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ABSTRACT: In recent years, fossil fuels prices, greenhouse gas emissions, and need for sustainable energy sources hg
been increasingay by day Thus, electric vehicles are seen as a promising candidate in the market due to toesttow
and cleaner fuel options such as electricity, hydrogenMaiceover,aerodynamics is one of the most important critésia
consider while designingn automobilefor the most efficient driving conditiong-or this reason, vehicldevelopers are
studyingto reduce drag resistanoé the body to improve driving efficiencyDn the other handComputational Fluid
Dynamics (CFD) is one of thmaintoolsfor the automotive industrio obtain lowcost results before prototyping of any
product In this study, the aerodynamic characteristit¥oltaCAR electric vehiclés numerically investigatetb obtain
the best driving velocityThis car participates thEUBITAK -Electromobile car competition every ydaarachieve low fuel
consumption for one hour drivin@hus, t is aimedthat tominimize the resistance of the air hittifrpm the front,side,
and roof of the vehiclen the numerical modefolyhedral neshstructure ispreferredto obtainfaster convergence with
fewer iterations, and shorter computation tisyebtaineccompared to the tetrahedral mesh metfdak aerodynamic drag
coefficient (G) of the car model was calculated as approximately @t122.22 and 27.78 m/s. The optimum velocity
values were selected as 22.22 and 27.78 m/s by means of their lpwer C
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1. INTRODUCTION sources will be depletedsince the last decade, electric
vehicles have attracted a lot of attention a® @f the
potential solutions to reduce greenhouse gas emissions.
About half of the total fuel energy is lost tome through

R : . the aerodynamic forceg]. In a mediurssized ar, the
Today, the automotive industry is faced with challenges total resistance at 100 km/h is over 658ue to

such as reducingmissions of exhaust gasésto the aerodynamics forces[4]. For this reason, vehicle

atmosphere, increasing safe driving, and reducing the use . .
) . . developers are researching to reduce drag resisténce.
of fossitbased fuels required for ewggr production.

Therefore use of hybrid and electric vehicles, biofee! also improves gssenger comfort by providing veniilation,

. - ; air conditioning, reducingnud formation on the vehicle,
carsand reducing enginsizes are very important for the

sustainable transportati¢®]. The development of electric and reducing noise leveld5]. ‘The  aerodynamic

cars has increased in response to the reality that future Oifjevelopment of the vehicléistory hasbeen gathered
P y undertwo main headingg-irstly, it is focused on the wind

Energy consumption in developed and developing
countries continueto increase day by dayhus,energy
demand will reach unsustainable levels in the fufdie
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that is hitting from the front of the vehic{projectile area) In Figure 2 the flow domain and boundary conditions can
at high speedsSecondly, it is aimed to reduce the be seen.

accumulation of mud or dirt on the windows and lights of
the vehicles by arranging them according to the wing
designs of the aircraft with an aerodynamic bfgly CFD

is a beneficial toolsf fluid mechanics that uses numerical
methods and algorithms to solve aadalyze problems
involving fluid flows. CFD is one of the vital processes for
the automotive industrly7, 8]. Thus, it is important for the
efficient driving conditions for the electric cars as wét.

the future, internal combustion engines will be replaced by

As given in Figure the flow domainwas created around
the car in the SpaceClaim to perform the analysiegth
of the vehicle is x, then the distancerfr starting of the
virtual box to the front end of the car5g whereas from
the rear end of the car to the end of the virtual baOis
[12, 13].

2.2 MeshGeneration

electric vehicles, fuel celNehicles,and hybrid vehicles. In Figure 3, the mesh structures of the modehich is
Limited driving range is one of the challenge due to generatedby ANSYS Fluentcan be seenPolyhedral
battery developments oélectrical vehicles[9, 10]. In meshes are preferred due to their advantagesasufaster

Turkey, there are few competitions organized by convergence with fewer iterations, the accuracy of wall
TEKNOFEST and TUBITAK Efficiency Challenge is a  shear sesses, and shorter computation time compared to
collegelevel student design competition in which students the tetrahedral mesh method.

from colleges around the countty design anccompete
with racetrackeach yearln this study,CFD analysis of
the vehicle isconducted fora full-scale car model to
obtain most efficient numerical outputs for the low fuel
consumption driving.The purpose of this study is to
produce lowCy car and optimize the car velocitange
during the one hour driving time.

2. MODEL DEFINITION AND NUMERICAL
SOLUTION METHOD

2.1Physical Model .
Geometry of the model car was created with SolidWorks

design softwareRendering of the model was performed in
SolidWorks Visualize tool.In the design process, it is
aimed to obtain a low § so that the dimensions are
suitable to the rules and there are no sharp edges on th{
vehicle body[11]. Figure 1 shows the side view and the
isometric view of the vehicle model.

Figure 1. (a) Side viewand(b) Isometric view of car
model

Wall i
/ = -
o Symmetry
Inleﬁ =2 ] ©
— c
- (@ Figure 3. (a) Detailed view(b) Rear Isometric viewc)

Front Isometric view of plyhedralmeskhing
Figure 2. (a) Flow domaindesign and boundary
regions
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The inlet flow is assumed as isothermal and _ _ i ereermm @)
incompressibleand the velocity of the air is set to 27.78, '

2222, and 16.67 m/S, respeCtiveT}'le Velocity values for Conservation of mass, momentum, and energy are
the vehicle aerodynamics were performed according to thefyndamental equationfor CFD calculations[22]. Eq.5

competition time as given in the rules completing for one can pe usetb calculate Reynolds number as below
hour. Therefore, aceding to racing track length, velocity
was selected as the range of 16.67, 22.22 and 27.78 m/s; _ z4d

Also, thecar body,ground plangand wheels are defined “H ®)

as neslip wall. At the outlet, the boundary condition is In thi tionV tselocity of the fluidin m/
selected as a pressure outlet with a gaugesprreof 0 Pa N this equationyV' representyelocity of the Tiuidin mrs

[14-16]. There are approximately 2984497 polyhedral cell O d € $ dyndmiz eoefficient of viscosity in N.sfn
and 4459322 nodes in the modki. Figure 4, inlet and andL is the characteristic length m. Reynolds number is

outlet region of the mesh structuran be seen a dimensionless number that can be usedesrribethe
' flow of fluid[23].

Aerodynamic drag foldé-;) causes more resistance force
in passenger automobfes at higher spekds a resistive
force that affects the performance of a vehiélso, this
component of resistance might become overpowering at
high speed§24]. Thus, vehicle developers haveallenge

to reduce drag resistance. In Figuré-pandlift force (F.)
regions can be seen.

N

utlet [
a b Drag¢—_—~ ™~
@ (®) — \ fir‘* .. «—Drag
Figure 4. (a)lnlet area(b) outlet area fomeshing \\ | )
N | / .
2.3.Mathematical Model —
Laminar and turbulent flow are the two different forms of Figure 5. Fy andF_ on the vehicle body.

the flow. Laminar flow is defined as fluid particles are
moving parallel to each other at a constant speed an
without or smaller mixing condition with each oth@n

the other hand,urbulent flow is akind of fluid motion

oFd is known as the force parallel to the flow direction. The
drag coefficient (@), which is a dimensionless number, is
givenas Eqg6 below:

that isdescribedby chaotic changes iflow velocity and _ 9=

pressurdg17-19]. .= T = ©)

Thus, he flowaround tle vehicle bodycan bedefinedby

NavierStokes equatioas given Eq.120]: Where R is drag forcein N, } is de’histy
velocity in m/s, and A is the refence area ih Reference

z _ _.H-_ + H., : :>. + . o areaof the model can be seen as given in Figure 6.

Total Area;1.20054

Where urepresentghe velocity, t is the time, x is the

position,Pisthe pressut@a nd j i s delmtsei t y__i L.m

numerical model, ki U t ur bul ent mo d € d and
transport equations for standard k) t ur bul ent 1

be written a€q. 2:

S g T E g b gy i+ (2)

In these equations, \Gs the generation of turbulence Figure 6. Referencearea

kinetic energy due to buoyancy, (Grepresent the  The  of the vehicles are approximately 1.0 for large
generation of turbulence kinetic energy due to the meangemtrailers, 0.4 for minivans, and 0.3 for passenger cars
velocity gradients, ¥, describes the contribution of the [25]. The component of the aerodynamic force
fluctuating dilatation incompressible turbulence to the perpendicular to the direction of flow is defined as e
overall dissipation rate.|& Geand Gear € € 0 1kst g Nd \2ry imPortant to ensure the controllability tfe
andpate the turbulent Pranghiles dhd BPufe sSeed lindreaguk liftefliciedt -
respectively. Sand S are usewdefined source tens. G is (C) is a dimensionlesgoefficient that relates the lift
the skinfriction coefficient. created by a lifting body to the fluid densiyerthe bodly,
To model dissipation (U) E#&e fuidyelpgity, gnd a efeence arean be calculated
by Equation (7)
F S HASEHAEY A A ©)]

To model s §emthe wsltEg.4 sas be(uskd [ = —Z:IT.= (7
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In Table 1,the solution parameters for th&nsys model oot
can be seen.
1.848+02
Table 1 Fluent solver parameters 1220402
6.08e+01
Solver Fluent -8.36e-01
E o -6.25e+01
Formulation Implicit A 2dest2
Time Steady 1366402
-2.48e+02
Temperature (K) 288.16 -2.086402
-3.71e+02
Velocity (m/s) 16.67‘ 22.22‘ 27.78 430402
Area (m?) 0.60027 (Symmetry) e
a
Velocity Formulation Absolute @
Gauge Pressure (Pascal) 0 %E?QE\ua’nl Kinetic Energy (k)
SSTk-U Reat i R
Enhanced Wall 2 75+01
Turbulence Models Treatment st
SSTi k-¥ 2.81e+01
Scaled Residuals 10° .
Fluid Type Air {41t
Fluid Density y = 1.225 453500
Properties |\ s cosity (kg/mr | 1.7894€05 S
s)

(b)

3. RESULTS AND DISCUSSION

CFD-Post software is usedo determine streamlines,
pressure velocity distributions, velocity vector$;y and
pressureresults In Figure 7, streamlines and velocity
display can be seen around the vehicle body.

contour-5
Wall Shear Stress

4.37e+00
3.93e+00
3.50e+00
3.06e+00
2.63e+00
2.19e+00
1.75e+00
1.32e+00
8.80e-01

Figure 7. Streamlines and velocity display

To understand the flow around the model, a flow
visualization test was performed in the Ansys Post

processingThe flow analysis on the vehicis performed 4 dde0t

on three different inlet velocitysuch as16.67, 22.22, 768603

27.78 m/s to get the results for tBg andC, . [pascal]

For 16.67 m/s inlet velocityit has been observed that the (d)

Fq of the vehicle decreases with th€; and C,, Figure 8. (a) Pressure(b) Turbulent Kinetic Energy (c)
respectively. Cy4, and C_ are becamestable after 100 Velocity Magnitude and(d) Wall Shear Stresfigures at
iterations and the residual graph is convergadand C, 16.67 m/s

are calculatedas 0.1818 and 0.09531 respectively In Figure 8. (a) shows the pressure contours over the vehicle

Figure8, at 1667 m/s, pressure, turbulent kinetic energy, pody and the maximum pressure occurs front surface of
velocity magnitude, and wall shear stress can be seen.  the “car. The minimum pressure value occurs in the
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separated flow region. This is due to the fluid's veloCity .oeus

being close to zero in these regions. Pressalues at low ™™ =
speeds, relatively lower than at higher speddsording
to the pressure distribution on the symmetric surfaoe, t

6.68e+01
6.01e+01
5.34e+01

maximum and minimum pressures a@culated ad53 4680401
Pa and-93 Pa, respectivelyFigure 8. (b) shows the 4.01e+01
contour of turbulence kinetic energy on the symmetry 334801

2.67e+01
2.00e+01

plane Figure 8. (c) representhe velocity streamlinesin
the symmetry planeFigure 8. (d) showsthe wall shear
stress distribution in the body. The stregatues aresmall
which is around 022 Pa in the vehid body. Separated
airflows may occur in the shear stragsich areclose to 0
point like wheel and underbody of the vehicle. The vortex (b)
under the vehicle not only increases the aerodynamic drag
but also increases the pressure drag by changing the flow
areabehind the vehicl§26]

Cy, and G are becametable after 125 iterations and the //r\ (
H H \/ﬁ-j20 i

1.34e+01
6.68e+00
6.48e-13

[m2/s2]

residual grahis convergedCy and C_ are calculatedas

0.1801 and0.0939 respectively TheseC, and Cy values I lmg//ﬁ
show better aerodynamics characteristics when the car B /’; {
move faster.In Figure 9 shows thepressure velocity, Tl 2 e — E&q,z—'“

turbulentkinetic energyand wall shear stregistrubution
of the vehicle body at 22.22 m/s.

Figure 9. (a), and (c) shows the pressoomtour and

velocity magnitude all over the vehicle body. According to

the pressure distribution on the symmetric surfabe

maximum and minimum pressures are calculated as 270

Pa and-180 Pa,respectively. As shown in Figure 9. (a)

pressure values aradreased by velocity increment. The

maximum value of turbulence kinetic energy was found in (c)
the vehicle's rear section. As seen in the Figure 9wétl)

shear stresses increase with respect to speed especially on

the front panel and rear side of the cady

The Cy and C_ are calculated a$.1788 and 0.0926

respectively.C, is decreased from 0.093® 0.0926 In

Figure 10 shows the static pressure, turbulent kinetic

energy, velocity and wall shear stress can be seen. As

shown in Figure 9. (a) pressure we$ increase due to

velocity increment. The maximum and minimum

pressures are calculated as 300 Pa aRd0 Pa,

respectively, As seen in the Figure 9, wall shear stresses

on the rear side of the vehicle is close to 0 which may )

occur separated airflows witlespect to the turbulence. Figure 9. (a) Pressure(b) Turbulent Kinetic Energy (c)

The stress values are small which is around 4.Pa in . : ]
- ; Velocity Magnitude, andd) Wall Shear Stress figures at
the vehicle body. The results of thig andC, at different yMag ngjz)Zm/s 9

speeds and turbulence models can be seen in Table 2.

Table 2: C4andC, Results in turbulence model SETU
Realizableg Enchanced Wall Treatment and Sk«

contour-2
Static Pressure

3.26e+02

2.13e+02 .
Velocity (m/s
1.01e+02 RESULTS y ( )
::ez; 16.67 2222 27.78
2360402 , SSTk- U Cq | 0.1833| 0.1823| 0.1636
-3.49¢+02 ’ Realizable
o “ Enhanced Wall | ¢, | 0.1684 | 0.1674 | 0.1140
6.860502 - Treatment
-7.98e+02 Cq | 0.1818 | 0.1801 | 0.1788
[ pascal ] SSTi k-¥
(@ C, | 0.09531| 0.0939 | 0.0926
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