number
of blades). Finally the blocks of all blades are connec-
ted forcing an equivalent point distribution at the
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connection planes. For each biock, the I-index runs
in the wraparound direction, the J-index in the bla-
de normal direction and the K-index in the spanwise
direction,

To take into account the relative motion of the blades,
the technique of flexible grids is applied. The overall
grid system is defined with zero pitching and fap-
ping angles, the angular velocity vector according to
eq. {6) is & = wé,. While the outer part (farfleld} of
each block is fixed in the rotating system, the inner
part including the rotor blade 1s moving according to
eq. (9) dependent on the actual azimuthal location.
The outer boundary of this inner part is typically a
few chord length away from the rotor blade and is gi-
ven by the location of the Kirchhoff surface (compare
description of the acoustic methods). Inbetween the
grid is distorted linearly. Consequently, the velocity is
splitted according to eq. (3) in a translational part, a
rotational part without pitching and flapping (which
is the same for all blades) and a deforming prid ve-
focity dependent on the actual location of each grid
point.

For the application of the acoustic methods an inter-
face is defined. This interface allows to extract pres-
sure data {pressure and pressure gradient) from the
agrodynamic solution on planes of the aerodynamic
grid (also the blade surface itself). Furthermore data
can be computed on cylindrical surfaces in the flow
field (including top and bottom), whereby the values
at the nodes of the cylinder are obtained by a triline-
ar interpolation of the flow solution at the nodes of
the aerodynamic grid. The pressure data is written to
special files at the end of each physical time step.

Acoustic Methods

The acoustic program system used for the present
cormnputations is called APSIM (Acoustic Prediction
System based on Integral Methods). It is in principle
an acoustic postprocessor for the aerodynamic solu-
tion and gives results in the form of acoustic signa-
tures. sound pressure levels or spectra. The methods
included are the linear acoustic analogy method (mo-
nopole and dipole term according to Farassat formu-
fation | and IA) and the Kirchhoff method including
the formalism with rotating and non-rotating inte-
gration surface. Parallel to these methods a routine
is implemented to extract directly pressure data from
the flowfield solution to allow the acoustic evalnati-
on for microphones located inside the computational
domain.

The code is based on the results of former code de-
velopments of DLR on the field of acoustic integral
methods and is the basis for farther code improve-
ments. In the preseut code version results of the work



Schultz et al. {18]. Kuntz et al, {19]
included.

of Lohmann [L7], §
and Kuntz (7] is 1
fu the framework of the present paper information is
civen focussed on code adaptious and extensions for
the application in combination with an aerodynamic
iethod using flexible grids. further details about the
acoustic codes is given by Kuntz [7].

The linear acoustic analogy method uses the rotating
blade as integration surface. The formula for mono-
pole and dipole are (Farassat and Sucei [20]. Brent-
ner [21}):
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The Kirchhoff method included in APSIM is using the
formulas according to Farassat {Farassat and Myers
(22]. Lyrintzis [23]):
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The Kirchhoff method evaluating the integral in the
rotating frame has in general a subsonically moving
integration surface a few chord length away from the
rotor blade. The part of the grid between the rotor
blade and the Kirchhoff surface is rigidly connected
with the bladed and the grid adjustment to the far
field is done in the outer part outside the Kirchhoff
surface. Therefore, the laws for location and veloci-
ty are the same for the rotor blade and the rotating
Kirchhoff surface using the actual values for v, 3,
(egs. (8), (3)). The acceleration of the integraiion sur-
face is just the derivative of the rotational boundary
velocity vector (compare eq. (3}).

L, = X FdT x (F x ) (15)
For the Kirchhoff method with the non-rotating inte-
gration surface the combination with an aerodynamic
code using flexible grids requires no further ¢code ad-
aptions, because the integration surface is defined in
the wind tunnel system. The velocity is equal to the
transtational velocity and all acceleration terms are

ZETO.

The acoustic integrals are computed using wind tun-
nel conditions. All vectors are transformed in the sy-
stem of the integration surface. which is depending on
the method either directly connected with the blade
or non-rotating. The evaluation time level can be eit-
her the emission time or the reception time (Brent-
ner [24]). For the application of helicopter rotors in
forward flight, it is advantageous to use the emission-
time-based formalism. because the pressure data has
10 be stored only for one time level. Furthermore the
computation of the reception time for a given emis-
sion time is faster than vice versa. because at least
for a rotating integration surface the movemens of
the microphone is simpler than the one of the acou-
stic sources. The acoustic pressure at a fixed observer
time is obtained by a temporal interpolation of the
acoustic reception time signals.

ONERA/ECF 7AD Rotor [S1)

The 7AD rotor was tested in the ONERA 51 wind
tunnel at the Modane test center and results were
published by Beaumier et. al. [10}. Further details
about the rotor are also given in [10]. The rotor has
an aspect ratio of 15 and experimental data are given
as pressure coefficients at the spanwise location of 0.5.
0.7, 0.82.0.92 and (.98 rotor radii. The test case cho-
sen corresponds to a rotational tip Mach number of
Mo = 0.617 with an advance ratioof p = 0.4 and a



N

free stream Mach number of M, = 0.2468. The ro-
tor shaft angle is equal to -11.8 degree. The following
flapping and pitehing motions of the blades are used
for the computations (see Boniface and Pahlke [4]):

ty = 11.36°
*)u = 2.2030

de= 1OL181° W, = =B.0TTR%

3. = —3.0778° 3, =0°

No hinge offset was considered for the computations.
For this test case no experimental acoustic data is
available. therefore no acoustic computations are car-
ricd out,

Arrodynamic Results

The grid used for the present computation has 4 OH-
blocks with 37 grid points in chordwise direction, 25
grid points in blade normal direction and 37 grid
poiuts tn spanwise direction and 57 x 28 points on
the hlade. therefore 210 900 points in total. Figure 3
shows the total block structure. To show the effect
of grid distortion, 2D views are shown for grid pla-
les with spanwise locations of about t/R=0.9 and 4
azimuthal positions in figure 4.

The Dual-Time-Stepping method is used with 512
physical time steps per period and 30-50 subitera-
tians at each step. The CPU time for one period is
about 10h on a NEC 5X4 vector computer.

A comparison of numerical and experimental results
for the normal force coefficient at 4 radial position is
presented in figure 3. The results of the current fe-
xible arid method are given by the solid line, while
the dotied and the dashed line show results which
have been published by Boniface and Pahlke {4] of
a DLR chimera computation and an ONERA defor-
ming grid computation. The experimental data is gi-
ven by the symbols. In figure 6 the pressure coefficient
at r/R=0.92 for 6 azimuthal positions is presented.
The overall agreement of the prediction methods is
yuite good. The DLR chimera and the DLR flexible
arid computations agree well with each other, where-
as the ONERA deforming grid solution predicts hig-
her r, M %-values. The agreement of all three nume-
rical predicsions with the experimental data is fair.
All methods underpredict the ¢, M *-values for r/R =
.5 and ¢ = 170°% The authors believe that the high
experimental normal force coefficients at this radial
pesition are due to the fact. that the rotor support
induces veloeities which increase the effective pitch
anzle al the blade (see Schwarz {23]). For /R = .92
and £/R = 0.98 all numerical methods predict nor-
mal lorce coeffictents with a phase shift compared to
the experimental data. The veason for this phase shift
and Tor the overprediction of the normal force coeffi-
cient ix the rigid biade asswmption in the numerical
sitnulations which is not fully valid in the tip region
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of the advancing blade of this high-speed rotor.

ONERA/ECF 7AD Rotor {(DNW)

The measurements were catried out in the DNW wi-
thin the HELISHAPE project, the test procedure is
described hy Schultz et al. {L1]. Pressure data is mea-
sured at radial stations of 0.5, 0.7, 0.32, 0.92 and 0.98
rotor radii. For this test case acoustic data is availa-
ble for microphones on a traverse perpendicular to the
advance direction. This traverse is located about 2.3
rotor radit in front of the rotor and one rotor radius
under the rotor plane. The microphones are equally
spaced from -1.25 to 1.25 rotor radii along the tra-
verse. For the present investigation only microphone
1, 6 and additienally an in-plane microphone located
above microphone 6 is considered (see figure 2). The

acdvanee
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Figure 2: DNW microphone arrangement

computation was conducted using the blade motion
measured at the blade root in the experiment.

Test run 142 of the DNW measurement series is cho-
sen, which corresponds to the flight conditions M.p =
0.6604. u = 0.3276 and M, = 0.2164. Pitching and
tip path plane angles are typical for a test case with
moderate high-speed level flight flow conditions. The
rotor was trimmed with zero flapping.

Aerodynamic Results

The aerodynamic computations are carried out on the
same grid described already for she first test case. Fi-
gures T and 8 show the comparison of predicted and
measured normal force coefficient and pressure coef-
ficients respectively. The agreement between the si-
mulation and the experiment is less favourable than
for the S1 test case. The numerical simulation undes-
predicts at all radial positions the normal force coeffi-
cient in the range of 60° to 260°. The reason for these
deviations hetween theory and experiment is not un-
derstood up to now. The best agreement is achieved
for t/R=0.08.



Additionally non-lifting test conditions with zero pit-
ching and flapping angles are applied for this rotor to
exantine the influence of the aerodynamic input data
on the acoustic results. No aerodynamic results are
shown. because they are intentional different to the
experimental data.

Acoustic Results

Ditferent. acoustic methods are applied to compare
pressure signatures at the location of the micropho-
nes. Results of studies are shown comparing the acou-
stic analogy method {in the figures denoted as Farla
= Farassat formulation [A) and the Kirchhoflf method
(1 the figures denoted as KirchRot (rotating surface}
and KirchNonrot (non-rotating surface)). The flow
conditions of the present test case with an advancing
tip Mach number of about (.88 are suitable to ap-
ply both Kirchhoff formalisms. Furthermore compu-
tations using lifting or non-lifting aerodynamic input
Jdata are performed to show the influence for in-plane
and out-plane microphones.

The discretization of an integration surface is deter-
mined by the aerodynamic grid in case of the rota-
ting integration surface. The blade itself has 1596 grid
points and a typical Kirchhoff surface has about 2394
points. The non-rotating cyvlindrical surface has 513
x 21 grid points with a clustering of points near the
roftor plane. An view of the integration surfaces {two
hlade surfaces. two rotating Kirchhoff surfaces and a
part of the non-rotaiing cylindrical surface) is shown
it figure Y. The CPU time required for the acoustic
conputation of one microphone is in the order of a
few seconds. therefore negligible compared to the el-
fort for the aerodynamic computation.

In lizure 10 the acoustic signatures for monopole and
dipole contribution for microphone | (advancing side)
and 6 (centerline) are compared using the following
conditions. Firstly aerodynamic data of the lifting ro-
tor is taken and the acoustic computation is evalua-
tecl using the same blade locations and velocity as
for the aerodynamic computation (Euler lift/FarlA
lift). The second curve (denoted as Euler lift/FarlA
nonlift) uses the same input data. but neglects the
pitching and flapping angles for the acoustic evalua-
tion. The change for the acoustic pressure is quite
siall. Fiually the aerodynamic solution of the non-
lifting rotor is used as input data and zero pitching
and Happing is forced for the acoustics vielding a dif-
ference in the acoustic signature (Euler nonlift/FarlA
nonlift). A hetter agreement in peak value and tem-
poral peak location is obtained for the aerodynamie
data using the correct blade motion. The differences
to the experimental data are partly due to neglecting
non-linear effects. but the BVI-like pressure fluctua-
tions found for microphone 6 are not. expected for the
preseat moderate high-speed level flight fow conditi-
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ons.

Before executing the same studies for the Kirchhoff
method with rotating surface, the effect of different
locations of the Kirchhoff surface is investigated. The
results are shown in figure 11. The distance to the
rotor is varied using [, 2 or 3 chord lengths. A zood
agreement of the numerical results with each other
and with the experimental data is found for the lo-
cations not so close to the rotor blade. In figure 12
a comparison with different aerodynamic input using
the Kirchhoff method with rotating integration sur-
face is shown. The same conclusion as for the acoustic
analogy method can be drawn. The difference to the
experimental data can be explained as follows. For
an advancing tip Mach number of about 0.38 it is
not possible to include all transonic effects inside a
Kirchhoff surface, which has to be restricted to the
subsonic flow regime corresponding to 1.1 rotor ra-
dii. Therefore the same discrepancies as for the linear
acoustic analogy method are observed.

For the Kirchhoff method with non-rotating surface
the location of the Kirchhoff surface is varied in order
to find the correct location of the integration surface
{(Figure 13). In all cases the vertical extension of the
Kirchhoff surface is 0.3 rotor radii and top and bot-
tom part of the cylinder are included. For both mi-
crophone locations, almost identical results for both
inner surface locations are obtained. For the surface
far away from the rotor the peak value of the signa-
ture is decreasing and also the temporal peak locati-
on is changed. This leads to the conclusion, that the
acoustic wave is not computed accurately up to the
location of the Kirchhoff surface, because the aero-
dynamic grid is too coarse in this region. The study
of the influence of lifting/non-lifting input data (fi-
gure 14) show the same tendency as for the other
acoustic methods.

A summarizing result of the studies shown up to now
can be seen in figure 15. The discrepancies to the
experimental data have been already explained be-
fore. A further comparison of lifting and non-lifting
input data is performed for an in-plane microphone
using the linear acoustic analogy method. This mi-
crophone is located at the centerline in front of the
rotor, one rotor radius above microphone 6. Figure 16
shows an almost constant peak pressure value. This
confirms the experimental result of Schmitz et al. [5].
who stated a peak pressure value independent on ro-
tor thrust. An equivalent tendency is found applying
the Kirchhoff method.

The next comparison is carrted out for micropho-
ne 1 between the linear acoustic analogy method, the
Kirchhoff method with a rotating surface and the ex-
perimental data. Figure i7 (left) indicates, that ap-
proximately up to the 6th harmonic the sound pressu-

C



re values are computed well by the numerical method.
Aun overall comparison for all microphones along the
traverse for the Lst and 6th harmonic is shown in figu-
ve LT (right). The sound pressure levels are computed
better ou the advancing side (¢ < 180°) than on the
refreating side.

(‘onclusions

An uweroacoustic method which is a combination of
att aerodynamic method based on the flexible grid
approach with acoustic integral methods for the pre-
diction of HSI noise of helicopter rotors in forward
light is presented. The method is applied to two test
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The lirst test case is the ONERA/ECF 7AD rotor
i high-speed forward Aight as 1t was measured in the
S1 Modane wind tunnel. Comparisons of aerodynamic
hlade pressure data show a good correlation with the
measured pressure. Additionally a good agreement to
nunterical results of other authors is achieved.

Thie same rotor with different test conditions defined
it the HELISHAPE project is used for aerodynamic
and acoustic comparisons of the present method with
experimental data measured in the DN'W. The corre-
lation of the hlade pressure is less satisfactory com-
pared to the first test case.

Based on the aerodvnamic flowfield data of the se-
cond rest case acoustic integral metods are applied to
predict the pressure disturbance at the farfield. Ad-
ditionally aerodynamic data of a non-lifting compu-
tation is used as input. For off-plane microphones a
hetter agreement with experimental data is obtained
by raking into account the correct blade loadings ba-
sedd on the prescribed blade motion. In contrast to
rhis. a negative peak value independent on the rotor
thrust is found for in-plane microphones.

Fhe overall differences to the experimental data are
caused by different reasons. Applying the linear acou-
~tic analogy method neglects non-linear effects in the
flowfield. The Kirchhoff method with a rotating iu-
tegration surface is connected with the restriction of
a subsonic integration surface. Therefore, the present
couditions at moderate high-speed forward flight does
not allow to include all transonic effects inside the
Kirchhoff surface. The Kirchhoff method with a non-
rotating integration surface requires accurate aerody-
nantie data at the Kirchhoff surface. which can not
he obrained with the present coarse grid. Grid refine-
Ienls promise to improve the results.
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Figure 5: ONERA/ECF 7AD rotor comparison of C, M* (S1 test case, M,z = 0.617, u = 0.4)
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Figure 6: ONERA/ECF TAD rotor. comparison of pressure coefficient at r/R=0.92 (S1 test case, M, p =

0617, 5= 0.4)
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Figure 7: ONERA/ECF 7AD rotor, comparison of CoM? (DNW test case, Mg = 0.6604, u = 0.3276)
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Figure 9: ONERA/ECF TAD rotor, view of blade surfaces and Kirchhoff grids
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Figure 10: ONERA/ECF 7TAD rotor. influence of lifting/non-lifting aerodynamic data on pressure signature for
linear acoustic analogy method (DNW test case, M, p = 0.6604, 1 = 0.3276),
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Pigure 11: ONERA/ECF TAD rotor. Kirchhoff surface location variations for rotating Kirchhoff formalism (DNW
test case. A\ g = 0.6604. p = 0.3276),



ONERAJECF 7AD rotor —— Exponment ONERAECF TAD rotor ~=——— Experiment
P[Paj | M., =06604, 1=03276 =—=—-=~—- Euter it/ KirchRot fif P[Pa) | Mu=0.6604, p=03276 - - - -~ Eutar fift / KirchRot &t
40 |k Mie 1 in DNW e —— Euler lift f KirchRot nonlift Mic 6 in DNW -= Euler lift / KirchRot nongit
........ Euler nonkift / KirchFlo! nonlift 20 Euler nonlift ! KirchRot noalift

20

.aoo 1 -40 -

L 2
10 20 30 40 50 60 70 80 %0 ¢ 10 26 30 40 50 60 70 8¢ , 80

Figure 12: ONERA/ECF TAD rotor, influence of lifting/non-lifting aecrodynamic data on pressure signature for
rotating Kirchhoff method (DNW test case, M,p = 0.6604, u = 0.3276),
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Figure 13: ONERA/ECF TAD rotor, Kirchhoff surface location variations for non-rotating Kirchhoff formalism
(DNW test case, M, p = 0.6604, u = 0.3276),
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Figure 14: ONERA/ECF 7AD rotor. influence of lifting/non-lifting aercdynamic data on presstre signature for
non-rotating Kirchhofl method (DNW test case, M,z = 0.6604, z = 0.3276),
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Figure 15: ONERA/ECF TAD rotor, comparison of pressure signatures for different acoustic methods (DNW
test case, Mg = 0.6604, z = 0.3276),
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Figure 16: ONERA/ECF TAD rotor, influence of lifting/nop-lifting aerodynamic data on pressure signature at
in-plane microphone for linear acoustic analogy method (DN'W test case, M,z = 0.6604, u = 0.3276),
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Figure 17: ONERA/ECF 7AD rotor, comparison of sound pressure level (DNW test case, M, g = 0.6604, p =
0.3276).
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