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Computational Techniques and their Usage to Optimize Car
Design for Better Performance

Muhammad Uzair Riaz*, Tareq Manzoor?, Muhammad Umair*, Hasan Ali®,
Ammar Igbal®

ABSTRACT: This paper describes
the use of different computational
fluid dynamics (CFD) models and
other techniques that can be used
to get low coefficient of drag. The
upper body of a car is designed

using surface modeling in
CATIA. It is analyzed using K-
epsilon realizable model in
ANSYS Fluent. Changes in

design are made based on the high
coefficient of drag at high speeds.
Then, K-epsilon realizable model
is used for analysis. To get better
accuracy, a refined mesh for the
wake region is used. Afterwards,
k-omega standard model is used.
At the end, the upper body of the
passenger car and its tyres are
examined to get the final results of
the coefficient of drag. The same
design with the same meshing
conditions is also analyzed in Star
CCM+ to verify the results.

INDEX TERMS: ANSYS Fluent,
computational fluid dynamics

(CFD), coefficient of drag, Star
CCM+

I. INTRODUCTION

Aerodynamic drag is the
resistance force opposite to the
direction of motion acting on a
body moving through air. Drag
force reduces the performance
and fuel efficiency of road
vehicles or racing cars as it is
applied against the direction of
their motion. “About 50% to 60%
of total fuel energy is consumed to
overcome the drag force, 30% to
40% to tackle road resistance and
only about 10% to 20% to operate
electrical appliances” [1]. Thus
reduction of aerodynamic drag is
of great importance for the
vehicle  aerodynamics,  and
research based efforts are being
made to ensure  better fuel
economy [1]. Different studies on
aerodynamics of wvehicles has
shown that “fuel economy of
vehicle is improved by 1%
because of 2% reduction in drag
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force”[1]. Now-a-days,
researchers are working on the
shape of vehicles in order to
improve fuel economy. The
objective of aerodynamic research
is to minimize drag force for faster
running with low fuel
consumption.

Following is the equation for drag
force[2].

IGES format file
Wake Defimition
CFD Solver

_ CqpAV?
)

Where

C,= Coefficient of drag
A=Frontal area (Area projected
on plan normal to direction of
flow)

p=Density of fluid

V= velocity of fluid

Fail
$mm

Geometrical changes

Constraint Check |<):|

Condition definition

Fig. 1. Schematic Diagram

The parameter that can be
varied for producing low drag
force without changing the speed,
is the coefficient of drag and it

directly  effects the  fuel
consumption. “It is the
dimensionless  number  that

quantifies the drag force”[3]. As it
has been shown that 40% of the
drag coefficient depends on the
external shape. Therefore, this
paper contains only an analysis of
the external body of car [4].
Change in design, use of
appropriate Turbulence model and
mesh  refinements are the
parameters that can help obtain

School of Systems and Technology

accurate values of coefficient of
drag using CFD analysis and all of
these will be implemented in this
paper. K-epsilon model and K-
omega models are frequently
used for the external flows in CFD
analysis [5]. So, this paper
discusses the use of these two
different CFD models for
predicting the value of coefficient
of drag. Scheme shown in Fig. 1 is
used in this paper [6].

II.INITIAL DESIGN AND ANALYSIS

The first design is made by
using surface modeling in CATIA.
Design is shown in Fig. 2.

29
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Fig. 1. Initial Car Design
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Fig. 2. Enclosure

The enclosure shown in Fig. 3
is made using Design modeler of
ANSYS Fluent to create a control
volume around the vehicle and the
dimensions of the enclosure are as
follow:.10L for the back of the
car, 5L for the front of the car, 5H
above of the car and 5W for the
left and right sides [7]. The left
side is named as Inlet velocity, the
right as outlet pressure, the top as
roof, the bottom as road and the
sides are named as symmetry
sides. The ground clearance with
scaled value as that of scaling of
the car is given in the analysis by

giving the offset value between
the car geometry and enclosure
and this ground clearance is kept
the same for the complete project.
Car design is axisymmetric so the
entire project is conducted by
dividing the design into half and
then utilizing this half design in
order to save memory and time

[8].

The design is meshed using
medium  meshing using the
command of medium mesh in
ANSYS. Mesh is prominent part
of simulation. Structured mesh is
used because it is simple and more
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popular these days [9]. Five
prismatic layers are added to the
upper surface of the car and five
prism layers are added to the road
in order to get better accuracy
[10].

Then the design is analyzed
using K-epsilon model because
some researchers use this model
[11]. Moreover, Realizable model
with non-equilibrium wall
function is used. They are used for
external flows like flow over
vehicles. “It gives us better
prediction of the behavior of the
turbulent boundary layer
including flow separation without
a significant increase in the CPU
time or dynamic memory”[8]. Air
is used as fluid flowing over the
surface within the control volume.

A convergence criteria of
0.001 is used in the simulation. In

the solution methods of ANSYS
Fluent, the Least Squares cell
based gradient method is used
along with the coupled pressure
velocity scheme. Momentum is
kept first order upwind for 100
iterations and the pressure is
always kept second order. After
100 iterations, momentum is also
changed into second order.
Turbulent kinetic energy and
turbulent dissipation rate is always
kept second order upwind in the
setting of fluent [12]. Setting for
the analysis with intensity to
viscosity ratio and solving
parameters are shown in Table
1[13]. Zero outlet pressure is
adjusted and inlet velocity is varied
on every analysis. In the first
analysis, it is 50kmph.All other
values are used as default values in
ANSYS.

TABLE 1
PARAMETERS SETTINGS

Velocity Inlet

Magnitude (Measured
normal to Boundary) n

Variatio

Turbulence specification
method

Turbulent intensity (%)
Turbulent viscosity ratio
Pressure Outlet

Gauge pressure direction
Turbulence specification
method

Turbulent viscosity ratio

1%
10

5%

Intensity and viscosity ratio

Gauge pressure magnitude 0 pascal
normal to boundary
Intensity andvViscosity ratio

School of Systems and Technology
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: Magnitude (Measured Variatio
Velocity Inlet
normal to Boundary) n
Turbulent viscosity ratio 10
Wall zones NosSlip
Fluid properties Fluid type Air
Density p=1225 (kgm”3 )
0.025 h \/__
%-0.075 e
o
5 o175 —— Coefficient Of Lift with Point Edge
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£
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-0.375
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Iterations
Fig. 4. Coefficient of lift with or without point edge
This analysis has been is decreased by making sharp

performed on design and then to
reduce the coefficient of drag we
made the edges on the front
bumper of the car. Its frontal area

edges. Results of coefficient of
drag and coefficient of lift for both
designs are shown in Fig. 4 and
Fig. 5.

g 04
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= 03
:g 0.25
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01 with point edge

0.05

ol
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Fig. 5. Coefficient of drag with or without point edge
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The analysis shows that the
coefficient of drag decreases with
the formation of sharp edges on
bumper. But these sharp edges are
not required in a passenger car.
These were the analysis for the
half car and in this way coefficient
of drag needs to be reduced. So we
focused on changing design of the
car.

ITI. FINAL DESIGN

Then the design is made in
leopard shape Wlth smooth curves

i o o

I

A S % .. B i

ks ] 5 S Puv Fd E”é‘«imﬂ'ﬂl

D =aa

so that the coefficient of drag and
pressure on the roof can be
controlled. The design is shown in
Figs. 6 and Fig. 7. K- Epsilon
model with the above-described
parameters is used in these
analysis and speeds are varied.
Design is analyzed using the
above-described methodology at
an increased speed. Change in
design provides us significant
decrease in coefficient of drag.
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Fig. 6. Final design of car without tyres
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Fig. 7. Drawing representing dimensions of car
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Coefficient of lift is not design and the former is always

discussed in the complete research
paper because coefficient of drag
is most prominent part in the car

kept below zero. The graphs for
coefficient of drag and lift are
shown in Figs 8 and 9.

-0.015 |
£
- -0.055
@)
5 = Coefficient of lift at 150 Kmph
g -0.095 Coefficient of lift at 150 Kmp
£
= - .
S 0135 — Coefficient of lift at 170 Kmph
-0.175
0 400 800 1200 1600
Iteration
Fig. 8. Coefficient of lift at different speed
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l
0.3
0.25 \v
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o
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Coefficient Of Drag
o
(BN

o

o

200 400 600 800 1000 1200 1400

Iterations

Fig. 9. Coefficient of drag at different speed

A. Mesh Refinement

Then we used the technique of
mesh refinement in order to get
better accuracy. Good quality
meshing produces better solution.
An enclosure is designed within
the first control volume, and

refined because the properties are
changing significantly near the
vicinity of the car [12]. Mesh of
element size 0.01m is created for
the car geometry and mesh of
element size 0.1m is made for the
small control volume. Other space
of the control volume is meshed

Innovative Computing Review
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similarly. Mesh  refinement
decreases the coefficient of drag
of car. Fig 10 shows the mesh
refined geometry of car. This

produced a significant change in
the coefficient of drag and
coefficient of lift of the half body
car.

Fig. 10. Mesh refinement

The graphs developed by the
data points of results are shown in
Figs 11 and 12. The numbers of
elements and  of nodes are
1555806 and 374087 and the

maximum skewness is 0.92403.
These numbers show that mesh
quality is good enough to conduct
the analysis.

0.40 Coefficient Of Drag at 120 Kmph
. Coefficient Of Drag at 150 Kmph
0.35 A
80 30 I\ Coefficient Of Drag at 170 Kmph
S0
50.25 ———
£0.20 — -
2 —
&%’0.15
&0.10
O
0.05
0.00
0 250 500 750 1000
Iterations
Fig. 11. Coefficient of drag with refined mesh
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Fig. 12. Coefficient of lift with refined mesh

B. Temperature Change

Following this, the t effect of
change in temperature on
coefficient of drag and coefficient
of lift is observed. Same values are
given and mesh is used as medium
mesh as was used in the first
design. All other values are used
as that of the above analysis. It

showed that temperature does not
have significant effect on
coefficient of drag and coefficient
of lift. Figs 13 and 14 are the
graphs of analysis with change in
temperature. These graphs show
more value because they are
performed at a high speed. But
this speed is maintained for all
temperatures.

0.50

0.30
g
= 0.10 . R
a Coefficient Of Drag at 25 °C
6-0.10
?, -0.30 V Coefficient Of Drag at 15 °C
‘S
E -0.50 Coefficient Of Drag at 45 °C
8-0.70

-0.90

0 20 40 60 80 100 120 140
Iterations
Fig. 13. Coefficient of drag at different temperature
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Fig. 13. Coefficient of lift at different temperatures

C. Analysis with Standard K-
omega Model

Some researchers use the
standard k-Omega model for
analysis. Therefore, it is used for
the analysis of the same design.
This model provides better results.
All other default values are used
for the analysis. It is used to solve
two equations. Turbulent kinetic

energy and turbulent frequency
are the parameters related to
kinetic viscosity in K-Omega
Model [13]. Mesh with refinement
has been used for this analysis.
Convergence criteria has also
been changed in this analysis. For
running the results to the high
number of iterations we shifted
the convergence criteria from .001
to .00001.

0.4
0.35

=]
N o
o W

-

Coefficient of drag
oo
v N

o
o ©
(2 B

o

0 200 400

600 800
Iterations

1000 1200

Fig. 14. Coefficient of drag using K-Omega Model at 170 kmph
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Fig. 16. Coefficient of lift using K-Omega Model at 170 kmph

In all the previous analysis, it
was used as default value. There is
slight change in the values of
coefficient of drag and coefficient
of lift. But coefficient of drag
obtained by using K- Omega
model is greater than that the one
obtained by using K- Epsilon
Model and coefficient of Ilift
obtained by using K-Omega
model is lower than that obtained
by using K-epsilon model [14].

Graphs shown in Figs 15 and 16
are plotted by using data points of
the results of coefficient of drag
and coefficient of lift with
standard K-omega model.

D. Car with Tyres

Finally, car with tyres is
analyzed in ANSYS Fluent by
using standard K-omega model
and the graph is drawn by using
the data points of results.

&

Fig. 17. Car with tyres

Fig 17 is car with tyres. In both
analysis of with and without tyres
using K-omega standard model,

38 —I_S;_B

refined mesh is wused with
parameters as described above.
Graph of coefficient of drag
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obtained by the results of the
analysis of car with tyres is shown

the design. Coefficient of drag is
increased due to the addition of

in Fig 18. The same design with tyres in  design. K-Omega
tyres is also analyzed using Star standard is also used in Star
CCM+ software in order to check CCM+.
2
1.75
1.5
1.25
2 1
00.75
B 0.5
£0.25
5 0
£0.25
8 0 200 400 600 800 1000 1200
Iterations

Fig. 18. Coefficient of drag of car with tyres using ANSY'S Fluent at
170 kmph

= Cd-Ansys

Cd - Star CCM+

160
Iterations

Fig. 19. Superimposed results of ANSYS FLUENT and Star CCM+ at
170 kmph

The results were compared
between two software for
accuracy of design performance
and errors involved. Coefficient of
drag of final design was
determined  using  ANSYS.

School of Systems and Technology

Furthermore, it was predicted
using Star CCM+. Fig 19 shows
the superimposed graph of both
ANSYS FLUENT and Star
CCM+.
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63e+01
1.22e+01
9.18e+[

Fig. 20. Velocity contour in ANSYS FLUENT

z
_ﬂ\' 0.00000 12.126 24.253 36.378 48.506 60.632

Fig. 21. Velocity contour in STAR CCM+

Static Pressure (Pa)
-1723.0 -17179.2 -575.36 88.997 692.26

Figure 22: Static pressure contour in STAR CCM+
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Fig. 23 Pressure contour in ANSYS

FLUENTTNhe results are close to  A. Initial Design
each other. Contours of pressure
and velocity of the last analysis
obtained by both software
ANSYS and Star CCM+ are
shown in Figs 20-23.

For Initial design coefficient
of drag was 0.21 using k-epsilon
realizable without tyres at 50
kmph.

IV. RESULTS B. Final Design

Values of coefficient of drag

Following are the results of our for the final design are shown

work. below with columns describing
specifications of the analysis.
TABLE 2
COEFFICIENT OF DRAG
Software  Mesh Turbulence  Tyres Speed Coefficient
settings Model Kmph of drag
ANSYS Medium Realizable K- Without 170 0.22
Fluent Mesh epsilon
ANSYS Refined Realizable K- without 170 0.185
Fluent mesh epsilon

ANSYS Refined K-Omega without 170 0.198
Fluent mesh standard
ANSYS Refined K-Omega with 170 0.251
Fluent mesh standard

Star Refined  K-Omega with 170 0.259
CCM+ mesh standard
School of Systems and Technology {@\‘ a1
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V. CONCLUSIONS

Following conclusions can be
drawn from the above research.

1.By reducing coefficient of
drag, we can increase the
efficiency of fuel.

2.Temperature has no effect on
the coefficient of drag and the
coefficient of lift.

3.The coefficient of drag and the
coefficient of lift vary
significantly with shape.

4.Making an edge shape bumper
causes reduction in the
coefficient of drag.

5.Mesh refinement decreases
the value of the coefficient of
drag and produces accurate
results.

6.The coefficient of drag and the
coefficient of lift are always
different during the simulation
of cars, with and without tyres.

7.The coefficient of drag
increases during the
simulation of car with tyres.

8.The value of the coefficient of
drag is greater for the standard
K-Omega model as compared
to the K-epslion realizable
model.

9.The drag coefficient is
significantly similar for two
different software.
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