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1. Introduction

  The fuel economy measured currently differs greatly 

from the case in which the actual driver drives on 

the road. If the fuel economy is measured by 

including the condition of sloping road, it can be 

predicted more closely in the real state. Many studies 

are being conducted in order to improve the fuel 

economy of cars[1-4]. In this study, the flow analysis 

was performed with the air flown near windscreen of 

the front car body that affected the fuel efficiency[5-7]. 

The effects of air resistances on the vehicles at the 

driving speed of 90 km/h were analyzed with three 

kinds of vehicle models designed by the CATIA 

program, due to the shape of the vehicle's front glass 

angle. In fact, it takes the expensive cost at 

conducting a flow experiment because the experiment 

equipment on car body, the personnel and the time 

are required. But the flow resistance and streamline 

can be investigated and evaluated by only a flow 

analysis of CFX[8-9]. So, the design evaluation of 

windscreen on the front car body was carried out in 

order to minimize the flow resistance in this study.

2. Study Models and Boundary 

Conditions 
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ABSTRACT

In this study, CFX analyses were performed with flow models to minimize the flow resistance due to the 

windscreen on the front of a car body. The results indicated that the greater the slant angle of the 

windshield, the greater the maximum pressure area. The lower the slant angle of the windscreen, the smaller 

the area in which the air collides with the front of the car body and the more smoothly the air moves. The 

results of this study can be applied to increase fuel economy under driving conditions by changing the slant 

angle of the vehicle’s windscreen.
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The study models with windscreens on the front 

car body were reduced them to one-eighth of the size 

of a real car and three car models were designed 

with CATIA program. The shapes of all models are 

shown at Fig. 1.

(a) Model 1  

(b) model 2

(c) Model 3

Fig. 1 Shapes of study models due to slant angles 

(a) Model 1

(b) Model 2

(c) Model 3 

Fig. 2 Boundary conditions of flow models 
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Table 1 Mesh information of models  

Nodes Elements

Model 1 17194 94725

Model 2 17220 94882

Model 3 17399 95926

Table 2 Property of air flow model

Temperature 25℃
Pressure 0Pa

Density 1.185kg/m3

  The front windscreens in cases of models 1, 2 and 

3 were set at the slant angles of 90°, 60° and 30° 

to the horizontal plane, respectively. As shown by 

Fig. 2, A quadrilateral box is formed near the solid 

model and the flow model is made by removing 

this solid model from the box. This square box has 

the dimensions of 500mm, 250mm and 500mm in 

length, height and width for each model.

Also, Fig. 2 shows the boundary conditions of 

flow models. The wind speed of 90km/h was 

applied at the entrance as the inlet condition and 

the atmosphere pressure of 0Pa was set at the 

outlet. The lower foor was fixed as wall condition. 

Table 1 shows the mesh informations of flow 

models. As the fluid property of air, the flow 

models were shown to have the temperature, 

pressure, and density at Table 2.

3. Study Results 

  Fig. 3 shows the pressure contours on car body 

surfaces at all models. Maximum pressures at 

models 1, 2 and 3 can be shown to be the highest 

in the front of the car body. 

The greater slant angle of the windshield, the greater 

area of maximum pressure. Generally, model 1 

among three models is shown to have the widest 

area with higher pressure of about 298 Pa in the 

front of the car body. Fig. 4 shows the contours of 

air flow rates on the side plane for each model. b

(a) Model 1

(b) Model 2

(c) Model 3

Fig. 3 Pressure contours on car body surfaces   

  The maximum flow rates of 36.682m/s, 38.094m/s 

and 36.777m/s were shown at the initial starting 

point of the car roof in cases of model 1, model 2 

and model 3, respectively.
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(a) Model 1

(b) Model 2

(c) Model 3

Fig. 4 Contours of flow rates on side planes of 

models

  Models 1, 2 and 3 have similar rates at the rear 

of the vehicle, but show a difference in the amount 

of flow rate due to the slant angle of windscreen at 

the front of the vehicle's body.

(a) Model 1

(b) Model 2

(c) Model 3

Fig. 5 Contours of flow rates on middle planes of 

models

  Fig. 5 shows the contours of flow rates at the 

middle planes for each model. The maximum flow 

velocities of 36.682m/s, 38.094m/s and 36.777m/s 

were shown at the initial starting point of the car 
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roof in cases of model 1, model 2 and model 3, 

respectively. It can be shown that the lower the 

slant angle of windscreen, the smaller the flow rate 

goes over the car.

  Fig, 6 shows the contours of flow streamlines for 

each model. The lower the slant angle of 

windscreen, the smaller the area in which the air

(a) Model 1

(b) Model 2

(c) Model 3

Fig. 6 Contours of flow streamlines for each model

collides with the front car body and the more 

smoothly the air moves over. On the other hand, 

the air that fails to move smoothly remains intact, 

thus tends to disrupt the speed of the car.

4. Conclusion

  In this study, CFX analyses were performed with 

the flow models on three kinds of vehicle models 

due to windscreen on the front car body in order to 

minimize the flow resistance. The study results are as 

follows; 

1. Maximum pressures at models 1, 2 and 3 can be 

shown to be the highest in the front of the car 

body. The greater slant angle of the windshield, 

the greater area of maximum pressure.

2. Models 1, 2 and 3 have similar speeds at the 

rear of the vehicle, but show a difference in the 

amount of flow rate due to the slant angle of 

windscreen at the front of the vehicle's body.

3. The lower the slant angle of windscreen, the 

smaller the area in which the air collides with 

the front car body and the more smoothly the air 

moves over. Therefore, it is considered that the 

results of this study can be applied to increase 

fuel economy under driving by changing the slant 

angle of windscreen at the front car body.
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