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Motivation ‘#7
DLR

goal: understand velocity scaling of jet installation noise
= Interpolate in between test conditions

wind tunnel velocity

Max U,
e

et

Test matrix

jet velocity max U
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Motivation ‘#7
DLR

goal: understand velocity scaling of jet installation noise
= Interpolate in between test conditions
* repair corrupted spectra, e.g. with poor signal to noise ratio

wind tunnel velocity Low frequency SNR limit

Max U,
Test matrix

Jet velocity max U
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Motivation ‘#7
DLR

goal: understand velocity scaling of jet installation noise
* interpolate in between test conditions
* repair corrupted spectra, e.g. with poor signal to noise ratio

» solve “max wind tunnel velocity problem”: extrapolate test data for an operation which
IS out of scope for the current test facility

wind tunnel velocity

VAR

Max U,
Test matrix

Jet velocity max U
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Outline ‘#7
DLR

1. Analytics: derive far-field noise of installed flight jets w/pylon (FW-H)
2. Test velocity scaling relation against experimental data (DJINN — AWB test)

Different velocity scaling for forward-overhead arc vs. rear arc
—> show transition

4. Put findings into practice: showcase “max wind tunnel velocity problem”

5. Transferability Limits: Can | use the findings for related JFI problems?
Pylon vs. non-pylon mounted installation
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Models for
experiment
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ENGINE MODEL
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Operations A#y
DLR

S/l Shear  wind tunnel velocity U,
Layer Jetvelocity U,
velocity ratio ry =U. /U,

S/L convection velocity U, = U, + 0.64 AU

~C ) .
S/L difference velocity AU =U; - U,
Py
'O
O .
Q7 60 High wind tunnel setting
T E
C . .
§ 38 40 W Low wind tunnel setting
e \
= \ \ \ \ \ \ :
= \ \ Vv D) wind tunn_el qff,
off & . G. © (} \ \i)ul N :/. (closed-circuit) r,=0.04
140 180 220 260 300

Mixed jet velocity Uj [m/s]
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1 Analytic Derivation

Aerodynamic near-field of the jet shear layer DLR
aerodynamic aerodynamic
X Near-field Intermediate-field Far-field
- (Initial) aB (Transition) ><(F ully-developed)

virtual S/L origin
(aerodyn. near field)

________________ mixed jet radius / “lip line”
£T-—-- ———>—-—-——== -—- jet centerline / “engine axis” -

-
~—
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Potential

virtual S/L origin Core

(aerodyn. far field)
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1 Analytical derivation — static jet, forward arc

, 1 0 1 0* DLR
Farfield solution FWH: ' ~ ————e, - (pI —7)-ndS+ —5—(erer,) : 75 T dV
47]'0,00‘?"0 8t aVB 471-(1:007'0 at V(;O
(LF) excess noise due to presence of wing (HF) free turbulence
flap Measurement i i .
AWB nozzle tra(ijling Reference Point :OaglLrJ]% POIT_Ie <1 deformed jet /
° ge/ et miine - I=(AU)"for He reflected jet noise
Nozzle-exit G e - _ noscaling _ scaled |~ Uj8 - f(UOO/Uj)

[2dB |

U, /U; =ry |AU U,
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third-oct SPL-q - 101g ( AU )
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10" 10° 10" 10"
Helmholtz number He = f Lo /aoo Helmholtz number He = f L0 /a00
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2 Experimental determination of the velocity scaling
In the forward-overhead arc DLR

1 same AU 2 same U,
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3 Velocity scaling of pylon-integrated jet engine
forward-overhead arc vs. rear arc DLR

Forward - overhead Rear arc
flap Measurement
AWB nozzle trailing Reference Point
edge
. <) Jet mixing =
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3 The transition between forward-overhead and rear arc A#y
This Is the major contribution of this paper! DLR

forward arc ————> overhead Use linear regression to determine
o 40 iediecenoe s velocity scaling exponent for each
3! microphone position individually:
—,“’” . . )
' = find n in AU": 3 test op’s U_=const

»
T

———————

- - n
AU |UC:COHS'[

()]
T

w
T

N
T

The n exponents are very similar for both
Isolated as well as installed jet noise.

velocity scaling exponents m, n, m+n [-]
N

-
T

O -
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Polar angle (aft-to-front) [deg]
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3 The transition between forward-overhead and rear arc A#y
This Is the major contribution of this paper! DLR

forward arc ————> overhead Use linear regression to determine
(AU)® — |solated jet noise AU8 . .

9 AU® — |nstalled jet noise AU8 Ve_IOCIty Scallng exponent .for eaCh

ot microphone position individually:
- m+n —
c ,,‘f’ . . y
£’ = find n in AU™: 3 test op’s U_.=const
S 6l S i .
s | " AU = find m in U™ 3 test op’s AU=const
£t
8 -== U™ |au=const . . .
2o The m exponents on installed jet noise are
$ — /almost negligible. Hence, Iinstalled jet noise

ol mifimal dependency on U, | Svesma can be mode”ed using |~AUn_

-HOW 1 1 1 | L Il |
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Polar angle (aft-to-front) [deg]
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3 The transition between forward-overhead and rear arc A#y
This Is the major contribution of this paper! DLR

forward arc ————> overhead Use linear regression to determine
U2(AU)S — Isolated jet noi AUB - -
o a0 iedieeinase s velocity scaling exponent for each
3! microphone position individually:
N m-+n -
c s : : :
E7S = find n in AU": 3 test op’s U_=const
Se6r ':::::::"’ : :
s | " AU by = find m in U_™: 3 test op’s AU=const
£} m
S ~—— Ue |AU:const . . .
Zop Tl The m exponents on isolated jet noise
§ P T ___— transition from m=2 to m=0
) iffimal dependency on U, " Sememn e “Same AU produces same jet noise” is not
ow : : : :

——>mo 10 120 o 10 %0 0 0 e %0 generally valid, I.e. only valid in the rear arc.

Polar angle (aft-to-front) [deg]
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3 The transition between forward-overhead and rear arc 4#7
This Is the major contribution of this paper! DLR

forward arc ————> overhead Use linear regression to determine
U2(AU)® — |solated jet noise AUB - -
or  AUS — Installed jet noise AUB Ve_IOCIty Scalmg eXpOnent .fOr each
ol — _ microphone position individually:
- m+n —_—
E7S = find n in AU": 3 test op’s U_=const
“6f o ITISISa-T . _
s | " AU = find m in U™ 3 test op’s AU=const
N o The combination m+n = 8 for isolated jet
A S noise agrees with Lighthill’s analogy.
g ym Tl
$ql p— T
ok mfvmal dependency 0;1-U.: ------- \-._.:_:.:_':_-_-:
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3 The transition between forward-overhead and rear arc A#y
This Is the major contribution of this paper! DLR

forward arc ————> overhead Use linear regression to determine
U2(AU)6 — Isolated jet noi AUB - -
o a0 Tiedieeinase s velocity scaling exponent for each
ol — microphone position individually:
m+n
T = find n In AU™: 3 test op’s U .=const
6 e T - -
n 4

- - n
AU |UC:COHS'[

()]
T

= find m in U_,™: 3 test op’s AU=const

The combination m+n = 8 for isolated jet
noise agrees with Lighthill's analogy.
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Outline ‘#7
DLR

1. Analytics: derive far-field noise of installed flight jets w/pylon (FW-H)
2. Test velocity scaling relation against experimental data (DJINN — AWB test)

Different velocity scaling for forward-overhead arc vs. rear arc
—> show transition

4. Put findings into practice: showcase “max wind tunnel velocity
problem”

5. Transferability Limits: Can | use the findings for related JFI problems?
Pylon vs. non-pylon mounted installation
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4 Max wind tunnel velocity problem (installed jet)

m Reference with high wind tunnel velocity, tested e.g. conducted in other facility
279

40 60

Produce comparable spectrum
despite limited wind tunnel velocity:

Same - AU=U;, - U,
+ same OASPL (here: within 0.3dB)

— but: shape function (gain by
frequency) off

(
forward overhead
_ “A 126° 96°
I ! ’i [1dB | ¥ [1dB |
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% L V’ | 1 fl ’L“Mm
A B L VR 11
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4 Max wind tunnel velocity problem (installed jet)

DLR

m Reference with high wind tunnel velocity, tested e.g. conducted in other facility
40 60 279

Produce comparable spectrum despite
limited wind tunnel velocity:

Same = S/L convection velocity U,
+ shape function (gain by frequency) better

— Higher AU: OASPL too high (here: +5dB),
normalize gain with velocity scaling

r

normalized third-oct SPL

forward

overhead

96°

U, /Uy =ry |AU JU, |

60/279=0.21|219]| 200 |1

40/255=0.16|215| 178 |1
40/295=0.14|255] 203 |]

I
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Outline ‘#7
DLR

1. Analytics: derive far-field noise of installed flight jets w/pylon (FW-H)
2. Test velocity scaling relation against experimental data (DJINN — AWB test)

Different velocity scaling for forward-overhead arc vs. rear arc
—> show transition

4. Put findings into practice: showcase “max wind tunnel velocity problem”

5. Transferability Limits: Can | use the findings for related JFI problems?
Pylon vs. non-pylon mounted installation
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5 Velocity scaling: engine integrated w/o pylon
forward-overhead arc vs. rear arc DLR

JEXTRA experiment rorward - overhead T
i _ oxe
ﬂ'?p Measurement : q_8 ‘G‘
tralling Reference Point i . ’
aiine Installed jet @@.“
Jet mixing o X
_O

7
0.2 [

)
0=6

O O
T .
— Installed jet,
5 X = tones removed
< : =
o q=8
isolated jet
d ] . | 150 200 250 300 150 200 250 300
Mic06 Mic01 Mic02 Mic03
7 s Installation effect, by operation 18 Installation effect, by operation
R TN OO (OTO) 16
~o 141 14
pn12r & RR) 12
IT 10} =) 10
spectra w/tones removed = 8f 8|
. — O 6 6 @
produce same scaling coefficients £ 4 | R
q 0 ‘ : 0= -
150 200 250 300 150 200 250 300
S/L difference velocity AU [m/s], log scale S/L difference velocity AU [m/s], log scale
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5 Aero-geometric characterization needs adaption for the

pylon effect

JEXTRA 2021
no Pylon

main wing substitute
(static operations)

C flap 5,=25°
Zl esz3o

'lq—)' A E
= single D; R; x H=0.6 D; -
c streem f——X'—-—-—-—- T -— =" %
> engine o
9 |-
\J
X 0 L=2 D
t ¢ _ H = RI
an(e) = ,
-~ L - XonE

AOASPL = 10dB
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AWB 2022
assume Pylon negligible

main wing -_—

dual
stream ng -

engine

e‘z40
AOASPL = 3dB

H=0.71 D,

i DLR
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5 Steady aerodynamics flow analysis of isolated jet
w/pylon iy DLR

X= 2.7 Dgy, (just down-
stream virtual flap TE/
wing not installed)

deflected jet
_ Ty a7 (data plane turned by
B | el N B ais [ varis o0GOMM 1.0 osio)
Uawe Uct4m/s Ug, UpUcore 0 U. Ye Ui
Top half jet (Z+) I
approximately elliptic ~_} )
0.5 i i
_E —  [Pylon causes o*
Core stream R = _[significant shift &
deflected to Z+ §I>; - Ao it ™ 00 -
elliptic shape _SDE I N [ origin R
~ O
N g I ‘0’
S | 05k o .
i ' Xonr (Z)
Bottom half jet (Z-) -0.5- - :
approximately circular i I T S S SR !
L B 0 0.5 % /D 1 0 1.5 2
-0.5 0.5 Byp

Y / Dgyy [-],
corrected by -3mm

XY-Plane for ENG = OP8 (U, > Ug,,,) and UAWB = 60m/s

XZ-Plane for ENG = OP6 (Ucge = Ug,, = 244 m/s) and UAWB = 60m/s
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5 Aero-geometric characterization needs adaption for the A#y
pylon effect DLR

JEXTRA 2021 AWB 2022
no Pylon assume Pylon negligible

main wing substitute
(static operations)

C flap 8.=25° s flap
o FS14o0
' 0'=3° )
z -~} =83

g oz | P[] o B
8 engine engine D,,/2 L7277 D
. H - R(Z+)
tan(0) = J
() L - Xonp(£7)
0'=3° 6'~8.3°
AOASPL = 10dB AOASPL = 3dB

i EU-DJINN
x GA No 861438

Christian Jente, AIAA20024-3309, Rome, 06 June 2024, JA-12: Installed Jets




Summary ‘#7
DLR

» Aero-geometric characterization of the pylon-integrated problem is difficult

» presence of pylon = no tones - simplifies acoustic characterization
= Velocity scaling with AU, exponents 6 (forward-overhead) to 8(rear)
» frequency He<1 (loading noise) vs. He>1 (~ jet noise)

= Model building: Same shape functions with U,
= Not discussed: Influence of core stream

Questions?
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