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Abstract

Electric vehicles (EVs) have gained the attention of many authorities, automakers and researchers due
to their considerable energy saving and emission reduction. One of the main issues that must be considered
in design of a road vehicle is the calculation of aerodynamic forces. This issue also must be scrutinized in
the design of EVs. Installation of rear spoiler is one of the solutions proposed for reduction of aerodynamic
drag in racing cars and consequently increasing their maximum speed. This study focuses on the effects of
installing a rear spoiler on an EV. The vehicle's drag and lift coefficients are determined by solving a 3D
steady-state incompressible solution of Navier-Stokes equations with computational fluid dynamic (CFD)
analysis in ANSYS FLUENT. In order to verify the effects of installing a rear spoiler on an EV, all the
components were modelled in MATLAB /SIMULINK also, practical tests were performed to confirm and
verify the simulation results. The results show that installing a rear spoiler on an EV, not only improves the
aerodynamic characteristics of vehicle but also improves operating efficiency of electric motor and some
operational aspects of batteries. In addition, it is shown that an EV with a rear spoiler is able to travel more

in comparison with an EV without rear spoiler.
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1. Introduction

Cars with Internal Combustion Engine (ICE) are
the major sources of urban pollution. In addition, they
are extremely inefficient in utilizing the energy of
fossil fuel. Hence, the problems associated with ICE
automobiles include environmental, economical, as
well as political issues [1]. These concerns have
forced governments all over the world to consider
alternative vehicle concepts. The EV was conceived
in the middle of previous century as the most
promising solution for reducing the emission while
increasing the efficiency. EVs have been widely
studied and major improvements have been achieved
during the last decade. More recent works have been
focused on energy storage systems (ESS) and power
electronic devices.

Vehicle aerodynamics plays a significant role in
the design, safety and efficiency of all vehicles. Any
improvement in aerodynamic characteristics can
result in significant changes in driving stability,
handling, energy consumption and overall efficiency
of vehicle. Rear spoiler is one of the solutions

proposed for this purpose. It is relatively inexpensive,
easy to install and aesthetically appealing.
Furthermore, it can reduce the Ilift and drag
coefficients and increase the energy efficiency
significantly for most of the passenger vehicles [2-5].
In addition, a better traction, turning, acceleration and
brake performance can be achieved by installing the
rear spoiler. It must be noted that installation of rear
spoiler might make the aerodynamics of a vehicle
worse in case of not considering design and
aerodynamics rules.

Even though the rear spoiler plays a relatively
important role in aerodynamics of vehicles, there are
only limited numbers of reported studies in which
both the computational analysis and experimental
analysis have been provided. In addition, all of them
have only focused on ICE or pure fuel cell vehicles.
These studies deal with different types of vehicles
ranging from small mini-vans to modified race cars.
Improving aerodynamic and aero-acoustic
characteristics, preventing exhaust smoke patterns
and even reducing the snow accumulating on the rear

International Journal of Automotive Engineering

Vol. 5, Number 4, Dec 2015



2035

Evaluating the Importance of Rear Spoiler .....

surface of the vehicle are some outcomes of rear
spoiler reported in these researches [6, 7].

Zake in [2] investigated the effects of rear spoiler
on car aerodynamics drag and stability. His
researches showed that the rear spoiler can reduce the
drag by creating high pressure at the back of vehicle.
In order to enhance the efficiency of vehicle, authors
in [3] used rear spoiler for decreasing the drag and lift
forces and increasing the cross-wind stability of the
vehicle. In [4], two different types of simulations
were made on the flow around a simplified high speed
passenger car with and without a rear-spoiler. Results
showed that a mild reduction of the vehicle
aerodynamics drag leads to less wvehicle fuel
consumption on the road. According to numerical
simulations in [5], the aerodynamic drag and lift on a
low mass vehicle moving at 30 m/s reduce more than
5 % with installation of proposed spoiler.

Takemori et al. in [8] performed wake control
experiments for a bluff-based bus-like body model by
installing air guide vanes at the based rear and corners
in order to reduce the aerodynamic drag. Authors in
[9] showed that the aerodynamic drag of the
commercial bus can be reduced by 16% with the use
of a rear spoiler. The authors used FLUENT as the
CFD solver with k-¢ model. Mason et al. in [10]
performed wind tunnel test to investigate the effect of
fairings on drag forces. The effects of air deflector in
trucks have been also investigated by Fujimoto et al.
in [11]. Garry in [12] performed experiments on the
container-mounted  devices for reducing the
aerodynamic drag of commercial vehicles. In
addition, many authors have used CFD techniques for
numerical simulations of automobile [13-17].

So, it seems that there is no reported research on
analyzing the effects of installing rear spoilers on
EVs. The performance aspects that need to be
investigated include items such as traveling distance
or electrical range, battery usage, battery health and
overall EV efficiency and performance. The current
study aims at presenting the effects of rear spoiler
installation on an EV through simulations and
practical tests.

The remainder of this paper has been organized as
follows: The physical description and numerical
modeling are discussed in section 2. In section 3, the
EV is modeled. The performances of EV with spoiler
and without spoiler are compared and discussed
through simulations in section 4. Practical tests are
presented in section 5. Finally, concluding remarks
are presented in section 6.

2. Governing turbulent
modeling

equations  and

The numerical solution of any fluid flow problem
requires the solution of the general equations of fluid
motion, the Niver-Stocks and the continuity
equations. Fluid flow problems are described
mathematically by equations (1) to (3) which are a set
of coupled non-linear partial differential equations
with  appropriate  boundary conditions. These
equations are derived from Newton’s Second Law
and describe the conservation of momentum in the
flow [18].

The general from of the three dimensional
incompressible instantaneous Navier-Stokes
equations in Cartesian tensor from are as follow:
Acceleration term

= convection term

— pressure gradient

+ effects of viscosity
+body force

Therefore:

d(pu;) _ a(puiuj) _ B_P

at ax; ax;

d aui au}
+ ax] K (ax] + axi)
+F, i,j=1.23;

And the continuity equation:
dp  dpy .
ot tox, ' (3)

=1,2,3;

In order to consider the turbulence effect on the
flow field, Reynolds time averaging technique was
employed on the Navier-Stokes equation to yield the
Reynolds averaged Navier-Stokes equation. The
k — &£ model is the most common model used in CFD
to simulate mean flow characteristics in turbulent
flow conditions. The turbulence model used in this
work is the standard k- € turbulence model because
of its good prediction of complex flows [19]. The
standard k —e model has two model transport
equations; one for the turbulent kinetic energy of the
flow, k, and one for the dissipation rate of k, €. These
values are used to define the velocity scale and length
scale at any given point and time in the flow field,
representative of large scale turbulence.

@)

1
Velocity scale: 9 = k2

. (4)

Length scale: [ = k; ®)
Eddy viscosity can be specified as follows:

e = Cy.1.9 = pCyk? /e (6)

Inserting the Boussinesq hypothesis into the
momentum equation yields [20]:
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a(pu;) __ d(put;) 3 E

at ax] axi
i au; 7
% [(u + He) ( 5%, (
ou; o
+ Oxl-)] , Lj=123

The complete formulation of the standard k — ¢
model equation is given in Einstein summation
convention as follows:

Turbulent Kinetic energy:
ok Ok _ 0
Pot TPy, ~ gy~ PE

1 e I

0x; oy/ 0x;
=123
Dissipation rate:
de 0 & 0y g2
Pa‘*‘puja—xj = Cslzfija_xj_ Cszp?
0 9
| (o ©
’;—:)g—xg] . Lj=123
Where
2
Tij = 2UeSij — §Pk5ij (10)

= Reynolds stress tensor

8;j = the Kronecker delta (1wheni =j)  (11)
sy = (L. 0% 12
u 6x] 6xi ( )
The coefficients of model are modified based on
[21] such that C,; = 1.44,C,, = 1.92,0, = 1.3,0;, =
After 3500 iterations done in ANSYS FLUENT,
the drag coefficient without the spoiler was calculated
to be 0.404. When the spoiler was added, the drag
coefficient decreased to 0.378. In addition, the lift

1,(, =0.09 . These default values have been
determined from experiments with water and air for
fundamental turbulent shear flows including
homogeneous shear flows and decaying isotropic grid
turbulence.

A 3D steady state, incompressible solution of the
Navier-Stokes equations was performed using
ANSYS FLUENT® in order to determine the
vehicle's drag and lift coefficients. Turbulence
modeling was done with the realizable k-¢ model
using non- equilibrium wall functions. Results for a
vehicle with spoiler and without spoiler were obtained
with the same meshing resolutions (see appendix 1),
the same k —¢ turbulence model, and also the same
boundary conditions. The free stream velocity was set
to be 25m/s.

In order to study the effect of spoiler installation
on aerodynamics, drag and lift coefficients of a
vehicle, one spoiler modeled as shown in Figs. 1 and
2. It also was analyzed in XFLR5 software. This
spoiler has 4.6 ft. length and 1.2 ft. width.

The pressures around the vehicle without spoiler
and with spoiler are shown in Figs. 3 and 4. There are
two additional contributions to the total pressure force
on the vehicle with the spoiler when compared with
that on the vehicle without the spoiler. The first
contribution is made by the net pressure force on the
spoiler which is the major contribution to the Ilift
reduction, and the second contribution is due to the
increase in pressure on the back surface of the vehicle
due to the diffuser effect of the spoiler which is the
major  contribution to the drag reduction

coefficient decreased from 0.008 to -0.036. Fig. 5
shows drag and lift coefficients with and without
spoiler.
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Fig. 3. Pressure around the vehicle without the spoiler
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Fig.5. (a) Drag coefficient with and without rear spoiler, (b) Lift coefficient with and without rear spoiler
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Fig 6. Electric vehicle model in SIMULINK
3. System configuration dynamics were modeled as shown in Fig.6. The

In order to determine the effects of rear spoiler on
the performance of EV, necessary blocks including
driveline, controller, electric motor, energy storage
system (battery, DC/DC converter, etc.) and vehicle

requested speed given by accelerator pedal position is

the input of the system while the motor torque and
speed are the outputs of the system. In the following,
each block is explained in more detail. Table |
provides specifications of the electric vehicle which
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was used in simulations [22]. This vehicle has been (see Fig. 7).
built by our team and currently is under development
Fig. 7. Proposed EV
Table 1. Specifications of the electric vehicle
Total weight 450 kg
Vehicle length 4100 mm
Vehicle width 1700 mm
Vehicle height 1400 mm
Centre of mass height from ground 0.45m
Horizontal distance of center of mass from front axle 1.35m
Horizontal distance of center of mass from rear axle 1.25m
Coefficient of rolling resistance 0.011
- 0.378 (with spoiler)
Drag coefficient 0.404 (without spoiler)
. - -0.036 (with spoiler)
Lift coefficient 0.008 (without spoiler)
Frontal area 2.7m?
Rolling radius of tire 0.32m
Final drive ratio 521
Transmission efficiency 96% (assumed constant through all gears)
Inertia of electric engine 0.31 kg.m?
Inertia of wheel and axle 12 kg.m?
Battery max discharge current 150 Amps
Supercapacitor max discharge current 200 Amps
3.1 Vehicle dynamics and Motion Equations Where:
F=M,. Vv (14
The traction force of a vehicle, can be described by ~ Fg = My. g.sin(a) (15)
following equations [23]: B = My.g.cos(a).sign(,). Cerr ~ where  Cepr (16)
Frotat =[100 + 3.61},].10~*
= Inertial force (F;) + Gravitational force (Fg) 1
+ Rolling resistancle force of the wheels (FTT)G Fg = 2 Ca-Pa- A5 (V, + Vy)? 7)

drag force (Fy)

+ Aerodynamic forces due to wind resistance (and lift force (F,
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1
F= 7 ca-pr-Ap- (Vy + Vy)? (18)

Fig. 8 shows the forces acting on a vehicle
Longitudinal and lateral velocities and yaw rate
are given by the following equations [24, 25]:

1
Uy =T.7, + . [(Fxﬂ + F, r). cos(é‘f)
v

= (Fypu + Fygr)-sin(8r)
+ Fxrl + Fxr‘r]

1
y'y =—T.Uy + M_ [(Fxfl + Fx T)' Sll’l(af)
v

+ (Fyp + Fygr)-cos(y)
+ Fyrl + Fyrr]

[Lf(FXﬂ + Fypr). sin(8y)

+ Le(Fyp1 + Fypr)-cos(6f)
- Lr(Fyrl + Fyrr)

T,
f

- 7(Fxﬂ — Fayy). cos(8f)
T,
f .

+ ?(Fyﬂ + Fyfr).sm(5f)
T,

- ?T (Fxrl - Fxrr)]

Where Fxfl' Fxfr' Fxrr' Fxrl' Fyfl' Fyfr'

F,,. and F,,, are longitudinal and lateral tire forces.
Fig. 9 shows these forces acting on a vehicle.

(19)

(20)
o1
T'—I—

z

(1)

3.2 Battery Model

Lithium-ion batteries are now generally accepted
as the best choice for energy storage in electric
vehicles. This superiority lies on its better power and
energy density in comparison with lead-acid or
nickel-metal-hydride batteries [26]. The battery
model used in this paper is based on a high-power
lithium ion cell [27], which provides high power
density and high efficiency.

Battery characteristics are determined by internal
chemical reactions. These reactions are affected by
the ambient temperature, the state of charge (SOC),
the charge-discharge rate and charge—discharge

history.  Battery characteristics cause substantial
issues in battery management. The battery
characteristics can be modeled as following:

Py = Py + Pyogs (P, E, T) (22)

The battery energy level is given by (23).

Ey(t) = E5(0) + [, A(r) dr (23)

It is not easy to predict the charge/discharge
current and SOC variations of battery. The current
flowing into the battery is determined based on the
charging voltage and the internal impedance of the
battery [28]. As illustrated in [29], SOC can be
estimated by offline or online methods. In offline
methods, the battery needs to be charged and
discharged in a specific direction in order to extract

its features from the acquired data. Offline methods
usually given proper estimation of battery SOC,
however they are time consuming, expensive and also
interrupt battery operation. Therefore, researchers are
generally interested in methods with online estimation
of SOC [30, 31]. The most common method of SOC
calculation that also has been selected in this study is
Coulomb-counting. The equations are as follow.

SOC = S0C, + é fttollldt During (24)
Charging

SOC = S0C, — éfotllldt During (25)
Discharging

However, this method needs an accurate

measurement of battery current and also knowing the
initial value of SOC (SOCO0).

The dynamic model of battery is presented in Fig.
10. It should be noted that the battery open circuit
voltage and lumped resistance R; are strongly
dependent on battery SOC and module temperature.
According to Fig. 10, current of battery pack is
calculated as following equation:

V:)c t 1’Voc2 - 4PrRint (26)

ZRint

There are a lot of stressful conditions such as high
power draw and severe ripple current in high
acceleration and speed for an EV’s battery. These
issues may lead to thermal runaway of some cells and
propagation of excessive temperature throughout a
battery pack. The main problem caused by
temperature is decreasing of the battery performance.
Therefore, a thermal management system must
prevent such a propagation. So, it is necessary to
analyze the battery thermal behavior and thermal
management effect. In order to determine the effect of
spoiler on EV battery pack temperature, the lumped
capacitance battery thermal model which initially
developed by Steve Burch [32] at National
Renewable Energy Laboratory (NREL) has been
used. The governing formulas as explained in [33] are
as follow. Fig. 11 shows the configuration of battery

thermal design and analysis.
Tess B Tair

Ib:

Hy = 27
‘ Rers N
1 t
Reff = + T (28)
hy/ AkV
m/p
h = {a( 3 )b Tess > Tess—set (29)
4 Tess > Tess—set
Ty = Ty + — (30)
s amb Tair Cp,air
Pless = NeRinel? (31)
¢ Hy—L
Tess = udt (32)

0 mBatth,Batt
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Fig. 10. Dynamic model of battery
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Fig. 11. Configuration of the battery thermal analysis
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Fig 12. Configuration of boost regulator

3.3 DC/DC converter model

The electric system also contains a DC/DC
converter. The role of the DC/DC converter is
converting the battery voltage to a proper level in
order to be feed to the electric motor. This electric
motor has been assumed a Brushless DC motor
(BLDC). In this paper a boost converter has been
used based on load voltage and impedance matching
requirements (see Fig.12). In a boost convertor,
output voltage is larger than input voltage and they
are related by the following equation [34].

v, = 4 (33)

1-D

3.4 Electric motor model

In this study a permanent magnet brushless DC
motor has been selected for moving the EV [35]. The
motor efficiency is a function of motor torque (T,)
and speed (w,,) as shown in Fig. 13. Since, the
battery power and motor torque have operational
limits, the final motor torque becomes:

min (Tm,r: Tm,d (wm): Tbatt,d (SOC' c")m)) if Tm,1

Tpe
max (Tm,r: Tm,c (wm): Tbatt,c (SOC' c")m)) lf Tm,:

3.5 Driveline model

The set of transmission elements and the
propulsion unit are referred to as the drivetrain of the
vehicle. The transmission is a mechanical linkage that
transmits power between the electric motor shaft and
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the wheels [36, 37]. The drivetrain is also known as
powertrain of the vehicle. The static models have
been used for modeling of driveline components
(equations (35) to (38)). The drivetrain of an EV
consists of the electric motor, gearbox, driveshaft,
differential, half-shaft and wheels. In addition, a
discrete-time dynamic system was used for gear-
shifting sequence.

Ty = rltr(gn)- Ry (gn) (Tt - Ttr,lass (wtr gn)) (35)
Tdf = I]df-Rdf- (Ttr +Rene. Ty — Tdf,loss(wt)) (36)
Ty= = (2, g = (3)
P T (Wee) K(wyc) We
gn(k +1)
1, gn(k) +S(k) <1 (38)
=19k, 1< gn(k) +Sk) <4
4, In(k) +S(k) > 4

4. Simulation results and discussion

In order to verify the effects of installing a rear
spoiler on an EV, all the components were modeled in
MATLAB /SIMULINK. Then, the performance of

EV was investigated through simulation in case of an
Urban Dynamometer Driving Schedule (UDDS) [38].
Fig. 14 shows the UDDS driving cycle.

Researches show that in a typical ICE car and at
the speed of 100 km/h, aerodynamic drag force
consumes about 65% of the total energy [39, 40].
Simulations showed that rear spoiler reduced the drag
coefficient about 7% (from 0.404 to 0.378). In
addition it led to decreasing the lift coefficient from
0.008 to -0.036. Fig.15 shows the drag powers
obtained at different speeds of UDDS in two cases of
installing rear spoiler and without it. This reduction
definitely results in reduction of energy consumption
in regular vehicles and EVs, but in EVs this reduction
has some more benefits that will be addressed later.

In order to understand the importance of lift
coefficient reduction due to installation of rear spoiler
on EVs, the effects of the lift coefficient on the rolling
resistance and slip angles has been assessed. If the tire
moves with a slip angle, as it is the case any time it
exerts a side force F, (see Fig. 9), a strong increase of
rolling resistance can be expected [41].

——max cont. motoring torque

300 —— max motoring torque
ffffff e —e—max cont. gen. torque
2001 —e—max gen. torque
3 = actual operating points
= 100
£
2 K
o O
3 :
on '
S
= -100
-200r
-3000 1000 2000 3000 4000 5000 6000 7000 8000
Speed (rpm)
Fig. 13. Efficiency map of the electric motor
100 T :
‘ —— UDDS drive cycle
§ 60
=
-
8 40 ﬂ : \ P | {\N‘\ f [\
b M TR
00 200 400 600 800 1000 1200 1400
time (sec)

Fig. 14. Requested vehicle speed in UDDS driving cycle
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According to Fig. 9, the longitudinal slip for front
and rear tires is defined as the relative difference
between a driven wheel angular velocity and the

vehicle velocity [42] which can be expressed as:
(WeRr =V,

wgRs >V, ws # 0 for acceleration

_ ] WrRe

o = (39
T weRe =V,

WiRe <V, 1, # 0 for braking

Ux
Or
(WrRr -

_{ WTRT
h WrRr_Vv
v

According to simulation results shown in Fig. 16,
installing spoiler reduces wheel slip of drive wheels.
Furthermore, the rolling resistance decreases and
consequently less energy is being consumed for
traction force.

Another issue that can be investigated after
installing rear spoiler for an EV is battery health
status. Battery health management plays a vital role in
defining the State of Health (SOH) of battery based
on different aging processes. Rezvanizaniani et al. in
[43] provided a review of battery Prognostics and

w.R. > V,,w; # 0  for acceleration

(40)

w.R,. <V, V,#0 for braking

Health Management (PHM) techniques. Any
parameter that changes considerably during operation
such as internal resistance and capacity can be used as
an indicator of battery SOH. Rapid loss of power and
sudden rise of temperature are some examples of
events that reduce the battery life, but engine has to
produce more power in order to overcome the force of
air resistance and consequently more current should
be drawn from the battery. It is clear that by reducing
the air resistance and aerodynamic drag, this problem
can be solved. Therefore, in order to improve the
performance of the battery module, installing a rear
spoiler is a feasible and perfect solution. Figs. 17 and
18 apparently show the effect of rear spoiler on
battery current and temperature respectively. The
reduction of battery temperature in turn increases the
battery life. Furthermore, as illustrated in Fig. 19, the
higher amount of current drawn from the battery also
leads to increment in actual power loss in the ESS.
Therefore, as can be seen from Fig. 20 the value of
SOC with and without spoiler at the same amount of
battery charge are different.

x10
10 | | I T
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— 8 g -
§ 3
j=)]
©
B 1 O S S
]
z
a
2 4 R r! ...................................
L
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> 2 B O S o
0 i ‘ ‘ i i ‘
0 200 400 600 800 1000 1200 1400
time (sec)
Fig. 15.Vehicle power drag at different vehicle speeds
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i i
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Fig. 16. Wheel slip of drive wheel
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The traveling distances in two cases are also environmental condition. The results reveal that in
different. In order to compare the traveling distance in case of an EV with spoiler the traveling distance is
two cases, separate simulations were done in the same relatively more than traveling distance in case of no
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spoiler installed (see Fig. 21). This shows that the
spoiler is one of the necessities for maximizing the
efficiency and distance travelled by EVs.

To further understand the effects of the spoiler on
an electric vehicle mileage, a different driving cycle
with higher driving speed, higher acceleration and
deceleration need to be studied.

The Representative Drive Cycle Number 5
(REPO5) was constructed from idle-to-idle segments
of data that contained higher portions of speeds and
accelerations than UDDS. This was intended to
represent aggressive driving behavior. As illustrated
in Fig. 22, this cycle can be split into three sections,
the first segment has a highway aggressiveness factor
of 0.64 m/s2 and this factor for the second segment of
the cycle is 0.48 m/s2 [38]. The average speed in this
drive cycle is 62 mph (100 kph), the maximum speed
is 80.3 mph (129 kph), and the maximum acceleration
rate is 8.5 mph/sec.as illustrated in Fig. 23 for this
drive cycle, the difference of transferring mileage of

electric vehicle with and without spoiler is obvious (2
km in 32km).

The decrease in current also reduces the power
losses in electric motor and corresponding converters
and drivers. According to Fig. 24 and Fig. 25, by
install spoiler, more efficiency can be achieved in
electric motor of EV.

As illustrated in equations (41) to (43), the BLDC
motor efficiency depends on mechanical power and
input power.

PL = TL' Wm (41)

P, =V,.I (42)
P

eff(%) = PfL X 100 (43)

m
Where P, the load is power on the motor shaft
and Py, is the input power of the motor.

As shown in Figs. 26 and 27, ESS efficiency and
BLDC efficiency affected by the aerodynamic effects
because of variation of available output current from
ESS.

>
o
5]
208
=
i
Sos
w
>
®
S 0.4
s
” . .
& 0.2/--| With spoiler X
2 without spoiler
I}
0 i
0 200 400 600 800 1000 1200 1400

time (s)

Fig 26. ESS efficiency map

T
il EPPRAER . MG B e o g s ABE Racaekd A om ot a0 g
2} e . - L o x Y i -
= w0 * * . x * v PR ERE o
) . X o S g e
206 T
= 5. .
§ x
% 04
o
+ ¥
8 g.2L| with spoiler X x
| . .
without spoiler  x
0 i : z
0 200 400 600 800 1000 1200 1400
time (s)

Fig 27. BLDC efficiency map

International Journal of Automotive Engineering

Vol. 5, Number 4, Dec 2015



2047

Evaluating the Importance of Rear Spoiler .....

5. Experimental results

In these section practical and experimental results
of evaluating the effects of installing a rear spoiler on
an EV is presented. In this regard, an electric vehicle
called Yoshita was designed and manufactured as
shown in Fig. 28.

Driving force of this vehicle is supplied by a 10
kw brushless electric motor; also, energy storage
system of this vehicle contains a set of sealed acid
batteries (Hi-Ca model) with an output voltage of
72volts and also super capacitor modules (Maxwell
model) with an output voltage of 48volts; Energy
storage system of this vehicle is shown in Fig. 29.

Fig. 30 displays proposed spoiler manufactured as
a result of this research which is installed on Yoshita
EV. Parameters of presented system are regulated
according to simulated parameters under the same
conditions.

In order to investigate the experimental results
under dynamic loading conditions and to create a
proper background to compare experimental results, it
is required that the considered EV which is equipped
with/without a rear spoiler, become evaluated. This
experiment should be conducted in a specific
environment considering the standard driving cycle.

Hence, experiment on the provided EV has been
conducted in the path shown in Fig. 31 and according
to a specified speed displayed in Fig. 32, Speed is set
automatically using Hall effect sensor (Honeywell
S495A); required force in order to change the angle of
Hall effect sensor is supplied by a set of digital servo
motors (ALIGN DS610); in order to regulate required
voltage of servo motors, voltage regulators (UBEC)
are employed. In order to implement controller of the
provided required speed, IC (8255A) is utilized.

According to a specified speed and path, current
and voltage of battery are derived as in Figs. 33 and
34 when the proposed methods are/are not employed
in practical test respectively. As it is evident in
figures, output current of battery in two states of
energy-going out (e.g. 0-25 seconds) and energy-
returning in (e.g. 370-400 seconds) for regenerative
braking case is close enough to the simulated results
with an acceptable accuracy. Battery state of charge
as a main factor in EVs is also sketched in Figs. 35
and 36 in first 400 second of standard driving cycles
in a specified path when proposed methods are/are
not employed respectively. As it is apparent by the
figure, battery state of charge is ascending in
particular moments, this happens when regenerative
braking occurs. According to the Figs. 35 and 36,
battery state of charge resulted from the practical test,
guarantees simulation results.

Fig.28. Manufactured EV by authors of this paper
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Fig. 37. Meshes generated around the proposed EV

Appendix |

Meshes generated around the body for proposed
EV are illustrated in Fig. 2. The total number of the
cells in the computational domain is about 1.5
million.

6. Conclusion

In this paper, the effects of installing a rear spoiler
on performance of an EV were investigated through
simulations and practical test. All components of an
EV were modeled and it was shown that installing a
rear spoiler reduced the drag coefficient up to 7 per
cent which in turn reduced the energy consumption of
vehicle. Furthermore, the lift coefficient decreased
from 0.008 to -0.036. These reductions also entail
another benefit which is the reduction of emission in
ICE cars, but, in EVs the benefits are not limited just
to abovementioned items. The reduction of drag and
lift forces indirectly reduce the current drawn from
batteries which leads to increasing the battery life,
reducing the battery temperature and also power
losses. In addition, it reduces the power losses in
converters and electric motor. Consequently, the EV
is able to travel more distances and keep more energy.
Finally, the wheel slip of drive wheels reduces.

All in all, it can be concluded that the significant
benefits obtained by installing rear spoiler on EVs
make it a proper and inexpensive solution for
improving the energy efficiency and performance of
EVs.
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