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ABSTRACT 

 Aerodynamic characteristics of a Swift Dzire 

are of significant interest in reducing car-

racing accidents due to wind loading and in 

reducing the fuel consumption. Despite the 

fact that these vehicles ordinarily have an 

increasingly unbending case and a stiffer 

suspension to help in fast mobility, a spoiler 

can in any case be useful. One of the plan 

objectives of a spoiler is to decrease drag and 

increment eco-friendliness. With progress in 

PC innovation, producers are looking toward 

CFD rather than wind passage testing to 

decrease the testing time and keep the expense 

of R&D low. In this undertaking by 

diminishing the distinction in weight the drag 

power will be decreased henceforth the fuel 

utilization will be decreased. The vehicle body 

is regularly advanced for diminishing the drag 

opposition however in this task a portion of 

the extra segments are added to decrease the 

drag and lift. The extra segments are diffuser, 

vortex generator, spoiler, tire spread and air 

channels. In this manner diminishing the drag 

and lift will improve the vehicle taking care of 

conduct, quickening and eco-friendliness. The 

methodology expected to legitimize the 

measure of drag and lift that can be decreased 

by option of those segments when contrasted 

with the Maruti Suzuki Swift Dzire vehicle 

model without those extra parts. 

Key words: 3D modeled in parametric 

software SOLID WORKS and analysis done 

in ANSYS. 

 

1.INTRODUCTION 

      Aerodynamics is the branch of elements 

that manages the movement of air and 

different vaporous liquids and with the powers 

following up on bodies moving in respect to 

such liquids. For certain classes of hustling 

vehicles, it might likewise be essential to 

deliver attractive downwards streamlined 

powers to improve footing and therefore 

cornering capacities. Most ordinary things are 

either brought about by streamlined impacts or 

by and large comply with the streamlined 

laws. For streamlined bodies is rearranges 

method may then be conceived for the 

assessment of the streamlined burdens. A 

vehicle driven in a street is influenced by 

streamlined powers made. In every one of 

these classes, the optimal design of such 

vehicles is of fundamental significance. They 

influence the vehicles steadiness and taking 

care of. They impact both execution and 

security In the primary change the two 

surfaces which were trunk and back 

windscreen were erased and utilizing the 

center segment a spline was drawn till the 

finish of the storage compartment. The 

subsequent shape was nearer to that of a 

fastback. In the second adjustment we 

appended a spoiler to the vehicle. The 

elements of the connected spoiler will be 

spoiler stature 20mm having an inclination 

point of 20 degrees with the vertical. Be that 

as it may, 10% of drag co-productive was 

decreased by altering Swift Dzire vehicle 

structure. So as to improve the drag/down 

power attributes of the vehicle, the geometry 

was altered and a diffuser was included at the 

back. The objective was to decrease the wake 

territory made behind the vehicle and to divert 

the air upwards to diminish the lift coefficient. 

When thinking about diffuser qualities, the 

variable having the most noticeable impact 

reporting in real time stream is the point made 

by the diffuser to the flat. Three reproductions 

were completed, differing the diffuser edge for 

each situation. The diffuser edges investigated 

were 8 deg, 10 deg and 15 deg. The outcomes 

demonstrated a decrease of 3% drag co-

effective by including 8-degree diffuser in 

Mahindra xylo. in the main alteration Rear 

Diffuser is included. The back diffuser has a 

great deal of occupations to do. Right off the 

bat it goes about as a method for accelerating 

wind stream (bringing down weight) and after 

that hindering wind stream (expanding 
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weight). The quicker you drive; the more 

downforce is created. The most effortless 

method for seeing this is to consider quick 

moving air being produced by the diffuser and 

afterward backed off at the back making a 

vacuum impact, sucking the underbody to the 

ground. 

1.1 SCOPE OF AERODYNAMICS: 

 The guideline of green house gases to control 

an Earth-wide temperature boost and quickly 

expanding fuel costs have given huge weight 

on the structure architects to upgrade the 

present plans of the vehicle utilizing 

insignificant changes in the shapes. To satisfy 

the above necessities, structure specialists 

have been utilizing the ideas of optimal design 

to improve the effectiveness of cars Although 

streamlined features relies upon such a large 

number of elements, this proposition focuses 

on outer gadgets, which influence the stream 

around the car body to lessen the opposition of 

the vehicle in typical working conditions 

1.2 FORCES AND MOMENT ON 

VEHICLE: At the point when the vehicle is 

moving at a significant speed, there are a few 

powers are applied to vehicle in various ways. 

Figure demonstrates the subtleties sketch 

perspective on the different powers following 

up on the vehicle body. As appeared in the 

free body chart beneath, there are six powers 

following up on the vehicle: 

 Rolling Resistance  

 Drag  

 Lift  

 Gravity  

 Normal  

 Motor 

Moving obstruction power is expected the tires 

disfiguring when reaching the outside of a 

street and changes relying upon the surface 

being driven on. The ordinary power is the 

power applied by the street on the vehicle's 

tires. Since the vehicle isn't going up or down 

9 (with respect to the street), the size of the 

ordinary powers approaches the extent of the 

power because of gravity toward the path 

typical to the street. Lift power following up 

on the vehicle body vertically. This power 

makes the vehicle get lifted in air as applied 

the positive way, while it can bring about 

inordinate wheel down power in the event that 

it is applied negative way. Architects attempt 

to hold this incentive to an expected farthest 

point to maintain a strategic distance from 

abundance down power or lift. The equation 

typically used to characterize this power is 

composed as; 

 

 
Figure1.1: Forces on Vehicle Body 

1.3 Problem of the statement: At the point 

when a driver drives their vehicle in fast 

condition, particularly at roadway which is 

speed limit 110 km/h, the vehicle tends to lift 

over. This is conceivable to happen on the 

grounds that as the higher-weight air before 

the windshield goes over the windshield; it 

quickens, making the weight drop. This lower 

weight truly lifts on the cars rooftop as the air 

disregards it. More regrettable still, when the 

air advances toward back window, the indent 

made by the window dropping down to the 

storage compartment leaves a vacuum or 

lower weight space that the air can't fill 

appropriately. The stream is said to isolate and 

the subsequent lower weight makes lift that at 

that point follows up superficially territory of 

the storage compartment. To decrease lift that 

followed up on the back trunk, a back spoiler 

can append on it to make all the more high 

weight. Spoilers are utilized essentially on 

vehicle type autos. They act like boundaries to 

wind current, so as to develop higher 

pneumatic stress before the spoiler. This is 

valuable, on the grounds that as referenced 

already, a car vehicle will in general become 

"Light" in the backside as the low-weight 

territory over the storage compartment lifts the 

backside of the vehicle. 

1.4 Objectives: 

1) To analyze the effect of diffuser, vortex 

generator, spoiler, tyre cover and air 

ducts with diffuser on vehicle in term 

of velocity and pressure.  

2) To estimate percent reduction and 

compare the drag coefficient and Lift 

coefficient of vehicle between with 
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and without diffuser, vortex generator, 

spoiler, tyre cover and air ducts with 

diffuser.  

3) To improve the fuel efficiency, 

acceleration and handling behaviour of 

the car.  
 

 

2.METHODOLOGY 

 

2.1 Modelling: Demonstrating, in which the 

geometries of the reference and non-tried store 

setups are made. The geometric displaying is 

performed in the surface demonstrating 

programming Solid Works 2016. The 

fundamental structure objects of the sumo 

models are bodies and wings. Each model may 

comprise of a discretionary number of such 

protests. The client likewise has the alternative 

to characterize portions of articles as inflow 

and surge areas. Bodies are characterized by 

indicating focuses at the body surface at a 

progression of cross segments. The product 

associates the cross-segments utilizing 

interjection, in this manner making a nonstop 

body surface. demonstrates the air foil shape 

while Figure is a CAD printing of the finished 

back spoiler The design parameters are given 

below: Selig 1223  
Aero foil, Span = 1.7m, Chord = 0.20m,  

Camber = 11.92% chord,  

Thickness = 3.071% chord,  

Angle of attack = 10.0 degrees. 

Demonstrating Car and Car/Spoiler Assembly 

The spoiler was intended for a traveler vehicle 

car vehicle. Autodesk Inventor has been 

utilized to display a car vehicle for the spoiler 

to be mounted upon for investigation. The 

principle parameter considered in planning the 

vehicle in connection to the spoiler is the 

range of the spoiler which is 1.7m. 

 
Figure2.1: Aero foil shape used in the 

design of spoiler 

 
Figure2.2: 3D CAD model of the Rear 

Spoiler 

 
Figure2.3: (a) Car model (case 1) 

 

 
Figure2.4: Car and spoiler assembly (case 

2) 

 

2.2 Aerodynamics Forces  

Drag Force As examined before, the body 

shape when it presented to air experience the 

diverse weight superficially. By breaking this 

into five constituent components will gives a 

superior comprehension of drag power 

following up on the vehicle body. 

2.2.1 Pressure drag: 

This is the segment which is distinguished on 

the outside surface of the vehicle. As when the 

vehicle moves with the forward course of the 

air then the outside of the vehicle experience 

the weight which is fluctuate over the various 

purposes of the vehicle as appeared in the 

accompanying figure. To see it intently the 

little zone of the level surface is viewed as 

then the power which is following up on the 
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hub of the vehicle the drag power relies upon 

the extent of the weight. 

2.2.2Surface Drag: This type of drag is due to 

the stress and drag values which is from the 

friction between air and the body surface for a 

small element. This type of drag only happens 

due to the effect of viscosity at the surface of 

the car. 

 

2.2.3Lift: 

 In the straightforward words lift in the vehicle 

is the weight contrast between the upper and 

the drawback of the vehicle. These days higher 

top speed present day vehicles are produced 

which high steadiness need while out and 

about. Upper surface region close to the hood, 

wind shield and underbody, for example, 

suspension, exhaust framework are the 

primary wards of lift power. Studies 

demonstrates that it isn't the regular issue at 

the low speed yet when the vehicle goes to the 

fast and afterward the weight contrast is a ton 

at that point lift power is the issue. 

Lift Force is calculated as: 

 
Where; 

 FL = Aerodynamic Lift Force, 

 N ρ = air density, Kg/m3  

V = velocity, m/sec 

 A = Frontal Area, m2  

CL = Lift Coefficient 

2.4Different types of fluid over the vehicle 

body: 

2.4.1Streamline streams:  

Streamline stream is a sort of stream which 

anytime over the vehicle surface stays steady 

with a similar example. Then again if the 

stream pursues the blueprint of the vehicle 

body which is streamlined. For this situation 

the stream can be say that it is appended.  

2.4.2Stagnation districts:  

This is the idea of the air which is strikes a 

vehicle body it separates into the distinctive 

stream lines over the body. The partitioned 

stream goes over and under the body. The 

point where the air strikes and after that stays 

stationary the position or the part where this 

happens is known as the stagnation locale.  

2.4.3Partition bubbles: 

At the point when the air contacts the outside 

of the vehicle at certain focuses the air doesn't 

play out the streamline streams it withdraws. 

So the detachment air pockets are framed in 

the territory between the wind streams isolates 

and after that reattaches. 

 
Figure2.5: Separation and reattachment of 

the flow 

Reynolds Number Boundary layer and the 

thickness of the layer affect the friction on the 

surface, flow separations etc. The flow 

patterns depends on the length of the body, 

viscosity, speed and the density which can also 

be name as the one quantity as knows as the 

Reynolds Number.  

 
This is has a similar incentive in any 

arrangement of units. On the off chance that 

the estimation of thickness and the consistency 

is consistent this number is absolutely relies 

upon the speed and the size of the vehicle 

body. So as it is considered that if the speed of 

the vehicle increment the Reynolds number 

continues expanding which gives the more 

slender limit layers. So unmistakably this 

number is significant in deciding the kind of 

stream over the outside of the vehicle. 

 

2.4.4Turbulence: 

 It can be defined as the unsteady or the 

unusual manner of the flow over the car body 

is known as the turbulence flow. This can be 

termed as the swirling or the eddies turbulent 

motions which varies of sizes. 

2.4.5Three dimensional flow: 

 The road vehicle mostly has the three 

dimensional flow patterns over them. Which 

mostly includes the circular patches, eddies 

and the swirling which form the three 

dimensional flow patterns. 

2.4.6Vortices: 

In the stream areas there are a few sections 

which frequently knows as the vortices which 

is for the most part framed by the twirling 

stream structures, which for the most part 

happens with the hurricanes. This task is given 
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dependent on the backdrop illumination point 

of the vehicle so the vortices which framed at 

the back of the vehicle are knows as the 

trailing vortices. These vortices likewise 

choose the lift circumstance of the vehicle 

which either is sure or the negative. These 

vortices don't exist on the exceptionally long 

length in space. It converges in the surface or 

framed the shut circle shape for instance like a 

smoking ring. 

 

 
Figure2.6: Velocity against the ratio height 

over length 

 
Figure2.7: Mesh of original car 

 

2.5Boundary Condition: 

 In this area a short depiction of limit 

conditions is exhibited so as to give a review 

of the driving condition during the 

reenactment fenced in area delta plane was 

named "speed bay". The street and the vehicle 

body were both made dividers. The 

encompassing walled in area surfaces, being 

fanciful surfaces, were altogether named 

balance planes having a ‟no slip‟ condition. 

The outlet was named a "pressure outlet" with 

its weight set consistent and equivalent to 

barometrical weight.  
 

 
Fig 2.8: Modified Swift Dzire with Rear 

Diffuser.  

2.6Spoiler:  

A spoiler is a car streamlined gadget whose 

proposed structure capacity is to 'ruin' horrible 

air development over a body of a vehicle 

moving, normally portrayed as disturbance or 

drag. Spoilers on the facade of a vehicle are 

regularly called air dams. Spoilers are 

frequently fitted to race and elite games autos, 

despite the fact that they have turned out to be 

regular on traveler vehicles also. A few 

spoilers are added to autos basically for styling 

purposes and have either minimal streamlined 

advantage or even exacerbate the optimal 

design. While a mass is going at expanding 

speeds, the demeanor of the earth influences 

its development. Spoilers in hustling are 

utilized in mix with different highlights on the 

body or suspension of race vehicles to change 

the taking care of attributes that are influenced 

by the demeanor of nature. 

 
Figure 2.9: Modified Swift Dzire with 

Spoiler 

The objective of numerous spoilers utilized in 

traveler vehicles is to lessen drag and 

increment eco-friendliness. Traveler vehicles 

can be outfitted with front and back spoilers. 

Front spoilers, found underneath the guard, are 

for the most part used to diminish the measure 

of air going underneath the vehicle to lessen 

the drag coefficient and lift. Sports vehicles 

are most normally observed with front and 

back spoilers. Despite the fact that these 
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vehicles regularly have an increasingly 

inflexible case and a stiffer suspension to help 

in rapid, a spoiler can at present be gainful. 

This is on the grounds that numerous vehicles 

have a genuinely steep descending point going 

from the back edge of the rooftop down to the 

storage compartment or tail of the vehicle 

which may cause wind stream detachment. 

The progression of air winds up violent and a 

low-weight zone is made, expanding drag and 

unsteadiness (see Bernoulli impact). Including 

a back spoiler could be considered to make the 

air "see" a more drawn out, gentler incline 

from the rooftop to the spoiler, which defers 

stream partition and the higher weight before 

the spoiler can help lessen the lift on the 

vehicle by making downforce. This may 

decrease haul in specific occasions and will for 

the most part increment rapid strength because 

of the diminished back lift. 

2.7Tyre Cover: 

The stream that starts from the back wheel 

majorly affects the wind stream in the diffuser 

and by confining this stream some fascinating 

outcomes can be acquired. This case basically 

be performed by covering the back tire and 

limiting the wind stream on the back tire zone. 

It ought to be brought up this has the real 

effect on the cooling of the brake and along 

these lines air channels are given on the both 

side of the backside 

 
Fig 2.10:Modified Swift Dzire with Tyre 

Cover 

 

2.8 Air Ducts: 

 While you control your vehicle, the Air Ducts 

controls the airstream. This is on the grounds 

that it lessens the air opposition of the body in 

an incredibly straightforward, yet 

exceptionally powerful way. Its narrowing 

channels accelerate the airstream and guide it 

past the wheels. This lessens the air 

choppiness in the wheel lodgings and 

diminishes the drag because of the body just as 

the fuel utilization. You're moving quicker and 

quicker. In any case, despite everything you 

can't distinguish any air opposition. This is on 

the grounds that the air conduits channel the 

air on the back wheels. It lessens choppiness 

on the wheel lodgings and separates the air 

whirls. Fuel utilization is diminished. Air 

pipes are fundamentally observed on race 

autos for two reasons, since brake and motor 

cooling. They are found behind front or back 

wheel. They were first adjusted for hustling 

roadsters 

 
Fig. 2.11: Modified Swift Dzire with Air 

Duct 

  

2.9BOUNDARY CONDITIONS FOR THE 

CFD ANALYSIS: 

 To reproduce a traveler vehicle proceeding 

onward a genuine street. The element of the 

computational space is picked with the end 

goal that the streamlined power isn't 

influenced by the area size. Albeit various 

examinations have researched streamlined 

drag decrease on the arrangement of a vehicle, 

most didn't think about the moving ground and 

pivoting wheel impacts, which critically affect 

the car's back stream attributes. Given the 

moving ground and pivoting wheel conditions, 

it is realized that a Swift Dzire demonstrates 

very extraordinary streamlined qualities from 

that on stationary ground and under a 

stationary wheel condition. Consequently, 

every numerical recreation in this investigation 

was performed under the moving ground and 

pivoting wheel conditions. The rakish speeds 

of the pivoting haggles speed of the moving 

ground were set by the driving velocity.  
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. Table2.1: Boundary conditions for the 

CFD analysis 
 

 
Figure2.12: Flow analysis 

 

 

3.RESULTSAND DISCUSSIONS 

 
3.1CFD ANALYSIS OF SPOILERS 

the fundamental piece of CFD where our 

model fathomed and examined by the given 

limit. Exceptional consideration ought to be 

made while characterizing the strides in the 

solver. The arrangement of the solver shifts 

with the kind of investigation we are 

performing. It takes up the most piece of time 

of CFD investigation. It is here where the size 

of created becomes an integral factor. Better 

the work more the time will it expend to take 

care of our concern in light of the fact that the 

conditions are settle for every single 

component, littler the component size more 

will be the quantity of components for a given 

model. The solver setup includes following 

steps:-  

Input velocities- 170, 190 & 220 km/hr→→ 

Ansys → workbench→ select analysis system 

→ fluid flow fluent → double click  

→→Select geometry → right click → import 

geometry → select browse →open part → ok 

 
→→ select mesh on work bench → right click 

→edit → select mesh on left side part tree → 

right click → generate mesh →  

 
Select faces → right click → create named 

section → enter name → water inlet  

Select faces → right click → create named 

section → enter name → water outlet 

 
Model → energy equation → on. 

Viscous → edit → k- epsilon  

Enhanced Wall Treatment → ok 

Materials → new → create or edit → specify 

fluid  material or specify properties → ok 

Select air and water 

Boundary conditions → select water inlet → 

Edit → Enter Water Flow Rate → 2Kg/s and 

Inlet Temperature –  

Solution → Solution Initialization → Hybrid 

Initialization →done 

Run calculations → no of iterations = 50 → 

calculate   → calculation complete 

http://jespublication.com/


Vol 10, Issue 12, Dec / 2019 
ISSN NO: 0377-9254                                  

  

 

 

www.jespublication.com Page No:451 

   

 

 
 
 

→→ Results → graphics and animations → 

contours → setup 

3.1.1WITHOUT SPOILER  

speed - 170km/hr  

 
Figure3.1: pressure 

 
Figure3.2: velocity 

 
Fig3.3: drag force 
speed - 190km/hr 

 
Figure3.4: pressure 

 
Figure3.5:velocity   

 
Figure3.6: drag force 

speed - 220km/hr  

pressure 

 
Fig3.7:velocity 

 
Fig3.8:drag force 
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3.1.2WITH SPOILER  

speed - 170km/hr Fig3.9:velocity 

 
fig3.10:drag force 

 speed - 190km/hr  

pressure 

 
Fig3.11:velocity 

 
Fig3.12: drag force 

speed - 220km/hr  

 
fig3.13:pressure 

 
Fig3.13:drag force 

RESULT TABLE 3.1: 

 

Graph3.1: With and Without spoiler 

variations 

We have analyzed that the percentage 

difference of drag coefficient and lift 

coefficient 𝑏/𝑤 of the toy car and base model 

is 0.3 and 0.9, respectively, which is less than 

1%. So we assume that our model is the same 

as the specimen toy car. 
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graph3.2: Pressure coefficient on base 

model car surface. 

 

Figure3.14: Total pressure on surface of the 

of base model passenger car. 

3.2Simulation and Testing of Passenger Car 

with Vortex Generators for Drag 

Coefficient and Lift Coefficient 

Initial, a foundation on vehicle optimal design 

will be secured, including clarification of the 

ideas and equations included. Next, the system 

for structure a fundamental model, including 

the traveler vehicle and wind burrow, 

alongside measurements 

 
Figure3.15: Velocity vector on surface of 

the of base model passenger car 

 

Figure3.16: Passenger car with vortex 

generators. 

Figure: Total pressure distributions at car 

surface, pressure outlet, velocity inlet, and 

road. 

 

 

Graph3.3: Coefficient of drag 𝐶𝐷 of 

passenger car with 

 

Graph3.4: Coefficient of lift 𝐶𝐿 of passenger 

car with VGs. 
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         In the above investigation there are 

various sorts of streamlined extra gadgets 

utilized on the standard vehicle to get the 

outcomes for the coefficient of drag and 

coefficient of lift. In the primary case the 

spoiler is applied on the boot of the traveler 

vehicle with the tendency edge 12∘ . The 

coefficient of drag is 0.3441 and the 

coefficient of lift is 0.1985. The rate decrease 

in drag coefficient in correlation with standard 

vehicle is 2.02% and in coefficient of lift is 

6%. Consequently, drag power and lift power 

on the traveler vehicle are diminished as 

corresponding to drag coefficient and lift 

coefficient, separately. In the second case the 

vortex generators are applied on the back side 

at top of the standard vehicle with tendency 

point 12∘ . The coefficient of drag is 0.3471 

and the coefficient of lift is 0.2085. The rate 

decrease in drag coefficient in correlation with 

standard vehicle is 1.17% and in coefficient of 

lift is 9.8%. Thus drag power and lift power on 

the traveler vehicle are decreased as relative to 

drag coefficient and lift coefficient, 

individually. In the third case the tail plates are 

applied on the back side: one is at the back 

side of the rooftop embellish and the other is at 

the tail guard of the traveler vehicle. The 

coefficient of drag is 0.3376 and the 

coefficient of lift is 0.1926. The rate decrease 

in drag coefficient in examination with 

standard vehicle is 3.87% and in coefficient of 

lift is 16.62%. 

4.CONCLUSION  

The aerodynamic lift, drag and stream 

qualities of a highspeed (~100 Kmph) 

conventional car traveler vehicle with a spoiler 

and without a spoiler circumstance were 

numerically explored. Numerical examination 

has demonstrated to us that the spoiler 

structure, which was mounted to the backside 

gave more negative lift power than the rooftop 

spoiler however gave less drag decrease. 

Rooftop spoiler gave drag decrease yet the 

negative lift power has been expanded. It is 

realized that having down power (for example 

negative lift power) .Sedan vehicle with 

rooftop Increases tires ability to deliver 

cornering power, Stabilizes vehicle sat fast, 

Improves braking execution, Gives better 

footing, Reduce in lift may prompt decrease of 

soil on the back surface, Reduce in drag 

prompts most extreme speed for a given motor 

power, contrasted with back spoiler car 

vehicle. In this venture, a vehicle back spoiler 

is structured and demonstrated in 3D displayed 

programming strong works by various models 

of spoilers NACA 6409 and investigation done 

by ANSYS programming at various paces 

(170, 190 and 220km/hr). By watching the 

CFD investigation results the weight drop and 

speed, drag power, lift power and mass stream 

rate will be increments by expanding the 

velocities. The drag powers diminishes at 

spoilers NACA 6409 by the speed 170 km/hr. 

lift power will increments at spoilers NACA 

6409 by the speed 190 km/hr. So it very well 

may be finished up the lift power more for 

spoilers NACA 6409 by the speed at 190 

km/hr so spoilers NACA 6409 of spoiler is 

better model. to decrease streamlined drag 

following up on the vehicle and subsequently 

improve the eco-friendliness of traveler 

vehicle. Thus, the drag power can be 

diminished by utilizing add-on gadgets on 

vehicle and efficiency, and security of a 

traveler vehicle can be improved. 
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