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Identification of Mechanism of Transmission of Flow-induced Noise
through Glass for Vehicle Interior Noise Reduction
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Seeking to identify the target for control to reduce
vehicle interior noise, the research discussed in this
paper determined the contribution ratio of convectional
pressure and acoustic sound to high-frequency flow-
induced noise (1 kHz-5 kHz) in the interior of a box
modeling a vehicle interior, based on a model of
cabin sound transmission from the pillar modeling
the flow around the A-pillar. This study showed that
the contribution ratio of acoustic sound to the overall
value in the high-frequency range at the microphone
in the box was approximately 93%, indicating that in
the high-frequency range, acoustic sound is dominant
in comparison to convectional pressure.

A comparison of the sound pressure distribution
on the external surface of the front side glass of an
actual vehicle, as estimated from surface pressure
fluctuation and far-field sound, with the sound pressure
distribution on the internal surface, as estimated from
the vehicle interior sound level, showed that the
difference between the sound pressure on the external
and internal surfaces is almost exactly equal to the
glass transmission loss. This result demonstrated that
acoustic sound generated outside the vehicle is also
dominant in sound transmission through the side glass
in an actual vehicle, indicating that the reduction of
acoustic sound generated outside the vehicle would
be an effective means of increasing the comfort of
the vehicle cabin in relation to high-frequency flow-
induced noise.
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Fig. 1 Model of cabin sound transmission from pillar
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Table 1 Wind tunnel specifications
Maximum velocity 50 m/s
Background noise 54 dBA (30 m/s)
Nozzle exit size 0.7 x 0.7 m?
Anechoic chamber size 4x4x3md

Table 2 Measurement conditions

Step height, H [mm] 30

Nozzle exit velocity, V [m/s] 33
Glass thickness [mm] 3,4,5
Microphone sampling frequency [Hz] 32000

7B 1 miSH I BETTE L RNE ORI, FREER
WL EOERIZLS T, MEORmWIEMREHE% Z
EWRTRELE YL F T 4 — L Ev A4 20T v ERELE
(Fig. 3).
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Fig. 2 Experimental set-up
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Fig. 4 Experimental results
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3.1. BHERBRFE

Powell OilfiFit TI1d, 22N EBIIMALEE 2L C % i
OB T B L xhTnd P FIHERL BB, &
a2 b HEOB S b HEHIHERE T4 (Stochastic Noise
Generation and Radiation) 1236 < #f22 V0B Z bh
TW3 2, KR TIEHEI & & 513 < B O E) & 5F
M2 5720, JEEMEEIEE S Large Eddy Simulation
(LES) #9Hi L 7z. f#HTIE Hexa BH & Prism BH A F 4
L L7zAFH Ay Y 2wz (Fig. 5). Table 312 CFD
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TOWRIRFIE 5340 2789, Fig. 6(a) &0, @R &0
WK CTd 5 1 kHz-5 kHz I2H5W\ T, FW-H 3AIC & 55785
BEOMBENERME K< B L TWDE Z LN TE 7.

Table 3 CFD calculation conditions

Software Fluent ver. 13.0 SP2
Inlet velocity, V [m/s] 33
Step height, H[mm] 30
Reynolds number [-] 66000

% 7=, Fig. 6(b) TIZ A7 v FI2 kD IF < BEL =i teid 28
v (z) AICihE & Ok (3, ) 282 < FRAETE DI
L, FfPE mzidmd (x) ANl 2 Foftis ) 282 <
B0, BRI L TWE Z EAMEETE B,

Node: 10 million
Cell: 11 million

¢60 mm
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(b) Hexa mesh (enlarged view)

Fig. 5 CFD mesh
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Fig. 6 CFD results
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(Computational Aeroacoustics:CAA) @Mt % Ffi L 7.
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Fig. 8 CAA results

Table 4 CAA calculation conditions

ACTRAN/AA ver. 11.1
Lighthill-Volume

Software

Sound source

Maximum frequency frax = 10752 Hz

Frequency filter Af=143 Hz

Table 5 VA analysis calculation conditions

ACTRAN/VA ver. 11.1

Acoustic and/or
convectional pressure

Software

Vibration source

Glass density 2500 kg/m?®
Glass Young’s modulus 7.16 x 10'° (damping 3%)
Fixed point modeling as spring Stiffness 90000 N/m

Maximum mesh size 5 mm (glass), 9.6 mm (air)
foax = 10752 Hz

Af=14.3 Hz

Maximum frequency

Frequency filter

EREILSIASDEZEZ 65, 72, Fig. 8(b) 5
FEDE ORI Z 7 v 7113 < BEkai AR < RS h, Fig.
6(b) & DA B 28 Nl & DR L < AT
B E L Tn 3.
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VA iE B Z 5572, H 7 2 DRSS TIE,
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PEEWEREIST X — &2 L LT, H T A BB R B AG H
EHOZZARE)E — F &G EERBAOADEIAAE LT
%9 Table 512 VA @i OF L& 27§, FNDOZEM
Ay Y aY A XEH T AERAMNDOABKEED 6 5H & L,
BERGAHIIERRER & U CNERE B3R O DR % fi
L.

Vibration input source plane is
copied in adjacent area
I

Glass fixing points
(12 points) 380 mm

Infinite
element

Fig. 9 VA analysis
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FERCTIIBREE S IS K2 WENEEh Wb 30 LEbh
5. 72, H7 AEBHKERTETGE L RNE DES
(ASPL)E, CAA f#HTIZ X 5 Plllfi & 28 & < —F&L
Tk, 17 AHEEHERBASR A O 728 bEAA DR
BORBERS VAR 2EETECnWbE2E2 605,

RO ZE G IR T, CAA AT B U8 VA AT T
DORGEIZ & D, EEEREYIE 12V THER e ERIZ KL<
—3T B IRNTREE AR 5 Z AT E, kaddEh A Fu
Te NN DT T E 258 & 22018 O 52 O A 7E %
BIZa5RMLIEL N,

34. RANENENEE EBHEDESRDORTE

H T ZAEH 2 MR # 2L X 2, 3.3, fiod VA @
B %9 28T, RINOETEISRT 2R 1%
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3.1. f#iH 7 ZIAEHT 2R (Fig. 11) IR
JEEH LES 63k 72728, FlkENIENZ B O A
k28D THB. £72, 3.2.HOH 7 2T B NHEN
(Fig. 12)1F, WAKRIIZENTEIIZEE) & 22 )15 K 5 &8
NEGAZEDEZEZONS. NOXAFERNTH 5+
Lz b=z 2R EHEGEORIT K 0 E N 2 385X
(Lighthill 5fE:%) # XECAFERE L THWS Z L ABHT
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Fig. 10 Sound spectra at upper and box microphone
positions (Glass 5 mm)

Table 6 Overall sound pressure level (1 kHz-5 kHz)
at upper and box microphone

Microphone location [Cdg';\ Exp[zgr]nent
Upper (far-field) mic 65.1 67.1
Box mic 36.6 38.9
A SPL (Transmission loss) 28.5 28.2

MRNELTE 2328, #7 2AEHDENZEFDEN
IZxHe U 22 FNE R E 5.

MR RS2 I 8) & W 72354 O 5N,
JABRA G B BIZONTHERIEE DZERMNKNE L 7 516
MAd 5 (Fig. 13).

(b) 4 kHz point load (N)

Fig. 11 Convectional pressure load (Glass 5 mm)

(a) 1 kHz point load (N)

(b) 4 kHz point load (N)

Fig. 12 Acoustic and convectional pressure load
(Glass 5 mm)
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Fig. 13 Sound spectra at upper and box microphone
positions
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Fig. 14 Contribution ratio of acoustic sound
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Table 7 Experimental equipment

Briel & Kjeer Sound &

Manufacturer ) )
anutacture Vibration Measurement A/S

16-ch surface microphones
(Surf-MIC)

42-ch half-wheel array
microphones (BF)

4948 and 4949

Type 8608

50-ch spherical array

microphones (SBF) Type 8606

4. FECHGBER, BHENEOREEH

JRWE R Z & O T ENEENIC R KT TR, B
Rolcko>THERIN TS WA, ERIERYEICK T 5
HAMEYE EOFE L LT, MYESYA FH T 2455
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- 7
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Ps: FRiRJIF 1A ) & 22015

Pf: 22)13%

Pi: NG 5 2K TOHFIL
i IR

Table 7 IZGHIBEE OME A/ T. Ps i3 A 7 A HKMIC
WO 729 — 7 2 24 2 a7 x ik 5EHME (Fig.
16) &, PRI FICRBE L2 FRi~4 207 x v 7 LA
(Fig. 17(@)J)IC K 2EE&EEHAIL D, =27+ =3 v 7ih%

/8
9 10 11 12

-

S 131415 IS

—
Surf-MIC

(Surface microphones)

BON2I 86.44

(b) Contour plot of sound pressure distribution (dB)

Fig. 16  Surface microphones
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(b) 1/3-octave sound intensity map

Fig. 177 Beamforming

(a) Image of set-up

€2 (@)

(b) Noise distribution within vehicle cabin

Fig. 18 Spherical beamforming
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Fig. 19 Differences in sound spectra
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