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Abstract— The regulation of green house gases to control 

global warming and rapidly increasing fuel prices have given 

tremendous pressure on the design engineers to enhance the 

current designs of the automobile using minimal changes in 

the shapes. To fulfil the above requirements, design engineers 

have been using the concepts of aerodynamics to enhance the 

efficiency of automobiles. Although aerodynamics depends 

on so many factors, this research concentrates on external 

devices, which affect the flow around the automobile body to 

reduce the resistance of the vehicle in normal working 

conditions.  An automotive prototype body is modelled and 

studied using Computational Fluid Dynamics (CFD). The 

limitations of conventional wind tunnel experiment and rapid 

developments in computer hardware, considerable efforts 

have been invested in the last decade to study vehicle 

aerodynamics computationally. In the recent times, CFD 

simulations, with the advent of computer architectures with 

superfast processing capabilities are rapidly emerging as an 

attractive alternative to conventional wind tunnel tests which 

are either too restrictive or expensive, for aerodynamic 

styling of a car. The project aims to modify the outer surface 

of an automotive aerodynamically with the help of 

aerodynamic aids  in order to reduce the effect of drag forces 

and lift forces on the vehicle. Project involves the study of 

different heights of vortex generators and different angles of 

spoilers through CFD and the optimum designs are further 

studied for combined results. It is expected to attain vehicle 

Drag Reduction and Lift Reduction.  
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I. INTRODUCTION 

The regulation of green house gases to control global 

warming and rapidly increasing fuel prices have given 

tremendous pressure on the design engineers to enhance the 

current designs of the automobile using minimal changes in 

the shapes. To fulfil the above requirements, design engineers 

have been using the concepts of aerodynamics to enhance the 

efficiency of automobiles. Although aerodynamics depends 

on so many factors, this thesis concentrates on external 

devices, which affect the flow around the automobile body to 

reduce the resistance of the vehicle in normal working 

conditions. The shape of the vehicle uses about 3% of fuel to 

overcome the resistance in urban driving, while it takes 11% 

of fuel for the highway driving. This considerable high value 

of fuel usage in highway driving attracts several design 

engineers to enhance the aerodynamics of the vehicle using 

minimal design changes[6]. This brings the idea of using 

external devices, which could be attached to the present 

vehicle without changing the body. An automotive prototype 

body is modelled and studied using Computational Fluid 

Dynamics (CFD) with the external devices which are also 

known as aerodynamic aids. The limitations of conventional 

wind tunnel experiment and rapid developments in computer 

hardware, considerable efforts have been invested in the last 

decade to study vehicle aerodynamics computationally. In the 

recent times, CFD simulations, with the advent of computer 

architectures with superfast processing capabilities are 

rapidly emerging as an attractive alternative to conventional 

wind tunnel tests which are either too restrictive or expensive, 

for aerodynamic styling of a car. In a passenger car, in 

addition to minimum required space for its engine and other 

components, there must be enough space to accommodate 

passengers as well as luggage. Because of this it becomes 

extremely difficult to design an aerodynamically ideal body 

shape for a car. Thus a passenger car has a body shape that is 

rather aerodynamically bluff for which flow separation 

occurs at its rear end. The aerodynamic bluffness of a 

passenger car body when expressed by the drag coefficient, 

CD is generally between 0.2 and 0.5, for more bluff cubic 

objects it is greater than 1.0 and for the least bluff bullets it is 

less than 0.1 [2]. The two elements that have major influence 

on CD of a bluff object are the roundness of its front corners 

and the degree of taper at its rear end. Because of the presence 

of a trunk at the rear, the flow separates at the roof end and 

then spreads downward. Also, many vehicles have a fairly 

steep downward angle going from the rear edge of the roof 

down to the trunk or tail of the car, which may cause airflow 

separation. The flow of air becomes turbulent and a low-

pressure zone is created, increasing drag and instability. By 

controlling this flow separation at the rear end, a significant 

change in performance can be observed. Hence our project 

involves study of Vortex Generators with variation in height 

of VG and study of spoilers with change in angle of 

inclination of spoiler. 

II. VALIDATION OF COMPUTATIONAL AND EXPERIMENTAL 

ANALYSIS 

A. Experimental Analysis on Aerofoil 

1) Wind Tunnel Test: 

 
Fig. 1: Working Section of Wind Tunnel 
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2) Aerofoil used for experiment: 

 
Fig. 2: Aerofoil 

Length 152 mm 

Width 228 mm 

B. Experimental Calculations 

Using the value of pressure difference (h), the following 

things were calculated:- 

Drag Force & Drag Co-efficient: 

Drag force (FD) = ρ . g . h . A                   (1.1) 

Where, 

h = average height of water column in the manometer limbs, 

mm. 

A = aerofoil surface area, 0.073019 m2. 

ρ = mass density of fluid, 1.125 kg/m3. 

g = Gravitational force,  9.81 m/s2. 

Coefficient of Drag, CD = (2*FD)/(ρ*v2*A)        (1.2) 

Where, 

FD = Drag force, N. 

ρ = mass density of fluid, 1.125 kg/m3. 

v =  flow velocity  relative to object, m/s2. 

A = aerofoil surface area, 0.073019 m2. 

Lift Force & Lift Co-efficient: 

Lift force (FL) = ρ . g . h . A                    (2.1) 

Where, 

h = average height of water column in the manometer limbs, 

mm. 

A = aerofoil surface area, 0.073019  m2. 

ρ = mass density of fluid, 1.125 kg/m3. 

g = Gravitational force, 9.81 m/s2. 

Coefficient of Lift, CL = (2*FL)/(ρ*v2*A)          (2.2) 

Where, 

FL = Lift force, N. 

ρ = mass density of fluid, 1.125 kg/m3. 

v =  flow velocity  relative to object, m/s2. 

A = aerofoil surface area, 0.073019 m2. 

Using the above mentioned formulas, drag and lift co 

efficient were determined and respective graphs were plotted. 

C. Computational Analysis of Aerofoil 

1) Design of aerofoil: 

 
Fig. 3: 3D Aerofoil 

2) Parameters in ANSYS Fluent: 

 
Table 1: Input Parameters for CFD 

 
Fig. 4: Fine meshing of aerofoil 

D. Results of Validation 

 
Graph 1: Drag coefficient of experimental and 

computational at different velocities 
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Graph 2: Lift coefficient of experimental and computational 

at different velocities 

The comparison shows that the computed drag & lift 

forces, co-efficient and pressure distributions agree well with 

the experimental values over the entire range of air velocities, 

however, the agreement  with the drag coefficient varies, 

which appears to suggest a higher degree of dependency on 

the details included in the geometric modelling, grid quality 

and elements selection. However, the critical value in either 

case is falling well within the permissible range. 

III. CFD SIMULATION ON SIMPLE CAR 

A. Design of Simple Car 

 
Fig. 5:  Simple Car Model 

 
Table 2 : Parameters In Ansys Fluent 

 
Fig. 6: Meshing of car in domain 

 
Graph 3: Lift and coefficients of simple car at different 

velocities 

 
Fig. 7: Velocity Contour 

 
Fig. 8: Pressure Contour 

B. CFD Analysis on car with vortex having different heights 

 
Fig. 9: Car with Vortex 
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Graph 4: Drag coefficients of simple car having vortex of 

height 20, 25 and 30 mm at different velocities 

 
Graph 5: Drag coefficients comparison of simple car having 

vortex of 30 mm and simple car at different velocities 

 
Fig. 10:  Pressure Contour 

 
Fig. 11:  Velocity Contour 

C. CFD Analysis on car with spoiler having different 

Inclination angles 

 
Fig. 12: Car With Spoiler 

 
Graph 6: Lift coefficients of simple car having Spoiler of 

10º, 15º and 20º inclination angle at different velocities 

 
Graph 7: Lift coefficients comparison of simple car having 

spoiler inclination of 20° and simple car at different 

velocities 

 
Fig. 13:  Pressure Contour 

 
Fig. 14: Velocity Contour 
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D. Combination of Vortex and Spoiler on a Car 

1) Combination 1 (Car having 30mm height of vortex and 

spoiler with inclination angle of 20°): 

 
Fig. 15: Vortex of 30 mm height and Spoiler of 20º 

 
Graph 8: Drag coefficients of combination 1 at different 

Velocities 

 
Graph 9: Lift coefficients of combination 1 at different 

Velocities 

As vortex generator with height 30 mm and spoiler 

with inclination angle 20 deg gave best results from our 

comparisons, we used them together as our first combination. 

As it is observed, the lift co-efficient of the combination we 

have used is less than the lift co-efficient of the car with only 

spoiler having inclination of 20 deg. This is because of the 

vortex generator which improves the flow separation at the 

rear end of the vehicle from the top of the roof till the trunk 

and forces the air to flow close to the boundary of the car 

body. Now, when we observe the comparison of the 

combination and the car having only vortex generator of 

height 30 mm, it is seen that there is a significant rise in drag 

co efficient. This is because of the spoiler, as the higher 

inclination of the spoiler also increases the frontal area or the 

area under resistance. Hence the drag increases. Although 

there is decrement is lift co efficient, there is a significant rise 

in drag co efficient, which is undesirable, we move onto 

another combination. 

2) Combination 2 (Car having 30mm height of vortex and 

spoiler of inclination angle of 15°): 

 
Fig. 16: Vortex of 30 mm height and Spoiler of 15º 

 
Graph 10: Drag coefficients of combination 2 at different 

Velocities 

 
Graph 11: Lift coefficients of combination 2 at different 

Velocities 

E. Comparing Lift and Drag coefficients of combination 1 

and 2 

 
Graph 12: Comparison of Drag coefficients of combination 

1 and 2 at different Velocities 
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Graph 13: Comparison of Lift coefficients of combination 1 

and 2 at different Velocities 

As previous combination gave increment in drag co-

efficient, we moved to another combination having vortex 

generator with height 30 mm and spoiler with inclination of 

15 deg. In this combination, the lift co efficient is decreased 

with respect to previous combination and car having only 

spoiler with inclination 20 deg. This is due to the inclination 

of spoiler as it has been reduced from 20 deg to 15 deg in 

order to reduce the drag acting on it. Also, the drag co 

efficient is slightly higher when compared to car having only 

vortex generator but is lower when compared to the previous 

combination having vortex with height 30 mm and spoiler 

inclination of 20 deg. 

According to the results of the combinations, 

COMBINATION 2 is more suitable than COMBINATION 

1. 

Justifying the above statement, the lift force is 

applicable and more focused at high speed applications 

mostly prioritized for racing applications and not for normal 

day to day applications. But drag is a concern for everyday 

application and effects performance at any speed. Hence 

combination 2 is more preferable. If the main aim is just to 

reduce the drag, only vortex generator with height 30 mm 

should be used. 

Below are the results of combination 2 with their pressure 

contour and velocity contour. 

 
Fig. 17: Pressure Contour 

 
Fig. 18: Velocity Contour 

IV. RESULTS AND DISCUSSION 

The simple car has Cd of 0.35877794 & Cl of 0.24935372. 

1) The car with 20 mm height of vortex has Cd of 

0.37789236 & Cl of 0.10244109. 

2) The car with 25 mm height of vortex has Cd of 0.345133 

& Cl of 0.239126. 

3) The car with 30mm height of vortex has Cd of 0.331037 

& Cl of 0.063437. 

4) The car with spoiler of inclination angle of 10° has Cd of 

0.40394806 & Cl of 0.42442924. 

5) The car with spoiler of inclination angle of 15° has Cd of 

0.396227 & Cl of 0.42189. 

6) The car with spoiler of inclination angle of 20° has Cd of 

0.414935 & Cl of 0.57629. 

7) The car with combination 1 (30mm height of vortex and 

spoiler of inclination angle of 20°) has Cd of 0.400179 & 

Cl of 0.44657. 

8) The car with combination 2 (30mm height of vortex and 

spoiler of inclination angle of 15°) has Cd of 0.38002 & 

Cl of 0.275005. 

V. CONCLUSION 

1) This can be concluded that CFD modelling can be used 

in place of Experimental analysis to prevent time and 

cost involved in experimentation. CFD costs much less 

than experiments because physical modifications are not 

required. 

2) The high speed sedan car having vortex shows a drag 

reduction of 7.73% with a height of 30 mm. 

3) The high speed sedan car having spoiler shows a lift 

reduction of 269.19% with an angle of 15°. 

4) The high speed sedan car having spoiler and vortex 

shows a lift reduction of 210.28% and an increase of drag 

of 5.92% with an angle of 15° of spoiler and a height of 

30 mm of vortex. 

5) If drag reduction is the only aim, only Vortex Generator 

with height 30 mm should be used. 

6) If lift reduction is the only aim, only Spoiler with 

inclination angle 20 degree should be used. 

VI. FUTURE SCOPE 

1) The shape and size of the vortex can be further changed 

to achieve more desirable results. 

2) If lift force reduction is the only aim, more angles of 

spoiler can be studied to achieve desirable results. 

3) Further, changes in the rear angle of the sedan can help 

in improving drag results. 

4) Also, by giving more curvature to the frontal area of the 

vehicle, drag and lift can be improved 

5) Other aerodynamic aids such as diffusers can also be 

used. 

6) Aerodynamic aid known as surface dimple can be helpful 

in having significant amount of drag reduction. 

7) Also, combining all these aids with each other can give 

various possibilities and various results. 

8) And type of vehicle can also be changed to from sedan 

to any other segment and then the aerodynamic aids 

should be added and results should be studied. 
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