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ABSTRACT: The ever-rising price of crude oil, in conjunction with growing concerns about the state of the planet,
has led to an increase in the amount of pressure that is being put on automakers to produce vehicles that consume less
fuel and produce fewer harmful emissions. This is a direct result of the combination of the two factors. As a direct
result of this, an increased amount of pressure is now being applied to the individuals and organizations who are
accountable for the production of commodities. During the course of the last several years, the automotive industry has
placed a significant emphasis on the development of vehicles that use a lower volume of gasoline than their forebears
did when they were first produced. It is anticipated that this pattern will go on for the foreseeable future. As part of this
initiative, a significant amount of time, energy, and focus is now being devoted to the research and development of
novel approaches that may enhance the aerodynamic performance of automobiles. This program's overarching
objective is to lessen the amount of resistance to forward motion that moving vehicles produce. It is feasible to increase
the fuel economy of a car, which would be beneficial for the protection of the environment. This enhancement might be
achieved by reducing the amount of air resistance that the vehicle encounters, which is in part performed by the car's
spoiler. Even while travelling at moderate speeds and maintaining a height that is relatively small above the ground, the
drag coefficient has a significant influence on the quantity of fuel that is successfully consumed by the vehicle. This is
due to the connection that exists between the two contributing components. The primary objective of this study is to
make use of a simulation of computational fluid dynamics (CFD) in order to ascertain the impact that a rear spoiler has
on the flow of fluid as well as the amount of effective drag that a vehicle is subjected to. This will be accomplished by
determining the amount of effective drag that a vehicle is subjected to. To achieve this goal, we will investigate how
the presence of a rear spoiler influences the flow of fluid. To be able to achieve our goal, we are going to measure the
amount of effective drag that is experienced by a vehicle. This will make it feasible for us to do what we set out to do.
SOLIDWORKS is a computer-aided design (CAD) application that was used throughout the whole of the process of
generating the model of the automobile. This programme was used during the entire procedure. This programme was
utilized throughout the whole process of creation in its many guises. An assessment and optimization of a system based
on the Reynolds-Averaged Navier-Stokes (RANS) equations and a Reliable k- turbulence model were carried out with
the assistance of the commercial software package. Both of these processes were carried out. ANSYS 18, FLUENT
CFD Solver. The effects of acrodynamic drag won't start to become noticeable to the human eye until the vehicle has
reached very high speeds. Before then, you won't be able to see them. While the person who was going to be the
subject of the study sat in the seat that was furthest towards the back of the vehicle, researchers conducted research and
made assessments on a number of different topics. These topics included things like velocities, pressures, streamline
profiles, and velocity graphs.

KEYWORDS: Spoiler, Computational Fluid Dynamics, Automobile, drag coefficient

I. INTRODUCTION
Aerodynamics studies gas-body interactions. Aerodynamics studies lift and drag as air travels over and around solid
structures. Air is our most common fuel, therefore this makes sense. The car consumes 3% of its petrol in urban areas
and 11% on the motorway. Urban vehicle resistance causes this discrepancy. Several design experts are interested in
improving vehicle aerodynamics with simple design changes due to highway driving's high fuel consumption.
Engineers may use aerodynamics to create buildings, bridges, soccer balls, and even aircraft and automobiles.

Engineers can design skyscrapers, bridges, and soccer balls using aerodynamics. This study examines airflow issues
across the whole vehicle. Aerodynamics is linked to all of these components, and most people instinctively associate
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higher speeds with worse fuel efficiency. Not so. Automobile aerodynamics includes engine cooling, cabin ventilation,
air conditioning, aerodynamic noise reduction, high-speed stability, dirt deposition, and much more.

We'll discuss structure exterior aerodynamics next. A moving vehicle must overcome body resistance, driveline
friction, elevation variations, acceleration fluctuations, and aerodynamics. In aerodynamics, a "back spoiler" is a device
attached to the roof or boot deck's trailing edge to boost aerodynamic efficiency. This makes the vehicle more
aerodynamic overall. Despite increasing drag, the purpose is to improve downforce.

The vehicle's only external forces are aerodynamic drag and tyre friction over a level surface at a constant speed.
Vehicle aerodynamics include wheel arches and lighting to minimise air resistance. It will feature a fastback or liftback
tail and be streamlined to avoid sharp edges that block windflow above the windscreen. It will also be streamlined to
avoid sharp edges that block windflow below the windscreen.

Vehicle aerodynamics research uses wind tunnel and computer modelling. The undulating road is typically introduced
within a wind tunnel experiment to ensure accuracy. Aerodynamic drag slows vehicle movement. Aerodynamic drag
force. This force is crucial for building the vehicle's exterior. It exerts 65% of the vehicle's overall force, hence it must
be considered. The working component has a moveable floor that travels at the same speed as the airflow. Inhibiting a
border layer on the working area floor affects outcomes directly.

Auto spoilers reduce drag and turbulence. Its goal is to "spoil" turbulence or drag on a moving vehicle. "Air dams" are
another name for front-mounted spoilers. They reduce aerodynamic lift and drag by directing airflow and minimising
airflow underneath the vehicle. Spoilers, originally designed for racing and high-performance sports cars, are now
being used on passenger automobiles. Notwithstanding their racing and high-performance sports vehicle origins.
Spoilers are used on automobiles to help them look better. In certain cases, these spoilers worsen the vehicle's
aerodynamic performance. When a vehicle's fascia, which creates drag and down force, is physically removed, its rear
spoilers become wings. Wings are aerodynamic, unlike spoilers. Before the oil crisis, cars were intended for high-speed
agility, comfort, and safety. Nevertheless, since 2003, rising oil prices have hurt automobile sales worldwide. This
impact began this decade. In the instant that followed, many doubts were raised regarding how a shortage of oil would
affect this business. This incident prompted these questions. Several solutions have been proposed, and many that were
previously dismissed are now being reconsidered. Besides fuel cell and electric vehicles, several research approaches
have been proposed. Redesigning the car's chassis and body to save weight and improving its aerodynamics are
examples. These tactics improve cruising conditions, navigational stability, and fuel efficiency. Several topics
indirectly affect noise pollution and environmental protection. Aspiration and aerodynamics cause automobile noise.
Aspiration noise occurs when the negative pressure on the vehicle's surface exceeds the sealing pressure. Only when
the aspiration noise exceeds the pressure to seal the car can this happen. Most modern car designs account for the
sealing system's pressure, which has improved the sealing mechanism and reduced aspiration noise. Nonetheless,
aerodynamic noise outside a high-speed vehicle due to various airflows remains a key concern and requires substantial
consideration.

II. LITERATURE SURVEY

When driving in urban areas, the resistance caused by the form of the car requires around 3% of the gasoline that is
used by the vehicle, but travelling on the highway requires 11% of the fuel that is consumed. This very high value of
fuel use when driving on the highway draws a number of design experts who are motivated to improve the
aerodynamics of the vehicle by making just minor design adjustments [1]. In the realm of aerodynamics, a rear spoiler
is a term that refers to a device that is often attached to the trailing edge of a vehicle's roof or trunk deck in order to
increase the vehicle's overall level of aerodynamic performance. In spite of the inevitable increase in drag, the primary
objective is to achieve an increase in down force [2]. The body of the vehicle is subjected to the force of aerodynamic
drag, which works to oppose the forward motion of the vehicle. When constructing the outside body of a vehicle, it is
essential to take into account this force, since it accounts for about 65 percent of the total force that acts on the whole
body [3]. The model of the vehicle has been simulated in the wind tunnel as part of the research that has been carried
out. In order to do this, the space surrounding the body is modelled after a section of the actual wind tunnel's
dimensions and handled as such [4]. This shift in the direction of technological trends is based on the nature of
composite reinforced natural fibres, which are plentiful in nature, can be recycled, are relatively affordable, and are less
destructive to the environment than other types of materials [5]. The conclusion that can be drawn from this observation
is that natural fibres are capable of producing favorable interfacial interactions with a matrix composed of resin.
Because of this study, a new kind of biomaterial has been produced. It is made up of composite fibres made from
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ramie, bamboo, and rattan, and it has a resin matrix [6]. When compared to fibreglass, the mechanical properties of
some natural fibres, such as those found in ramie, bamboo, and rattan, are superior. For instance, certain natural fibres
have a greater elastic modulus, a lower density, and a lighter weight than fibreglass. The specific strength of these
natural fibres, on the other hand, is becoming closer and closer to the specific strength value of fiberglass [7]. A
numerical analysis looked at the potential fuel savings offered by drag-reducing devices that may be installed on heavy
trucks. The study came to the conclusion that such devices could cut fuel consumption by as much as 9 percent. The
amount of money saved on gasoline each year varies from 600 to 2600 litres [8]. The shape optimization process takes
into account all of the relevant constraints, such as the geometry, stress, and displacement. It will deliver a new
optimum form to components that are either two-dimensional (2D) or three-dimensional (3D), while maintaining the
lowest possible mass or weight, under all of these limitations. In this brave new world of faster computers, advanced
structural analysis and optimization are now within reach, allowing for the design to be improved in a way that is both
effective and efficient. It is strongly recommended to pay attention to form optimization techniques, as they are able to
handle mechanical design difficulties in a more appropriate and effective manner [9]. The significant challenge of
lowering a vehicle's aerodynamic drag has been a hot subject of discussion over the last ten years, and as a result, the
issue of computational cost and its complexity has emerged. The notion of computational fluid dynamics (CFD), which
was used to reduce the amount of drag a three-dimensional model of an automobile produced, was put to the test via a
series of trials to ensure that it could be used into any future design tweaks [10]. Automobiles and other types of faster-
moving vehicles use spoilers, which are aerodynamic devices, to reduce the amount of turbulence that is generated over
the body of the vehicle. It is affixed to the body of a vehicle. One of the challenges that vehicles face is maintaining
control of their wake. The way that is advised is to adjust the form of the rear body as well as the shape of the spoiler,
and the findings of the trials show that this leads to a significant decrease in the value of CD and CL [11]. Attempts are
made to cut down on fuel consumption by using more modern materials in place of traditional ones, which are the
subject of research. In order to satisfy the stringent requirements of the rising future demand, these changes need to be
addressed. Unreinforced thermoplastic is the material that is recommended to use for spoilers in this scenario [12]. The
magnitude of drag is found to be dependent on a vehicle's physical appearance, including its shape, the accessories it
has attached, any protrusions it may have, and so on. This was determined through comparisons of different aspects,
such as form and material, in the design of human-powered vehicles on different types of roads [13]. The effect of
applying a spoiler on the rear part of the car is studied by making a basic car model and running a CFD simulation to
find CD and CL values first without spoiler and then with spoiler and found percentage reduction in CD and CL values
to be 1.7 and 4 respectively. The results of modeling car geometry and analyzing for CFD give results like experiments
and behavior that can be predicted in advance [14].

1. 3. Aim & Objective

To identify the materials

To design the spoiler

To perform analysis of the designed spoiler by applying materials

Identify the best material and perform CFD analysis

To compare and analyze the results obtained from structural and CFD analysis

2. 4. Methodology

Literature . Design of
Survey Selection — Spoiler

Performing

Performing dentifying the .
CFD analysis [l best material structural
analysis

. : Conclusion
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3. Design and Analysis

@ A: Static Structural - Mechanical [ANSYS Mechanical Enterprise] - a x

| Fle & View Units Took Hep || B @ | Sobe v 2/Showtron 1 & [ 4 M) B~ @Worshes In
AT L-EARNBR® &S AR QFARAAE 08O

5 Show Vertices 7 Close Vertices 1.1 (auto Scale] ~ @RWireframe | DgshowMesh i M Random DPreferences | L, 1. [. 1. 1.
©Size v @ Location v [@Convert v <0 Miscellaneous v @ Tolesances
| # DeReset v || WedgeColoting > £~ fiv A A~ L A M |-AThicken
s Y 9, Therml Point Mats_ el Thickness wiriparted Thickness imported Trace

- Definiton
Saurce | CAsersusenDesktopvrear spoler IGS ]
Time liges

Length Unt_ Meters
Element Control | Program Controlied

Dispisy Style | Body Color £ y
+ Bounding Box 2
= Properties 4
s
g 000 20000 400,00 (mim) x
« — m—
* AdvancedGeometryOptons - e
— ]
1,0 No Messages No Selection [Metric (mm, kg, N5, mV, mA) Degrees rad/s Celsius

Fig.1 Geometry

I Unceved Brojct - Workbench

Fle Edt Vew Tk Ui Extersons  Jobs  Help

DJE]E]&]  [From ) @ 2ewneeimgona
T Fiter Engneerng Data [l Engneerng Data Sources

| Physica roperses
]

7 OrthotropicSecant Coefiicient of Therma
] Isctropic nstantanenus Cosficient o T
) othotropic nstastaneous Cosfficentof
B Lines Essic
13 orthotropicBastdy
3 ansovopic sy
1 < 2
: EErrE——
3 [<]
4 & il . Lal]
s 2308 o1 = B
GBE] B
7 Youngs Modss.., ]
[ D ) -
s =) E
o 6.5608E + 10 Pa -
n 266092 +10 Pa -
12 |® 8 Anematng sressR-Rsta T Tabuer 4]
I T Terste ek Swength 286408 Fa - [&][=]
7 T8 Comprecive Yield Sirength | 2aew0e rs = Gl 5l
8 §2 Tersie Ultmate Srength 31E408 Pa = ==
® Comoressie Uitmate Strength 0 D) =Ho|E|

I8 300 Mantor.,. | (1 Show Progress |0 Show 0 Messages

Fig. 2 Material Properties

- o x

@ A:static
File Edit View Units Tooks Help | 0] @ -+ | #Sobve ~ 2/Showkrrors Pl 8¢ ) 4 (A) @3~ Workhest Iy &
TAVL-AORAO® &S +QR Q@QAE

-3
S Show Vertices 5 Close Vertices 1.1 [Auts Scale] ~ @R Wiretrame | 1y K BlRandom @DPreferences | L, I, [, L, [,
>Sze v @ Location v [ Convert + & Miscellaneous » @ Tolerances
# Jefec Bplodefador  f————————— Ljembly Center - || MMEdgeColoting v A~ /i~ A~ A~ A~ A Pl lThicken
[Mesh <} Update | @ Mesh » BL Mesh Control @ Mesh Edit v | 110 i = P oW e

| Filter:  Name

8 Tota Deformaton

Detasts of "Mesh”

Physics Preference. Mechanical
[Releance [0

Element Order  Program Controlled.

Relevance Center Fine
BementSze  Default
Initial Size Seed | Assembly
Transition I3
Span Angle Center Fine
Automatic Mesh ... On
Defeature Sze Default
Minimum Edge L. 0.194870 men

G T
110 No Messages [No Selection [Metric (mm, kg, N5, mV, mA) Degrees rad/s Celsius.

Fig. 3 Meshing Image
Boundary Conditions

IJIRSET © 2023 | AnISO 9001:2008 Certified Journal |

|e-ISSN: 2319-8753, p-ISSN: 2347-6710] www.ijirset.com | Impact Factor: 8.423| A Monthly Peer Reviewed & Referred Journal |

International Journal of Innovative Research in Science, Engineering and Technology (IJIRSET)

ARy X

IJIRSET || Volume 12, Issue 3, March 2023 ||

2357


http://www.ijirset.com/

International Journal of Innovative Research in Science, Engineering and Technology (IJIRSET)

“j‘%ﬂ |e-ISSN: 2319-8753, p-ISSN: 2347-6710] www.ijirset.com | Impact Factor: 8.423| A Monthly Peer Reviewed & Referred Journal |
£\

IJIRSET || Volume 12, Issue 3, March 2023 ||
| DOI:10.15680/IJIRSET.2023.1203092 |

1) A Static Structursl - Mechanical [ANSYS Mechanical Enterprise] T - 8 x
File Edit View Units Tooks Help || 0 @ =i | JiSobe v 7/Showkmo 'l Wt 100 & [A) @~ Boobiee Iy

[TAN -ARDRER & S+ AR AEQARng s O

| 5 Show Verices i Close Vartices 1,1 1010 54218 - @QWiefame | CgShowMesh ik Ml Random DPreferences | L, I, I, 1. 1.

| +#5i= ~ 9, Location = [Comvert = &3 Miscelleneows = G Toberances
B [eReet DOWOEFBAOR f—————— assemon Cemer
| Envirenment @ inestial » B Loads » B Supports + B Conditions

= ||| MEe Creng = A A AT AT AT A T
B

Outhne L
| Fi pama &
Baraa
& Frosect -
E g Model (A4)
8 Geomery
B Conrdnate Systems
B Mesh
£ /2] Staric Structural (45)
iy Anaivss Seftrgs
Fxed Support
B
8l Solution (A6)
infornatn
gﬁ Toral Deformaten v
Detait of “Faxed Support” @
= Scope
i | Geometry Selection 0o 300.00 E00.00 (mem)
[Geomety  [2 Faces =0 e
= Defnton. . . —
pe [Fined Suppost Geometry (Print P ]
Suppressed | Mo Graph_
.

0 No Messages Mo [Metric (mm, kg, N, 5, mV, mA) Degrees radis Celsius -

Fig. . 4 Fixed Support

(& & Static Structursl - Mechanical [ANSYS Mechanical Enterprie]
File Edit View Units Took Help || T3 @ =] | ¥Sobve ~ %/Shawknoe 11 W0 B3 & &) @~ @
[TAN -EEB B & St e@acxngs 0
| 5 Show Verices i Close Vartices 1,1 1010 54218 - @QWiefame | CgShowMesh ik Ml Random DPreferences | L, I, I, 1. 1.

| S = @ Location ~ [@Convert = ¢} Miscellancows ~ @ Tolerances

#f QeReset Bolagefador f————— aem W Edge Coloting ~ A~ i~ A= A~ A= & B |-IThicken
[Envirenment @ inetisl » B Losds v R Suppots + B Conditions » B DiectFEw [BE

Outtine. a

[F o=

Baraay

& 7o Ceformason -

| Geometry Selection
[Geomety |1 Face
Defnston

e Force

Define By ectar

[ Magnitude | 1500 N pramped)
Owection Cuck 1o Change
Suppressed o

0 No Messages 3 [Metic (mm, kg, N, 5, mV, m&) Degrees radis Celsius

Fig. 5 Force Results

@ 4 st i s 5T - 8 x
| File Edt View Units Tools Help | 5] @ =~ | fSove v ?/ShowEros

[FATKEENRER &S aa |
| B Show Vertices Jf Close Vertices 1.1 fAuto Scale] - §0Wirddrome | Uzctontied sk BiRandom @ Preferences | L. I, 1. L. 1.
| esSize v @ Location = [ECanvert = ) Miscelisneous * & Tolesances.
| # [eroo BokGeR@En f————————— enoyceter + || MEgeColaning » 4~ A~ A~ A+ A= A bl FiThicken
[Result 22e-002 ftoscale) = @ v B @+ T [ 06 9 Probe  DEPIY  ScopedBdies v

| Filter:  tame x.
|2 a2 84
R a .

‘Salubon Information
-~
8 Equivalent Siress
/B Equivalent Elastic Stan v
2
Tive Total Deformation Geometry 4 Print 7 |
B Time
e = . [ 10Fr . = 1 S
Calculate Time Hiskory s | Animation P W |11 1| @ ames 2 Sex o) 5 BB ke 300
Identter =
suppressed o N iz
= Resuns
Minimum [0.mm 1=
: i e e Seection [Metsc (mem, kg, M 5. m, ma) Degrees radis Cebius

Fig.6 Total deformation

IJIRSET © 2023 | AnISO 9001:2008 Certified Journal | 2358


http://www.ijirset.com/

International Journal of Innovative Research in Science, Engineering and Technology (IJIRSET)

AR}

GFRP

-

2

b
ET || Volume 12, Issue 3, March 2023 ||

| DOI:10.15680/1JIRSET.2023.1203092 |

() A: Static Structural - Mechanical [ANSYS Mechanical Enterprise] - X

| File Edit View Units Tools Help ‘

@ »i| Ysove v YshowEmors TH B [0 4 [K) @y Wk Iy B

FRAVLKAIDBBRR @ seaaea@aaxmngs| O

5 Show Vertices 5 Close Vertices 1.1 [Auto Scale) - §RWireframe | D Showiesh sk Bl Random B Preferences | 1, I, [, I, [,

> Size v @ Location ~ [ Convert » & Miscellaneous ~ 05 Tolerances.

# (creo Belodefadon f— sccnoycomer - || MEgeColoing ~ 4~ A~ A~ A A~ A Pl FHThicken

| Result 22e-002 Auto Scale) ~ @I~ B~ @ 7 | m mw | robe | DiSPIay  scoped Bodies v

Outline 7
| Filter:  Name -
GRS

/& Geamerry A

2 Coordinate Systems

E-{2] Static Structural (A5)
73 Anlyss Settings
/A, Fixed support

, Force

B,/ Solution (A6)
1] Solution Information 41,203
48 Total Deformation 32,062 5
M6 Equivaent Sress 722

- A1 Equivalent Hlastic Strain

Details of ‘Equivalent Stress”

ol i<
£
14

(S Scope 7 6.5134e-5 Min
Scoping Method | Geametry sdiedion 0% 10000 20000 ey
Geometry | Al Bodies 5000 15000
W TR Geometry { Print Preview ) Report Preview,
B Time Graph # Tobuler Data
ooy Time Lot | nimaton B B || L1 01| @ 1oFrames - 2sectium TG | | e o Time[1][v Vinimum [P [V Hacm:
Calculate Time History | Ves 1. 65134e-005 74,165

Identifier E‘
Suppressed o <

e = . . | |
Display Option | Averaed 51

Average Across Bodies | No

|18 No Messages [No Selection [Metric (mm, kg, N, s, mV, mA) Degrees rad/s Celsius.

Fig.7 Equivalent stress

@ A: Static Structural - Mechanical [ANSYS Mechanical Enterprise] - =] x
File Edit View Units Tools Help || 51 & JSove v 7/Showtmors Pl W [ & A W Bk iy §

AV CG-ERR OB @ (SPaAQfREAQEnGR O

7" Show Vertices f#f Close Vertices ito Scale] - g@Wirdame | g owiieh sk M Random @ Prefernces | [, 1, 1. L, L.

<+Size @ Location = [ Convert = <J Miscellaneous » D Tolerances

# (e Explode Fattor:  J—————————— 4 ;entl Center * || MEdgeColonng » £~ A= A= A~ A= A bl |-hicken

Result  2.2¢+002 (duto Scale) » @1~ B

B ) GDProbe | Display  Scoped Bodies v

B Geametry

3 Conrdnste Systems

.,

2] static Structural (A5)

" Total Deformaton
M8 Equivalert 5
o]

Details of “Equivalent Elastic Strain”

Scoping Method | Geometry Sesection
|Geametry it Badies
= Definon
Tipe Exuivalent Elastic train o ]
i | e Graph 9 Tabular Data k3
| Display Time Ttast Animation B> W | 1] 01| @ 10Fanes < 25ec ) = Time [s] [[¥ Minimum [mm/mem] [[# Me
Calculate Time History | fes = ili. 14778008 1.0628
T — B
Suppressed o TR
= Imegration Point Results E
[Display Gption Averaged Is

|Awerage Across Badies Mo
-8 Mo Messages No Selection Metric (nm, kg, M, s, mV, mA) Degrees rad/s Celsius

Fig.8 Equivalent elastic strain

@) A: static Structural - Mechanical [ANSYS Mechanical Enterprise] = 4 X
File Edit View Units Tools Help || 3 @ = | J/Sohe ~ 7/ShowEmors *f 6 [ & A @i~ @ iy T
TRV ERTREE @ (SeaaqaE@aaxne s O

 Show Vertices G Close Vestices. 1.1 (auto Seale - @ Vireirame A W Random @ Preferences

5ize = 8 Location ~ [ Comvert = <& Miscellaneous ~ (@ Tolerances
& O Explode Factor:  f————  accembl Center - || MEdgecoloing v £+ A+ A A+ A+ A Pl [ Thicken
Result 23¢-002 putoscatel » @~ B~ @~ 7 | 00 m | [wPiobe | Displr  ScopedBodies =

Filter:  Name ¥
Bat-®2 @ 3l
%@ Fart1 -
2 Coordnate Systems

=81 sakution (A6)
3] soluton Informason

A Equivalent Siress
-/ Equivelent

Elstc Stmn v
Details of “Tota! Deformstion’ »
=[5« .
Scoping Methad | Geometry Selection
Geametry AnBodies
= Denion
.')Fr Total Oeformation i — Report Previen, ]
I3 Time Graph
Gupiar Tme Lot .
Catcuiote Time History 163 Animation I | W ||[] L1 | Q@ 10Frames « 2seciautol .
dentier T
Suppressed Ho EE
= Results -
Minimum 0. mm 1s]
Masiasum 02738 N

0 No Messages No Selection Metric (mm, kg, N, s, mV, mA] Degrees rad/s Celsius

Fig.9 Total deformation

IJIRSET © 2023 | AnISO 9001:2008 Certified Journal |

|e-ISSN: 2319-8753, p-ISSN: 2347-6710] www.ijirset.com | Impact Factor: 8.423| A Monthly Peer Reviewed & Referred Journal |

2359


http://www.ijirset.com/

International Journal of Innovative Research in Science, Engineering and Technology (IJIRSET)

ﬁ !g s |e-ISSN: 2319-8753, p-ISSN: 2347-6710] www.ijirset.com | Impact Factor: 8.423| A Monthly Peer Reviewed & Referred Journal |

|| Volume 12, Issue 3, March 2023 |

| DOI:10.15680/1JIRSET.2023.1203092 |

@ A« Static Structurs! - Mechanical [ANSYS Mechanical Enterprize] - 8 x
Fle Edit View Units Tooks Help || 53 @ i | HSoke = %/Showkmos 1l B ) & B @~ @voiicn Iy @
AT AR S [SHraq @\@Q Fines | O
5 Show Vertices 7 Close Vertices 1,1 1auto Scale - ‘wvmmm & M Random DPreferences | L, 1, I, . [,
> Size = @, Location = [@Cenert = <& Miscellaneous = @ Tolerances
# (vFe: DOGEFAMOR f—————————— ascembly Center || MEdgeCaloting v A~ v A= A= A= A I || Thicken
Result 23e-002(toscsle) ~ @ e B~ @ 7 B B | EPobe | By scopedbodies
Outine [
Filter:  pame -
Bak@a s
@ty -
B Coardnate Systems
- 0 vesh
-] Static Structural (A5)
2N Anshs
AR Fuced Suppart
Farce

A Equient Sress
M Equrvalent Saste Sran v

Details of *Equivalent Stress"

scope
Seoping Method Geometry Selection

Gromety i goser
o Dation

Type Equvatentwon Mises tess

T
Dy T Lt : - g
Animation ] () 10 Frames w 2 Seclhuta) - |7 = 3 Cycles

Coculte T iy o LLIEER . iR

Identifier z -

Suppressed o £s
= Integration Point Results. o

Dy Optien | aversgea 1

e R B W I

0 o Messages o Selection Nt (mum, kg, N, 5wV, mA) Degrees rals Celsios

Fig.10 Equivalent stress

@ A: Static Structural - Mechanical [AMSVS Mechanical Enterprise] - g %
File Edit View Units Tooks Help | T @ Fsoe - 2showtion Ml W 3 4 [A) @)- @ in @

= -hv«"“Qlﬁ‘a"“"@{@)\@.@‘?\a“’"dd“'

¥’ Show Vestices B Close Vertices 1.1 [Auta Scale - @R Virekame A M Random @hrefeences | 1, T 1L L ]

& Size v @ Location = [[Convert = 5 Miscelaneous + @ Tolerances

# I Erplode Fadtor.  ————— LiembiyCenter - || MEdgeColoung ~ A~ A~ A+ A~ A- A B HThicken

Result 23e-00 autoScale) » @ B~ @+ = | 88 % | @OProbe | DiSPIY  scopeadomies v

| Fitter:  pame

[BarEa ‘l
s@ratt “
-y Coordnate Sytems

& Q00025727
Detais of “Equivalent Hlastic Stroim” 3 0.00012564 5
= scope ~ 1.43650-9 Min
Scoping Method | Geametry Seledian 100,00 (mm)
Geometry AN Bodies ke
o e eomtry PP gt P !

Time Graph

o AL Lask T . - B I | fpe 3 v
AL nn%..mp 0§ orane 25ectuta) FICCITEE,
aentiter [
Suppressea no 2E

Integration Point Results E
DiplyOpion [ mveraged ]

Average Acrass Badies |No

0 NoMessages No Selection Metric {mm_ kg, M. 5, m¥, mA) Degrees rad/s Celsius

Fig.11 Equivalent elastic strain

GFRP with Sugarcane
Results

@a - - 8 X
File Edt View Units Tools Haolp || ] @ ~F | fSove ~ showtron 1 68 [ & (N @~ Wb in T
FAEAVERRODOGE - S +QqQ@a@aaxmnas |0

F Show Vertices i Close Vertices 1.1 (4uto Scate) - Rwirdfame | © ke A MRandom @Preferences | 1, L. [ I [
e = 9 Location ~ [ Convert = <3 Miscelaneous = ) Tolerances

# [ Explode Fador,  f————————— 4ccembly Certer - || Medgecoloring * £~ A+ £+ A+ £~ A H I1Thicken
Result 1.2e-002 (puto Scale) » @~ B~ @~ 5 | @ & | GpProbe | Diply  seopedbodies v

Outhne 2

Filter: Name

Q/_H»\w,_l‘l

/8 Eauvalent stress
8 Eqpivelent Basse Stain [
Detadls of “Total Deformation” 2
= Scope -
ScopingMethad | Geometry Selection
Geametsy Al Boies
= Definition ___
e Total Deformation o ]
By Time Graph o Tobules Dats (3

Diaols) Tee :ﬂ | Animation I | @ (1) 01| @ 10Feanes -+ 2secuto) 5
s

[mem]

Supprested Ho
Minimum o.mm sl
Masmum 05371 mm

0/ No Messages No Selection Metric (mm, kg, N5, m¥, mA] Degrees rad/s Celsius

Fig.12 Total deformation

IJIRSET © 2023 | AnISO 9001:2008 Certified Journal | 2360


http://www.ijirset.com/

International Journal of Innovative Research in Science, Engineering and Technology (IJIRSET)

AR}

JIRSET || Volume 12, Issue 3, March 2023 ||

|e-ISSN: 2319-8753, p-ISSN: 2347-6710] www.ijirset.com | Impact Factor: 8.423| A Monthly Peer Reviewed & Referred Journal |

| DOI:10.15680/1JIRSET.2023.1203092 |

@ A: Static Structural - Mechanical [ANSYS Mechanical Enterprise]

File Edit View Units Tools Help ‘ 9 5 Solve v 2/ShowErrors T it 4 [~ @rworishesr iy %

AV CEEDRBB( S AataEQRAT N[O

¥ Show Vertices [ Close Vertices 1.1 [Auto Scale) - {Wireframe | Dy chowbeh K BIRandom @ Preferences | I, I, 1, [, [,
> Size v @, Location ~ QR)Convert » < Miscellaneous ~ 5 Tolerances

#1 (eResst Explodefador  f———————— Assembly Center - || MEdgecoloring v £ v A= v Siv APl |l Thicken
Result  12¢-002 (Autoscale) ~ i~ B~ @i~ 5 | @ @

Probe | Display  scoped godies

| Filter:  Name -
AR RS

S @ Patl a
X Coordinate Systems

AT Mesh
572 static structural (as)
/A Analysis Settings
/B, Fixed Support 7
A Force 65.058
B ‘Solution (A6) 55.764
/3] Soluon Information e
/& Total Deformation 37476 Y
Equivaler 55 27882
% Eauivalent Eiastc Strain v -
Details of "Equivalent Stress” 2 9.2941 %
=l scope * 9.5697e-5 Min
Scoping Method | Geometry Selection 0ciod o)
Geometry Al Bogtes
e Equivalent fan Mizes) Sress Geometry {Prin Prview] ReportPrevin, J
By Time Graph 1 Tabular Data 7
Display Time o | Animation b~ W || 1 M1 | @ 10 Frames ~ 25ecqauto) v | T B | e 3 ovces Time [s] [[¥ Minimum [MPa] [[v Maximt
Calculate Time History | Yes 1. 9.5697e-005 83.646
Identifier T
g =
Soppressed o £: : i : : : i i |
ti int Results =
Display Option | Averaged s
Average Across Bodies | No o ] o - e =

[0/ No Messages. [No Selection [Metric (mm, kg, N, s, mV, mA) Degrees rad/s Celsius

Fig.13 Equivalent stress

@) A Static Structusal - Mechanical [ANSYS Mechanical Enterprise] = - a x
Fle Edit View Units Tools Help | (] @ ~i | 3iSolve v 7/ShowEmors AN s N Gy Woche Iy
FTATHRFINOIBOE (& |S+Qa a@aQAXnEE | O
7 Show Vertices 1 Close Vertices 1.1 (huto Scale) - iR Wirefiame | e sk BIRandom @ Preferences | 1, I i
++Size = @ Location ~ [@Convert = <> Miscelanecus > ) Tolerances
C# [efoer BOKGERIAOE f————————— sy cemter || MEdgeColonng v £+ A+ A+ A+ A~ A W FlThicken

Result 1zesomzputosaiey ~ @~ B~ @+ 08 @ GEProbe | Pl ScopedBodies  +

Filter: Hame -

Bat-®a

i

Details of “Equivalent Elastic Strain"

Y PN

=/ Scope. )
Scoping Method | Geometry Selection

Geometry Al Bodles.
o] . X Guomatoy 4 |
e Taunaient Bt Srain /
i Time Gaph 3 TobuiscDota »
Dligler T st Animation | @ | [ 1] | @ 10Frames v Lsecthute) - » 3Cydles [+ Minimurm [mem/mrm] [F# 1e
Catcutats Time Fustory v T 2 87360000 2944
T T— i
= inkegeation Paint Resuts &
OwpmOpton avtmged ]
avtrage Adoss Bodies | o < . 5
: 0 o Messages o Selection [Metic (mm, kg, N, &, mV, mA) Degrees radis Celsius -
Fig.14 Equivalent elastic strain
CFD Analysis
- - X

B4: Fluid Flow (CFX) - CFX-Pre
Fie Edt Sesson Insert Toos Help

Eh e e R BTG O @AM A OB B, EAFRE

Outine S eaae O~
v Mesh View1 ¥
> (@] chcemdb

B Connectivity
v (@ simulation
~ (@ Flow Analysis 1
© analysis Type
~ A6 Default Domain
FAPE Ground
t

< outet
© Sdes
EABE spoiler
#4 Interfaces
v & Solver
&' Solution Linits
1 sobver Control
& output control
3k Coordinate Frames
(@] user Locations
8] Transformations
> (8] materials
(8] Reactions
v [X] Expressions, Functions and Variables

User Routines 0.500 1.500

~ (@ simulation Control
Configurations
> [@ case options

Fig.15 Inlet

IJIRSET © 2023 | AnISO 9001:2008 Certified Journal | 2361


http://www.ijirset.com/

International Journal of Innovative Research in Science, Engineering and Technology (IJIRSET)

“—)!%E |e-ISSN: 2319-8753, p-ISSN: 2347-6710] www.ijirset.com | Impact Factor: 8.423| A Monthly Peer Reviewed & Referred Journal |
£\

IJIRSET

|| Volume 12, Issue 3, March 2023 ||

| DOI:10.15680/IJIRSET.2023.1203092 |

B4: Fluid Flow (CFX) - CFX-Pre

Fle Edit Sesson Insert Tooks Help

ot X
HB %% @9 0e 5 A IB0x @M OFH okooml, b d%%0E|
Outline
v & Mesh

> @ cPtamdb
Connectivity
v @ simulation
v (@ Flow Analysis 1
© AnalysisType
v [ZE Defauit Domain

i Outle
B3¢ sides
A9 spoier
¥ Interfaces
v @l solver
&% Solution Units
4 Solver Control
3 Qutput Contral
K Coordinate Frames
User Locations
120 Transformations
> (8] Materials
(8] Reactions

> [2] case options.

Fig.16 Outlet
@ B4: Fiuid Flow (CFX) - CFX-Pre - 8 x
Fle Edt Sesson Insert Tooks Heb
HE G%w9¢ 5 spB780xguwr OF akoapd) bAFH0

% GSH+QAR @ O

Fig.18 Spoiler

IJIRSET © 2023

| AnISO 9001:2008 Certified Journal | 2362


http://www.ijirset.com/

International Journal of Innovative Research in Science, Engineering and Technology (IJIRSET)

“j‘%ﬁ |e-ISSN: 2319-8753, p-ISSN: 2347-6710] www.ijirset.com | Impact Factor: 8.423| A Monthly Peer Reviewed & Referred Journal |
£\

IJIRSET || Volume 12, Issue 3, March 2023 ||
| DOI:10.15680/IJIRSET.2023.1203092 |

B 64 Fluid Flow (CFX) - CPX-Pre
Fle Edt Sesson Tnewt Tock e

HE H%moc G ABSIoxHE A O skoEEL EAFHE
B % SO0 E6E O .

Fig.19 Ground
@ B4: Fluid Flow (CFX) - CFi-Pre
File Edt Sesson Trsert Took Hep

HE %% @ 90 % B0 0x@us OB @koaml, t@r%D

Outie  Sober Cant 0% Seaae@o-n
et o Solver Control 1 How Analysis 1 R g

BascSetings | Equston ClasmSetings  Advenced Options

I L

Fig.20 Solver Control

) 85 Fluid Flow (CPX) - CFX-Solves Mansger

- o x
Fle Edt Wodspsce Tods Montors Hep
IRB AL ROERETI MW My HE x
Workspace  Run Fud Flow CFX 004 -
Mamentm and Mess B8 oxre a
106400 e o
Subsysten Sumary L3UE3 €518 370803 2038
Tile eading eseme00 04w
Vazisble Updates 2loseas 10088
Tile Mrising Lemeos 1w
Loea1 Hiscelanecus Gameor zaw

Teral 1ozezens

' b Information et End of Run '
10802

b finiehed:  Thu Teb 1€ 14:44:18 2023

Total wall clock cime: 5.3352432 seconds
or: ( 3 o 1. 28.503 )
¢ Days:  Houra: Minuzes: Se

i 1.0e03 o
i

I > Final synchroatsation peint reached by all parviticas.
10804

- B
2nd of aclutica stage

| The zesults from this run of the ANSYS CFX Solver have been
| writees te C:/Usexs/user/Deskucp/Car Bear
| Spesles/Aralyais/Analyais of Car feas

Loeds | wposies_pending/ded_CTX_Ssiuvion_i/Fiusd Flow CTX_004.res

| for CFX runs launched from Workbench, the final locations of '
1.0005 | directories and files generated may differ from those shown '
T T T T T T T T
° » » » @ n
Acumated Time Step
[ e ey s W ] |mis rum of che ausTS Cr Sciver has finished

Run Complete

Fig.21 Momentum and Mass
Existing Spoiler results

IJIRSET © 2023 | AnISO 9001:2008 Certified Journal | 2363


http://www.ijirset.com/

International Journal of Innovative Research in Science, Engineering and Technology (IJIRSET)

)
ﬂj’%ﬁ |e-ISSN: 2319-8753, p-ISSN: 2347-6710] www.ijirset.com | Impact Factor: 8.423| A Monthly Peer Reviewed & Referred Journal |
£\

IJIRSET || Volume 12, Issue 3, March 2023 ||

| DOI:10.15680/1JIRSET.2023.1203092 |

.
0 0.500 1.000 (m) IY_. X
[ e —]

0.250 0.750

3D Viewer  TableViewer  ChartViewer  CommentViewer  Report Viewer

Fig.21 Pressure contour

3DViewer  Table Viewer  ChartViewer ~ CommentViewer  Report Viewer

Fig. 22 Velocity Streamline
Modified Spoiler Results

00e+001

- z

w
0 0.450 0.900 (m} L—» A
I T ]
0225 0.675
3D Viewer Table Viewer Chart Viewer Comment Viewer Report Viewer
.
Fig.23 Pressure Plane

IJIRSET © 2023 | AnISO 9001:2008 Certified Journal | 2364


http://www.ijirset.com/

International Journal of Innovative Research in Science, Engineering and Technology (IJIRSET)

ARy X

IJIRSET

3D Viewer

| Volume 12, Issue 3, March 2023 ||
| DOI:10.15680/IJIRSET.2023.1203092 |

0 0.500 1.000 (m)

0.250 0.750

Table Viewer Chart Viewer Comment Viewer Report Viewer

Fig.24 Velocity streamline
III. RESULTS & DISCUSSION

Comparison of Car rear spoiler analysis results

Total deformation mm

Aluminium Alloy 0.28243
GFRP 0.2738
GFRP with sugarcane 0.5371
Total deformation mm
0.6
0.5
0.4
0.3
M Total deformation mm
0.2
0.1
0 )
Aluminium GFRP GFRP with
Alloy sugarcane
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Equivalent stress MPa

Aluminium Alloy 74.165
GFRP 83.373
GFRP with sugarcane 83.646

|  AnISO 9001:2008 Certified Journal |

|e-ISSN: 2319-8753, p-ISSN: 2347-6710] www.ijirset.com | Impact Factor: 8.423| A Monthly Peer Reviewed & Referred Journal |

2365


http://www.ijirset.com/

International Journal of Innovative Research in Science, Engineering and Technology (IJIRSET)

)
ﬂj’%ﬁ |e-ISSN: 2319-8753, p-ISSN: 2347-6710] www.ijirset.com | Impact Factor: 8.423| A Monthly Peer Reviewed & Referred Journal |
£\

IJIRSET

| Volume 12, Issue 3, March 2023 ||
| DOI:10.15680/1JIRSET.2023.1203092 |

86
84
82
80
78
76
74
72
70
68

Equivalent stress MPa

I I B Equivalent stress MPa

Aluminium GFRP GFRP with
Alloy sugarcane
Equivalent elastic strain
Aluminium Alloy 0.0010628
GFRP 0.0011307
GFRP with sugarcane 0.0022244
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1 Equivalent elastic strain
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Pressure pa
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Modified Spoiler 100
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Pressure pa
250
200 -
150 -
M Pressure pa
100 -
N E
O n T
Existing spoiler Modified Spoiler
Velocity m/s
Existing spoiler 46.58
Modified Spoiler 52.1
Velocity m/s
53
52
51
50
49
48 .
m Velocity m/s
47
46 -
45 -
44 -
43 n T
Existing spoiler Modified Spoiler
IV. CONCLUSION

This project involves the design and modeling of an automobile rear spoiler in the 3D modelling programme
Solidworks using many different types of spoilers. ANSYS software was used to do the analysis on the model. After
the application of three distinct materials and the completion of a structural study, it was determined that the most
effective material was GFRP that was reinforced with sugarcane fibre. Based on the findings of the CFD research, it
can be deduced that the pressure drop, velocity, and mass flow rate would all rise when the speeds are raised. The
modified model shows a drop in pressure while travelling at a speed of 25 kilometres per hour. The updated model will
have a speed boost of fifty kilometres per hour for the velocity. It is possible to draw the conclusion that since the
modified model has a speed of 50 kilometres per hour, rather than the current model's speed of 42 kilometres per hour,
the modified model of the spoiler is the superior model.
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