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Aerodynamic Analysis of Passenger Car with

High Accuracy Using H-refinement
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Abstract

Three dimensional flow fields around passenger car body was computed by PAM-FLOW, well-

known and validated computer program for thermal and fluid analysis. Regarding the

computational method, a Navier-Stokes solver based on finite element method with various

turbulent models and adaptive grid technique (H- refinement) was adopted. The results were

physically reasonable and compared with experimental data, giving good agreement. It was found

that three dimensional flow simulation with H-refinement technique had potential for prediction
of flow field around vehicle and the ability to predict vortex in the wake, which is vital for CFD to

be used for automobile aerodynamic calculation.
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Fig.2 Procedure of full automatic mesh
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Table 1. Boundary condition

Velocity Pressure

Inlet u=1,v=w=0 op/on=0
Outlet du/on=0 p=0

Body surface r=0 ap/on=0

Others u=1,v=w=0 dp/on=0

Table 2. Characteristics of grid system

Model 1| Model 2| Model 3
Boundary Layer Meshing 0 O o}
Local Mesh Refinement X 0O X
H-refinement X X (0]

Fig. 3(a) Surface mesh on the car body

Fig. 3(b) Surface mesh on the under-body of car
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Fig. 4 Standard tetrahedral mesh for aerody-
namic calculation(Model 1)

Fig. 5 Local refined mesh system for aerodynamic
calculation(Model 2)
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(b) T=0.08

() T=0.2

Fig.6 Temporal variation of optimized mesh
systems by H-refinement

Table 3. Computer Resources

Model | Number of points Number of elements
1 59,547 298,676
2 67,096 339,107
3 77,385 399,571
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(c) Model 3(optimized mesh by H-refinement)

Fig. 7 Flow velocity vector and contour field on centerline
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(a) Model 1

(b) Model 2

(c) Model 3

Fig. 8 Pressure(Cp) distribution on centerline
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Fig. 9 Profiles of surface pressure coefficient on
the centerline(H-refined mesh)

Table 4 Comparison of drag coefficient

Model Computation Experiment
1 0.472 0.291
2 0.364 0.291
3 0.292 0.291
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