
 

 

 

 

 

Effect of Spoilers on aerodynamic properties of a car 

 
1Vivek Yakkundi, 2Shankar Mantha 

1Principal, Lokmanya Tilak College  of Engineering, Navi Mumbai. 
2Adjunct Professor, NIAS, Bengaluru. 

vivek.yakkundi@gmail.com, ssmantha@vjti.org.in 

 
Abstract: A Spoiler is an automotive add on device which enables to counter undesirable air flow around the vehicle known as 

eddies or turbulence. As a result the pressure drag reduces and it also improves handling characteristics by enhancing down 

force and thus traction .Generally it is found that the wake region in the hind side contributes maximum to overall drag. 

Therefore spoilers are provided in the rear. However front spoilers are also in use in the form of diffusers under the front bumper 

which decrease flow underneath of vehicle and therefore decrease drag and also lift .In some cases the spoilers are mounted 

above front windshield .This paper investigates the effect of rear spoiler on sedan and front spoiler above windshield of a 

hatchback model. The comparison is done on both with and without spoiler. The CFD investigations are done with 3 turbulence 

models which show that the drag marginally increases, but there is reduction in lift which implies increase in down force. Some 

researchers have found marginal reduction in drag also. However the benefits of increased down force and road traction should 

offset the increment in drag. Moreover the spoiler does its function at higher speeds .Movable flaps are used in aerospace 

applications to counter transient conditions, however  these devices need additional power from prime mover which is not 

justifiable in case of road vehicles. 
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ABBREVIATIONS & ACRONYMS 

Cd – Drag Coefficient 

 ρ- Density of air 

A- Incident area 

 V- Velocity m/s 

 ϕ-Wind angle  

 Re  - Reynold’s number 

 A/R – Aspect ratio 

K-Turbulent kinetic energy 

Ɛ- Turbulent dissipation rate 

ω-Fractional dissipation rate 

μT- Eddy viscosity 

CFD-Computational Fluid Dynamics 

RNG- Renormalized Group Theory 

 

I-INTRODUCTION 

 
The term aerodynamics is an all-encompassing branch of study of road vehicles which encounter air resistance while 

in motion. It covers the whole gamut of forces and moments acting on vehicle which have influence on its drag as 

well as stability. As we know the drag force and lift force sometimes contradict each other, as the drag force produces 

down force component. Therefore the drag is optimized so as to have better down force and therefore traction for fuel 

economy. 

A spoiler is an add on device which forms an integral part of the vehicle body. Spoiler facilitates the streamlined flow 

of air around the vehicle, thus making forward propulsion movement more efficient and easy. It also generates 

necessary down force and thus provides stability reducing lift. 
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In automotive parlance its intended design function is to 'spoil' unfavourable air movement across a body of a vehicle 

in motion, usually described as turbulence or drag. Especially in the rear there is flow separation due to which vortices 

are generated and they cause pressure drop in the aft region. Spoilers in the front are called dams and if installed in 

rear are in the form of wing. 

 

Front spoilers or the dams are intended to decrease the air going underneath the vehicle thereby decreasing drag. 

Spoiler thus does the following functions. 

• Improves down force and traction 

• Provides stability to the vehicle at high speeds 

• Improves braking performance 

• Improves tyre performance in cornering 

 

There are many other devices such as splitters, canards and rear diffusers for achieving the purpose. However it is 

observed by many researchers that the spoiler comes into action only at high speeds and there is marginal increase in 

drag at the cost of down force and improved traction. Some researchers have established that there is also marginal 

reduction in drag .Nevertheless it may be concluded that the spoiler has moderate effect on drag and good effect on 

down force & lift. 

II-LITERATURE SURVEY 
 

Effect of spoilers has been investigated by many researchers as these add on devices have better control over 

aerodynamics at higher speeds . At higher speeds spoilers help in providing required down force and thus reduce lift. 

This way the spoilers improve road traction at higher speeds .However at reduction in drag due to add on spoilers is 

an issue of debate . Some researchers have found that there is marginal decrement in drag, but in some cases the 

researchers have found that the drag actually increases marginally . The benefit of spoilers is therefore to provide 

down force at higher speeds for better road traction. However the benefit of increased down force and traction should 

offset the marginal increment in drag . 

 

Hitoshi Fukuda, Kazuo Yanagimoto, Hiroshi China, Kunio Nakagawa, 1994 [5] investigated the effect of spoiler type 

design in the rear of midsegment car and analysed the wake structure .They found that the rear end shape similar to 

that of a spoiler increases the drag.   Wake was controlled by designing suitable spoiler shape which reduces drag but 

improves down force . 

 

Komal Rawat, Heena Akhtar, Jaya Verma, Ravi Kumar, Vinod Kumar , 2016 [6] investigated the effect of rear spoiler 

on a sedan . They concluded that the spoiler has considerable effect on lift but moderate effect on drag. 

 

Ahmed.H. AndChako, 2012, [1] conducted optimization exercise for aerodynamic shapes with computational 

methods. They found that addition of spoiler increases the drag by 5 % and reduces lift by 7 %. 

 

Xu-xia Hu, Eric T.T.Wong, 2011, [14] conducted numerical study of the effect of spoilers on a high speed cars. As 

per their study the drag reduces by an average 1.7 %. 

 

R.B.Sharma, Ram Bansal, 2013 [8]  investigated effect of spoiler on drag and lift of a passenger car. They conducted 

numerical simulation on CAD models using CFD solver. They found that the drag reduces by 2.02 % and lift reduces 

by 14.06 %.  

 

Mustafa Cakir, 2012 [7] in his MS project on effect of spoilers on aerodynamics of passenger vehicle has investigated 

by conducting numerical experiments. Two types of spoilers were used . The first spoiler yielded with drag reduction 
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of 17 % with respect to baseline model and the second spoiler yielded with drag reduction of 6 % respectively .The 

corresponding reduction in lift was found to be  7 % and 16 % respectively. 

 

Asfpak Kazi, PradyumnaAchary, AkhilPatil, AniketNoraje2016 , [2] analyzed the effect of spoiler on a hatchback 

version using CFD. As per their finding the drag value increased by 8.3 % and lift reduced by 59 %. 

S.Y.Cheng, S.Mansor 2008 [11] investigated the effect of rear roof sppoiler on hatchback . They found that below 

pitch angle of 5 degrees of spoiler the the flow favours drag conditions. However above 5 degrees the drag increases. 

 

V.Navinkumar, K.Lalit Narayan, L.N.V.Narsimha Rao, Y.Sri ram 2015 [12] carried out numerical analysis of sedan 

CAD model with and without spoilers. They found that the drag was decreased by 2.18 %. However they did not 

notice any major reduction in lift compared to baseline model. 

 

Halil Sadettin Hamut, Rami Salah El-Eman, Murat Aydin, IbrahimDincer 2014 [4] Investigated the effect of spoiler 

on 2D model in CFD.The drag increased by 16 % and the lift reduced by 19 %. 

 

Wolf Heinrich Hucho, Gino Sovran 1993 [13] Investigated the following methods of increasing downforce. (i) 

Provision of venturi channel under the hood provides adequate downforce at the cost of little penalty in drag. (ii) 

Negatively cambered wings in thefront and rear gives sufficient downforce , but the drag increments a little. 

 

Richard M.Wood, Solus Solutions and Technology,[9] has highlited various drag and lift reduction technologies and 

ther impact on fuel consumption.( Impact of advance aerodynamic technologies on transportation energy 

consumption, SAE 2004-01-1306 

Chien-Hsiung Tsai, Lung Ming Fu, Chang Hsien tai, Yen-Loung Huang, Jik-Chang Leong,[3] Elsevier 2009 , did 

investigation on aero-acoustic aspects of a passanger vehicle .They found that the installation of spoiler reduces the 

lift coefficient that leads to better conditions for high speed driving  and improves the vertical stability . 

 

Rubel Chandra Das, Mahmud Riyad. Elsevier 2009. [10]They conducted CFD  analysis of variants of spoiler 

designs.They observed that at a particular spoiler height the smaller the angle of wind collision , larger the drag. 

 

IV-METHODOLOGY 

 
 In the present work the image based model of a mid-segment car  is created in Pro-e and analyzed by using CFD 

solver Fluent. A virtual cuboidal wind tunnel is generated for the purpose. A Spoiler of proportionate size is created as 

shown for analysis purpose. . CFD analysis is done using three turbulence models namely, K-epsilon, RNG K-epsilon 

and K-omega. The initial and boundary conditions of the model are as shown in Table - I for all three experiments. 

 

Hatchback and sedan models of mid segment car without and with spoiler are as given in Figure I and Figure II.  Also 

given in the same figures are skin friction coefficients, pressure contours and velocity vector images obtained from 

graphic images correspondingly from postprocessor. 

 

Table II & Table III give the drag and pressure values  for different turbulence models as mentioned. 

Figure III. Gives a graphical representation of drag values for different models. 

Figure IV.Gives a graphical representation of average pressure values for different models. 
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V-RESULTS & DISCUSSION 

 
As evident from the results it is clear that the drag value increases marginally with addition of rear spoiler . Also the 

pressure values are increasing slightly in spoiler area which imply that the down force in increasing,  as the 

component of this pressure will create the down force. This is in agreement with findings of many researchers. 

 

Also the incremental drag values observed in a hatch model with front spoiler above wind shield are on the higher 

side. The average pressure values are also comparatively high. However there is chance of vehicle experiencing a 

little excessive lift due to pressure acting below the spoiler as seen in graphic image. 

 

It is also seen that  values of drag and pressure are varying for different turbulence models. The reasoning for this is as 

under. 

K- Ɛ Model:This model has two equations namely “Turbulent kinetic energy” & “Turbulent dissipation rate “ & it 

also specifies the “eddy viscosity”  

 

The εΚ −  model even though accurate for simple flows, it is however not suitable for complex & near wall low 

turbulence flows. As a result the calculated mean flow patterns can be qualitatively incorrect. The inaccuracies arise 

from the turbulent viscosity hypothesis and from ε equation. Also modifications are required to the standard εΚ −   

model in order to apply it to the viscous near wall region. The accuracy also depends on the model constants. Another 

deficiency of the model is the over prediction of the onset of separation/wake region and also delayed prediction. 

 

RNG K-Ɛ Model: Renormalization theory group as RNG stands for. The model containns its own low Reynold’s 

number version and at high Reynolds’s number it gives the usual law.    The deficiencies of εΚ −  are overcome in 

this model as the low Reynolds’s version tracks the mean flow quantities like Reynold’s stress (uv) appropriately and 

at higher Reynold’s numbers the model obeys the usual wall law with the constant pressure hypothesis. 

K- ω Model :The ωΚ −  standard model differs from εΚ − in using the model equation for the inverse time scale 

ε
ω =

Κ
 with units same as vorticity. In fact omega expresses the fractional rate at which energy is dissipated in the 

flow. The ωΚ − model assumes, eddy viscosity 
T

ρ

ω
µ

Κ
=  The modeling of ω and ε  equations differs primarily in 

the transport term, and the consequences for the prediction are not significant. The greatest practical difference 

between the two models lies in their near wall behavior where it is found and demonstrated that ωΚ −  has better 

numerical properties. This model is also said to be superior to the εΚ −  with regards to wall function i.e. treatment 

of near wall viscous region and secondly for its ability to accommodate wide range of pressure gradients. However 

the treatment of non-turbulent free stream boundaries poses a problem, as non-zero condition is required on ω and the 

calculated flow is sensitive to the value specified. 

 

It is noticed that RNG K- Ɛ model predicted values are somewhat realistic, K- Ɛ predicted values are on the higher 

side & K- ω predicted values are on further on the higher side. This is attributed to the capability of the turbulence 

model to capture the flow physics aptly. As specified earlier these models are customized for particular flow type. 

 

VI-CONCLUSION 

 
The overall accuracy of numerical predictions of external aerodynamics depends both on the “Numerical schemes” 

and the robustness of the “Turbulence model” used to solve the Navier-Stoke’s equations. While numerical scheme is 

said to be a source of error in overall predictions, “Turbulence model “becomes equally important for accurate 
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prediction of three dimensional boundary layer growth and therefore the strength of the trailing vortices and the 

resulting base pressure. 

 

The accuracy of getting the results from CFD solvers also depends on the following factors. 

Modelling errors –The translation of the real geometry into the CAD form is crucial for accuracy. Secondly the 

modeling of virtual wind tunnel, inlet conditions of velocity, turbulence and also the boundary layer development in 

the wind tunnel has to be matched.  

 

 Discretization errors – While solving the continuous derivatives of the governing equations using finite difference 

schemes such as higher order upwind schemes Taylor series expansion is generally used. In such cases discretization 

error may be seen as the effect of truncating the higher order terms in the series expansion. This depends in turn on 

the computer resources.  

 

Turbulence modelling errors – Modelling of the complex physics of the flow has been a challenge. Also Direct 

numerical simulations (DNS) and Large eddy simulations (LES) need high resolution and computational speeds 

which limits the applications. Therefore for computing the flow around the car turbulence models are needed in which 

the time averaged Naiver- Stokes equations are solved instead of real-time equations. These models which are used 

for complete closure are however not very accurate in describing the flow i.e. separation, pressure distributions etc. 

The intricacies of the boundary layer development need to be properly addressed in order that the near wall stresses 

are properly modeled. 

 

 Residual errors – These errors can be attributed to the accuracy of the computations.i.e. the convergence criteria. 

Generally the convergence criteria employed is of the order 10 -4 to 10-5 .However to have minimum residual error the 

convergence of the range 10-7 to10-8 is required which needs double precession solver to reduce computational time. 

As seen from the work of other researchers it is found that addition of spoiler increases the drag marginally but 

reduces lift which is desirable from stability point of view. Some researchers have found ideal shape & optimum 

angle of spoiler with which minimum drag is experienced. However in general c the incremental drag can be written 

as follows 

 

∆Cd = f ( ρ , A , V , ϕ , Re , A/R ) where ρ is air density , A is incidental frontal area , V is velocity of wind , ϕ is 

wind angle , Re is Reynold’s Number , A/R is aspect ratio of wing ( ratio of width to length ) 

 

Similarly the decreased lift advantage obtained is equal to the component of drag force acting downwards & is a 

function of wind angle. 
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Table – I Computational Model ( Numerical scheme & boundary conditions ) 

Space 3D, Pressure based RANS Solver. 

Time Steady 

Viscous Standard K – ε, RNG K- ε and K- ω 

Wall Treatment Standard Wall Treatment 

Boundary Conditions / Zones 

Fluid Air Density-1.225 KG/M3, Viscosity – 1.7894e -04 

Solid Aluminum 

Velocity Inlet 19.45 M/S ( 70 Km/Hr. ) 

Wall Free slip 

Wall Free slip 

Symmetry NA 

Pressure Outlet Ambient ( Gauge 0 ) 

Default Interior Yes 

Solver Details 

Equations Solved 

Flow Yes 

Turbulence Yes 

Descretization  Scheme 

Pressure Standard (Patankar-1980) 

Momentum First Order Upwind 

Turbulent Kinetic Energy Second Order Upwind 

Turbulent  Dissipation Rate Second Order Upwind 

Wind Tunnel  Cuboidal (5L/3B/3H) 

Wall Motion WRT Adjacent Cells Yes 

Mesh Tetrahedral-T Grid Hybrid, Mesh Size 30 

International Journal of Scientific Research and Review

Volume 7, Issue 3, 2018

ISSN NO: 2279-543X

http://dynamicpublisher.org/276



 

 

 

 

 

Figure  I ( 1 to 8 ) . Models generated& Corresponding Graphic Images of Skin Friction Coefficient, Pressure 

Contours and Velocity Vectors 

Pro-e Model of Hatchback & Hatchback with Front Spoiler 

 
Figure 1 - Hatchback Model 

 
Figure 2-Hatchback with Spoiler 

 
Figure 3- Skin Friction Coefficient 

 
Figure 4- Skin Friction Coeffficient 

 
Figure 5- Pressure Contours 

 
Figure 6- Pressure Contours 

Figure 7- Velocity Vectors 

 

 

 

 

 

 

Figure 8- Velocity Vectors 
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Figure II ( 9 to 16 ). Models generated& Corresponding Graphic Images of Skin Friction Coefficient, Pressure 

Contours and Velocity Vectors at 70 Km / Hr 

Sedan & Sedan with Rear Spoiler 

 
Figure 9- Sedan Model 

 
Figure 10- Sedan with Spoiler 

 
Figure 11- Skin Friction Coefficient 

 

 
Figure 13- Pressure Coefficient 

 
Figure 14- Pressure Coefficient 

 
Figure 15-Velocity Vectors 

 
Figure 16-Velocity Vectors 

Figure 12- Skin Friction Coefficient 
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Table II. Comparative Drag Values with Different Turbulence Models 

Turbulence 

Model 

Drag Values ( Maximum ) 

Hatchback Hatchback 

with Front 

Spoiler 

∆Cd Sedan Sedan with 

Rear Spoiler 

∆Cd 

Standard K – 

ε   

0.63 0.76 +0.13 0.48 0.52 +0.04 

RNG , K – ε 

Model 

0.40 0.41 +0.01 0.24 0.29 +0.05 

K – ω , 

Model 

0.84 1.0 +0.16 0.70 0.73 +0.03 

 

Table III. Comparative Pressure Values with Different Turbulence Models 

Turbulence Model Pressure Contours Average ( Pascals ) 

Hatchback Hatchback with 

Front Spoiler 

Sedan Sedan with Rear Spoiler 

Standard K – ε   207 219 152 177 

RNG , K – ε Model 205 210 163 180 

K – ω , Model 210 225 168 177 
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