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Drag and Lift Analysis over a Car Profile using CFD 

Birendra Singh
1
 Rahul Sonawane

2
 Sachin Miskar

3
 Satyam Mishra

4 
S R Das

5 

1,2,3,4
Student 

5
Assistant Professor  

1,2,3,4,5
Department of Mechanical Engineering 

1,2,3,4,5
Shivajirao S. Jondhale College of Engineering & Technology, Asangaon (W) Dist – Thane, 

University Of Mumbai, India 
Abstract— The principle target of this paper is to recognize 

answer for decrease the wasteful aspects and misfortunes 

caused because of real parameters relating to the optimal 

design of street vehicle (drag, lift).This is refined by 

exploring the variety of the back inclination point of the Car 

body and its impact on the drag and lift coefficients and 

decide the ideal plot for minimum drag through numerical 

reproduction. The disentangled vehicle geometry. The 

computational part comprises of numerical reproduction of 

the stream around the Carbody utilizing CFD 

(Computational Fluid Dynamics) procedures. In numerical 

reenactment comes about, weight based solver was used and 

the turbulence show utilized was k-Epsilon feasible model 

with non-harmony divider work for close divider treatment. 

The designing of model used in this paper is done through 

the SOLIDWORKS „16‟; and CFD simulation carried out in 

FLUENT (ANSYS 15).  
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I. INTRODUCTION 

Streamlined features speaks to an uncommon logical 

recorded that hugy affects present day car designing. 

Optimal design manages the impact of outside components 

on the watched protest, and in addition the state of the 

question keeping in mind the end goal to accomplish the 

coveted execution. The streamlined features powers and 

coefficients vigorously impact the conduct of vehicles out 

and about. The fundamental three optimal design powers are 

Drag Force, Lift Force and Lateral Force. Car streamlined 

features involves the investigation of optimal design of 

street vehicles. Its primary objectives are lessening drag, 

limiting clamor discharge, enhancing efficiency, forestalling 

undesired lift powers and limiting different reasons for 

streamlined shakiness at high speeds. Likewise, with a 

specific end goal to keep up better control for directing and 

braking, we investigate outline and streamlined features of a 

vehicle. Drag is caused because of the weight contrast 

between the frontal and the backside of the vehicle. It can be 

diminished by adjustment of the plan of the vehicle or the 

alteration of the wind stream around the vehicle. 50% of the 

mechanical energy of the vehicle is wasted to overcome 

drag at highway. 

II. MODELING OF CAR BODY 

The Generic model of the vehicle is shown in Fig. above 

with relevant dimensions. The length of the model is 

445mm, the width of the model is 150 mm, and the height of 

the model is 175 mm. 

Distinctive back inclination points result in the 

development of various wake areas at the back, which are 

for the most part in charge of the drag of the vehicle. This 

paper has the accompanying goals: 

 

1) To comprehend the drag and lift instrument by directing 

examination on Car body with 6 diverse point extending 

from 0-30 degrees. 

2) To display and appreciate the speed shapes, focussing at 

the wake area of the body. 

3) To depict weight circulation over the whole Car body. 

The Car body is an exceptionally basic feign body 

and has an inclination on its backside, whose edge can be 

controlled and the comparing drag and lift coefficients 

computed. This is done to show the wind stream over the 

diverse geometry segments of a vehicle and in its region, at 

various inclination points. This model depicts how to Fig. 

the turbulent stream field around a straightforward auto like 

geometry utilizing the turbulent stream, k-epsilon interface. 

 
Fig. 1: vehicle genric model 

 
Fig. 2: 30 degree rear slant angle 

 
Fig. 2: 25 degree rear slant angle 

 
Fig. 3: 20 degree rear slant angle 
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Fig. 4: 15 degree rear slant angle 

 
Fig. 5: 10 degree rear slant angle 

 
Fig. 6: 5 degree rear slant angle 

Fig. 7: 0 degree rear slant angle 

III. IMPORTING THE SOLID MODEL TO ANSYS FLUENT 

 
Fig. 8: Import of solid model 

The reference Car Body is 445 mm long, 150mm 

wide and 1750mm high. In ANSYS 15 Design Modeller, a 

single body domain of air is created surrounding car body 

walls after subtracting it from the air enclosure. It has 

dimensions 200mm from front, 200m from the rear and 

200m from the top and 1 mm from bottom, having inlet area  

0.02283  m^(2). 

IV. MESH GENERATION 

 
Fig. 9: Mesh body 

The “finite element method” technique is used in our 

problem. The ANSYS Meshing Tool is used for carrying out 

the meshing. The model is 2 mm above the floor. 

Details of the mesh are as follows:  

Relevance center: coarse, smoothing: high, Transition: slow, 

initial size seed: Active assembly, Min. size: 1mm, Max. 

Size: 275 mm, Advanced Size function: Proximity and 

Curvature. 

The mesh is composed of 217335 tetrahedral 

elements. Fig. 9 shows the generated mesh. 

V. STEADY FLOW NUMERICAL SIMULATION 

Computational assets for the relentless stream numerical 

reproductions are a LENOVO workstation (1 CPU 1.8 GHz 

and 8GB RAM) and Windows 8 OS. 

Feasible k-epsilon show with non-harmony divider 

work for close divider treatment is utilized with Inlet speed 

V = 55 Kmph and turbulence power is around 5% and 

turbulence consistency proportion is 10 at channel, 

turbulence reverse force is around 10% and turbulence 

thickness proportion is 10 at outlet. Thickness of air is 1.225 

kg/m3, temperature is 288.16 K and consistency is 1.7894e-

05 kg/m4. Limit conditions are - uniform speed at channel, 

uniform weight at outlet, symmetry at sidelong and at top 

mass of the model and moving divider at floor. 

Arrangement technique uses weight speed coupling 

plan as combined with slope: minimum square cell based 

strategy, weight as standard and setting the force, turbulence 

dynamic vitality, turbulence dissemination rate as first 

request upwind. 

VI. SIMULATION RESULTS 

REAR ANGLES CD CL 

0  DEGREE 0.59 -0.5 

5  DEGREE 0.57 -0.48 

10 DEGREE 0.56 -0.46 

15 DEGREE 0.49 -0.35 

20 DEGREE 0.505 -0.34 

25 DEGREE 0.51 -0.3 

30 DEGREE 0.505 -0.33 

Table 1: 

The table depicts our discoveries showing that drag 

coefficient ceaselessly diminishes from 0 achieving a base at 

15 degree and after that constantly increments for the joined 

stream run up to 30 degree 
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Moreover,  the  lift  coefficient  linearly increases  

as  the  rear  slant  angle  is  increased  from  0
0
  up  till  30

0 

transitioning from negative (also called „downforce‟) to 

positive value of lift.
] 

VII. VELOCITY COUNTERS 

 
Fig. 10: 0 Degree slant angle 

 
Fig. 11: 5 Degree slant angle 

 
Fig. 12: 10 Degree slant angle 

 
Fig. 13: 15 Degree slant angle 

 
Fig. 14: 20 Degree slant angle 

 
Fig. 15: 25 Degree slant angle 

 
Fig. 16: 30 Degree slant angle 

The speed shapes obviously demonstrate that the wake area, 

and thusly the frame drag, persistently diminishes as the 

back inclination edge is expanded from 0-30 and from there 

on, limit layer detachment happens on the back inclination. 

In any case, there is an expansion in lift with increment in 

raise incline edge because of bigger weight contrast 

produced amongst best and base surfaces of the vehicle, and 

this outcomes in bigger lift-incited drag. In this way, an 

exchange off between these two drag systems is done to 

decide the ideal edge giving least drag coefficient. 

As the wake zone is decreased, the drag-causing 

whirlpools (vortices), created because of the weight contrast 

between the best and base of the Car body at the back 

trailing end, come nearer together. This outcomes in less 

active vitality being disseminated because of these littler 

vortexes and therefore less remuneration control required by 

the motor to push the vehicle forward. It brings about higher 

weight being connected at the back surface of the body and 

subsequently less frame drag. 

VIII. PRESSURE COUNTERS 

 
Fig. 17: 0 Degree slant angle 

 
Fig. 18: 5 Degree slant angle 

 
Fig. 19: 10 Degree slant angle 
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Fig. 20: 15 Degree slant angle 

 
Fig. 2: 20 Degree slant angle 

 
Fig. 22: 2 Degree slant angle 

 
Fig. 23: 30 Degree slant angle 

The air turns out to be relatively dormant as it strikes the 

vehicle which brings about air applying high weight on front 

motor flame broil of the vehicle spoke to by the red zone. 

The wind stream at that point gets separated between the 

upper and lower surface of the vehicle. The higher weight 

air on front surface quickens as it goes over the bended nose 

surface of Car body, making the weight drop. This lower 

weight makes lifts over the rooftop surface as the air ignores 

it. As the air keeps on streaming and advance toward the 

back, an indent is made by the back inclination inferable 

from stream partition, leaving a vacuum or low weight space 

which the air can't fill legitimately. The subsequent lower 

weight makes lift that at that point follows up at first glance 

zone of the back inclination.. This is because of less 

sensational alter in the course of wind stream, bringing 

about diminished arrangement of score (low weight or 

vacuum area). This outcomes in more leveled weight 

between the best and base surfaces of the Car body and 

subsequently, decreased propensity of lift. 

IX. EDDY VISCOSITY COUNTERS 

Fig. 25: 0 Degree slant angle 

 
Fig. 26: 5 Degree slant angle 

 
Fig. 27: 10 Degree slant angle 

 
Fig. 28: 15 Degree slant angle 

 
Fig. 29: 20 Degree slant angle 

 
Fig. 30: 25 Degree slant angle 

 
Fig. 31: 30 Degree slant angle 



Drag and Lift Analysis over a Car Profile using CFD 

 (IJSRD/Vol. 6/Issue 02/2018/1009) 

 

 All rights reserved by www.ijsrd.com 3758 

X. CONCLUSION 

CFD comes about for diverse controls of the back 

inclination point of the auto profile are exhibited after the 

geometries are outlined and afterward created. Correlation 

and examination by plotting a diagram of the lift and drag 

coefficients got for the various controls is done to decide the 

ideal back inclination point giving least drag coefficient. 

The accompanying conclusions can be drawn from the 

outcomes: 

1) The least coefficient of drag (Cd) of 0.5 is gotten with 

design of Car Body with 15 degree raise incline edge. 

2) The optimum negative coefficient of lift (Cl)- -0.35 is 

acquired with arrangement of Car Body with 15 degree 

raise incline edge. 

3) The lift coefficient always continues expanding with 

expanding back inclination edge, for the appended 

stream range and it takes after a relatively direct pattern 

for the 0-20 scope of edges, getting to be non-straight 

from that point. The drag and lift coefficient winds up 

scattered after the stream ends up unattached in the 

wake of expanding back inclination edge to 30 degree 

and past. 

XI. FURTHER WORK 

Our point is to make a CFD recreation of an auto in 

movement, so with turning haggles ground. Likewise the 

passage of air into the front and side air admissions was not 

think about in these investigations, which very changes the 

practical photo of  the outcomes, so in a further work, we 

will probably mull over that as well. With that we will get a 

more practical photo of the weight appropriation on the auto 

body and the wind current around the auto. 

Contingent  upon  the capacities, another 

arrangement is the check of the outcomes acquired with 

CFD examination in an approach to make a model that will 

be tried in a windtunnel. 

REFRENCES 

[1] "CFD examination of idea auto with a specific end goal 

to enhance optimal design" - Darko Damjanovic Drazan 

kozak marija zivic zeljko ivanDic Tomislav Baskaric 

Mechanical Engineering Faculty in Slavonski Brod, 

Josip Juraj Strossmayer University of Osijek, Croatia 

[2] Race Car Aerodynamics – Designing For Speed" – - 

The American Researcher introduced by Joseph Katz, 

Massachusetts Avenue, Cambridge, USA-The 

American Researcher displayed 

[3] Numerical Analysis of Aerodynamic attributes of a 

High-Speed auto with versatile Bodywork Elements"- 

Tomasz Janson and Janusz Piechna, Institute of 

Aeronautics and Applied Mechanics, Warsaw 

University of Technology, 24 Nowowiejska, 00-665 

Warsaw. 

[4] The paper "Vehicle Drag Coefficient" 

[5] "Utilization of Aerodynamic Lift in Increasing the Fuel 

Efficiency of Heavy Vehicles"- J. Sita Priyadarshini, 

A.V.S. Abhinav, B. Sharath Chandra and R.S. Swathi 

(Assistant Professor, Department of Mechanical 

Engineering, MVSR Engineering College, Osmania 

University, Hyderabad, Telangana-501510. 

[6] "Lessening Aerodynamic Drag and Fuel Consumption"- 

Fred Browand, Aerospace and Mechanical Engineering, 

Viterbi School of Engineering, 

[7] Utilization of the CFD for the Aerodynamic 

Optimization of the Car Shape: Problems and 

Application".- Giovanni Lombardi, Marco Maganzi 

Department of Aerospace Engineering. 

[8] Aerodynamics of road vehicles: from fluid mechanics to 

vehicle engineering wolf. Heinrich Hucho Elsevier, 

2013Aerodynamics of Road Vehicles details the 

aerodynamics of passenger cars, commercial vehicles, 

sports cars, and race cars 

[9] On the calculation of external aerodynamics: Industrial 

Benchmarks 

[10] B Basara, V Przulj, Peter Tibaut SAE Technical Paper, 

2001 

[11] A calibration study of CFD for automotive shapes 

and CD-J Williams, WJ Quinlan, JE Hackett, SA 

Thompson, T Marinaccio, A Robertson SAE 

TechnicalPaper, 1994. 

[12] Vehicle fuel consumption and emission modelling: -

Waleed F Faris, Hesham A Rakha, Raed Ismail Kafafy, 

Moumen Idres, Salah Elmoselhy International Journal 

of Vehicle Systems Modelling and Testing 6 (3- 4), 

318- 395, 2011 

[13] Drag reduction- 20drag reduction- Morellietal (1976) 

developed a theoretical method to determine the shape 

of passenger car body for minimum drag by imposing 

the condition that the total lift be zero 

[14] AHMED BODY Ahmed et al. (1984) conducted 

experiments to investigate the effect of backlight angles 

in the range of 0
0
 to 40

0
 


