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The high frequency aeroacoustic noise (over 1 kHz) is generated by the flow fluctuation around the side mirrors, and it
is transmitted into the cabin through the side window glasses. In order to evaluate the aeroacoustic noise which
generated around side mirrors, we should capture the precise flow separation of side mirrors in the first place.

In this research, our focus is to clarify the criteria of the wall resolved LES for predicting the precise flow separation
by using simplified mirror model. Since this simplified model has the flow transition phenomenon, flow behavior of
CFD is sensitively influenced by the mesh resolution. Furthermore, this wall resolved criteria were applied to the side
mirrors of a full-scale vehicle by using the supercomputer K-computer. As results, we clarified the wall horizontal

resolution is crucial to predict the precise flow separation observed around side mirrors.
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Fig.3 Mesh and calculation domain

Tablel. Calculation conditions

Software FFR

Cells number 60,573,984
Length [mm] 3,900

Velocity [m/s] 27.7 (100km/h)
Reynolds number 7.17x10°
Time step [sec] 8.0x10°°

SGS turbulence model

Smagorinsky—-Lilly (Cs=0.15)

Time marching method

1st order Euler

Spatial discretization

2nd order CD
(5% 1st upwind is blended in convection terms)

P-V coupling method

SMAC method

Boundary conditions

FIT body : log-law
Ground : Slip & log—law

Integration time of evaluation [sec]
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Fig.4 Cp distribution on FIT

Fig.5 Calculation domain of mirror component
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Table2. Calculation conditions
Software Fluent
Cells number 154,634,169
Length L [mm] 149.1

Velocity [m/s]
Reynolds number 2.84x10°

Time step [sec] 3.6x10°6

SGS turbulence model WALE

2nd order NITA

2nd order BCD
Fractional step method
Mirror : Non slip wall

Ground : Non slip wall
Integration time of evaluation [sec] | 0.072

27.7 (100km/h)

Time marching method
Spatial discretization
P-V coupling method

Boundary conditions

15

——Exp 100km/h
1 === CFD 100km/h

0.5

o |

\
N \7‘4

-2

Pressure Coefficient [-]

14 15 16 17 18 19 20 21 22 23 24 25 26 27

Probe Position Number

Fig.6 Cp distribution of B-plane on mirror component
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Fig.9 Calculation domain and mesh
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Table.2 Calculation case

Vertical Horizontal Time Cells
Case . . .
resolution resolution resolution number
1
H1/1.V1/20 %63(3/4r ~ 1.5) Sp(xt = 31.0) cC=1 116,173,839
1 1
H1/2.V1/40 Eds(y*' ~ 0.8) 56 (xt =~ 15.4) C~2 172,794,085
B
1 1
H1/2.V1/40t1/2 E53(3/+ ~08) | 50 (x"~154) C~1 172,794,085
B
1 1
H1/4.V1/40 Edy(y+ ~ 0.8) Zé‘ xt=77) C~4 390,225,832
B
1 1
H1/4.V1/40t1/4 Rdﬂ(y+ =~ 0.8) 16 (xt=7.7) C=1 390,225,832
B
Table.3 Calculation conditions
Software Fluent
Diameter [mm] 72
Velocity [m/s] 50.0 (180km/h)
Reynolds number [-] 2.46 X 10°

2.0x10% (H1/1.V1/20)

WALE (Cw=0.325)

2nd order NITA

2nd order BCD

Fractional step method

Mirror : Non slip wall

Ground : Non slip wall
Integration time of evaluation [sec] | 0.072

Time step [sec]

SGS turbulent model
Time marching method
Spatial discretization
P-V coupling method

Boundary conditions
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Table.4 Reynolds sweep
Reynolds number Kinematic viscosity v [Pa*s]
4.93e+04 7.30e—05
2.46e+05 1.46e-05
3.21e+05 1.12e-05
4.80e+05 7.50e—06
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Table.5 Calculation case
Vertical Horizontal Time Cells
Case . . .
resolution resolution resolution number
1
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Fig.17 Mirror mesh with boundary layer on FIT

Table.6 Calculation conditions on Kei computer

Software FFR (weak compressible)

Cells number 5.5 billion (only mirror: 1.7billion)
Length [mm] 3,900

Velocity [m/s] 27.7 (100km/h)

Reynolds number 7.17 x10°

Time step [sec] 1.0%x10°6

SGS turbulence model Smagorinsky-Lilly (Cs=0.15)

Time marching method 1st order Euler

2nd order CD

Spatial di tizati ind i i i
patial discretization (5% 1st upwind is blended in convection terms)

P-V coupling method SMAC method

FIT body : log-law

Boundary conditions Ground : Slip & log—law

Integration time of evaluation [sec] | 0.052
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Fig.18 Cp distribution of A-plane
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Fig.19 Cp distribution of B-plane
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