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DIRECT SIMULATION OF SUNROOF BUFFETING IN A CAR
BY THE FINITE DIFFERENCE LATTICE BOLTZMANN METHOD
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The sunroof buffeting or throb is a phenomenon which happens in a car with open sunroof
and generates sounds inside the car cabin and also outside the car.A two-dimensional
direct simulation of sound emitted by the open sunroof of a car has been performed by
the finite difference lattice Boltzmann method. The D2Q21 model is employed. First,
the case of a cabin with a overhang roof opening in a horizontal plane is simulated and
the effects of opening width and the deflector are clarified. Second, the case of a cabin
opening in a car shaped body is treated and the interaction between the cabin opening
and the car body is shown.
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Table 1 Velocity set in D2Q21 model

i Velocity vector (ciz, ciy) | |ci

1 (0,0) 0
2,--+5 | (1,0),(0,1),(-1,0),(0,-1) 1
6,--9 | (2,0),(0,2),(-2,0),(0,-2) 2
10,---,13 | (3,0),(0,3),(-3,0),(0,-3) 3
14,17 | (1,1),(-1,1),(-1,-1),(1-1) | V2
18,---,21 | (2,2),(-2,2),(-2,-2),(2,-2) | 2v2

Fig.1 Velocity set in D2Q21 model

Table 2 Computational parameter

Particle model D2Q21
Grid (ixj) 501 x 451
Uniform flow velocity Uy = 60 (m/s)

Unifrom flow density po = 1.184 (kg/m?)

Characteristic length L = 4(m)

Coefficient of viscocity po =1.846x107°(Pa-s)

Characteristic particle velocity ¢ = 346.18 (m/s)

Characteristic internal energy | eg =5.992x10% (m?/s?)

Courant number 0.25

Negative viscosity A =0.5

30

Sampling points

Fig.2 Schematic diagram
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(a)Whole domain (b)Near the cavity

Fig.3 Grid system

(a)t=1.23(s) (b)t=1.25(s)

Fig.4 Pressure fluctuation for narrow opening case
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Fig.5 Time history of pressure fluctuation for narrow open-

ing case at (x,y)=(11.0,0.75) and (x,y)=(13.0,0.75)

(a)t=1.23(s)

Fig.6 Flow velocity field for narrow opening case

(b)t=1.25(s)
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Fig.9 Flow velocity field for wide opening case
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. (a)Whole domain (b)Near the cavity
Fig. 10 Shape of deflector Fig. 15 Grid system for car-body shape
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Fig.11 Pressure fluctuation for deflecter case Fig. 16 Pressure flucturation for car-body shape case



(b)t=0.60(s)

(a)t=0.57(s)
Fig.17 Flow velocity field for car-body shape case
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