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NANSYS
Motivation (1)

Wind noise is aerodynamically generated noise perceived in the

Advances in Sound packaging & Design
improvements

. High Frequency Wind Noi
Becoming Dominant Source
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Engine Noise
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Tire Road Interaction Noise
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J.D. Power 2014 U.S. Vehicle Dependability Study report lists Excessive Wind Noise
amongst the top 5 problems most commonly experience by vehicle owners
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Motivation (2)

NANSYS

* Aerodynamic Noise Generation

Flow Separation/ ' a :
Vortex Shedding Cavity Resonance Flow Separation/
Vortex Shedding
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A-Pillar Vortex

Side-View
Mirror Vortex



Problem Description

B Demonstrate aero-vibro-
acoustics coupling to predict
noise at SAE-Body with
mirror by means of a
deterministic method

B Validate with extensive
experimental data [1] from
Friedrich-Alexander
University in
Erlangen/Germany

Sound Source Transfer Path Receiver
Transient separated flow at Side glass, windshield Ear of a driver
side mirror
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NANSYS
Simulation Methodology (1)

Connection between vibrating walls and rigid walls 4 +ar walls (rigid)

Turbulence

7
A

I

Inflow
External CFD Model Vibrating Surfaces Acoustics Model
Transient Flow (Side Glass, Windshield) - (Car Interior)

Y

Compressible CFD modeling Vibroacoustics Modeling
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Simulation Methodology (2)

B From source to ears: SAE-Body with side view mirror

Solve Vibro-
Acoustics
Model

Read ASD Files | Compute FFT Fieids | wite CGNS Fnes]}
Mades/Frequency Bands  Spectrum Property
‘ Set of Modes ‘j | Real and Imaginary Amplitude Par|ﬂ - 5 - c - 5
25 2 @ Geometry " 2 Engineering Data  + ——M 2 g Engineering Data v 4
ey M5 (i) Existing Variables Haf Geometry 3 ) Geometry W &3 i) Geometry v 4
COCOM Presmue pactum e &1 4@ mode V4 @ mocel v .
P Spectrum Re & Im 2 )
Numwmmmsﬁ S Rt sﬁiﬁtm o Mechanical Model )5 & seup v 4
0 Y Pressure Spectrum Re & Im 4 i 7 6 Solution v o4
Create | Remove Selected Variables 7 9 Results + 4
Harmonic Response
Close | Help
SAE fine.index 13 KB A
E SAE_finel000.asd 30.365 KB
H SAE finel025.asd 80.971 KB
1 SAE finel1089.asd 80.971 KB final.cgns 20.656 KB
E SAE finell53.asd 80.971 KB = =
RIS ! final_l.cgns 253.116 KB
H SAE_finel217.asd 80.971 KB final 2 353116 KB
" - na .Lgns .
| ) SAE finel28lasd 80.971 KB - 22
El SAE finel345.asd 80.971 KB final_3.cgns 253116 KB
El SAE fine1409.asd 80.971 KB ﬁnal_4.cgns 253116 KB
1 SAE fineld73.asd 80.971 KB final_5.cgns 253116 KB
1 SAE fine1537.asd 80.971 KB - .
- final_6.cgns 253116 KB
E SAE finel60l.asd 80.971 KB
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Setup — Mesh (1)
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» FluentMeshing Yo N A
»87M prism+tet cells
»15 prism layers
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» First prism layer height:
5e-02 mm

» Surface mesh size:
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®CFD
» FluentMeshing
»37M prism+hexcore c
»15 prism layers

» First prism layer height:
5e-02 mm

» Surface mesh size:

v Mirror+window:
1 mm

v A-pillar: 3 mm

>
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Setup — Mesh (2)

@ Vibro-Acoustics
» ANSYS Mechanical
» 660k hex+tet+pyramid cells

v Glass+sealing frame:
3 mm (hex cells)

v Hex+pyramid cells for cabin

v"12 linear elements per |
inside cabin




o NANSYS
Setup - Boundary Conditions

B CFD domain consists of external SAE-Body surfaces, side
window, mirror and wind tunnel boundarie<

B Velocity-Inlet: v=150 km/h, Tu=0.19%
» Use measured profile for y =0 mm

g

b ¢

N =
P 1 atm ‘CFD Domain

B Tunnel top, floor, sides: no-slip walls

2000

Inlet Velocity ¢_|
Profile

‘SAE-Body
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. . ANSYS
Setup — CFD-Simulation

./F"

B ANSYS Fluent 16.0

B Material: Air as Ideal Gas

M Turbulence Model Steady State: SST K-Omega

M Turbulence Model Transient: DDES — SST K-Omega

M Spatial Discretization
» Momentum : Bounded Central Differencing (for DDES)
» All others: Second Order Upwind

M Time Discretization
» 2nd Order Implicit, At=3e-5s
M Export acoustic data on side-window every time-step

» Use asd-files from FW-H model; complex pressure as
outputh



Setup — Vibro-Acoustics-Simulation H;

B ANSYS Mechanical 16.0
M Frequency resolution: 3.2

M Strong coupling:

» Full Vibro-acoustics harmonic analysis fro ¥3'to 1000 Hz

M Import complex pressure |
M Setup with ACT extension

‘Vibro—Acoustics Domain




Setup — Vibro-Acoustics-Simulation

B Material Properties

» Complex mounting system including
sealant. Frame with high stiffness
attached to synthetic rubber.

Density (kg/m?) 2,500 1800
Young‘s Modulus (MPa) 70,000 50
Poisson’‘s Ratio 0.2 0.38
Thickness 2.85 2.85
Absorption-Coefficients [2],[3]
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NANSYS
Experimental data (1)

M SPL at 39 probe
positions are available
from measurement

B Sampling frequency:
44.1 kHz

B At = 2.268E-05

W Samplingtime T =
180s
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NANSYS
Experimental data (2)

7w

M Laser-scanning vibrometer
measurements to visualize

d|Sp|acementS Auslenkung i m; o.oemme-é‘éﬂsos
W 1426 measuring points
03F
M Limited to frequency :
domain
01

M Frequency resolution: 1.5 Hz ,
B Resolved up to 10 kHz 08 WA gE B F 9

‘Displacements at 412 Hz




ANSYS
Experimental data (3)

7w

M Sound pressure data available at driver’s ear

M Sampling frequency: 96 kHz |
> At = 1.042E-05 "

=

B Sampling time: W
a 20 wa ! “‘ml‘}ﬁ\m
»T=60s g [ LD Lt | TN
() fully insulated \ .
— e
-2q01 — Iszrequency in H.7:I03 o’
L ‘SPL at driver’ s ear

microphone 1- I

‘Micro @ driver’ s ear



NANSYS
Results - Flow Field

EXP vs. CFD

W EXP

mCFD

1

0 0500 1.000 (m)

0.250 0.750

Drag validation of steady-state simulation

Iso-surface of Q-Criterion colored by velocity magnitude
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NANSYS

Results — Surface dB Map
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SPL for 1/3-octave band at 100Hz

SPL for 1/3-octave band at 500Hz

135
132
128
125
122
119
116
112
109
106
102
99
96
93
90
86
83
80
76
73
70

135
132
128
125
122
119
116
112
109
106
102
99

96

93

90

83
80
76
73
70

/ ( ’.’
o '.'A ‘l R SRS . it

SPL for 1/3-octave band at 200Hz

_
/

A

SPL for 1/3-octave band at 1000Hz



483
599 e
I i'g 38.9
. 342
: 5
253 A 8 232
184 1 155
15 o a e
46 P 4 4 | 108
@ ORERT B
93 < a e
* 79
231 126
-30.0 473
369 220
438 / 26.7
508 ) »
577 1 - 36.1
o8 . 407
ot Acoustic pressure at 100Hz (Im) o
7.1
180 I
I :g'g : 56
3 . gr ‘ : 49
19 $ ¢~ 1 N AL 41
99 Y . :
LA g 34
;g A -' b .~ ‘. ." t ra 26
a8 ;;I‘;“ ; /{ , PR A4 y 19
’ ol WP Py Fop N ATy - 1.1
A | ILEGNG,
o4 ) » B ES S5 LMY
by «~ Ts
64 - .
y by 4
405 / hy /
125 by
145
:
A ' 1000Hz (Im)
20, . coustic pressure at z
o Acoustic pressure at 500Hz (Im) 79 P

— 1D

f’ R A el AR



Results — Pressure Mapping

C: Harmenic Response

Flugnl Mapged Pressure
Exprassion: RESIEN8 (Unaveraged)
Frequency: 0. He

Sweeping Phase: 0.9

Uit Pa

26/05/2015 15:50

259.202 Max
22273
15345
B4163
14678
-5.4408
12364

Acoustic pressure at 200Hz (Re)

C: Harmonic Response

Fluent Mapped Pressure
Expression: RES2609 (Unaveraged)
Frequency: 0. Hz

Sweeping Phase: 0. *

Unit: Pa

26/05/201516:17

. 7.9389 Max
i 6.1535
13681
25828
079739
098799

£ 27734
4.5587

2 63%’




SPL @ probes

Sound
Pressure
Level
(dB)

Frequency (Hz)

Sound
Pressure
Level
(d@B)

Frequency (Hz)

Sound
Pressure
Level
(dB)

Frequency (Hz)




Results — Displacements SIM1

500 Hz 200 Hz

1000 Hz

l’ﬁ"

£

AR U ek

4,1808e-7 Max
3717207
3253507
278997
2326207
18625¢-7
1,3989e-7
935238
47157e-8
7,9129¢-10 Min

1,02670-8 Max.
813530
5004169
6872869
57416e9
4610329
3479169
23470¢.9
1,2166e-9
8,5395¢-11 Min

4,1568¢-10 Max
36981210
3,2395e-10
2,7809¢-10
23223010
1,8637e-10
1,4051e-10
94645e-11
4878311
2,9215¢-12 Min

Simulation

0,000

0,050

0100

0150

0,200 (m)

0,200 (m)

0,200 (m)

500 Hz 200 Hz

1000 Hz

Measurement

Amplitude, Freq = 200.000000

Amplitude, Freq = 500.000000




. NANSYS
Results — Acoustic Pressure SIM1

B Deformation colored by acoustic pressure at 500 Hz

Acoustic pressure at 500 Hz Deformations at 500 Hz


ac_pres_500_v2.avi
ac_pres_500_v1.avi

Results - SPL(dB) vs 1/3-Octave in Cabin

SPL at driver's ear
side window -
90
. /
Uy_I microphone 1
l l ;6- A
2 —&—dB (EXP)
& —m—dB (SIM1)
—&—dB (SIM2)
microphone 11 l 000 100,00 100000
Frequency [Hz]




ANSYS

Solution Performance SIM1

CFD: AMD Opteron, 2.3 GHz with Infiniband

Vibro-Acoustics: Intel Xeon, 3.4 GHz with shared memory

(3-1000 Hz)

. : Wall clock | Wall clock Wall
Simulation ) : clock
time 8 time 200 .
procedure time 312
cores cores
cores
Steady state ] 9.3h
(coupled solver)
Initial transient (ramp
down At from 1e-03 to - 53.9h
3e-05 for 1,000*At)
Final transient (acoustic
sampling for 11,000*At) ) ) 284.0n
Fully Coupled 11.1h ]




NANSYS

Summary

— 1D

B Complete Aero-Vibro-Acoustics workflow

» From turbulent compressible flow through vibrating side
window to the cabin

» One virtual environment including CFD-, Structural- and
Acoustics-Simulations

B CFD results are showing excellent agreement with
measured pressure spectra on the window

M Shapes of deformation can be predicted qualitatively

B Computed sound spectra inside cabin shows good trends
as compared with test data up to 1000 Hz

M Structural damping and sealant can be fine-tuned
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