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on the accuracy of a three different turbulence models in predicting Ahmed body
components drag coefficients. Ahmed Body is a simplified model which mimics the
bluff bodies in automotive aerodynamics. This study uses ANSYS Fluent to simulate the
flow around Ahmed Body. Three different turbulence models (K-epsilon, K-omega SST
and SST) were used in the study. The drag coefficient components for the different

Keywords: sections of the model were validated with the experimental published data. The results
K-epsilon; K-omega SST; SST; ANSYS have shown that the SST model predicted accurately the total drag coefficient but
Fluent; AHMED BODY failed to provide good agreement for the components drag coefficients.

1. Introduction

High fuel prices, growing concerns for the environmental effect of exhaust emissions, the
depletion of fossil fuels greenhouse gas emissions, coupled with the need for continuous
performance improvement for road cars and commercial vehicles, fueled an interest in optimizing
fuel consumption. Aerodynamic drag and vehicle weight are recognized as the main sources of fuel
consumption [1]. According to conducted research by Sudin et al., [2], the aerodynamic drag of road
vehicles by itself contributes up to 50 percent of the fuel consumed in highway speeds. More
specifically, aerodynamic drag increases with the square of the vehicle velocity [3]. The aerodynamic
drag for road vehicle is mainly pressure drag, which is caused by the vortex generation at the rear
part.

To achieve a reduction in the aerodynamic drag or more specifically the pressure drags, it is
necessary to use flow control mechanisms that can either prevent or delay separation at the rear
part of road vehicles. The flow control techniques are classified as passive or active flow control. The
active flow control systems require energy expenditures and usually involve automated control
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process when the passive flow control techniques require no energy expenditure and usually are easy
to implement to already existing designs.

Shankar and Devaradjane [4] have experimentally and numerically investigated the case of using
3 delta type of vortex generators for a sedan car at several yaw angles. The side VGs were moveable
when the one in the middle were kept stationary. A maximum drag reduction of about 4.53% was
achieved. Zakher et al., [5] studied vortex generators added to a sedan car model and achieved a
drag reduction of about 10% for Reynolds number larger than 96 x 10°. Kim et al., [6] have
experimentally tested the use of a bio-inspired flap on an Ahmed body model and the drag was
reduced by 19%. Tian et al., [7] have studied a configuration of flaps implemented to two Ahmed
body models with different slant angles (25° and 35°). The maximum drag reduction achieved was
21%. Unni [8] have studied numerically the implementation of an underbody diffuser with flaps to a
formula SAE car. An increase up to 25% in the down force have been achieved. Cho et al., [9] have
achieved a drag reduction of about 8.4% using three different devices, under-cover, under-fin and
side air dam. Wahba et al., [10] have used numerical simulation to investigate the use of guide vanes
for two different ground vehicle models. The first model was a simple bus and the second one was a
sport utility vehicle. They achieved a drag reduction of about 18 %.

To achieve pressure drag reduction, it is necessary to understand the flow behavior around
ground vehicles and the vortex distribution. Ahmed body is a simplified car model with a moveable
slant placed at the rear of the body and it was first introduced by Ahmed in the early 1980s [11]. The
different angles of the slant plane serve to mimic the different vehicle types available on ground. The
Ahmed body model becomes an important step in the automotive industry as a calibration for wind
tunnels and validation for the numerical solution and turbulence models [12].

Many studies have been focusing on comparing the total drag coefficient with the experimental
data without checking the component drag coefficients investigated in the benchmark case of Ahmed
Body [11]. This study focuses on validating the results of the component drag coefficients from the
numerical simulation with the experimental data.

This paper covers an investigation of the drag coefficient for the different parts of the Ahmed
body model and the accuracy of three different turbulence models; K-epsilon, K-omega SST and SST
in predicting components drag coefficient. Previously, Korkischko and Meneghini [12] have tested
three different turbulence models: K-omega standard, K-omega SST and Spalart-Allmaras. They
concluded that the K-omega SST had the best results for both steady and unsteady flow simulations.

2. CFD Method and Numerical Simulation

Like other industries, numerical simulation is a highly efficient method adopted in automotive
industry to predict the aerodynamic behavior of the flow over the vehicles. Its effective analysis for
the new designs and aerodynamic shapes provides a base for the designers before manufacturing.
The analysis includes determining the forces applied on the body and the effect of flow separation
and the wake region on the vehicle.

The CFD simulation is mainly composed of three parts: Pre-Processing, Solver and Post-
Processing. The Solver is the core of the method as it is charged of solving the governing equations
for each discrete volume using a turbulence model.
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2.1 Governing Equations

Navier-Stocks equations are the fundamental equations governing the airflow over bodies for
Computational Fluid Dynamics (CFD). The turbulent flow is characterized by a wide spectrum of
vortex scales.

The Direct Numerical Simulation DNS is the ideal solution and can be accomplished by resolving
all the vortex scales. However, Reynolds Averaged Navier Stokes RANS approach is more practical for
engineering problems such as the flow over ground vehicles. The RANS approach is considered very
promising as it resolves the large scales, while the small ones with less energy are modeled by specific
sub-scale models.
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3. Model Setup

The model used for the numerical simulation is Ahmed Body model (Figure 1) introduced by
Ahmed et al., [11] with a 25° rear slant angle. The model presents the essential aerodynamic features
of the flow around road vehicles, and it is considered as an important step to select the suitable
turbulence model in the numerical simulation for further studies.
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Fig. 1. Geometric model of Ahmed et al., [13]
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Fig. 2. Ahmed Body Design and Computational domain

The figures show the Ahmed Body designed with a slant angle of 25° and it was set in a domain
with the following dimensions: 23L*6W *6W (Length*Width*Height; L length of the body and W the
width) (see Figure 2).

The mesh is generated using the Mesh tool in ANSYS software, the grids were chosen coarse
enough to reduce the computational effort and fine enough to resolve the flow. The distance of the
first cell from the body surface is calculated by setting y+ equal 50. Table 1 reports the parameters
used during the mesh generation and Table 2 represents the results obtained from the grid
independence test to ensure that the grid have no influence on the drag coefficient results.

Table 1

Mesh parameters

Property Parameter
Max. number of inflation layers 10

First layer thickness 4.63 e-004
Minimum element size 0.02

Growth rate 1.2

Total no. of elements 1,186,788
Table 2

Grid independence results

Mesh No. of cells Cpyoral
Course 379,997 0.295
Medium 571,247 0.289
Fine 1,186,788 0.282

To refine the mesh, a body of influence was used as a grid clustering at both sides of the Ahmed
body. Inflation is also used next the body surface. The Figure 3 shows the mesh of the body as well
as the domain.
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Fig. 3. Mesh Generation

The experimental drag coefficient data for a rear slant angle $=25° are presented in Table 2 [11].
The drag coefficient for the different sections shown in Table 2 presents total drag coefficient
(Cp,,,,), Pressure drag coefficient (CDp), Viscous drag coefficient (C,.), drag coefficient for the front

part of the body (C},), drag coefficient for the base section (Cj) and the drag coefficient for the slant
(C).

4. Results and Discussion

The simulation of the Ahmed Body model was first carried out using the K-epsilon turbulence
model, then K-omega SST and SST (Shear Stress Transfer). The domain is split to proceed with half of
the model as it is symmetrical and to reduce required computer memory. The inlet velocity is set to
40m/s and PRESTO method was used for pressure gradient. The flow characteristics was assumed
steady and incompressible. The simulation was run until converged.

Table 3 represents the drag coefficients obtained using the three turbulent models. The result of
the total drag coefficient of the SST model agrees well with the experiment with a difference of
+0.82%. Other turbulence models present small deviation in predicting the total drag. From the
results detailed in the Table 3, it can be noticed that the agreement of the total drag coefficient with
the experimental value does not directly imply an accord between the drag coefficient components
and the corresponding experimental data. Nevertheless, The SST model have the lowest differences
for the components drag coefficient except for the base pressure drag coefficient C}. K-epsilon
model is noticed to be more accurate in predicting the base pressure drag coefficient.

Table 3
Numerical results of drag coefficients
Drag coefficient

Coiorm Cp, Cy Cr Cy Cs

Experimental [4] 0.28 - 0.052 0.0222 0.0726 0.136
K-epsilon 0.297 0.257 0.04 0.0478 0.08 0.108
Differences 5.72% - -27.50% 53.56% 9.25% -25.93%
K-omega SST 0.2839 0.245 0.038 0.0399 0.0806 0.101
Differences 1.39% - -25.49% 79.73% 11.02% -25.74%
SST 0.282 0.244 0.0374 0.03 0.082 0.0984
Differences 0.82% - -26.67% 35.14% 12.95% -27.65%
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There are many researchers who validated their numerical results using Ahmed body total drag
coefficient without considering the section drag coefficients [14-17]. The total drag coefficient
obtained in their results agrees well with the experimental data. However, the components drag
coefficients were not investigated. Examining the total drag coefficient only is not sufficient to
evaluate the accuracy of the turbulence models. As we have observed from Table 2, even if the total
drag coefficient agrees with the experimental data, the components drag coefficients have large
disagreement.

Figure 4 represents the pressure contour over the Ahmed Body model from different planes. It is
shown that the pressure at the rear part of the body is low, and the large low-pressure zone
distributed behind the body is the wake region. The difference of pressure between the front and
the rear parts of the body is the main cause of the drag force for the road vehicle which is the
pressured drag.

Pressure
1000
17.7294
i 15.5152
_.:I 8.59243
7.02561
4.34618
2.07171

-14.0501
-39.7612

-76.9415
f LY — | -129.957

-1000
-2000
-3000

(a) (b) () (d)

Fig. 4. Pressure contour (a) Top view (b) Around the body (c) Body surface

The wake region is also illustrated in Figure 5, the blue color represents low velocity magnitude
in the x-direction as it is a recirculation area. The large distance of low velocity behind the Ahmed
body model represents also the large low pressure area behind the body and emphasizes the
difference of pressure behind the front and the back of the body causing high pressure drag.
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Fig. 5. x-direction Velocity magnitude contour

Figure 6 represents the tangent velocity vectors in different planes behind the studied body and
illustrates the developing levels of the vortices after the flow separation on a 3m distance. As shown,
the wake region is mainly composed of two vortices. The wake strength continues until attenuated
after a large distance more than 3m. These vortices are the cause of the abrupt loss of pressure
behind the Ahmed Body, and generally road vehicles.
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Flg 6. The vortex dévelopment behind the Ahrhed Body

Figure 7 and Figure 8 both shows the evaluation of the vortices behind the body on a large
distance. They illustrate velocity contour (Figure 7) and Pressure contour (Figure 8) in different
sections behind the studied body, which explains the importance of the resistance force due to
difference of pressure.
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Fig. 7. VeIoci'ty magnitude contour for different zy-planes behind Ahmed Body (x=-0,1 ;5m)
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Fig. 8. Pressure contour for different zy-planes behind Ahmed Body (x=-0,1; 5m)
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5. Conclusions

This paper discusses the accuracy of the three turbulent models (K-epsilon, K-omega SST and SST)
in predicting and validating the components’ drag coefficient with the experimental data presented
by Ahmed et al., [11]. From this work, the conclusion deduced can be as follows: The low pressure
covering a large distance behind the vehicles is the major cause of the aerodynamic pressure drag.
The agreement of the total drag coefficient with the experimental value does not imply the
agreement of the components’ drag coefficient with the experiment. The SST Model total drag
coefficient have a good agreement with the experimental data. However, the base and slant drag
coefficients are slightly higher than other used turbulence models.
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