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Introduction

In this study, author demonstrate the methods and techniques
that have learned to review, consolidate, extend and apply
knowledge and understanding, and to initiate and carry out
projects. (Geoffrey M. Le Good, 2004) In automotive
aerodynamics much use has been made of generic reference
models for research and correlation. Research work has been
conducted mostly on small-scale versions of the models to
investigate flow regimes and aerodynamic force and moment
characteristics while correlation tests have made use of
full-scale models to compare results between wind tunnels.
More recently reference geometries have also been used as test
cases in the validation of computational techniques. Author do
the finite element analysis of the Ahmed Body by geometry,
model, fluent and results with ANSYS 16.0. The software
mainly includes three parts: pre-processing module, analysis
calculation module and post-processing module. The
pre-processing module provides a powerful solid modelling and
meshing tool, and we can conveniently construct finite element

analysis. Analysis and calculation module include structural



analysis (linear analysis, nonlinear analysis, and highly
nonlinear analysis), fluid dynamics, piezoelectric analysis, and
multi-physics coupling analysis, which can simulate a variety of
physical media interaction with sensitivity analysis and
optimization analysis capabilities. The post-processing module
can display the calculation results in colour contour display,
gradient display, vector display, particle trace display,
three-dimensional slice display, transparent trace display which
can see the inside of the structure and other graphical methods.
The calculation results are displayed or output in the form of

graphs and curves.

1. The Fluid Geometry Domain create

Flow field means that in a flow field, speed, pressure and so on,
which will change. In the case of flight, it is caused by the
movement of the aircraft, in the wind tunnel experiment, it is
caused by the model being placed in a uniform linear airflow,
and the model disturbs the airflow. It is a general term for fluid
particle motion described by Erler’s method, whose velocity,
pressure and other functions are defined in the time and space
point coordinate field. Spatial distribution of air movement at a
certain moment. Here author creates a geometry domain

different from the Ahmed base body and compares them.
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The dimension from the front of Ahmed body to the X axis is 4
m and the total dimension length of the Ahmed body is 10 m.
The vertical dimension of the domain is 1.5m. and the extrude
of the domain is 1.5m. Then rename the domain surface with

topside, symmetry, inlet, outlet and floor. Hiding the topside,

inlet, outlet and symmetry, the domain as the graph show:

It is the Ahmed body domain and the different domain author

creates with different size as the graph show below:
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And the results from different domain size as the graph show

3: d-1 Convergence History 2: cd-1 Convergence History

136 1.6698e-83 1.4602e-85 B8.0987e-B6 6.8325e-06 7.4B67e-04 9.6808e-8B4 3.373%e-81 2.9214e-81 -~
137 1.6853e-83 1.4132e-85 7.8368e-86 6.6461e-06 7.2898e-04 9.4359%9e-84 3.3783e-81 2.9237e-81
138 1.5445e-83 1.3671e-85 7.5921e-86 6.4701e-06 7.1716e-04 9.1967e-84 3_3670e-01 2.9258e-01
139 1.4912e-83 1.3224e-05 7.3548e-06 6.2925e-06 7.0507e-04 8.9618e-04 3.3640e-01 2.9275e-01
140 1.439%e-03 1.2797e-05 7.1218e-06 6.1065e-06 6.9313e-04 8.729%e-04 3.360%e-01 2.9288e-01
141 1.3886e-03 1.2375e-05 6.8893e-06 5.9195e-06 6.8120e-04 8.4976e-04 3.3585e-01 2.929%-01
142 1.3397e-03 1.1974e-05 6.6586e-06 5.7312e-06 6.6958e-04 8.2642e-04 3.355%9e-01 2.9308e-01
143 1.2938e-83 1.1588e-85 6.4285e-86 5.5466e-06 6.5824e-04 8.8333e-84 3.3538e-81 2.9314e-81

iter continuity x-velocity y-velocity z-velocity k epsilon c1-1 cd-1
144  1.2498e-83 1.1286e-85 6.2803e-86 5.3648e-086 6.4695e-04 7.8855e-84 3.3519e-81 2.931%e-81 5 58
145 1.2855e-83 1.8827e-85 5.9733e-86 5.1833e-86 6.3598e-84 7.5795e-84 3.3582e-81 2.9322e-81 5 55
146 1.1648e-03 1.0456e-05 5.7540e-06 5.0000e-06 6.2551e-04 7.358%e-04 3.3485e-01 2.9324e-01 4 54
147 1.1235e-63 1.00%4e-05 5.5385e-06 L4.8187e-06 6.1542e-04 7.1371e-04 3.3470e-01 2.9325e-01 3 53
148 1.083%e-03 9.7400e-06 5.3265e-06 L4.6504e-06 6.0533e-04 6.9193e-04 3.3457e-01 2.9324e-01 1 52
149 1.0463e-03 9.3942e-06 5.118%e-06 L4.4908e-06 5.956Be-04 G6.7034e-04 3.3447e-01 2.9323e-01 9 51
158 1.0891e-83 9.0683e-86 4.9126e-86 4.3339%9e-086 5.8B647e-B4 6.4967e-B4 3.3437e-81 2.9321e-81 7 58

t 151 solution is converged
151 9.7423e-84 B8.7476e-8B6 A4.7146e-86 4.1869e-86 5.77h4e-B4 6.2936e-84 3.3429e-81 2.9319e-81 8:82:17 49
v

The domain size different from the Ahmed body base.



20 40 60 120 140 160
It

136 1.6698e-83 1.4682e-85 8.09087e-86 6.8325e-086 7.4067e-84 9.6808e-84 3.3739%9e-01 2.9214e-81 B:82:57 64| A
137 1.6853e-83 1.4132e-85 7.8368e-86 6.6461e-086 7.2898e-84 9.435%9e-84 3.3783e-01 2.9237e-81 0:82:57 63
138 1.5445e-83 1.3671e-85 7.5921e-86 6.4781e-086 7.1716e-84 9.1967e-84 3.3678e-81 2.9258e-081 B:02:44 62
139 1.4912e-83 1.3224e-85 7.3548e-86 6.2925e-086 7.08587e-84 B8.9618e-84 3.3648e-081 2.9275e-81 0:82:58 61
148  1.4399e-83 1.2797e-85 7.1218e-86 6.1865e-086 6.9313e-B4 B8.729%e-84 3.3689e-81 2.928Be-01 B:02:44 68
141 1.38B6e-83 1.2375e-0> 6.8893e-06 5.9195e-06 6.8129e-04 B.u4976e-04 3.3585e-681 2.929%e-81 0:02:45 59
142 1.3397e-063 1.1974e-05 6.6586e-06 5.7312e-06 6.6058e-04 B8.2642e-04 3.3559e-61 2.9308e-01 0:02:44 58
143 1.2930e-63 1.1588e-05 6.428Ce-06 5.54G66e-06 6.5824e-04 B8.0333e-04 3.3538e-61 2.9314e-01 0:02:43 57
iter continuity x-velocity y-velocity =z-velocity k epsilon c1-1 Cd-1 time/iter
144  1.2490e-63 1.1206e-05 6.2003e-06 5.3648e-B6 6.4695e-04 7.8055e-04 3.351%e-61 2.931%e-01 0:62:31 56
145 1.2055e-63 1.6827e-05 5.0733e-06 5.1833e-06 6.3598e-04 7.5795e-04 3.3502e-01 2.9322e-01 0:62:31 55
146 1.1648e-063 1.0456e-05 5.7540e-06 5.0000e-B6 6.2551e-04 7.358%e-04 3.3485e-01 2.9324e-01 0:062:31 54
147 1.1235e-63 1.0094%e-05 5.538Ce-06 4.8187e-06 6.1542e-04 7.1371e-04 3.3470e-61 2.9325e-01 0:62:20 53
148 1.883%e-83 9.7480e-86 5.3265e-86 4.65B4e-06 6.08533e-84 6.9193e-84 3.3457e-81 2.9324e-81 0:02:21 52
149 1.8463e-83 9.3942e-86 5.118%e-86 4.4988e-06 5.9568e-84 6.7034e-84 3.3447e-81 2.9323e-81 0:02:21 51
158 1.86891e-83 9.8683e-86 4.9126e-86 4.3339%9e-06 5.8647e-B4 6.4967e-84 3.3437e-81 2.9321e-81 0:02:21 58
* 151 solution is converged
151 9.7423e-84 8.7476e-86 4.7146e-86 4.1869e-086 5.77h4e-B4 6.2936e-84 3.3429e-81 2.931%e-81 B0:02:18 49

The result of Ahmed body base domain size shows no difference

from the base one. Then the domain size cannot make difference

to the value of Cl and Cd.

2. The mesh and appraise quality strategies

Mesh quality refers to the rationality of mesh geometry. The
quality will affect the calculation accuracy. Poor quality meshes
can even abort calculations. Intuitively, the edges or interior
angles of the mesh are not much different, the mesh surface is
not excessively distorted, and the mesh quality of the edge
nodes near the boundary equal points is better. Mesh quality can
be measured by slenderness ratio, taper ratio, internal angel,

warpage amount, stretch value, edge node position deviation and



other indicators. When dividing a grid, it is necessary to ensure
that high quality meshes are divided, and even individual
meshes with poor quality can cause large local errors. And in the
secondary parts of the structure, the mesh quality can be
appropriately reduced. When there is a poorly quality mesh in
the model (called a deformed mesh), the calculation process
cannot be performed. For general CFD programs, structured
grids require better orthogonality and smoothness, but only for
software such as FULENT based on structured grids. Based on
the non-mechanical grid’s finite volume method, there may be
calculation errors in the flux calculation of neighbouring nodes
when calculating the flux, so the accuracy is always limited.
Here author give two comparative tests about the Ahmed body

with different mesh strategies.
a) The Ahmed base body ICEM CFD model

After generating the geometry of the body, model is loading to
create the mesh. First check the geometry quality, and set the
global mesh. All tri is selected in mesh type and patch
independent in mesh method. After doing that, making the
global element scale factor 0.5 and global element seed size is

0.5.



Global Mesh Setup @
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Then a fluent body is created by selecting two point of the
domain. Author selects the whole Ahmed body to create a
density box and select the wake box to scale- 2.5 in X factor, 1.5
in Y factor and 1.5 in Z factor. Before computing the mesh, part
mesh setup is defined, Ahmed body’s maximum size is 0.1 and
the number layers are defined as 5. The body mesh as the

picture below show:
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After accomplishing the mesh, the mesh cut plane in X direction

as the graph show:

3. The fluent setup

The resistance coefficient is often expressed as a dimensionless
quantity in fluid mechanics, which is used to present the
resistance of an object in a fluid. The drag coefficient appears in

the equation. A smaller drag coefficient indicates that the object



1s less subject to wind or fluid resistance. The drag coefficient is

related to the shape of the object and its surface characteristics.

And the Cl is a dimensionless quantity refers to the ratio of the

lift force experienced by an object to the product of the airflow

pressure and the reference area. After accomplishing the mesh

operation, the first step in fluent setup 1s checking the mesh and

the mesh quality as the graph show:
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nodes, binary.

tetrahedral cells, zone 18, binary.

triangular interior faces, zone 11, binary.
triangular wall faces, zone 12, binary.

triangular velocity-inlet faces, zone 13, binary.
triangular pressure-outlet faces, zone 1%, binary.
triangular symmetry faces, zone 15, binary.
triangular wall faces, zone 16, binary.

triangular wall faces, zone 17, binary.

Then converting the mesh domain to polyhedral. The inlet

boundary conditions velocity inlet and edit the X-velocity with

40 m per second



@] Velocity Inlet

Zone Mame

inlet

Momentum | Thermal | Radiation | Species| DPM | Multiphase | ups |

Velodty Spedfication Method Components e
Reference Frame | gheglite w
Supersonic/Initial Gauge Pressure (pascal) | constant e
Coordinate System | oortesian XY, 7 i
X-Velodty {m/s) [[4g constant w
| Y-Welodty (m/s] | fronstant P
ZVelodty {m/s) (g constant e
Turbulence !
F . “ F
Spedification Method | 1tensity and Viscosity Ratio ] |
Turbulent Intensity (%) (g
P
Turbulent Viscosity Ratio [ r
F C
-T
Ok Cancel Help L

Ensuring the outlet is pressure outlet and gauge pressure is 0.

Then calculating the project surfaces of the Ahmed body area in
the setup reports. Making the minimum feature size be 0.001m

and compute the area to 0.05753011 square meter.

=) Projected Surface Areas

Min Feature Size (m) nt_body
|0.onl utlet
ymmetry

Area (ITIZ} |DU5?53011 pSidE




Applying the data to the reference value area and selecting
coupled in pressure-velocity coupling. The data in the solution

controls as the graph show:

Solution Controls

Flow Courant Mumber

= |

Explicit Relaxaton Factors

Momentum || 0.25

Pressure || 0.25 |

Under-Relaxation Factors

Density

& |
Body Forces

It |

Turbulent Kinetic Energy
= |

Turbulent Dissipation Rate
[>- |

Turbulent Viscosity
[ |

Default

Egquations... Limits. .. Adwvanced...

Heip

The type of it is pressure-based and absolute velocity
formulation. The viscous model 1s realizable k-epsilon and

non-equilibrium wall function.



Model Model Constants

L -~
() Inviscid C2-Epsilon

() Laminar 1.9 |

(;J Spalart-Allmaras (1 egn) || i

(®) k-epsilon (2 eqn) TKE Prandt Mumber

'::J k-omega (2 eqgn) || 1 |

{_) Transition k-k-omega (3 egn)
| | ) Transition S5T (4 egn)

() Reynolds Stress (7 eqn)

(") Scale-Adaptive Simulation (SAS) || 1z |
(") Detached Eddy Simulation (DES)
(_) Large Eddy Simulation {(LES)

TOR Prandt Mumber

k-epsilon Model w
() Standard User-Defined Functions
(IRNG :
(@) Realizable Turbulent Viscosity
none e
Mear-Wall Treatment Prandt Mumbers
() standard Wall Functions i = ~
() Scalable Wall Functions Bl Shimerer L
(®) Non-Equilibrium Wall Functions none St E
() Enhanced Wall Treatment TDR Prandt Mumber E
l’;_ﬁ Menter-Lechner . A T [
{_)user-Defined Wall Functions b [
Options k
E
|:| Curvature Correction [
[ Production Limiter [
E
Ok Cancel Help t

The viscous model also make difference to the results about the
values of Cl and Cd. Making 200 iterations and running the
calculating. Here are the two results about the realizable

k-epsilon model and standard k-epsilon model.

40 80
lterations

iter #-velocity y-velocity z-velocity K epsilon c1-1 time/iter
1.2648e-83 9.5884e-06 4.9610e-06 4.3432e-06 4.653%-04 4.6062e-04 4. 0418e-B1 3.0812e-01 0 67
134 1.2215e-03 9.5421e-06 4.8481e-06 4.3085e-06 1.6931e-04 4.6083e-04 N.0461e-01 3.0005e-01 6 66
135 1.1805e-03 9.5153e-86 4.7296e-86 4.2997e-86 4.7h32e-B4 4
136 1.145%¢-03 9.4936e-06 4.66900-06 4.2892e-06 4.8050e-04 4
187 1.1213e-03 9.4829e-06 4.u95he-06 L_2865e-06 4.§839e-0h 4.8390e-0k L.057he-B1 2.9923e-1 o 63
188 1.1025e-03 0.487Be-06 4.4023e-00 4.2835e-06 4.9867e-04 4.9867e-04 4.0011e-01 2.9879e-01 2 62
139 1.0911e-83 9.5085e-06 4.3367e-86 4_2589¢-86 5.6921e-0h 5.1u16e-0k h.B650e-81 2.9836e-01 13 61

5 5

5 5

s 5

5 5

.6497e-04  h_0581e-01 2.9987e-01 07 65
.7242e-0% 4.0538e-01 2.995%e-01 s 6y

140 1.0851e-03 0.5279e-06 4.3101e-06 4.2153e-06 5.1008e-04 5.2022e-04 4.0692e-01 2.9776e-01 0 60
141 1.0868e-83 9.545Be-06 4.3165e-86 4.1566e-B6 5.266%¢-04 5.4054e-04 4.B73%e-81 2.9719e-01 65 59
142 1.0001e-03 0.55h6e-06 4.3428e-06 4.072he-06 5.3253e-04 5.4836e-04 H.0701e-01 2.9663e-61
143 1.0941e-83 9.5418e-06 4.3643 3.9708e-86 5.356%¢-84 5.5177e-8% 4.8848e-81 2.9686e-01
iter continuity x-velocity y-velocity z-velocity epsilon c1-1 cd-1
184 1.0964e-03 9.4894e-86 4.3695e-06 3.8687e-86 5 5.5185e-0% 4.0907e-81 2.9553e-01
M5 1.0920e-03 9.400ke-06 4.356ke-86 3.7423e-06 5.3363e-04 5.4801e-0h 71e-01 2.9506e-01
146 1.0836e-03 9.2704e-B6 4.3248e-06 3.6262e-06 5.2080e-04 5.4063e-04 4.1036e-B1 2.9u66e-01
147 1.0715e-83 9.1005e-06 4.2809e-06 3.5151e-B6 5.2458e-04 5.3089e-04 4.1100e-01 2.9432e-1
5 5
5 5
B 4

k
.3565e-64

=

148 1.0566e-03 .9113e-06 4%.217he-86 3.4090e-06 «1761e-04 .1906e-0% N.1162e-01 2.9403e-01
149 1.0370e-03 05%e-06 4.1325e-06 3_3125e-06 5.0961e-04 5.064Se-0k 4 1219e-01 2 9381e-01
158 1.6128e-03 J489Be-06 4.0400e-06 3.2264¢-06 - 018%e-04 .930%e-0% 4.127%e-01 2.9365e-01
solution is converged
151 9.8619%e-04 8.2712e-06 3.9381e-00 3.1470e-06 4.9357e-04 4.7919e-0% 4.1326e-01 2.9354%e-01 0:01:46 u

@ w

2

The realizable k-epsilon model



113 1.7130e-03 1.2553e-05 7.3579e-06 ©5.8987e-06 6.1144e-04 8.0788e-04 2.9380e-01 2.8683e-01 0:04:22 87 |~
114 1.6679e-03 1.213%e-05 7.1316e-06 5.7973e-06 6.1453e-04 3.087%e-04 2.9411e-01 2.8647e-01 0:04:01 86
115 1.615%9e-03 1.1774e-05 6.9006e-06 5.7051e-06 6.1641e-04 8.0741e-04 2.9448e-01 2.8613e-01 0:04:02 85
116 1.563%9e-03 1.1401e-05 6.6559e-06 ©5.6134e-06 6.1838e-04 8.0537e-04 2.9488e-01 2.8577e-01 0:04:02 84
117 1.5108e-03 1.1014e-05 6.4055e-06 5.5019e-06 6.1948e-04 8.0272e-04 2.9534e-01 2.8542e-01 0:03:44 83
118 1.4605e-03 1.0634e-05 6.1279e-06 5.3794e-06 6.197%e-04 8.012%e-04 2.9587e-01 2.8507e-01 0:03:46 82
119 1.4023e-03 1.0263e-05 5.8331e-06 ©5.2312e-06 6.1860e-04 7.9486e-04 2.9645e-01 2.8476e-01 0:03:47 81
120 1.3460e-03 9.8851e-06 5.5287e-06 5.0606e-06 6.1564e-04 7.877%e-04 2.9702e-01 2.8449e-01 0:03:32 80
121 1.2920e-03 9.4957e-06 5.2379e-06 4.8750e-06 6.114%e-04 7.7840e-04 2.9763e-01 2.8428e-01 0:03:35 79
iter continuity x-velocity y-velocity =z-velocity k epsilon C1-1 Gd-1 timesiter
122 1.2427e-03 9.1052e-06 4.9726e-06 4.6781e-06 6.056%e-04 7.6613e-04 2.9831e-01 2.8411e-01 0:03:36 g
123 1.2014e-03 8.7122e-06 4.7298e-06 4.4672e-06 5.9822e-04 7.5113e-04 2.9900e-01 2.8401e-01 0:03:37 i7
124 1.1600e-03 $.3295e-06 4.5096e-06 4.2652e-06 5.8965e-04 7.3433e-04 2.996%e-01 2.8397e-01 0:03:22 6
125 1.1153e-03 7.9935e-06 4.3111e-06 4.0728e-06 5.7954e-04 7.140%e-04 3.0038e-01 2.8397e-01 0:03:24 s
126 1.0694e-03 7.6863e-06 4.1213e-06 3.8762e-06 5.6897e-04 6.9432e-04 3.0109e-01 2.8401e-01 0:03:26 T4
127 1.0208e-03 7.4083e-06 3.9436e-06 3.6928e-06 5.5908e-04 6.7415e-04 3.0176e-01 2.8407e-01 0:03:12 i3
t 128 solution is converged
128 9.7198e-04 7.1695e-06 3.7798e-06 3.5216e-06 5.4908e-04 6.5382e-04 3.0241e-01 2.8416e-01 0:03:14 iz

The standard k-epsilon model

And here is the mainly difference between realizable k-epsilon
and standard k-epsilon. New turbulent velocity formula used in
realizable k-epsilon equation is derived from the exact operation
equation of the mean square root of the vortex disturbance. The
realizable k- epsilon model satisfies the constraints on Reynolds
stress. This 1s not possible with standard k-epsilon model and
RNG k-epsilon model. The advantage of this feature in the
calculation is that it can more accurately simulate the diffusion
velocity of the plane and the prototype jet. At the same time, in
the calculation of rotational flow, the calculation of boundary
layer with direction pressure gradient and the calculation of

separated flow, the calculation results are more in line with real



situation. The best turbulence model in the realizable k-epsilon
model. Then the realizable k-epsilon model is closer to the real

situation.

By changing the data of solution control and the data as the

graph show:

Solution Controls
Flow Courant Mumber
E |

Explicit Relaxation Factors

Momentum ||D -5 |

Pressure |||:| o5 |

Under-Relaxaton Factors

Density

I |

Body Forces

[ 1
Turbulent Kinetic Energy

||EI. 5 |

Turbulent Dissipation Rate
" 0.5 |

Turbulent Viscosity
[ |

Default

Equations... Limits. .. Advanced...

| Help

The flow courant number is increasing to 200 and both the
momentum explicit relaxation factor and the pressure explicit

relaxation factor are increasing to 0.5. The results changing to:



1: Scaled Residuals £

Scaled Residuals

Jan 26, 2020
ANSYS Fluent Release 16.2 (3d, ...

2: cd-1 Convergence History «

158 1.3821e-083
159 1.3354e-03
168 1.2898e-063
161 1.2425e-063
162 1.1935e-83
163  1.1454e-83
164 1.8987e-83
165 1.0545e-83

iter continuity
166 1.811%9e-083

t 167 solution is
167 9_.7245e-04

iter continuity

t 167 solution is
167 9.7245e-04

! 168 solution is
168 9.3706e-04

6

-
6.

[ NN NI

-9773e-06

8123e-06

-65808e-06
-3998e-84
.2237e-86
-B373e-06
-8325e-86
-6118e-86

velocity
397 Be-86

converged

6.

u—

1681e-06

velocity

converged

6.

1681e-06

converged

5.

9653e-06

-533%e-06
4182e-06
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In the realizable k-epsilon model, the values of Cl and Cd

become smaller.

4. The results of speed graph

After getting the value of Cd and Cl by numbers of iterations,

the velocity graph of Ahmed body base can be carried out by

selecting the field contours about the Ahmed body and

symmetry in the results.
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And the different domain size velocity graph as the graph

show:

Which shows different mesh qualities make difference in the

fluent velocity. Generally, the mesh quality cannot make
differences in speed graph, which means poor quality of mesh

strategies make inaccurate results.



5. Conclusion
This report includes geometry domain creating, mesh quality
strategies and fluent analysis. Author demonstrate the process of

the analysis and compare with the different conditions of them.

(Fluids, 1996) CFD has come a long way in influencing the
design of automotive components due to continuing advances in
computer hardware and software as well as advances in the
numerical techniques to solve the equations of fluid flow. The
automotive industry’s interest in CFD applications stems from
its ability to improve automotive design and to reduce product
cost and cycle time. Author also compare them with few

comparative tests and analyse them.
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