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Abstract— this paper describes the flow simulation focuses on
the simulation around Ahmed body car with slant angle of 40°.

Computational Fluid Dynamics (CFD) is the proper approach to
deal with these complicated equations and obtain the numerical
solutions of these complicated flows equations.

The researchers conclude that CFD simulation has been carried
out to investigate the flow characteristics over a model car (Ahmed
Body). The aim was to calculate the aerodynamic coefficients from
the CFD simulation and compared them with the available
experimental data. The numerical results are agreed in decent way
with experimental data.
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INTRODUCTION

This paper is investigating the flow simulation focuses on
the simulation around Ahmed body car with a slant angle of
40° (CL=0.037, CD=0.32 & CM=0.036).

From the literature review, slant angle of 40° is not the ideal
angle for Ahmed car body. However, the literature shows that
the proper angles lie between 10-25°.

In this analysis, a realizable k-c¢ model with 2" order
accuracy. The flow governing equations within a CFD solver
(ANSY S-Fluent) will be applied.

These are the continuity, momentum and energy equations.
These equations are non-linear, partial differential equations
(PDE’s) and high orders, hence the analytical solution is
impossible to obtain, (Saad & Ragavan, 2013). Computational
Fluid Dynamics (CFD) is the proper approach to deal with
these complicated equations and obtain the numerical
solutions of these complicated flows equations (Kuzmin,
2010).

CFD APPROACH AS DESIGN TOOL IN AUTOMOTIVE INDUSTRY

CFD simulations is an efficient tool in automatic industry
used extensively for design. This allows the designers to
obtain a quick and proper analysis before go ahead to the final
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step. Recently, CFD approach has been adopted effectively
within the automotive industry, with several new methods for
car design (Smith, 2008).

CFD analysis in car industry is used in the determination of
the applied forces and that of the vehicles wake during
moving. CFD also is used to analyze the effect of wake on the
vehicle’s efficiency and capability in comparison with other
cars (Thabet and Thabit, 2018). Figure 1 is an example that
indicating how CFD can be used effectively in the context of
vehicle design. It shows the flow paths (in terms of velocity
magnitude) emanating from the wing-mirror structure of the
Formula-1 racing car, and how it flows over the whole
geometry.

Fig. 1. CFD simulation for Formula-1 Racing Car (Smith, 2008)

In vehicle’s industry, Ahmed Car Body is the standard
model that can be used as validating case, in industry and CFD
simulation (Davis, 2015). Ahmed Body is a generic car-type
bluff body with a slant back has different angles from 0 — 40
degree. It is usually used as a benchmark test case for
simulating the external aerodynamic flow characteristics over
a car model (Hinterberger, et al., 2004).

MAIN COMPONENTS IN A CFD SOLVER

CFD tool has three main components that is used to handle
the object from the start point till analyzing the results (Thabit
and Younus, 2018) These components can be summarized a
follow:

A. Pre-Processing:

This involves creating the geometry, computational domain
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and meshing. Meshing is to discretising the computational
domain into small control volumes, which are known as cells.
The solution accuracy is a function of the number of
generating cells in the computational domain.

B. The Solver:

This is the main part in the CFD simulation, where the flow
governing equations will be discretised and solved.

C. Post-processing:

This is the final step in the CFD simulation process, which
deals with extracting the important flow parameters such as
velocity, density, pressure and forces. The simulation results
will be compared to the experimental data and other numerical
simulations.

AIMS & OBJECTIVES

The aim of this assignment is to perform a mathematical
and CFD analysis on the flow over Ahmed Body and
compared the numerical results with the available
experimental data. The study will be carried out using both
Solidworks and ANSY'S software to create the geometry and
obtain the numerical solution, respectively.

PROBLEM ASSUMPTIONS

From the given data in the assignment, the follow points
will be assumed during the CFD simulation of the present
problem. There is no heat transfer between the flow and the
geometry. Air velocity at the inlet section is constant value
during the solution. All the object boundaries will be dealt as
walls with no slip shear condition. Because the Mach number
is less than 0.3, hence the flow will be assumed as
incompressible flow.

NUMERICAL METHODS:

D. Governing Equations:

To simulate the incompressible flow, Navier-Stokes
equations for this flow type will be solved. The form of these
equations based on the flow assumption follows:

1) Continuity Equation:

dp  d(puw) 9(pv) +0(pW) _
at 0x dy 0z
For an incompressible flow
dp

0

x-0 v (pV)=0
Thus;
ou Jdv Jw
—t— 4 — =
0x dy 0z
Where,
=C, V-V=0

Y
2) N-S Equations:
a) X-direction component:
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d(pu) op Otxx
T'F V(puV) = —&‘F

b) Y-direction component:
d(pv d dtyx Ot dtz
(pv) p Otyx oOtyy Otzy

otyx 0tzx
L

0x dy 0z + pfx

ot TV =t Sty T TP
c) Z-direction component:

a(pw) dp Odtzx Otyz O0tzz
5t + V(pwV) = —£+ I 3y + Ep + pfz

E. Boundary Conditions

The following boundary conditions are applied during the
solution in ANSY'S-Fluent.
Velocity-inlet BC: Inlet plane.
Symmetry BC: Enclosure surfaces (no-slip conditions).
Walls BC: Road and object surfaces.
Pressure-outlet BC: Outlet plane.

F. Flow Inlet Parameters:

u=1789x 10-5 kg/m.s.

v=1513x10-6 m2/s.

p=1225kg/m3.

V=40m/s.

Re = 768,000 (based on object’s height).
1<0.25%

G. Car Model Geometry:

Figure 2 shows the layout of the geometry provided in the
assignment cover sheet for Ahmed Body Car with a slant
angle ¢ equals to 40°. From the figure below, the horizontal
length covered by the slant (L) and its height (H) can be
calculated as follow:

1044 rmen B " 389

< e ]: [\;

Fig. 2. Layout of Ahmed Body

horizontal distance covered by slant (L)

cose= Slant length
cos 40 = 22
L =170.06 mm
Hence,
x = 1044 — 170.06 = 873.94 mm
) vertical distance covered by slant
sing =
slant length
sin40 = m
H = 142.70 mm
Hence,
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z =288 —142.70 = 145.30 mm
Using Solidworks software, CAD model for Ahmed Body
is created and exported with IGS extension to be dealt in
ANSYS Workbench. Figure 3 shows the Car Model Geometry
for Ahmed Body.

Fig. 3. Ahmed Car Body CAD Model I P |

H. Computational Domain: Fig. 6. Geometry and Enclosure

ANSYS software tools (workbench, Design Modular, Figure 7 shows the Boolean operation on Ahmed Body and
Meshing tool & Fluent solver) are used to carry out the flow g ,ig body.

simulation.

Figures 4 and 5 show a screenshot during preparing the
solution and creating the enclosure by using ANSYS
workbench, and Design Modular, respectively.

- A

8 7= Fluid Flow (Fluent)

2 |} Geometry v

3 @ Mesh &,

4 a Setup Vo4

5 |§E Solution v o4

6 @ Resuts &
Fluid Flow (Fluent)

Fig. 7. Boolean operation on Ahmed Body and fluid body
Fig. 4. Fluent Solver

I. Meshing:
E:Zﬁj':u‘,"f""‘”“"‘ Endosurel The length of the first cell away from the surface (y) to
Shape Box calculate effectively the wall shear stress during the simulation
Number of Planes 2 should be calculated carefully. To do so, Y+ calculations
Symmetry Plane 1 izl should be performed to calculate the value of (y) before start
e — meshing process
Cushion T 1) Reynolds Number (Re):
FD1, Cushion =X value (=0) |1044 mm Re _ P_Vl _ V_l
FD2, Cushion +Yvalue (=0) |706 mm v
FD3, Cushion +Z value (>0} | 1000 mm 40 X 0288
FD4, Cushion -Xvalue (>0} |1044 mm e = —————
FDS, Cushion Y value (~0} |0 mm 15 x 10-¢
FD6, Cushion -Zvalue (>0} |4176 mm Re = 768:000
Target Bodies All Bodies 2) Skin-Friction Coefficient (Cf):
Fig. 5. Enclosure Option Box Cr = [2logio(Rey) — 0.65]%3
for Re, < 10°
Figure 6 shows the Car Model with the enclosure created in Cr = [210g1,(768,000) — 0.65]723
Design Modular. C; = 3.925 x 1073

3) Wall Shear Stress (tw):
Tw = Cf X EpU/greestream

1
T, = (3.295 X 1073) x 7% 1.225 x 407
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T, = 3.847 Pa
4) Friction Velocity:

w = |
p

3.847

1.225

u*=1772m/s
For most near-wall modeling, Y+ = 1.0. (Salim & Cheah,
2009)
Therefore,
5) Wall Distance (y):

*

_yu
=
1.0 X (1.789 x 107°)
Y= T 1225 x1.772
y=8241%x10"%m
Therefore, the boundary layer thickness (wall Distance) for
this analysis is 8.241x10-6 m.

Figure 8 shows screen shots of the final mesh used in the
present analysis.

Fig. 8. Screen shots of the final mesh

The maximum number of elements (cells) generated in this
grid is about 500,000 cells; since this is the allowable number
of cells you can generate using the student license.

SOLUTION PROCEDURES:
J. CFD Model Set-Up:

Figures 9, 10, and 11 show screen shots of the solution
general setting model selection and turbulence model in
ANSYS Fluent solver for the investigated flow, respectively.
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General

Mesh

[ seale.. || ched

| [Report Quality |

Solver

Type
(@) Pressure-Based
() Density-Based

Velocity Formulation
@) Absolute
™) Relative

Time
@) Steady
() Transient

Gravity

Gravitational Acceleration

¥ (mfs2) | 0

b {ITIJrS:J_} | -3.81

=

Z (mfsZ) | 0

Fig. 9. Solver general setting

Models

Models

Multiphase - Off

Energy - Off

Viscous - Realizable k-, Mon-Eq Wall Fni
Radiation - Off

Heat Exchanger - Off

Species - Off

Discrete Phase - Off

Solidification & Melting - Off

Acoustics - Off

Eulerian Wall Film - Off

Fig. 10. Model selection
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(71 Spalart-Allmaras {1 eqn)
@ k-epsilon (2 eqgn)
") k-omega (2 egn)
~ Transition k-kl-omega (3 egn)
") Transition S5T (4 egn)
71 Reynolds Stress (7 eqn)
() Scale-Adaptive Simulation (SAS)
() Detached Eddy Simulation (DES)
() Large Eddy Simulation {LES)

k-epsilon Model

(7 Standard
71 RNG
@ Realizable

MNear-Wall Treatment

() standard Wall Functions

() Scalable Wall Functions

(@) Mon-Equilibrium Wall Functions
() Enhanced Wall Treatment

(71 Menter-Lechner

(1 User-Defined Wall Functions

Options

[T Full Buoyancy Effects
|:| Curvature Correction
[~ Production Limiter

TKE Prandtl Mumber

| 1

TDR Prandt Mumber

|1.2

User-Defined Functions

Turbulent Viscosity

Maodel Model Constants
- Inviscid C2-Epsilon i
() Laminar | 19

’none

Prandt Mumbers

TKE Prandtl Number

[HOHE

TDR Prandt Number

[HOFIE

Fig. 11. Turbulent model selection

Figures 12, 13, and 14 show screen shots for the material
setting boundary conditions and reference values in ANSYS
Fluent solver for the investigated flow respectively.

MName

Material Type
|a\r [ﬂuld ']
e A Fluent Fluid Materials
| [air ~|
none
Properties
-
Density (ka/m3) [consiznt v] [
| 1.225
Viscosity (ka/m-s) [constant ,] Ed
| 1.78%e-05
Fig. 12. Air properties
Zone
ahmed-car

Pressure

Operating Pressure (pascal)
101325

Gravity
V| Gravity

pressure-outiet
road

symmetry
symmetry-side
symmetry-top
velodity-nlet

@ Gravitational Acceleration

Spedified Operating Density

Reference Pressure Location Xmis2) [o @)
B | | Type D
X(m) [ B ¥ (m/s2) ‘-s.ax ® interior | [1
Ym o ® Z(m/s2) [g ® opY... J[Proﬂes
Zm) [o 2
@ Variable-Density Parameters

http://dx.doi.org/10.29322/1JSRP.8.7.2018.p7979

521
Fig. 13. Boundary Conditions
Reference Values
Compute from
(velocity-niet v
Reference Values

Ratio of Specific Heats | 1.4

Reference Zone
|air

Area (m2) [ﬁ,05?515

Density (kg/m3) | 1.225

Enthalpy (i/kg) | 0

Length (m) | L0%4

Pressure (pascal) | 0

Temperature (k) | 288.16

Velodty (m/s) | 40

Viscosity (k/ns) [1.789e-05

Fig. 14. Reference Values

K. Numerical Schemes:

The numerical schemes used in the current simulation can
be summarized as follows methods:

Coupled Scheme: This scheme is used for Pressure-
Velocity Coupling Method, which enables the full
pressure based solver, which has superior
performance.

Least-Squares Cell-Based: This is used for the
gradients within the interpolation methods. This
scheme has the same accuracy as the node-based
gradients, however, is less computationally intensive.
Second-Order Upwind: The scheme is used for
interpolation process, which pressure, momentum
and turbulence act upon. This will give better
accuracy.

L. Solution Controls:

Figures 15, 16 and 17 show screen shots for the solution

control
respectively.

residual monitoring and solution initialization,
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Solution Controls

Flow Courant Mumber

50

Explicit Relaxation Factors

Momentum [ 25

Pressure | 0,75

Under-Relaxation Factors

Density

| 1

Body Forces

| 1

Turbulent Kinetic Energy

|IZI.8

Turbulent Dissipation Rate

|IZI.8

Turbulent Viscosity

||:|.95

[Equaﬁnns... ] [Limits... ] [nduanr_ed...

Fig. 15. Solution controls parameters

Options Equations
Print to Console Residual Monitor Check Convergence Absolute Criteria &
B par
o
Curves... | Axes...
Iterations to Plot v
- | E— 1
Residual Values Convergence Criterion
1 normalize Iterations absolute -
Iterations to Store 5 o
scale
[1 compute Local Seale
Plot | Renormalize | | Cancel | | Help
Fig. 16. Residuals monitoring
Solution Initialization
Initialization Methods
(@ Hybrid Initialization
() Standard Initizlization
[Mnre Settings... ] [ Initialize
Patch...
Reset DPM Sources | | Reset Statistics
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Fig. 17. Solution initialisation

RESULTS ANALYSIS:

M. Convergence History:

Figure 18 shows a screen shot from the solution
convergence history at about 250 iterations.

11w e-03

78 3

RNEBNNBNRENN MR8
B2igiEs 38
S

333313353111

]
2

i+
X

Fig. 18. Convergence history

N. Static Pressure Contours:

Figure 19 shows a screen shot of the static pressure
contours around Ahmed Body. From the figure, it can be seen
that the highest value of static pressure is located at the centre
of the oncoming Ahmed body and the minimum value is
located the separated flow region.

Fig. 19. Static pressure contours

0. Velocity Magnitude

Figure 20 shows a screen shot of the velocity magnitude
pressure contours around Ahmed Body.
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TABLE I. VALUES OF THE IMPORTANT PARAMETERS
Outputs Value

Coefficient of Lift 0.036860
Coefficient of Drag 0.32346
Coefficient of Moments 0.035953
Vertex Average of Velocity Magnitude | 5.4590 ms-1
K 0.00019799
Epsilon 0.00057902

Table 2, figure 23 and figure 24 show the data from the
experiments.

TABLE II. DATA OF THE EXPERIMENTS.

Rear slant angle c c

(*) (In Degrees) ¢ !
0 2.50031e-01 -1.17457e-01
5 2.37215e-01 -1.49709e-02
7.5 2.34631e-01 2.92149¢e-02
- - - 10 2.36738e-01 8.29710e-02
Fig. 20. Velocity magnitude contours 125 2 41644e-01 1.32483e-01
P Axial Veloci 15 2.46833e-01 1.85001e-01
- Axial Velocity 20 2.61934e-01 | 2.83622e-01
Figure 21 shows a screen shot of the contours of axial 30 2.97872e-01 3.47783e-01
velocity component of the flow around Ahmed Body. 35 2.94980e-01 | 2.05502e-01
40 2.50360e-01 8.36791e-01

Drag and Lift CoefTicent

& -1.17E-01

Fig. 21. Axial-velocity contour
Fear Slant Anlglei
Q. Pressure Coefficient: - Crag .

Figure 22 shows a screen shot of the pressure coefficient
distribution on the top surface of Ahmed Body.

Fig. 23. Experimental CD (Banga, et al., 2015)

Fig. 22. Pressure coefficient plot

R. The plot Comparison with Experimental Data

Table 1 shows the values of the important parameters
obtained from the simulation.
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Odegres slantanphe

Ldepres dani angle

7 8 depree dantange 10 depree dantangle

12.% dupree dant sngle

1% depras sart angle

20 degres shantangie

idegree dani angle

Fig. 24. Experimental velocity magnitude (Banga, et al., 2015)

CONCLUSIONS AND RECOMMENDATIONS

CFD simulation has been carried out to investigate the flow

characteristics over a model car (Ahmed Body). The aim was

to

calculate the aerodynamic coefficients from the CFD

simulation and compared them with the available experimental

data. The numerical

values obtained were; CL=0.0368,

CD=0.323 and CM=0.036, respectively. The numerical results
are agreed in decent way with experimental data.
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