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1. Test and Simulation Design 
 
The purpose of this CFD lab was to simulate unsteady turbulent flow over a 2D “Ahmed body” 
(i.e. a simple, car-like geometry) while developing a working knowledge of the ANSYS Fluent 
CFD software. Based off the inlet velocity and vehicle height (h), a Reynolds number of 
approximately Re = 768,000 was used. Figure 1 shows the corresponding geometry and 
dimensions of the simulation.  

 
Figure 1: Simulation Geometry 

 
Note that there is a specified, uniform velocity at the inlet (40 m/s) and a constant pressure 
specified at the outlet (0 Pa). The angle, θ, shown above the chamfer at the rear of the body is 
known as the “slant angle”. For this simulation, a slant angle of θ = 25° is used.  
 
The simulation will ultimately be used to predict drag coefficients and axial velocity 
distributions. These quantities of interest will be compared to EFD data. The similarities and 
differences between the CFD and EFD results will be analyzed. Post-processing tools, such as 
streamlines, velocity vectors, contours, animations, etc., will be used to visualize the mean and 
instantaneous flow fields and to compute the non-dimensional shedding frequency (i.e. the 
Strouhal number.) Equations 1-3 were used to transform the given CFD values such that they 
could be accurately compared to the corresponding EFD results. 
 

𝑦 − 𝑏𝑦 − ℎ =  
.

                                                        (1) 

                                           𝑀𝑜𝑑𝑖𝑓𝑖𝑒𝑑 𝑈 = +
.

                                                    (2) 

𝑀𝑜𝑑𝑖𝑓𝑖𝑒𝑑 𝑇𝐾𝐸 = + 
.

                                                 (3) 



2 
 

2. CFD Process 
 
The “CFD Process” is the linear, step-by-step process that allows for the numerical modeling of 
a complex fluid dynamics system. It begins by defining the geometry that is being modeled. In 
this case, this includes defining the geometry of the Ahmed body and the surrounding area, per 
the dimensions and geometry shown in Figure 1. Next it is necessary to identify and consider the 
unique physics of the system. This includes defining fluid properties (such as density and 
viscosity) as well as boundary/initial conditions (such as the inlet velocity and the outlet 
pressure). This is also where the governing model must be defined (i.e. in this case, the k-ε 
turbulence model is used), and where the flow’s reference values are defined. The next step is 
constructing the mesh. An unstructured mesh was used for this simulation. This allowed for the 
mesh to be much finer (i.e. includes many more divisions) near the edge of the Ahmed body in 
order to observe the unique behavior of near-wall turbulence and to more accurately simulate the 
quantities of interest (such as the desired drag coefficients acting on the Ahmed body, and 
whether or not separation occurs behind the Ahmed body.) 10 specific positions were also 
defined at which the y-by-h, modified u, and modified TKE quantities (i.e. Equations 1-3) 
would be calculated at. Once the mesh has been established, the solution can be computed. This 
requires defining the maximum number of iterations, convergence limits for continuity, x-
velocity, y-velocity, k, and epsilon, computing precision, the solution method, the order of the 
numerical scheme, and what monitors should be kept during each iteration. Finally, the results 
can be post-processed. This can consist of XY plots of quantities like velocity and pressure, more 
visual representations like velocity vector and contour plots, animations of unsteady quantities 
such as the turbulent-viscosity-ratio and streamlines, and in this case, comparisons to the EFD 
data of the modified u vs. y-by-h simulation results. 
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3. Data Analysis and Discussion 
 

3.1 Simulation of Turbulent Flows over Ahmed Body (Slant Angle = 25°) 
 
Once the CFD simulation was completed, key results can be compared to data from EFD test 
results. One quantity of interest when analyzing flow over an Ahmed Body is the drag 
forces/coefficients acting on the body. The total resulting drag coefficient, CD, is made up of 
several drag components. These include CS, the slant surface pressure drag coefficient, CB, the 
vertical based pressure drag coefficient, Ck, the forebody pressure drag coefficient, and CR, the 
friction drag coefficient, such that CD = CS + CB + Ck + CR. Therefore, rather than simply 
comparing the total drag coefficient, CD, between the CFD and EFD results, each drag 
component can be compared individually such that a more specific conclusion can be drawn as 
to which regions the EFD and CFD results match, and which regions they differ.  
 
 

 
Figure 2: EFD Drag Coefficient Data 

 
 

Figure 2 shows the EFD drag coefficient data. The image was digitized using an online digitizer, 
such that the values of each drag component could be accurately interpreted at a slant angle of 
25°. The results of this process are shown in the first row of Table 1. 
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Figure 3: CFD Drag Coefficient Data 

 
 

Figure 3 shows the CFD force report for each region of the Ahmed Body. The total drag 
coefficient components in the x-direction (i.e. the far-right column) are used for the comparison 
in Table 1.  
 
 

Table 1: Drag Coefficient Comparison Between EFD and CFD 
 Ck CB CS CD 

Ahmed (EFD) 0.02008 0.07180 0.14095 0.28738 

k-ε (CFD) -0.04589 0.08741 0.22425 0.29639 

Error (%) 143.76 -17.86 -37.10 -3.03 

 
 
Table 1 shows the resulting comparison of each drag component between the EFD and CFD 
data. The relative error percentages were calculated by taking the CFD values to be the “true” 
values. Interestingly, the various drag components have relatively large errors between the EFD 
and CFD results, yet the total drag coefficient, CD, is nearly the same. Specifically, when 
considering the EFD results relative to the CFD results, Ck is much larger and the other drag 
components are all significantly smaller. These differences effectively ‘cancel’ each other out 
such that the total drag coefficient, CD is nearly identical to that of the CFD simulation (i.e. only 
a -3% error). So, while the k-ε turbulence model produced a total drag coefficient that was 
consistent with the EFD results, the corresponding various drag components that make up the 
total drag component are likely inaccurate. For example, we can specifically see that the Ck value 
produced by the k-ε simulation is probably not very reliable, considering it is negative. This 
would imply that the drag force is actually in the other direction at the nose, which is not the 
case. Therefore, while it may be fortunate that the k-ε model likely produces a reliable CD value, 
the values it produces for Ck, CB, and CS are likely unreliable. 
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3.2 Answered Questions and Post-Processing 
 
We do observe separation in the wake region. Figure 11 clearly shows circulation occurring 
directly behind the Ahmed body. Therefore, the location of the separation point is at the top of 
the rear edge of the Ahmed body (this is marked with a red circle in Figure 1). 
 
The Strouhal number is a dimensionless number that describes oscillating flow mechanisms. It is 
defined below by Equation 4. For this calculation, L is defined as the height of the Ahmed body 
(0.28 m), U is defined as the inlet velocity (40 m/s), and f is defined as 1/T where T is the typical 
period of the oscillation of CD. As the lab manual suggests, T will be taken by considering the 
two peaks found between 0.1<Flow Time<0.14. As seen on Figure 7, this period is 0.01679s 
(again this was found with precision by using an online digitizer.) Therefore, f = 59.56 (1/s). 
Substituting these values into Equation 4 results in Sh = 0.417. 
 

𝑆ℎ =                      (4) 

 
Several figures were created to further analyze the simulation results. Figure 4 shows the 
residual history of the simulation. Figure 5 shows the modified U vs. y-by-h with the EFD data. 
Figure 6 shows the modified TKE vs. y-by-h. Figure 7 shows the time history of the drag 
coefficient. Figure 8 shows the contours of the static pressure. Figure 9 shows contours of the 
velocity magnitude. Figure 10 shows velocity vectors neat the Ahmed body. Figure 11 shows 
streamlines near the rear of the Ahmed body. Figures 12-16 show the created animation of the 
streamlines (frames 50, 100, 150, 200, 250). Figure 17-21 shows the created animation of the 
turbulent-viscosity-ratio (frames 50, 100, 150, 200, 250).  
 
By considering Figure 5, we can see that the modified U results from the CFD simulation are 
extremely consistent with the data from the EFD test. The CFD velocity data is consistently 
slightly higher than the EFD data, especially at higher y-by-h values (i.e. further along the 
Ahmed body), but this is consistently only by a very small amount. Therefore, this comparison 
suggests that the k-ε model can accurately model the mean x-velocity in a highly turbulent flow 
over an Ahmed body. 
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Figure 4: Residual History 

 
 
 

 
Figure 5: Modified U vs. y-by-h (with EFD) 
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Figure 6: Modified TKE vs. y-by-h 

 
 

 
Figure 7: Time History of Drag Coefficient 

T = 0.01679 (s) 



8 
 

 
Figure 8: Contours of Pressure 

 
 
 

 
Figure 9: Contours of Velocity Magnitude 
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Figure 10: Velocity Vectors Near the Ahmed Body 

 
 
 

 
Figure 11: Streamlines Near Rear of Ahmed Body 
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Figure 12: Streamlines Animation (Frame 50) 

 
 

 
Figure 13: Streamlines Animation (Frame 100) 

 
 

 
Figure 14: Streamlines Animation (Frame 150) 
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Figure 15: Streamlines Animation (Frame 200) 

 
 

 
Figure 16: Streamlines Animation (Frame 250) 
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Figure 17: Turbulent-Viscosity-Ratio Animation (Frame 50) 

 
 

 
Figure 18: Turbulent-Viscosity-Ratio Animation (Frame 100) 

 
 

 
Figure 19: Turbulent-Viscosity-Ratio Animation (Frame 150) 
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Figure 20: Turbulent-Viscosity-Ratio Animation (Frame 200) 

 
 

 
Figure 21: Turbulent-Viscosity-Ratio Animation (Frame 250) 
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4. Conclusions  
 
The purpose of this CFD lab was to simulate unsteady turbulent flow over a 2D “Ahmed body” 
in order to predict drag coefficients and axial velocity distributions, while ultimately developing 
a working knowledge of the ANSYS Fluent CFD software. These goals were successfully met. I 
solidified what I already knew about turbulent flow, and I increased my comfort with the basics 
of the “CFD Process.” A number of visual postprocessing tools helped solidify understanding of 
both the “CFD Process” and the behavior of unsteady turbulent flow over an Ahmed body. I 
observed that the k-ε turbulence model resulted in modified U vs. y-by-h data that was extremely 
consistent with the corresponding EFD data, and thus the k-ε model is likely very accurate at 
modeling mean x-velocity in a highly turbulent flow. I also observed that, while the k-ε model 
produces a total drag coefficient, CD, that was consistent with that of the EFD data, the various 
drag coefficient components were highly inconsistent with the corresponding EFD data. This 
shows that while a certain model may happen to produce total results that are accurate, it is 
important to consider the intermediate results that the model is producing, in order to fully 
understand how it is, and how it is not, consistent with EFD results. 
 
I learned that CFD can be an extremely powerful tool when understood and applied correctly. In 
other words, I realized that no part of CFD takes care of itself, but that every parameter, 
tolerance, condition, etc. must be defined carefully in order for the simulation to be successful. I 
also learned that a working knowledge of fluid dynamics is necessary to be successful in creating 
an efficient CFD simulation. This seems like an especially important lesson, as it could be easy 
to lose track of the simulation conductor’s responsibility towards understanding fluid dynamics 
and to instead rely on the software to do all of the “thinking”, which of course would result in 
poor simulations. Finally, I learned about the similarities and differences between CFD and EFD, 
and how they can be used in parallel to validate/verify each other.  
 
The “hands-on” experience utilized throughout this lab was a key part of understanding both the 
“CFD Process” as well as the physical lessons and phenomena I have learned in fluids class. The 
ANSYS Fluent software provided a very visual and intuitive approach towards understanding 
how the different elements of the “CFD Process” (i.e. geometry, physics, grids, etc.) all worked 
together. Towards the end of the CFD procedure, I found myself relying less on the lab manual 
and instead exploring some of the software myself and testing what changes would occur by 
doing some steps differently or by adjusting certain parameters.  
 
Many possibilities exist for future work and improvements. One possibility would be to consider 
more slant angles above the rear of the Ahmed body. This would allow us to observe how the 
slant angle effects quantities of interest such as the drag coefficient, and whether or not 
separation occurs. Additional discrete locations could also be used when calculating the y-by-h, 
modified u, and modified TKE values. This would provide a clearer picture of where the results 
are and are not consistent with the EFD data, and therefore a stronger conclusion could be drawn 
about the accuracy of the k-ε model. In general, however, this lab was very productive, and it 
undoubtedly helped me learn more about the behavior of turbulent flow through over an Ahmed 
body, how the Ahmed body is affected by different drag components, and about the general 
principles, strengths, weakness, and necessary processes of computational fluid dynamics. 


