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Abstract— The availability of Computational fluid dynamics 

tool made automobile industry a drastic change in design 

and development of aerodynamic models. Hence it is 

necessary to study forces acting on different models 

available in Indian industry and experimental analysis of 

boundary layer separation and validation using CFD 

technique. This report describe comparative assessment of 

aerodynamic performance of two different car model by two 

distinct experimental strategies of aerodynamic predictions 

by conventional wind tunnel approach and its subsequent 

validation with advanced computational procedures. 
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I. INTRODUCTION 

Due to fuel cries, researchers gives attention on lowering the 

vehicle drag coefficient (CD), which accounted to about 75% 

to 80% of total motion resistance at high speed [1]. Airflow 

over a vehicle determines the drag forces, which in turn 

affects the car‟s performance and efficiency. Fortunately 

computational fluid dynamics (CFD) programs can be 

contributed as regards time and faster than experimental 

methods. 

A few years ago when fuel crisis was not a 

problem, cars were mainly designed for high-speeds, 

comfort, and safety [2]. In current work, a Hyundai accent 

car model and Sport utility vehicle are being considered for 

the analysis. Both the models are to be analyzed for different 

speeds. 

II. COMPUTATIONAL FLUID DYNAMICS (CFD) 

Computational fluid dynamics, usually abbreviated as CFD, 

is a branch of fluid mechanics that uses numerical methods 

and algorithms to solve and analyze problems that involve 

fluid flows [3]. Computers are used to perform the 

calculations required to simulate the interaction of liquids 

and gases with surface s defined by boundary condition. The 

technique is very powerful and spans a wide range of 

industrial and non industrial areas. 

A. Governing equations in CFD 

All of Computational fluid dynamics [4], in one form or 

other is based on fundamental governing equations of fluid 

dynamics,  

 Continuity equation 

 Momentum equation 

These equations speak physics of fluid flow. They 

are the mathematical statements of three fundamental 

physical principles upon which all fluid dynamics is based. 

B. Continuity equation in three dimension 

It is based on the principle of conservation of mass [4]. 

Net mass flow out of control volume = Time rate of 

decrease of mass inside control volume. 

Mass conservation equation as shown in equation (1), 

 

C. Momentum equation in three dimension 

It is based on the law of conservation of momentum, which 

states that the net force acting in a fluid mass is equal to 

change in momentum of flow per unit time in that direction 

[4]. 

The force acting on a fluid element mass „m‟ is 

given in equation (2). 

Newton‟s second law of motion is as shown in equation (2). 

F = m × a     - (2) 

Where „a‟ is the acceleration acting in the same 

direction as force F. 

Momentum equations are stated as follows. 

 
Equation (3) shows the momentum equation in x- 

direction. 

 
Equation (4) shows the momentum equation in y- 

direction. 

 
Equation (5) shows the momentum equation in y- 

direction. Where the pressure and normal stress is denoted 

by p and σ respectively. Viscous stresses are denoted by τ. 

The usual suffix notation τij is applied to indicate the 

direction of the viscous stresses. The suffixes i and j in τij 

indicate that the stress component acts in the j direction on a 

surface normal to the i direction. 

III. METHODOLOGY 

CFD analysis and study of results are carried out in three 

steps Pre-processing, solver, and post–processing. Geometry 

of the CAD model is created in CATIA V5 R20 modeling 

software [11], and imported into the ANSYS Workbench 

14.5. Meshing is carried out using the ANSYS Mesher tool 

by defining the element size for the fluid domain. Fig. 1 and 

Fig. 2 show the CATIA geometry. And Fig. 3 and Fig. 4 

show meshing of Hyundai accent sedan car model and 

sports vehicle respectively. The mesh generated through the 

ANSYS Mesher tool is imported into the ANSYS FLUENT 

solver and the solution is simulated for 500 iterations. 

Extracted physical quantities like velocities and pressures 

are displayed by streamline and contour plots. 
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Fig. 1: Model                       Fig. 2: Model 

 
Fig. 3: Meshing model of Hyundai accent sedan car 

 
Fig. 4: Meshing model of Sports Utility vehicle 

For the given above models drag coefficient value 

has been determine for various speeds as shown in Table 3. 

A. Boundary conditions and case set up 

Motion Stationary 

Time Steady state analysis 

Material Air flow (fluid) 

Inlet flow velocity 80 km/hr 

Design pressure Atmospheric 

Temperature 288 K 

Viscous regime Turbulent flow 

Turbulence model Realizable k- ε model 

Road 
Moving, absolute, transitional 

with V=80 km/hr 

Wall No slip condition 

Table 1: Boundary condition for Hyundai accent sedan car 

Motion Stationary 

Time Steady state analysis 

Material Air flow 

Inlet flow velocity 80 km/hr,120 km/hr,160 km/hr 

Design pressure Atmospheric 

Temperature 288 K 

Viscous Regime Turbulent flow 

Turbulence Model Realizable k- ε model 

Road 
Moving, absolute, transitional with 

V=80 km/hr,120 km/hr,160 km/hr 

Wall No slip condition 

Table 2: Boundary condition for Sport utility vehicle 

B. Realizable k- ε turbulence model 

Most flows of practical engineering interest are turbulent 

and the turbulent mixing usually shows the behavior of the 

fluid. The turbulent nature of the flow plays a crucial part in 

the determination of many engineering parameters, such as 

frictional drag, flow separation, transition from laminar to 

turbulent flow, thickness of boundary layers etc. After a 

century of intensive theoretical and experimental research, it 

is now accepted that no single turbulence model can span 

these states and there is no generally valid universal model 

of turbulence. In the dissipation rate (ε) equation is derived 

from the mean-square vortacity fluctuation, which is 

fundamentally different from the standard k-ε model. 

Several reliability conditions are enforced for Reynolds 

stresses. 

IV. RESULTS AND DISCUSSION 

Analysis at different speeds is carried out in ANSYS 

FLUENT 14.5 solver. Numerical value of drag co-efficient 

(CD) of the Hyundai accent sedan car model and Sports 

utility vehicle are obtained. 

 
Fig. 4: Pressure contour on symmetry plane at 80 km/hr for 

Hyundai accent sedan car model. 

A. Comparison of drag co-efficient with the experimental 

result 

An experimental investigation data is collected for the 

Hyundai accent car model [14], which showed the drag co-

efficient (CD) value of 0.35, and the results for simulation 

obtained is CD=0.3802.which is shown in Table 3. 

 
Fig. 5: Pressure contour on symmetry plane at 80 km/hr for 

Sport utility vehicle. 
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Fig. 6: Pressure contour on symmetry plane at 120 km/hr for 

Sport utility vehicle. 

 
Fig. 7: Pressure contour on symmetry plane at 160 km/hr for 

Sport utility vehicle. 

The Fig. 4 shows the pressure contour at the 

symmetry plane for 80 km/hr for Hyundai accent sedan car 

model. The drag co-efficient value was found to be 

CD=0.38. The Fig. 5 shows Pressure contour at the 

symmetry plane for 80 km/hr for Sport utility vehicle and 

drag co-efficient value is found to be CD=0.68.The Fig. 6 

shows the pressure contour at the symmetry plane for 120 

km/hr for Sport utility vehicle and drag co-efficient value is 

found to be CD=0.69. 

However Fig. 7 shows the pressure contour at the 

symmetry plane for 160 km/hr for Sport utility vehicle and 

drag co-efficient value is found to be CD=0.73. We can 

observe that as speed of the vehicle increases the drag co-

efficient value increases. Thus, it‟s been said to be 

implemented as with increase in the speed increase the drag 

co-efficient as shown in Table 3.  

Sl no. Model Speed CD  value 

1 Hyundai accent sedan car 80 km/hr 0.38 

2 Sport utility vehicle 80 km/hr 0.68 

3 Sport utility vehicle 120 km/hr 0.69 

4 Sport utility vehicle 160 km/hr 0.73 

Table 3: Drag co-efficient values for different models at 

different speeds. 

V. CONCLUSION 

After conducting various analysis on Hyundai accent car 

model and Sport utility vehicle at different speeds, it is 

observed that as the speed of the vehicle increases the drag 

co-efficient also increases. As compared to other models the 

drag coefficient of Hyundai accent sedan car model is less 

than sports utility and other models. Because the velocity 

considered for Hyundai accent car model is lesser than other 

models. From the analysis above made the following 

conclusions are drawn: 

 The drag co-efficient obtained for the Hyundai 

accent sedan car model at speed of 80 km/hr is 

CD=0.38. 

 The drag co-efficient obtained for Sport utility 

vehicle at speed of 80 km/hr is  

CD =0.68. 

 The drag co-efficient obtained for Sport utility 

vehicle at speed of 120 km/hr is  

CD =0.69. 

 The drag co-efficient obtained for Sport utility 

vehicle at speed of 120 km/hr is  

CD =0.73. 

Thus we can conclude that the drag co-efficient 

increases with increase in speed. 
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