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Introduction



~ Aeroacoustics Noise

Engine Noise

Road Noise

Reduction of Interior Noise
1
Prediction and Understanding
of Interior Noise

Paper # (if applicable)




original

Covers and flat plate All interior components have been
to simplify external flow removed to simplify internal acoustics
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Methodology



External Flow

CFD

Present Method

CFD

Body Vibration

Acoustic Field

SEA (Statistical Energy Analysis)

Pressure
Fluctuation

H

_Analysis

" Structural ] —) " Acoustical ]
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Vibration

Acceleration

1 Analysis
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V: Convection Velocity B Frequency

m) @ . V
R: Vortex Siz =
@ orte e 27-[R
@- B In this case,

F=2.0kHz
V=30 m/s
— R=2.4 mm

V{2 /i /i

B Grid resolution
1.6 mm




B Diameter of Vortices
0.3 mm
(6*=6U_/v ~ 30)




Numerical Conditions



B Car Shape: Simplified Commercial Car Model (SUZUKI)
B Computational Domain: 40m X 18m X 9.5 m
B Boundary Condition:
v" Inlet: Constant Inlet Velocity (30m/s)
v Outlet : Constant Pressure
v Other: Non-Slip
B SGS model: Dynamic Smagorinsky Model
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_ Base mesh 5 billion mesh | 40 billion

Number of Grids

Wall Normal Grid Resolution [mm]
Number of CPUs

Cal. Time [sec]

Flow Visualization

Comparisons with Measurements

80 million 5 billion
0.8 0.2
1,204 3,456
1.62 0.28
O O

R O

Super Computer, K

40 billion
0.1
39,998
0.01
O

X

SAE INTERNATIONAL Paper # (if applicable)
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Results



BC,and C,
M Visualization
v" Pressure (time average and RMS)
v" Vortical Structure
v" Pressure Fluctuations
B Power Spectra of Pressure Fluctuations
B Acoustic and Hydrodynamic Pressure Fluctuations

SAE INTERNATIONAL Paper # (if applicable) 24
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Ave. RMS
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Base Mesh LES 5 Billion Mesh LES 40 Billion Mesh LES
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; in-flow direction
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Base Mesh LES 5 Billion Mesh LES

SAE INTERNATIONAL




— » — — i be & N —
. ' .v‘ v
— e - S — - RS
. [ : '
u.rg.t.': A . R A o — e i - — — Wx. R N e E S ST SO SN VS S
e Y
) . ¥

.
# pet
-~ > T -
’;v. s = :
d . .y - w
- v N
L

'2.\\‘ . "f‘: 9 l“
*'1\ "l“‘tw,t_m.d

- |

'l
b L. - .






Point-2

1004
-
o
- 1OEDs
=]
=
i
T
c
ot
= 1aE08
E
c
E — | 2RI T

Base-Mles i LES

IE- 1010 &
% o 3-Ean-Wesn LES
et
g o= T3
=]
(=8

10512

1 QE 400 1.0E+H1 1 QEHI2

Frequency |Hz)

Point-1

1oEd ",
-
o
w  10E06
=]
T
b
'R
=
o
T 10808
E
-
E — (R TETIEN

Base-Mbesh LES

2 1o A
o 0 5-Bilion-Mesh LES
(]
g rramrnnne=TH3
=]
[

10E12

106 400 106 401 10EHD

Frequency |Hz)

Point-2

SAE INTERNATIONAL



Point-2

105 04
-
Lil 1LOEDS
= OE
oy
(5]
c
ol
= 10508 :
E "
=3 "
= T periome ni
i N
2 1oew A BaseMesh LES
ol 6 SuEllon Mash LES
ol
g rreserrae T3
[
(=8

10512

10E=00 10E+0] 10E=QX 10E+03

Frequency |Hz|

Point-3

1.0E=0

10804
o
Lil 10505
= 0F
=
o
c
b
= 1LOE0E i
",
E
: --
= Eaparime n
i i
IE_ 10510 &  HBaseMesh LES
A &  5.Bilion-Mesh LES
o
E rramrraan TR
o
o
1.0E-12
10 E=D0 10E=D1 1 D02 10E=03 1.0

Frequency |Hz)

Point-4

SAE INTERNATIONAL




LoEa -

L0E0d
-
Lil 1LOEDS
= LOE
oy
(5]
c
b
= 1O O=
E
3
= faparime i
i i
IE‘ 10510 & Base MeshlES
% O 5.Bdan Mesh LES
b
g rreserrae T3
=
(4

10E-1F

1OE=D0 10E+0] 1. OE=Q

Frequency |Hz)

Point-5

LOE0Z —

10504
-
) 1005
= OE
ey
1]
C
o
L= LOE05
E
=
= Eaparime n
o .
IE_ 10510 &  BaseMMesh LES
i @ 5 Bl Ngsgh LES
o
E rramrraan TR
=]
[

10812

1 0E =00 108+01 10E0Z

Frequency |Hz)

Point-6

SAE INTERNATIONAL



Sound Source Sound Source
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@ Sound Source Sound Source
near the Door Mirror Near the Side Window
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Numerical Conditions

0.4 mm
0.25 billion grids

C100[mm]

150 [mm)]
100 [mm]

0.2 mm
2.00 billion grids
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—
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X /
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2606[mm)] \
AN
2496[mm] 160[mml 1+ N
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140
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o Steps with 5mm height and

5mm width for as turbulence
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Approaching Boundary Layer

B Turbulent Boundary Layer
B aminar Boundary Layer
BNo Boundary Layer
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Ing Boundary Layer

omega_z
(LapP =10000)

omega_z
(LapP =10000)

omega_z
(LapP =10000)

No Boundary Layer



Summary of Case-1

HW\/ortex Appearance
v \Velocity shear of approaching B. L.
v Small vortices in TBL are not origin.
Hm\/ortex Disappearance
v’ Merging of vortices
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INTRODUCTION



Background & Objective

B Accurate prediction of aeroacoustics
noise from a blower or fan

B \alidation studies for several kind of
blowers and fan

Ref. AICFM13-023 AICFM13-139 Ref. AICFM13-097



Test Centrifugal Blower

Number of impeller blades 12
Diameter at inlet 260 [mm]
Diameter at outlet 460 [mm]
Outlet height 39 [mm]
Blade profile NACAG5

Revolution speed

2,000 ~ 3,000 [rpm]




Aeroacoustics Noise from a Blower

B Tonal Noise
v’ Stator-Rotor Interaction

B Broad Band Noise
v" Flow Separations and/or Secondary flow
v \ortex Motions in TBL

60

50 —Exp.
40
30

20

Scaled SPL [dB/HZz]

10

0

0 400 800 1200 1600 2000
Frequency f [Hz]



Vortex Scale in TBL on Impeller

Frictional Velocity: 3.0 m/s
Diameter: 0.15 mm
Spacing: 0.75 mm

rotation/

5 billion LES .
pressure side



CONDITIONS



Computational Model

‘ Inlet: Velocity

Inlet
region
Outlet
region

Outlet: Préssu

Impeller




Computational Grids and Cases

B 10 million LES (A* = 80), 20 revolutions of impeller
B 80 million LES (A* = 40), 10 revolutions of impeller
B 640 million LES (A* = 20), 10 revolutions of impeller
B 5 billion LES (A* = 10), 0.05 revolutions of impeller



RESULTS
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Vortices in TBL on Impeller
rotation/

pressure side

5 billion LES




Vortices In TBL on Suction Side

rotation

640 million LES 5 billion LES




Vortices In TBL on Pressure Side

5 billion LES
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Pressure Coefficients
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Spectrum Density of Cp-Mag. [-]
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Frame : 1

S =
Time : 0.40 | EISF O |
-0.25 125
Instantaneous flow field Shading

Computed using RIAM-COMPACT(R) LES model
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