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Test case A#y
DLR

= Model:
Single stream engine nozzle, round/circular exit @50mm

= Operations:
M, =M, =0.6, U =204.2 m/s
ISA test conditions: p, = 101325 Pa, T, = T, = 288.15K (15°C)
NPR =1.27550, T, /T, = 1.072, T/T, =1
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Reference data for
geometric far field

Spherical array / arc

R/D=100~ (large)
* assuming SMCO000, 2” nozzle

Polar angle/resolution
24 Mics

G)aft-front,eng.exit [o] =

25...130

AB ~ 5°
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Reference data for
geometric far field

Spherical array / arc

R/D=100~ (large)
* assuming SMCO000, 2” nozzle

Polar angle/resolution

24 Mics

eaft-front,eng.exit [o] -
25...130

AB[°]~5
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Southampton ISVR - Doak Lab

45 Cylindrical array / line

12 Mics

eaft-front, eng.exit [o]

=45 ...140
AB[] ~ 8

| jet
nozzle

Image: J. Lawrence

Christian Jente, DLR Braunschweig, AS-TEA, DJINN-ENODISE conference, Berlin, 22.11.202
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Image: A. Proenca, PhD Thesis 2018
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Spherical array / arc
R/D=20

Polar angle/resolution
18 Mics

\ e : | @aft-front,eng.exit [o] =30...115
3 0[] =5

Azimuthal resolution:
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Cylindrical array / line
R.,/D=14.3

Polar angle/resolution

by traversing in X

18 X-Positions

eaft-front,eng.exit [o] =20...95
AB[] =5

Azimuthal resolution:
18 Mics (Ayp = 20°)
grazing incidence

. » ~

Image sourced from Piantanida et al; DOI 10.1121/1.4971425
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Cylindrical array / Line
R.,/D=11.5 (default)

0‘ .0
> overhead arc *

Polar angle/resolution
8 Mics (2022)

unshielded
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Comparison of Microphone Setup

DLR
Two small test facilities, same position: Does the data match?
NASA 0 sft-front = 90° (to eng.exit) 0 st-front = 39° (to eng.exit)
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PSD / Narrowband spectrum w.r.t. engine exit (x=0)

FORWARD position 55 DLR
0 = 115 deg.eng-exit
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PSD / Narrowband spectrum w.r.t. engine exit (x=0)

OVERHEAD-REAR position 55 DLR
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PSD / Narrowband spectrum w.r.t. engine exit (x=0)

REARWARD position 55 DLR
0 = 45 deg.eng-exit
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PSD / Narrowband spectrum w.r.t. engine exit (x=0)

OVERHEAD position ce DLR
66 0 = 90 deg.eng-exit ~90°
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How to perform the geometric normalization?

MRP =

Peak source position
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10° 10%
Frequency f [Hz]

Mechanisms of jet noise generation: classical theories and recent
developments K. Viswanathan 2009

Elliptic mirror source localization

DLR
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Figure 5. Axial distribution of overall source

strengths. M=0.5, Tt/Ta=1.0.

Let’'s use X=7Dj
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20 Ig (R) normalization w.r.t. peak source (x=7D;)
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PSD / Narrowband spectrum w.r.t. peak source (x=7D;)
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PSD / Narrowband spectrum w.r.t. peak source (x=7D;)

REARWARD position 55 DLR
0 = 40...50 deg.source
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PSD / Narrowband spectrum w.r.t. peak source (x=7D;)

MOST FORWARD position 55 REARWARD positiop LR
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Correction 1: Getting the correct measurement reference

point Is the single most important correction

The geometric far field is often defined as the minimum
distance required to treat the source as a point source.

R/D=100
for a distributed source (here x=0..7D along engine axis)

150 140 1%

gain uncertainty: 0.5dB
Polar angle delta: max. 5° offset

Gain difference: PeakSource - Eng.Exit

—~
) =

aft-to-front polar angle wrt engine exit, thetal [deg]

Polar Angle: Peak.Source - Eng.Exit

150 140 130 120 110 100 90 80 70 60 50 40 30 20

Christian Jente, DLR Braunschweig, AS-TEA, DJINN-ENODISE conference, Berlin, 22.11.2023

aft-to-front polar angle wrt engine exit, thetal [deg]

10

Gain Correction ASPL[dB]

Polar Angle Correction A0 [°]



Correction 2: small deviations In test rig operations

DLR

2 .\ 2
1 D
" | Pm 2 | U]8 . ( J )
Po Qo Rmic
p 1 g ( Dj\?
"] o s UP - (- (AIAA 2022-2826)
J (YRTp)2 mte
u u u u u
Property ISA-Norm NASA Glenn DLR CNRS SOTON VKI
> Jet velocity *
-80 Ig (U;/204.2m/s) [dB] 0 +0.12 -1.06 -0.88 -0.26 +0.20
> Test room
temperature [dB] 0 -0.07 +0.49 +0.55* +0.17 0.00*
+25 1g (T¢/288.15K)
> Jet temp. N _ _
+10 Ig (T;/288.15K) [dB] 0 -0.03 +0.26 +0.22 0.28 0.41
> pressure N ] - _
110 Ig (po/101325Pa) [dB] 0 -0.00 0.02 0.00 0.05 +0.05
[dB] 0 +0.02 -0.33 -0.11+0.07* -0.41 -0.16x0.20*
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Correction 3: High-frequency range A#y
loss less atmosphere | microphone incidence DLR

O ——|_I—l—l—_———|_‘ﬁ_'—‘-—l~
0.5+ ]
m -1F |
O,
2 -2f ]
O
S 5l
g Incidence +30deg
8 4 Loss-less Atmosphere
Combined
_5 [ | l 1 1 1 1 1 1 11 |
102 10°

Frequency f [Hz]

Standard corrections for a V4" free field response microphone
(installed at R=1m) are negligible for f < 10 kHz

EU-DJINN

Christian Jente, DLR Braunschweig, AS-TEA, DJINN-ENODISE conference, Berlin, 22.11.2023 . 3 GA No 861438




20 Ig (R) normalization w.r.t. peak source (x=7D;)

FORWARD position 55 FORWARD positiorD LR

0 =115...120 deg.source - 0 =115...120 deg.source
66 . . ’LQ o0 o 90 ‘ .
65 4 o ,\ ° L 5.0 ° ° | ]
ol NASA SHJAR/SJET | A ° ° o8
63 DLR  JEXTRA e &N 45 ° _ _
62 VKl JAFAAR 1 4 y NASA o ]
61 CNRS  Bruit & Vent 1 E°® _ ° & 86 I 1
m 60 SOTON DoakLab 1 = ° =85 I
S, gg i 1 & ° E 84t 1
i Sr=0.3 1 - N :
Esl 1 2 ° e &
1 56 F i a -— 82 r
x ® g4 |
— 55 1 g L4 — 81
© 54t 1 5 . D 80+
I3 ] 8 g 1o
a4l 1 e ° 78
23! .- .+« SOTON
= 50 9 g
@ 49 1 8 S 76
Q48 | {1 @ S 751 NASA SHJAR/SJET | |
a7 b 1 B £ 74 DLR  JEXTRA 1
46 | . C N RS VKl JAFAAR l
73
45 + . o o | 72 CNRS Bruit & Vent | |
44 1 ] o o SOTON DoakLab
ol | DLR 7
42 ' : 70 ; '
103 104 @50mm 103 10*
-3.0 -2.0 18 0.0 1.0 2.0 3.0 4.0 5.0
PSD / narrowband o0 | 1/3' octave / PSD*f
o 3 . : Streamwise Position from engine outlet, X1 [m] o 3 . :
S, S,
< 27t < 2F
2 :
z 1| z
£ 0 £0
DA NG RN NG <)
c-1r 1 c-1r 1
© ©
O 2t O 2t
£ £
-3 ‘ ' -3 ‘ '
10° 10* 10° 104
Frequency f [Hz] Frequency f [Hz]

L . . SR EU-DJINN
Christian Jente, DLR Braunschweig, AS-TEA, DJINN-ENODISE conference, Berlin, 22.11.2023 GA No 861438




PSD / Narrowband spectrum w.r.t. peak source (x=7D;)
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PSD / Narrowband spectrum w.r.t. peak source (x=7D;)
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High frequency noise hypothesis 1: all HF noise located

at engine exit

Nozzle exit Mixing region
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F
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Vincent Fleury and Renaud Davy.
Large-scale jet noise testing, reduction
and methods validation ,EXEJET": 5.
analysis of jet-airfoil interaction noise by
microphone array techniques. In 20th
AIAA/CEAS Aeroacoustics Conference,
AIAA AVIATION Forum. American
Institute of Aeronautics and
Astronautics, 2014.

Christian Jente, DLR Braunschweig, AS-TEA,

DLR

100.0 ¢ o o o NASA
* . LF 48° HF 45°

—Yfoc =0 mm

—Y¥foc =-133 mm

[ ]
10.0

1.0

S—— VKI LF 48° HF 34°
\ I 199000000 S

7 000 o
01
-1.0 0.0 1.0 2.0 3.0 4.0 5.0 6.0 +a
X/Dp @50mm -

).0 1.0 2.0 3.0 4.0
se Position from engine outlet, X1 [m]

Frequency resolved measurement reference point
Example: Huber et al AIAA2009-3371
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High frequency noise hypothesis 2: all HF noise
distributed between x=0...7D DLR

Nozzle exit Mixing region
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Conclusions — for simple analysis A#y
DLR

» Selecting the peak source location as measurement reference point is the
single most important correction
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Viswanathan/Clark 2004 Effect of nozzle internal contour on jet aeroacoustics

Zaman AIAA 2011-2704

Initial state properties cross-comparison

DLR
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0.3D 2.5D
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Straight duct max 0.4 D upto2.5D 3.2 D to tripping pos.
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+ + +
Peak Source Loc. 7.0£0.5D 6.5+0.5 D 5x0.5D
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