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1 Abstract 

This paper focuses on create a suitable simulation model for an Ahmed body analysis 

and investigate CFD methodologies (Tudor, 2020). First of all, research on the whole 

process of CFD and the governing equations of it are finished to get an understanding 

of CFD. After that, the geometry is imported into ANSYS and a fluid domain been 

established as well to finish the analysis of the aerodynamics around the Ahmed. The 

choice of geometry domain is made at the same time considering the flow structures 

and mesh strategy.  Thirdly, a mesh of the domain is created as the mesh density 

been applied using the mesh control in where the important flow occurs. Finally, the 

solver is set up and the solution been got as the results could be checked by plots and 

coefficients. Different set of domain sizes, mesh strategies, turbulence models and 

solver settings been used to find the effect they have on the results. 
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2 Introduction 

As everyone knows, computational fluid dynamics (CFD) has been used to analysis 

the interaction of the aerodynamic devices and the aerodynamics around the vehicles 

which means all the simulations have to be 3D as the highly turbulent flow regimes are 

3D phenomena.  

Using computational fluid dynamics (CFD) to investigate the external and internal 

aerodynamics is widely been used to redesign some parts and vehicles trying to get a 

better aerodynamic performance. Computational fluid dynamics (CFD) has been 

applied to develop a 3D simulation model and find the life and drag coefficients at 

different settings on two geometries with different slant angles. 

The major target of this paper is to investigate the effects of different domain sizes, 

mesh strategies, turbulence models and solver settings on lift and drag coefficients of 

the geometry, trying to find the best control solution for each geometry as well. This 

paper has been organized as follows. At the beginning, an outline of the whole CFD 

process and several control equations needs to be established after researching. After 

that, import the geometry into ANSYS and create a fluid domain preparing for the 

investigate of the external aerodynamics around the geometry. Thirdly, using mesh 

controls to apply mesh density to get a suitable 3D mesh of the fluid domain. Finally, 

the solver needs to be set so the initial solutions can be obtained and then the results 

can be analyzed, the best control solutions can be found out as well.  
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3 Conduct Research 

First of all, there are two computational fluid dynamics analysis methods could be used 

to predict the aerodynamics around the vehicles which is solid modeling method and 

shell modeling method (Ashok Patidar - Mahindra & Mahindra Limited, 2020). For solid 

modeling method, the Ahmed geometry is modeled as solid and modeled as shell 

element with defined thickness for shell modeling method. 

3.1 General CFD Process 

The step of both of these two CFD analyses methods are as follows. First of all, the 

geometry should be established and imported into ANSYS. A suitable fluid domain 

should be created around the geometry after that, so a 3D mesh of the fluid domain 

could be created as well. And for some regions in which significant flow regimes occurs, 

mesh controls could be used to create mesh density. Before set up the solver, the 

mesh quality should be appraised from skew, orthogonality and aspect ratio. Finally, 

all the results can be obtained from contour plots and reporting coefficients. 

3.2 Governing equations 

The governing equations are shown as follows: 

 

Figure 1. Continuity equation 

 

 

Figure 2. Momentum equation                         
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Figure 6. Energy equation 

 

Figure 4. RANS momentum equation                            

 

 

Figure 5. K equation for turbulent energy                         

 

 

Figure 6. General form of K equation for turbulent energy 
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4 Create Fluid Domain Geometry 

First of all, import the external geometry file to get the geometry in the design modeler. 

Domain and all analyses only needed to be performed on half of the geometry on 

account of it is symmetric. For the size of domain, from the results of some experiments 

as shown in figure 7 it can be defined as 10 meters long with 6 meters behind the 

geometry, 1.5 meters high from the ground and 3 meters wide with 1.5 meters each 

side. 

 

Figure 7. Results of Experiment 

After using the feature of Boolean to get the solid body needed for the mesh, name 

each face is necessary as well. 

The fluid domain is ready for mesh as follows: 

 

Figure 8. Fluid Domain Geometry 
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5 Create Mesh and Appraise Quality 

To create the mesh, first of all, body of domain has to be created as figure 9 shows.  

 

Figure 9. Body of Domain 

The work of mesh could be started when the body has been done. The first quick 

mesh could be computed when global mesh setups like element scale factor, 

element seed size and global mesh parameters been set.  

But obviously, as figure 10 shows it is not suitable for the analysis on account of the 

accuracy. The feature of part mesh setup could be used to improve it as it can define 

the maximum size of each part as shown in figure 11. But both of the accuracy and 

quality of the mesh are still not enough because of the Boundary－layer theory. 
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Figure 10. First Quick Mesh 

 

Figure 11. Part Mesh Setup 

The boundary – layer theory means when fluid is next to a solid surface, there is no 

slip of the fluid relative to the surface, so if the surface is stationary, then the fluid 

immediately adjacent to the surface must have zero velocity. But fluid any distance 

from the surface can move (vanderain, 2020). This principle states that there is a 

boundary layer near the solid surface. The fluid in the layer considers a large velocity 

gradient, and the velocity of the layer that is in contact with the solid surface is 

always equal to the solid surface speed which is zero when the solid is fixed. 

However, the boundary layer is very thin, and all fluids with speeds <99% of the 

mainstream velocity are considered to be within the boundary layer. So apply the 
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feature of Prism around the geometry and the ground is necessary for the analysis. 

Mesh quality of domain gone much better in figure 12 after applying the Prism. 

 

Figure 12. Prism 

When vehicle is running at 40 meters per second as the boundary conditions, the 

airflow flows through and vortex will be generated at the parts where the local airflow 

speed changes sharply. So the first mesh density around the whole geometry is been 

created.  But from the results of several experiments shown in figure 13, there have 

significant flow regimes occurs at the rear of the vehicle and the air flow separates 

from the connecting point of the top and rear faces. So another mesh density 

especially for the rear part of the geometry is been established like figure 14 and the 

results comes a huge difference in figure 15. 
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Figure 13. Vortex at Rear Part 

 

Figure 14. Second Mesh Density 

 

Figure 15. Result of Velocity 
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6 Solve and Analyze Results 

6.1 25 Degrees Ahmed Geometry 

As to the solving setup, report quality of mesh from minimum orthogonal quality, 

maximum orthogonal skew and maximum aspect ratio like figure 16 shows is 

important so that the quality of mesh could be obtained and recorded in Excel shown 

in figure 17. 

 

Figure 16. Report Quality 

 

Figure 16. Report Quality in Excel 

After the quality check, come back to the solving setup. First of all, the boundary 

conditions should be set with inlet velocity of 40 meters per second and reference 

values used to be compute from inlet. As to the models, viscous model with setup of 

k-epsilon (2 eqn), non-Equilibrium Wall Functions is set. For the k-epsilon Model, 

both of the Standard and Realizable model are used to calculate the coefficients 

separately as figure 17 and 18 follows. 
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Figure 17. k-epsilon-standard 

 

Figure 18. k-epsilon-realizable 
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For the Ahmed geometry with slant angle of 25 degrees, seven calculations are 

finished with all the results recorded in Excel as follows. 

Table 1- Results of Slant Angle 25Degrees with Standard Model 

 Slant Angle-25-STAND model 

 CL CD 

 
Experimental 

(-01) 

Tested  

(-01) 

Experimental 

(-01) 

Tested  

(-01) 

1 
3.45 

3.6451 2.99 3.2747 

2 
3.45 

3.5016 2.99 3.2115 

3 
3.45 

3.7000 2.99 3.0620 

4 
3.45 

3.5617 2.99 3.2384 

5 
3.45 

3.5647 2.99 3.0443 

6 
3.45 

3.5617 2.99 3.2384 

7 
3.45 

3.4166 2.99 3.2857 

 

 

Figure 19. 25 Degrees Standard Model 
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Table 2-Results of Slant Angle 25 Degrees with Realizable Model 

 Slant Angle-25-REA model 

 CL CD 

 
Experimental 

(-01) 

Tested  

(-01) 

Experimental 

(-01) 

Tested  

(-01) 

1 
3.45 

3.6202 2.99 3.2941 

2 
3.45 

3.2972 2.99 3.0579 

3 
3.45 

3.4018 2.99 2.8470 

4 
3.45 

3.3602 2.99 3.0720 

5 
3.45 

2.7407 2.99 2.6261 

6 
3.45 

3.3602 2.99 3.0720 

7 
3.45 

3.1465 2.99 3.1283 

 

 

Figure 20. 25 Degrees Realizable Model 

From the overall calculation results of both of these two models, the addition of the 

second mesh density has greatly improved the accuracy of the calculation results. 
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For the standard model, the deviation is successfully reduced from 5.35% to 1.49%, 

while the calculation deviation of the real model is also reduced from 10.17% to 

2.27%. Six calculations are performed by changing various parameters including 

domain sizes, mesh strategies, turbulence models and solver settings. In the sixth 

calculation, there is a large difference between the standard model and the realizable 

model, especially the calculation results of the realizable model can be discarded 

from consideration and the analysis due to the large deviation. In the process of 

reducing the unit size in the mesh step by step, increasing the number of layers of 

prism, reducing the thickness of prism, and changing the quality of mesh density, it is 

obviously that the change trends of the calculation results of the two coefficients by 

the two models are generally consistent. The accuracy of the calculation results 

shows an overall trend of increasing first and then decreasing. It can be seen that 

both the standard model and the realizable model can reflect the influence of the 

changes of various parameters on the calculation results to a certain extent. At the 

same time, the results are not always better if the settings are more precise. But it is 

obviously that the finer the setting of each parameter, the longer it takes for the 

processes of both mesh and solve, so it is more demanding that we can find a 

balance between the accuracy of calculation and the time spent.  

6.2 35 degrees Ahmed Geometry 

For the geometry with slant angle of 35 degrees, using the settings of test sixth and 

the quality and results are as follows: 

 

Figure 21. Quality Report of Mesh 
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Figure 22. Result of Coefficients 

 

Figure 23. Velocity Result 

It is obviously that the best settings been found for geometry with slant angle of 25 

degrees is not suitable for the geometry with slant angle of 35 degrees as both of the 

coefficients have a huge difference from the experimental data. 
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7 Conclusion 

This paper covers the entire process of CFD (Computational fluid dynamics), from the 

external model import to the establishment of domain, from the creation of the mesh 

to the setting of the solver and the analysis of calculated results.  

In the process of investigating the influence of the setting of each parameter on the 

final calculation results, it is obviously that the change trends of the calculation 

results of the two coefficients by the two models are generally consistent. At the 

same time, the accuracy of the calculation results shows an overall trend of 

increasing first and then decreasing. From the differences in calculation results and 

changes in parameter settings, both of the standard model and the realizable model 

can reflect the influence of the changes of various parameters on the calculation 

results to a certain extent. However, in this process, it is also found that the accuracy 

of the calculation results and the precision of the parameter settings are not always 

linear which means the results are not always better if the settings are more precise. 

It can be also concluded that each geometry has a different best setting for the 

calculations of coefficients.  

 After that, there is another important point, whether for mesh or solve, more precise 

the parameter settings, longer it will take. When a test been found that the expected 

calculation time is more than 200 hours, been stopped immediately because it does 

not make any sense. In addition to the accuracy of the calculation results, it is 

significant to find the balance between the accuracy of calculation and the time 

spent.  
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