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Aeroacoustic Measurements at the ETW
~—— Measuring under different conditions (pstqe, T)

N

Beamforming procedure

Experimental setup in ETW

Sensor calibration (pstqe, T)

Corrections, Assumptions (ps¢ae, T) —

Comparability
(different wind tunnels)

N

\ %

Comparable Results
= Statements on Reynolds number dependency
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Aeroacoustic Measurements at the ETW

Measuring under different conditions (ps¢qe, T)

¢<—— Beamforming procedure

Experimental setup in ETW

Sensor calibration (pstqe, T)

Corrections, Assumptions (ps¢ae, T) —

Comparability
(different wind tunnels)

\ %

Comparable Results
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Background: acoustic sources in beamforming
Numerical approach

2
i ! - ZA I __ a T .
atzp Cap = Ox:x: Y ="Equivalent sources”
L]
Lighthill equation

Application:

D d3 Turbulent domain

~ 4rmc? 0x;x; lx — y|

Approximate solution without boundaries

1 97 f Tij(y. t — |x —yl/c?)
Vo

Outside domain:
no flow, Q = 0

oz —
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Vi A .‘ LV
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» »

Vo: Domain with
non-linear effects
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Background: acoustic sources in beamforming
Beamforming approach

How do we obtain source maps ?




DLR.de + Chart9 > Keynote Presentation: Measurements at flight-Reynolds numbers > CEAA 2018. Csetrnoropck, Poccus

Background: acoustic sources in beamforming

Beamforming approach — time domain
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Background: acoustic sources in beamforming

Beamforming approach — time domain
Im B

p1(t)

p2(t)

p3(t)

B(t) .
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Background: acoustic sources in beamforming
Beamforming approach — frequency domain

Microphones in
far field x,,

Map domain
with focus points y,, @

|

/“Green’s function of
convective Helmholtz equation
e—ijt

g

(M- G = ) + B2l — ¥

.

~

i DLR

N

Pressure signals and cross spectral matrix
(sampled in time blocks k)

p ()
p®(w) = :
P (w)
1 K
C(w) == ) p®(w)p®(w)*

Steering vector and steering matrix

g1(w,x1,y)
gy, w) = ’

gu(w,xp,y)
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Background: acoustic sources in beamforming
Beamforming approach — frequency domain

_ Microphones in
Map domain

) _ far field x,, B :

with focus points y, @ . Cross spectral matrix
XXX 1 o o
c006e » C(@) == > PP (@Pp® (@)
CNCNCRCNG » =1
©0 000
@0 000 o Steering matrix
©099°9 . 6y, w) = gy, w)g(y, w)’

L Unigue solution (Conventional Beamformin
Minimization problem . ( 9)

%£||C(w)—#c(y,w)||p B(y, o) = gy, w) C(w)g(y, w)
' lg(y, w)g(y, w)*|13
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Aeroacoustic Measurements at the ETW
Measuring under different conditions (pstqe, T)

Beamforming procedure v

Experimental setup in ETW |- >0

Sensor calibration (pstqe, T)

Corrections, Assumptions (ps¢ae, T) —

Comparability
(different wind tunnels)

\ %

Comparable Results
= Statements on Reynolds number dependency
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Background
Original Scaled model in Wind Tunnel
5 standard cryogenic or  cryogenic and
pressurized pressurized
Re = 20 Mio Re = 1.4 Mio Re = 5.2 Mio Re = 20 Mio
R ~ o
- e S—— D ——— e —

= Model fidelity
= |nstallation effects
= Reynolds number, Mach number, Strouhal

number
(Drawings adapted from Prof. Asai K, Tohoku University, Sendai, Japan)
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Wind Tunnel

T

— el
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2 .~
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-

T

e
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» European Transonic Windtunnel (ETW)

= Provision of real-flight Reynolds numbers by
virtue of both decreased temperature and increased pressure

= Test section: turning vanes internally insulated compressor [SOMW)
20m X 2.4 mXx9.0m : "

oz [
blow HE
] _ﬂff
= Operational range: o
test—sgctiun
0.15 < M < 1.35 =
plenum
313K > T > 110K ,. \

stilling chamber second throat insulated stainless

steel pressure shell

110 kPa < pgqr < 450 kPa
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Setup

Airbus K3DY half-model
= Scale: 1:13.6 (7.35%), § = 0.3 m
= Slat: 26 deg, Flaps: 34 deg

= High-lift configuration identical to
EWA-Benchmark test 2007 at LSWT

2 *Ahlefeldt T., “Aeroacoustic Measurements of a Spaled Half-Model at High Reynolds N
DLR
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Setup

» Limited positioning of microphones:

= Significantly restricted angle/area of observation
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-1.1

1

-
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Data processing

* microphone positions

. half model sketch
= Al go rithms: wizic focus points

subgrids: slat and flap

= Conventional beamforming with DR

_ 025}
» [ncreased dynamic range:
CLEAN-SC* 05l
= Speed of sound: P!
function of temperature and pressure B
=
-1t
= Observation plane: 1.30m X 1.32 m
(dyxy = 5mm, 69165 grid points) -1.25}
= Grid rotated with a and dihedral angle -L5
0.5 <025 0 025 05 075
x [m]
*Sijtsma P., “CLEAN based on spatlal source coherence”, International Journal of Aeroacoustlcs VoI 6, 2012.
# e
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Setup

Microphone-Array

= 96 microphones (flush mounted)
* Inserts: compressed laminated wood

Briiel&Kjaer cryogenic-type 4944A

Microphone membrane on test section wall

i DLR

Microphone array integrated in test section wall
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Aeroacoustic Measurements at the ETW

Measuring under different conditions (ps¢qe, T)

< Beamforming procedure v
v Experimental setup in ETW 2
Sensor calibration (ps¢ge, T) |~ >0

Corrections, Assumptions (ps¢ae, T) —

Comparability
(different wind tunnels)

\ %

Comparable Results
= Statements on Reynolds number dependency
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Sensor calibration

Cryogenic vessel of the ETW
» 120K <T <£290K
= 100 kPa < pgiqr < 400 kPa

Measurements

= 4 microphones
(B&K cryogenic-type 4944A)
= PULSE measurement system
(Bruel&Kjeer)

= Excitation: electrostatic actuator
£ =1LkHzto 100 kHz

exc

i DLR
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Sensor calibration — frequency response

10

pstat == 100 kPa
120K <T <290K

= wavy frequency response
with several resonances

Sl =T =290 K| NG T

—T=250K

107 —T =200 K

—T=180K : : A : : L

20k T=140 K| .. S S S I S [ O DS S 4
—T=120K : : [ : : : :

Norm. Response [dB]

-25

10’ 10" 10°
frequency, Hz
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Aeroacoustic Measurements at the ETW

Measuring under different conditions (ps¢qe, T)

< Beamforming procedure v
v Experimental setup in ETW |
v' Sensor calibration (pstqe, T) e

Corrections, Assumptions (ps¢q¢, T) |-—>n

Comparability
(different wind tunnels)

<
b3

\ %

Comparable Results
= Statements on Reynolds number dependency
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M =Y,
. . St = fD/u
Corrections / Assumptions
He = anD/C

= Aeroacoustic similarity:
Reynolds number, Mach number, Strouhal number, (Helmholtz number)

= Conditions

» Change of static pressure pg;,; and temperature T

u
= M = p = const.

=Change of density p, speed of sound c, flow speed u, Reynolds number Re

Source mechanisms: p’ = function(frequency, amplitude, Reynolds number)

i DLR
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Corrections / Assumptions
Amplitude
Dipole*

. . 6
= Compact source in far-field: I oc 2

*Curle N., “The Influence of Solid Boundaries upon Aerodynamic Sound”, Proc. R. Soc. Lond., A, Vol 231 (1955).

#Lighthill M.J., “On sound generated aerodynamically I. General theory”, Proc. R. Soc. Lond., A, Vol 211 (1952).

2 Ahlefeldt T., “Aeroacoustic Measurements of a Scaled Half Model at High Reynolds Numbers” AIAA Journal, Vol. 55 No 1(2017).
DLR
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Corrections / Assumptions

= Aeroacoustic similarity:
Reynolds number, Mach number, Strouhal number, (Helmholtz number)

= Source mechanisms: p’ = function(frequency, amplitude, Reynolds number)

\
= Comparison at M = const. @ @

pc?
AdB = 20l0910 >
PoCo

i DLR
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Aeroacoustic Measurements at the ETW

Measuring under different conditions (pstqe, T)

< Beamforming procedure v
v Experimental setup in ETW |
v' Sensor calibration (pg¢gs, T) 3

v Corrections, Assumptions (pgege, T) — 9%

Comparability
(different wind tunnels)

\ %

Comparable Results
= Statements on Reynolds number dependency
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Aeroacoustic Measurements at the ETW
Measuring under different conditions (pstqe, T)

N

Beamforming procedure v

v Experimental setup in ETW |

v' Sensor calibration (pg¢gs, T) 3

v Corrections, Assumptions (Psege, T) —

| 3

A 4

Comparable Results
= Statements on Reynolds number dependency
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Results — Source maps (CLEAN-SC)
M =0.203 | a = 3° | Variation of Strouhal number

Res; = 1.42-10° Res; = 5.16 - 10° Res = 20.0-10°
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Results — Source maps (CLEAN-SC)
M =0.203 | a = 3° | Variation of Strouhal number

St6,1/300t = 20 | ffull—scale = 335 Hz

Res; = 1.42-10° Res = 5.16 - 10° Res = 20.0-10°

St1/30ct = 20 (4.7kHz)| T = 311K |[p = 110kPa St /30, = 20 (4.8 kHz)| T = 311K |p = 399 kPa St1/30ct = 20 (3.0 kHz)| T = 120K |p = 419 kPa

02t 0 0.2} 0 02
2 -2
0.4+ 0.4+ 0.4
-4 -4
06 6 06 5 06
-8 -8
E 08 E 08 E 08
> 10 > 10 >
-1 -12 1 12 1
14 14
1.2 1.2 1.2
-16 16
1.4 18 1.4t 18 14
04 02 0 02 04 06 04 02 0 02 04 06 04 02 0 02 04 06
x[m] [m] x[m]
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Results — Source maps (CLEAN-SC)

M =0.203 | a = 3° | Variation of Strouhal number

> Keynote Presentation: Measurements at flight-Reynolds numbers > CEAA 2018. Csetrnoropck, Poccus

St6,1/300t =70 | ffull—scale = 1.2 kHz

Res = 1.42 -10°

St1/30(,‘t =70 (16 5 kHZ)l T =311K |p = 110 kPa

02+ Ve _,—5 2
-4
04
-6
06 -8
10
E 08
- -12
A+ -14
-16
1.2+
-18
1.4 -20

Quantitative comparison (identical scale), corrections applied

Res = 5.16 - 10°

St1/30c: = 70 (16 6 kHz)| T = 311K |p = 399 kPa

02t ; D 2
4
04
-6
06 -8
-10
E -08
> -12
A+ -14
-16
1.2+
-18
1.4 -20

x [m]

St1/30c: = 70 (10 5kHz)| T = 120 K |p 419 kPa

-0.2

RBé‘

20.0 - 10°

-0.4

-0.2

0

x [m]

-2




DLR.de * Chart32 > Keynote Presentation: Measurements at flight-Reynolds numbers > CEAA 2018. CseTrnoropck, Poccus

Results — Source maps (CLEAN-SC)
M =0.203 | a = 3° | Variation of Strouhal number

St6,1/300t =130 | ffull—scale = 2.2 kHz

Res; = 1.42-10° Res = 5.16 - 10° Res = 20.0-10°

St1/30c: = 130 (30.7 KHz)| T = 311K |[p = 110 kPa St; 30, = 130 (30.9 kHz)| T = 311K |[p = 399 kPa St;/30,; = 130 (19.6 kHz)| T = 120 K |p = 419 kPa

02} 02} 7 0.2 7
12 12
04t 04 0.4
-14 -14
06 -8 06 -16 06 -18
18 18
=08 = -08 =08
E 20 E 20 E 20
> > >
Ak -22 4l 22 4
24 24
12} 2 12¢ 2 12
28 28
14 141 14
-30 -30 30
04 02 0 02 04 06 04 02 0 02 04 06 04 02 0 02 0.4 06
x [m] x [m] x[m]

Quantitative comparison (identical scale), corrections applied
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Results — Source maps (CLEAN-SC)
M =0.203 | a = 3° | Variation of Strouhal number

St6,1/30c't =200 | ffull—scale = 3.4 kHz

Res; = 1.42-10° Res = 5.16 - 10° Res = 20.0-10°

St1/30cc = 200 (47.3KHz)| T = 311K |p = 110 kPa St;30,; = 200 (47.5kHz)| T = 311K [p = 399 kPa St;/30,; = 200 (30.1kHz)| T = 120 K |p = 419 kPa

02t 2 02+ 20 02

0.4 22 04+ 22 0.4
24 24

06 28 06 26 06
28 28

E 08 E 08 E 08

> 30 > -30 >

-1r 32 7 .32 1
-34 -34

12+ 1.2 12
-36 -36

1.4t 38 1.4 38 1.4

0.4 0.2 0 0.2 0.4 06 0.4 0.2 0 0.2 0.4 06 0.4 0.2 0 0.2 0.4 0.6
x [m] x[m] x [m]
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Results — Spectra: flap and slat

e microphone positions
half model sketch
w2 focus points

subgrids: slat and flap

-0.25¢

-1.25¢

-1.5¢
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SLAT SOURCES ——DPI: Re = 143-10°|g/E=1.55-10"

“ad W |
ﬁ;k~‘
F b .‘?’«\.

stat sources | @ = 3 deg DP IIl: Re ;= 5.17- 10° | ¢/E = 5.64 - 10°

——DPIV: Re =20.06 - 10°|g/E=5.64-10"

L [dB]

St =57 (13.5 kHz)

1/30ct St

= 57 (8.58 kHz)

1/30ct

50 100 150

St5

= St 500 = 120 (28.41 kHz) Sty 500 = 120 (28.46 kHz)

’slat sources | oo = 7 de

L [dB]

51/30ct =70 (16.54 kHz) 5 1/30ct =70 (10.54 kHz)

L [dB]




L [dB]

L [dB]

L [dB]

St . =125 (29.6 kHz) P SOURCES

-0.25

1/30ct

-0.3
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‘ﬂap sources | o =3 deg‘
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0.7,
-0.75]
0.8
-0.85
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'y

100
St
slat sources | o = 7 deg
11300t = 175 (41.43 kHz) Stya0c = 175 (41.5 kHz) Sty 500 = 175 (26.34 kHz)
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Aeroacoustic Measurements at the ETW
Measuring under different conditions (pstqe, T)

Beamforming procedure v

v Experimental setup in ETW A

v' Sensor calibration (pg¢gs, T) 3

v Corrections, Assumptions (pgae, T) —3

§

Y

Comparable Results v
= Statements on Reynolds number dependency
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Summary

» Small-scale model airframe noise data at real-flight Reynolds numbers

» Significant Reynolds number dependencies

'St6 < 100 (ffull—scale < 1,8 kHZ):
=Slat tones at low Re
=\/arious peaks with combined Re & St dependency =~ " & 7

«St; > 100 (fru—scate < 1,8 kHz): NI
Q s

L [dB]

"Inboard slat sources at mid-level Re s \ %
*Dominant broadband peaks on flap at real-flight Re " ds'&z9~ s

4 = = =
S‘IJGc\ =200 (30.1 kHz) | T=120K | p =419 kPa

04 0.2 0 0.2 0.4 0.6
x [m]
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Aeroacoustic Measurements at the ETW
Measuring under different conditions (pstqe, T)

N

Beamforming procedure v

v Experimental setup in ETW |

v' Sensor calibration (pseqe, T) >

v Corrections, Assumptions (pgae, T) —3

¢ E—
A 4

Comparable Results v
= Statements on Reynolds number dependency
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Comparability — Setup

m Ay = |dentical model
)\ e ~| = Identical configuration

= |dentical flow parameter
(Low Reynolds number)

» Different wind tunnels
= Different microphone arrays
= Different microphones

Ot >
* sensor pOSitionS: LSWT : 1 2 - .)‘ ot o o .
« sensor positions: ETW
1 LR 1]
>
- 0.8 < =
1 N
£06 LN
- focus positions 0.4 ; o
% point of rotation 1 (V) 3 o
point of rotation 2 («) 0.2 vy X ‘,3
- 0
-0.5 0 0.5 — -05 0] 0.5 -0.5 0 0.5
x [m] x [m] x [m]

Spehr C. and Ahlefeldt T., “Comparison of Microphone Array Measurements in the Closed Test Section of LSWT and ETW”, CEAS Journal,

_ S , P — acc publication (2018).
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Comparability — spectra

Overall spectra similar: +2dB

Increased Background noise at
LSWT = peak at = 3.2 kHz

Differences for tonal components
(“slat tones”)

Differences at frequencies > 40 kHz
= microphone calibration

> Keynote Presentation: Measurements at flight-Reynolds numbers > CEAA 2018. Csetrnoropck, Poccus

1|0
frequency, kHz

20

ag=7deg

10
frequency, kHz

20

20

15
frequency, kHz

Spehr C. and Ahlefeldt T., “Comparison of Microphone Array Measurements in the Closed Test Section of LSWT and ETW”, CEAS Journal,

i DLR

accepted for publication (2018).
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Comparability — source maps

LSWT ¢ -skhz

1/30ct

-0.2

-04

-0.6

y [m]

-0.8

-1

-1.2

-0.5

-0.2

-0.4

-0.6

-0.8

y [m]

-1.2

0 0.5
x [m]
finoe = 16 KHZ

55

Main sources are at
same positions

with minor differences
in level

Sources on slat vary
significantly
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y[m]

y [m]

-0.2

-04

-0.6
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-1.2
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-04

-0.6

-0.8

-1.2

-0.5

0.5
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0.5

60

55

50

45
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Aeroacoustic Measurements at the ETW

Measuring under different conditions (psige, T)

< Beamforming procedure

9 w) C(w)g(y, w)
lg(y, ) g(y, w)*II2

B(y,w) =

Experimental setup in ETW

Sensor calibration (ps¢ge, T)

2 4
Horm Resy 6]

Corrections, Assumptions (psige, T) —3|

pe? Comparability
AdB = Zologw( 2) . )
P (different wind tunnels)

Y

Comparable Results
= Statements on Reynolds number dependency

enw
LS - s sy
T - pacrs H

frequency kb

L [d8]
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Take aways

= How do microphone array
measurements in WT work

= Corrections and assumptions

= Offer: Sharing data, results and
knowledge for cooperation

Questions?
Comments?
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Background: acoustic sources in beamforming
Numerical approach

1o , 92 92 o
3,20 AP = -(pvivy —7i) + 55 Czp —p

Lighthill equation with fluctuating pressure p’ = p — p,

,Equivalent sources”
(contains also kinematic effects: refraction, convection...)

Turbulent domain

Domain with
non-linear effects

’ i ), h ' E)
:‘;"w' oilg P >
T :
,J}': \ T R T
= 2
» »

Outside domain:
no flow, Q =0

i DLR
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Setup

Airbus K3DY half-model
» Scale: 1:13.6 (7.35%)

= High-lift configuration identical to
EWA-Benchmark test 2007 at LSWT

Data points (M = 0.203)

-- Potat [kPa] _Res (10 | q/5 [10°]

DP I 110 1.42 1.57
DP II 125 115 :I: 5.16 1.57
DP III 310 399 :I: 5.16 5.70
DP IV 120 419 :I: 20.00 5.70

! Ahlefeldt T., “Aeroacoustic Measurements of a Scaled Half-Model at High Reynolds Numbers AIAA Journal Vol. 55, No. 1 (2017).
v t ; W’ Nﬁ o Y BT foe” =N
DLR
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ETW: f=10 kHz

Setup 2
» Limited positioning of microphones: £, @
= Significantly restricted angle/area of observation 8

04 02 0 02 04 06

= Conventional beamforming: strong sidelobes xim}

» Different microphone groups

. 3 dummy windows and side wall slots
used for conventional maps 13
(“nested arrays”)
ETW: f=5kHz ETW: f=20 kHz - 1 .2
0.2 [ ) 02 ’
04 5 0.4 2 '11 B
%4;)_5 @ E-o.a @ :: E —1 B
4 . 1 =
1.2 - A2 ) N 0.9+
04 -02 S[m]o.z 04 06 04 -02 S[mloz 04 06 .
-0.8
= After validation: 0]
*CLEAN-SC with all microphones 6 04 0.2 . [?n] 0.2 0.4

2 Bigaas Zet «.-};:v-

*Sijtsma P., “CLEAN based on spatial source coherence”, International Journal of Aeroacoustics, Vol 6, 2012.
DLR
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Comparability — Setup

m Ay = |dentical model
)\ e ~| = Identical configuration

= |dentical flow parameter
(Low Reynolds number)

» Different wind tunnels
(but similar dimensions)
= Different microphone arrays

Ot >
* sensor pOSitionS: LSWT : 1 2 - .)‘ ot o o .
« sensor positions: ETW
1 LR 1]
>
- 0.8 < =
1 N
£06 LN
- focus positions 0.4 ; ;
% point of rotation 1 (V) 3 o
point of rotation 2 («) 0.2 vy X ‘,3
0
. -0.5 0] 0.5 -0.5 0 0.5
x [m] x [m] x [m]

Spehr C. and Ahlefeldt T., “Comparison of Microphone Array Measurements in the Closed Test Section of LSWT and ETW”, CEAS Journal,

_ S , P — acc publication (2018).
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y[m]
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Comparability

LSWT: f=3 kHz

— PSF

LSWT: f=12 kHz

0 - - ~

-0.2 -02\‘ ’.‘ " 0&,&

YERRURY :
0.4 . 5 0.4 \\\'\‘o«\ ° . W

‘9

0.6 06! ". .-)
: E ‘ - L9050,
08 10 ~ 085 .. @ .c,,' i"
g '; '\: : '

1 - 1" . o.,l"‘g\".‘._vo.
1.2 ; ..’"'2 LY AN \:‘
L 20 . ..‘ q‘_.‘ f l.\ 1

04 -02 0 02 04 06 04 02 0 02 04 06

x [m] x [m]
ETW: f= 3 kHz ETW: f= 12 kHz

%
0.4
0.6 !
0.8
1
42 .
04 02 0 02 04 06
x [m]

i DLR

> Keynote Presentation: Measurements at flight-Reynolds numbers > CEAA 2018. CseTnoropck

-5

, Poccus

y[m]

LSWT‘ f‘ 40 kHz

0
-5
-10
XL A
,",'- a,;} 1777 ".‘&‘?‘?’f} i >8 Vs
'-'f?t',‘;;f;«‘ﬁ‘ir LA P R
3 wid A g
ke gt",‘ BB b m'efc’ﬁf 'i:"'
b " 39"-.'3 3" °"‘3'ﬁ
v L& ’(5 ol 44 llh e -20
-0.4 02 0 02 04 06
x[m]
ETW: f=40 kHz
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Sensor calibration — amplitude response

pstat = 4‘00 kPa
120K <T <290K

on)
[(}] ;
[42] :
— :
(@] ;
O :
) :
[(M] :
o
£
o :
=
.25 |
10° 10" 10°

Frequenz [Hz]

i DLR
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Sensor calibration — phase response

T=120K
100 kPa < pgq < 400 kPa

= Standard deviation
up to 10 deg

= = commercially used
array microphones

= Influence on beamforming
result < 0.05 dB

—
wn
1

—_—
O

wh
T

SD of phase response [deg]

frequency [Hz]

Ahlefeldt T., “Aeroacoustic Measurements of a Scaled Half-Model at High Reynolds Numbers”, AIAA Journal, Vol. 55, No. 1 (2017).
’ /", ,";‘ JR T % ¢ 'l.‘ " g \ = sy ! S .h;:‘\ < . L&
> By > v

) >




Sensor calibration

p = 100 kPa
10 : : B

S [—T=200K| i

—T=250K

10- | —T=200K

|——T=180K

—T=180K : Co : : : Co

20k T=140K| S SO SR S O S S S SO O W 4
—T=120K : : : : : : :

Norm. Response [dB]

frequency [Hz]

p = 400 kPa

AG s ERTRP R S PR SOV S S P R : 4 "’ ..........
ol : : : :

Norm. Response [dB]

s ; N B R

103 10" 105
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Atmospheric absorption

0.8

——p=101kPa, T=293K
——p=101kPa, T=120K

p =399 kPa, T=293 K
——p=399kPa, T=120K

o
»
I

absorption [dB/1.2m]
O O
A =

|

0 20 30 40 50
frequency [kHz]

« Shields, F. D.; Bass, H. E. “Atmospheric absorption of high frequency noise
and application to fractional-octave bands” NASA CR-2760, 1977

i DLR
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M - u/c
. . St = fD/u
Assumptions / Corrections ,
T He = 7TfD/C
= Aeroacoustic similarity:

Reynolds number, Mach number, Strouhal number, (Helmholtz number)

Test section environment

Static pressure pgiq¢

Temperature T
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_ fD
. . st =17/,
Assumptions / Corrections oD
. T He = T[f / C
= Aeroacoustic similarity:

Reynolds number, Mach number, Strouhal number, (Helmholtz number)

Test section environment Changing properties M = u_ const
C

Static pressure pgiq¢ Reynolds number Reynolds number
density p ] density p

Temperature T speed of sound ¢ speed of sound c
Young’'s modulus E = flow speed u

= elastic deformation q/E

Source mechanisms: p = function(frequency, amplitude, Reynolds number)

i DLR
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Results — Source maps (CLEAN-SC)
M =0.203 | a = 3° | Variation of Strouhal number

» Different Reynolds number
= 7% to 26% of real-flight Re,
= Same deformation

Res = 1.42-10° Res =5.16 - 10°
q/E =1.57-1078 q/E =1.57-1078

i DLR
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Results — Source maps (CLEAN-SC)
M =0.203 | a = 3° | Variation of Strouhal number

5544 1306c—21D0 | f funt—scate = 335 Kz

-0.2

-0.4

-0.6

1/30ct

L4 S =200(47.35kHz) | T=311K|p=110kPa

04 02 0 02 04
x [m]

|
=
I
(\®)
[
()

o

Re(g =
q/E

|
=
Ul
N
—
3
o

i DLR

- 126

1-28

- 430

1-32

-0.2
-0.4
-0.6
' -0.8
=N
-1
-1.2
-1.4 _ - -
St 0 = 200 (30.18 kHz) | T= 125K | p = 115 kPa
04 02 0 02 04
x [m]
— 6
Res =5.16-10

1.57-1078

-20

-22

24

1-26

1-28

1-30

-32

-34

-36

-38
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Results — Source maps (CLEAN-SC)
M =0.203 | a = 3° | Variation of Strouhal number

= Same Reynolds number
= 26% of real-flight Re;
= Different deformation

Res =5.16 - 10° Res =5.16 - 10°
q/E =157 -1078 q/E =5.70-1078

i DLR
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Results — Source maps (CLEAN-SC)
M =0.203 | a = 3° | Variation of Strouhal number

5544 1306c—21D0 | f funt—scate = 335 Kz

-0.2

-0.4

-0.6

1/30¢t

L4l g =200(30.18 kHz) | T=125K |p=115kPa

04 02 0 02 04
x [m]

I
v1
[
(@)
[
S

o

R65 =
q/E

|
=
Ul
N
—
3
o

i DLR

F {26

1-28

- 1-30

1-32

0.2
0.4
0.6
2 -0.8
=
-1
1.2
1.4 _ _ -
St o = 200 (4743 kHz) | T = 311K | p = 399 kPa
04 0.2 0 0.2 0.4 0.6
x [m]

Res = 5.16 - 10°
q/E =5.70-1078

-20

-22

-24

F 126

1-28

1-30

-32

34
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Results — Source maps (CLEAN-SC)
M =0.203 | a = 3° | Variation of Strouhal number

» Different Reynolds number
= 26% to 100% of real-flight Re,
= Same deformation

Res =5.16 - 10° Res = 20.0-10°
q/E =5.70-1078 q/E =5.70-1078

i DLR
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Results — Source maps (CLEAN-SC)
M =0.203 | a = 3° | Variation of Strouhal number

5544 1306c—21D0 | f funt—scate = 335 Kz

-0.2

-0.4

-0.6

1/30¢t

-LA| g =200 (47.43 kHz) | T=311K | p =399 kPa

04 02 0 02 04
x [m]

Res =5.16 - 10°
q/E =5.70-1078

i DLR

-0.2

. M
-0.4 -24
26

-0.6 |2g
E-os 1-30
N 1-32
1 .34

1.2 -36
-38

14 st 0, =200 (30.1KHz) | T= 120K | p=419 kPa -40

04 02 0 02 04
x [m]

Res = 20.0 - 10°
q/E =5.70-1078

0.6
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SLAT SOURCES

‘slat sources | o =3 deg‘

——DPI: Re = 143-10°|g/E=1.55-10"

DP IIl: Re, = 5.17 - 10°| g/ = 5.64 - 10°

——DPIV: Re =20.06 - 10°|g/E=5.64-10"

L [dB]

200

150

‘slal sources | ot = 7 deg‘

L [dB]

L [dB]

FLAP SOURCES

lﬂap sources | o =3 deg‘

50 100 150
St 5
|ﬂap sources la=7 deg‘

=)
=

Q.
~

50 100 150 200
St 5
[ﬂap sources | o0 =9 deg‘
=)
S
Q
~




50th AIAA Aerospace Sciences Meeting Including the New Horizons Forum and Aerospace Exposition, January 2012. Nashville (TN), USA

Equations pta-d  p-M-d
Re = S —
n c-1
. —Uu
,0=i (ideal gas) M ="/c
RT D
|y, T)RT He = “™P/,
Mmol
-5
o 1431 3210
E 300 1.42¢
- a
200 14 0
100 200 300 100 200 100 200 300
I'[K] I'[K]

T[K]

i DLR




50th AIAA Aerospace Sciences Meeting Including the New Horizons Forum and Aerospace Exposition, January 2012. Nashville (TN), USA

Electrostatic Actuator

& Ey€rms R
pdynam_ff[ rms] = i " Marea £= &5
£, ~885.-107'2 F/m
where: Ej = applied DC-voltage

€rms = rms value of applied AC-voltage £ (295 K, 1.0 kPa) =~ 1.0005
Pdynamic = produced dynamic pressure £ (120 K, 4.5 kPa) = 1.0055
d = plate distance

e = dielectric constant of the gas between plates | = AdB =~ 0.04 dB

[Microphone Handbook, Vol.1: Theory, Briel&Kjaer, July 1996, BE 1447-11]

i DLR
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Repeat without disturbing sources

Source mapu=40m/s: a=0°

* Qverview
fi30e = © KHZ f1130ct = 16 kHz
0.6 54
— 52
E 04 50
- 02 =% [OI010] 48
46
0.5 0 0.5 I
x [m]
f =25 kHz f = 50 kHz

1/30ct 1/30ct
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Repeat without disturbing sources

Source map u =40 m/s: a = 0°

» Comparison: ,Diagonal Removal off*

fi30ct = © KHZ fi30ct = 16 kKHz




= 0.4
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Interpretation of data

0.7¢

0.6

0.5

0.3

> MAAM-COURSE 2018 > Practice SWG > Géttingen, Germany

f=16000 kHz

0.2F

0.1f

0

0.2

o
o

£ o)
= =)
T

Lp [dB, ref. 2:107 Pa]
ro
<

, ..v‘d'b-

4
10
frequency [Hz]| —a=0%|u_=30m/s

—(x:0°|um:4()m/s

L oy o0
= = o)

Lp [dB, ref. 2:10” Pa]
[y
<

——a=0%]u_=50m/s

—a=0%u_=60m/s

Strouhal number




