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Abstract— To accumulate energy and to secure the global environment, fuel consumption attenuation is primary concern of 

automotive development. In order to reduce the fuel consumption and to improve the driving performance of vehicle, 

reduction of drag force is essential and it can be achieved by using aerodynamic device. In a racing car and road vehicle the 

aerodynamic drag is one of the main obstacles which reduce the acceleration of a vehicle when it moves in the air, hence the 

fuel efficiency is adversely affected. So, vortex generators (VG) are used to reduce the drag force through which the 

efficiency can be increased. In sedan vehicle in order to delay flow separation at rear end, various shapes of vortex generators 

(such as Gothic, Parabolic, Ogive, Rectangular, Triangular) are designed and analyzed by using CFD solver and the 

optimized result will be achieve. 
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I. INTRODUCTION 

Aerodynamics is a branch of dynamics concerned with studying the motion of air, particularly when it interacts with a moving 

object. Aerodynamics is a subfield of fluid dynamics and gas dynamics, with much theory shared between them. Aerodynamics 

is often used synonymously with gas dynamics, with the difference being that gas dynamics applies to all gases. Understanding 

the motion of air (often called a flow field) around an object enables the calculation of forces and moments acting on the object. 

By defining a control volume around the flow field, equations for the conservation of mass, momentum, and energy can be 

defined and used to solve for the properties. The use of aerodynamics through mathematical analysis, empirical approximation 

and wind tunnel experimentation form the scientific basis for heavier-than-air flight. Aerodynamic problems can be identified 

in a number of ways. The flow environment defines the first classification criterion. External aerodynamics is the study of flow 

around solid objects of various shapes, the flow of air over a hard drive head are examples of external aerodynamics. Internal 

aerodynamics is the study of flow through passages in solid objects. For instance, internal aerodynamics encompasses the study 

of the airflow through a jet engine or through an air conditioning pipe. 

The ratio of the problem's characteristic flow speed to the speed of sound comprises a second classification of 

aerodynamic problems. A problem is called subsonic if all the speeds in the problem are less than the speed of sound, transonic if 

speeds both below and above the speed of sound are present (normally when the characteristic speed is approximately the speed 

of sound), supersonic when the characteristic flow speed is greater than the speed of sound, and hypersonic when the flow speed 

is much greater than the speed of sound. Aerodynamicists disagree over the precise definition of hypersonic flow; 

minimum Mach numbers for hypersonic flow range from 3 to 12. The influence of viscosity in the flow dictates a third 

classification. Some problems involve only negligible viscous effects on the solution, in which case viscosity can be considered 

to be nonexistent. 

A. Aerodynamic Forces 

The Aerodynamic Forces acting upon a vehicle are: 

 Lift force 

 Drag force 

 Side force 

Effects of aerodynamic forces are profound, the performance of the car largely depends upon these factors. The fuel 

consumption and the efficiency of the car relies upon the aerodynamic forces. These Force coefficients are important to 

understand the performance of the car. As the coefficient of drag increases, along with this the fuel consumption increases in 

turn decreasing the performance of the vehicle. As the coefficient of drag increases, the performance and speed of the car 

decreases. We can understand these from the Coefficient of lift, drag and side force formula, the formulas are given below.  

B. Aerodynamic Devices in Car 

The various aerodynamics devices used in car to improve performance are 

 Canards 

 Air Dam 

 Vortex generator 

http://en.wikipedia.org/wiki/Dynamics_(physics)
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 Rear Wing 

 Side Skirt 

Among these aerodynamic devices we had an analysis on vortex generator   

1) Vortex Generator 

Vortex generators were firstly developed for the aircraft sector, this technology has made its way into Motorsport and car 

design. The main function of this device is to delay air flow separation. Air flow separation is when the airflow of a object 

detaches from the surface and creates eddies and vortexes. This basically means that the car will result in more drag and will 

reduce top speed and potentially down force due to the turbulent air entering other aerodynamic device ( rear wing for example) 

and the wake of air left behind the car. 

So by positioning vortex generator over the rear of the roof, you effectively help to reduce drag and increase down 

force via the rear wing. Especially effective in speeds in excess of 60 mph (100 KMP) speed ranges. 

C. Types of Vehicle 

Car can be classified into various category, this was done in order to facilitate and to use the car according to the purpose. The 

various types of car are 

1) Four Door Sedans 

Sedans are a good choice for most automobile shoppers. The enclosed trunk offers security, while the rear doors allow easy 

entry for rear-seat passengers. Most luxury vehicles are four-door sedans because they're more comfortable than most other 

body styles like the Hyundai Accent and Chevrolet Metro. Slightly larger are compact models like the Honda Civic and Ford 

Focus. 

2) Door Coupes 

Coupes are usually driven by single adults or by two. Many of them have a hatchback instead of a trunk, to allow large items 

to be carried for short distances. The rear seats are difficult to access, as the front doors must be used. 

3) Station Wagons 

They are twice as big as they need to be, but seat fewer people than a minivan; they have a poor gas mileage, and their truck-

like ride and handling are rough like Subaru, Volkswagen, Audi, Volvo, and Mercedes-Benz . 

4) Convertibles 

Most convertibles are sports cars, meaning two seats, high-performance engines and superior handling like GM, Ford, 

Mitsubishi, and Chrysler. 

5) Sports Cars 

Sports cars were originally European two-seat roadsters designed for both daily travel and week-end racing hobbyists. The term 

sports-sedan is a more recent term to describe a four-door like BMW, Mercedes-Benz, Mitsubishi, and Porsche. 

6) Mini Vans 

Most new models offer an additional 4th door on the driver's side and offer comfortable seating for seven. Most minivans are 

only available with front wheel drive like Ford Windstar, Toyota Sienna, and '99 & '00 Honda Odyssey and they are the safest 

vehicles. 

7) Sport Utility Vehicles (SUVs) 

Cars like SUV's ride and handle significantly better than the rest. They include the BMW X-5, the Lexus RX 300, and the 

Mercedes-Benz ML320, ML430, and AMG-tuned ML55. 

D. Problem Identification 

From the entire study of the literature survey, it was found that the performance of the vortex generator is majorly depends on 

the shape and size of the vortex generator and also it contributes to enhance the aerodynamic drag force. So we change the 

shape and sizes of the vortex generator to improve the drive performance and fuel efficiency. 

II. VORTEX GENERATOR AND ITS APPLICATION 

VGs were developed for the aircraft sector, this technology has made it's way into car design. The main function of this device 

is to delay air flow separation. Air flow separation is when the airflow of an object detaches from the surface and creates eddies 

and vortexes. So vortex generator over the rear of the roof, effectively helps to reduce drag. 

 
Fig. 1: VG at the rear end of the car 

The fig shows a flow velocity profile on the vehicle’s centerline plane near the roof end. Since the vehicle height in 

this section becomes progressively lower as the flow moves downstream, an expanded airflow is formed there. This causes the 

downstream pressure to rise, which in turn creates reverse force acting against the main flow and generates reverse flow at 

downstream Point C. 
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No reverse flow occurs at Point A located further upstream of Point C because the momentum of the boundary layer 

is prevailing over the pressure gradient (dp/dx). Between Points A and C, there is separation Point B, where the pressure gradient 

and the momentum of the boundary layer are balanced. Here the airflow quickly loses momentum as it moves downstream due 

to the viscosity of air. 

 
Fig. 2: Schematically representation of the boundary layer separation before and after using VGs. 

The purpose of adding VGs is to supply the momentum from higher region to lower region. This allows the separation 

point to shift further downstream. So it enables the expanded airflow to persist proportionately longer. It reduces drag by 

increasing the back pressure. It provides dual advantage in drag reduction: one is to narrow the separation region in which low 

pressure constitutes the cause of drag another is to raise the pressure of the flow separation region. As to the location of VGs, 

a point immediately upstream of the flow separation point was assumed to be optimum, and a point 100 mm in front of the roof 

end was selected. 

A. Shape of Vortex Generators 

There are many types of Vortex Generators being used on aircraft today. For simplicity, we made simple rectangular VGs for 

Car. Below is an image containing various styles of VGs, as mentioned early to reducing drag in four wheelers. Generally in 

aircraft they using only rectangle shapes VG, in this Project we introducing different shapes of vertex Generator by using these 

VG in wing model we find out Drag Force Values. After getting values comparing these results and concluded with that best 

shape of Vortex Generator. All designed model could analyzed by Ansys-CFD Software by various Boundary Conditions. The 

various types of vortex generators are 

 Gothic Shape VG 

 Parabolic Shape VG  

 Ogive Shape VG 

 Rectangle Shape VG 

 Triangular Shape VG 

 
Fig. 3: Various Shapes of VG 

B. Flow Separation 

Flow separation occurs when the boundary layer travels far enough against an adverse pressure gradient that the speed of the 

boundary layer relative to the object falls almost to zero. The fluid flow becomes detached from the surface of the object, and 

instead takes the forms of eddies and vortices.  

 
Fig. 4: Flow separation over a sedan car 

In aerodynamics, flow separation can often result in increased drag, particularly pressure drag which is caused by the 

pressure differential between the front and rear surfaces of the object as it travels through the fluid. For this reason much effort 

http://assets.flitetest.com/article_images/full/vg-designs-jpeg_1426191804.jpg
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and research has gone into the design of aerodynamic and hydrodynamic surfaces which delay flow separation and keep the 

local flow attached for as long as possible. The fig .schematically shows the flow around a sedan car. Flow separation increases 

drag and hence the coefficient of drag vary in accordance to the design of the car. It occurs when the boundary layer travels 

against an adverse pressure gradient that the speed of the boundary layer to the object is almost zero. The fluid flow tends to 

detach from the surface of the object, and takes the forms of eddies and vortices.  

C. Boundary Layer and Boundary Layer Separation 

Boundary Layer is the thin layer of rapid tangential velocity change close to an object’s surface. Generally increases in thickness 

with the length of the object. Boundary layer separation occurs when the portion of the boundary layer closest to the wall or 

leading edge reverses in flow direction. As a result, the overall boundary layer initially thickens suddenly and is then forced off 

the surface by the reversed flow at its bottom.  

 
Fig. 5: Boundary layer separation over a car surface 

The relative velocity is Zero at the object’s surface and Vα at the outer edge of the boundary layer. The laminar region 

in the boundary layer is where the flow is smooth, the transition layer is the region where slight disturbance can be noted. The 

turbulent region does not have an organized flow with complete disturbance in the flow. 

 
Fig. 6: Represents the velocity flow over the boundary and the laminar, transition and turbulent regions 

III. DESIGN OF VORTEX GENERATORS 

A. Design Constraints 

The scope of our project is to improve the performance and reduce fuel consumption in HONDA cars. This increase in 

performance can be achieved by using an aerodynamic tool called vortex generator to the roof of the car. 

B. Steps in Design of Vortex Generator 

 Determine the shape of your Vortex Generators. 

 Determine length, height, width of your VGs. 

C. Design Calculation of Sedan Car 
 

Description Original Dimension (mm) Scaled Dimension(mm) 

Length 4440 621 

Height 1495 195 

Width 1695 237 

Table 1: Ratio should be taken from Following Relationship 

According to this total design parameter could be taken ratio as 2.6: 1 

D. Dimensions of VG 

Name Dimension(mm) 

Length 150 

Height 100 

Width 14 

Table 2: Dimensions of VG 

file:///G:/wiki/Adverse_pressure_gradient
file:///G:/wiki/Eddy_(fluid_dynamics)
file:///G:/wiki/Vortex
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E. Sedan Vehicle without Vortex Generator 

 
Fig. 7: Sedan Vehicle without Vortex Generator 

F. Various Shapes of Vortex Generator 

1) Gothic Shape of VG 

 
Fig. 8: Gothic Shape of VG 

2) Parabolic Shape of VG 

 
Fig. 9: Parabolic Shape of VG 

3) Ogive Shape of VG 

 
Fig. 10: Ogive Shape of VG 

4) Rectangular Shape of VG 

 
Fig. 11: Rectangular Shape of VG 

5) Triangular Shape of VG 

 
Fig. 12: Triangular Shape of VG 
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IV. COMPUTATIONAL ANALYSIS OF VORTEX GENERATOR 

ANSYS CFD software is a high-performance, general purpose fluid dynamics program that has been applied to solve wide-

ranging fluid flow problems for over 20 years. ANSYS CFD is more than just a powerful CFD code. Within the ANSYS 

Workbench environment, applications from multiple simulation disciplines can access tools common to all, such as geometry 

and meshing tools. The step by step procedure undertaken in CFD is explained and demonstrated in detail below. 

For the analysis purpose, a box enclose is to be constructed at around the wing with length*width*height is 

700*700*1500. All the input condition gives only in this domain. After Import design creates encloses and make subtract from 

original body with imported body. 

 
Fig. 13: Imported Geometry 

A. Meshing 

For acquiring accurate CFD results, superior meshing technology is required. In order to know whether the data entered was 

feasible or not, a simple course meshing was initially done. For this purpose we chose global co-ordinate system about five co-

ordinate systems was selected along center line to accomplish center line meshing. The meshing was defined with elemental 

sizing 1.8e-3 mm. After it, the whole procedure was saved and moved to next stage of analysis. 

 
Fig. 14: Meshed Geometry 

Domain Node Elements 

Default Domain 153647 838397 

Table 3: Mesh Information for CFD 

Domain - Default Domain 

Type Fluid 

Location B185 

Materials 

Air at 25°C 

Fluid Definition Material Library 

Morphology Continuous Fluid 

Settings 

Buoyancy Model Non Buoyant 

Domain Motion Stationary 

Reference Pressure 1[Pa] 

Heat Transfer Model Isothermal 

Fluid Temperature 25°C 

Turbulence Model k epsilon 

Turbulent Wall Functions Scalable 

Table 4: Domain Physics for CFD 

B. Solution 

Domain Boundaries 

Default Domain 
Boundary – inlet 

Type INLET 
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Location F191.185 

Settings 

Flow Regime Subsonic 

Mass And Momentum Normal Speed 

Normal Speed 100 m/s 

Turbulence Medium Intensity and Eddy Viscosity Ratio 

Boundary – outlet 

Type OUTLET 

Location F187.185 

Settings 

Flow Regime Subsonic 

Mass And Momentum Average Static Pressure 

Pressure Profile Blend 5e-2 

Relative Pressure 0[Pa] 

Pressure Averaging Average Over Whole Outlet 

Table 5: Boundaries 

V. COMPARISON OF DRAG VALUES FOR VARIOUS VORTEX GENERATOR SHAPES 

A. Drag Values for Gothic Vortex Generator 

 
Fig. 15: Velocity Streamline of Gothic Shape VG 

Drag Force value of Gothic Vortex Generator is 551.916N. This value had take from calculation section under force parameter, 

which is measured from normal Fluid values. 

 
Fig. 16: Pressure Gradient of Gothic Shape VG 

B. Drag Values for Parabolic Shape Vortex Generator 

 
Fig. 17: Velocity Streamline of Parabolic Shape VG 
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Drag Force value of Parabolic Shapes Vortex Generator is 548.052N. This value had taken from calculation section under force 

parameter, which is measured from normal Fluid values. 

 
Fig. 18: Pressure Gradient of Parabolic Shape VG 

C. Drag Values for Ogive Vortex Generator 

 
Fig. 19: Velocity Streamline of Ogive Shape VG 

Drag Force value of Ogive Vortex Generator is 550.228N. This value had taken from calculation section under force parameter, 

which is measured from normal Fluid values. 

 
Fig. 20: Pressure Gradient of Ogive Shape VG 

D. Drag Values for Rectangular Shape Vortex Generator 

 
Fig. 21: Velocity Distribution of Rectangular Shape VG 

Drag Force value of rectangular Vortex Generator is 539.005N. This value had take from calculation section under force 

parameter, which is measured from normal Fluid values. 



 
Design and Analysis of Vortex Generator to Reduce Drag Force in Sedan Vehicle 

 (IJIRST/Conf/RAME/2017/026) 

 

 
155 

 

Fig. 22: Pressure Gradient of Rectangular Shape VG 

E. Drag Values for Triangular Vortex Generator 

 
Fig. 23: Velocity Distribution of Triangular Shape VG 

Drag Force for Triangular Shape Vortex generator is 547.504 N. This force value had taken from numerical analysis. 

 

Fig. 24: Pressure Gradient of Triangular Shape VG 

VI. DRAG FORCE COMPARISON 

In this project, the different shapes of vortex generator are used to find out drag force values and also find out pressure gradient. 

To compare with all shapes values and tell result about which shapes will give minimum drag force values. 

S. No Vortex Generator Shapes Drag Force (N) 

1 Gothic Shape 551.916 

2 Parabolic Shape 548.052 

3 Ogive Shape 550.228 

4 Rectangular Shape 539.005 

5 Triangular Shape 547.504 

Table 6: Drag Force comparison 

VII. CONCLUSION 

In this research, the different shapes of vortex generator are used to minimize drag force of sedan vehicle, and by analyzed 

pressure gradients (drag force) using CFD software an optimized results are obtained. From the result, it is concluded that the 

rectangular shape have better performance against drag force, through which the efficiency of the vehicle can be increase. 
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