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1. Test and Simulation Design 
 
The purpose of this CFD lab was to simulate turbulent flow through an asymmetric diffuser 
while developing a working knowledge of the ANSYS Fluent CFD software. Table 1 shows the 
corresponding test parameters. Based off the inlet velocity and inlet dimensions, a Reynolds 
number of Re = 17,000 was used.  

Table 1: Main Parameters 
 

 

 
 
 
 
Figure 1 shows the geometry of the asymmetric diffuser. Simulations were conducted using half 
angles of 4° and 10°, and by considering both the k-ε turbulent model and the SST turbulent 
model (for a total of 4 simulations). Doing so allowed for a comparison between the two 
turbulence models, specifically with regards to their ability to predict flow separation.  
 

 
Figure 1: Simulation Geometry 

 
Several plots and figures were created to aid in this comparison. These included pressure 
contours, axial velocity distributions, velocity vectors, modified u vs. x (per equation 1), 
modified turbulent kinetic energy vs. x (per equation 2), and skin friction factors distributions 
(per equation 3) along the top and bottom wall of the diffuser.  
 
                                                 𝑀𝑜𝑑𝑖𝑓𝑖𝑒𝑑 𝑈 = 10 ∗ 𝑉 + 𝑥 − 60                                               (1) 

𝑀𝑜𝑑𝑖𝑓𝑖𝑒𝑑 𝑇𝐾𝐸 = 500 ∗ 𝑘 + 𝑥 − 60                                            (2) 

𝑆𝑘𝑖𝑛 𝐹𝑟𝑖𝑐𝑡𝑖𝑜𝑛 𝐶𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 =  
∗

( . )∗
                                         (3) 

 
In the cases where the half angle was set to 10°, EFD data was available to compare to the 
simulation results of modified u, modified TKE, and skin friction factor distributions along the 
top and bottom wall. This ultimately allowed for a conclusion of how and where each model 
performs well, and where each model performs poorly, in the case of an asymmetric diffuser. 
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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 asymmetric diffuser, per the dimensions in 
Table 1 and the 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 pressure). This is 
also where the governing model must be defined (i.e. in this case, either the k-ε or the SST 
turbulence model), and where the flow’s reference values are defined. The next step is 
constructing the mesh. The same mesh was used for all 4 simulations. A non-uniform mesh was 
implemented, such that it could be made much finer (i.e. includes many more divisions) near the 
walls of the diffuser in order to observe the unique behavior of near-wall turbulence (such as 
separation). 7 specific positions were also defined at which the modified u and modified TKE 
equations 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, and in this case, 
comparisons to the EFD data of the modified u, modified TKE, and skin friction factor 
simulation results. 
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3. Data Analysis and Discussion 
 

3.1 Simulation of Turbulent Diffuser Flows without Separation (4°) 
 
A turbulent simulation was run with a half-angle of 4° for both the k-ε model and the SST 
model. In each case, data was collected regarding the total pressure difference between the 
diffuser inlet and outlet, as well as the total friction force on the upper wall. These values are 
summarized in Table 2. Note that the relative error was calculated by assuming the ‘true value’ 
to be the data from the SST model. We can see that for both measured parameters, the two 
models report a significant difference. 
 
 

Table 2: Turbulent Model Comparison without Separation (4°) 

Turbulent Model 
Total Pressure Difference 

Between Inlet and Outlet (Pa) 
Total Friction Force on the 

Upper Wall (N) 

SST 0.414477262630 0.30880697 

k-ε 0.336027247074 0.41496111 

Relative Error (%) -18.93 34.38 

 
 
Several figures were also created in order to visualize a number of results for both models. For 
the k-ε model simulation, Figure 2 shows the residual history, Figure 3 shows modified u vs. x, 
Figure 4 shows modified TKE vs. x, Figure 5 shows the pressure contours, Figure 6 shows 
axial velocity contours, Figure 7 shows velocity vectors, and Figure 8 shows the velocity 
streamlines. Similarly, Figures 9-15 show the same information for the SST model simulation. 
 
By observing the streamlines for each simulation (Figure 8 and Figure 15) we can clearly see 
that separation does not occur. This is to be expected, since the half-angle of 4° is relatively 
shallow. In fact, according to Chandavari and Palekar, who conducted a number of simulations at 
various half-angles under similar flow conditions in Diffuser Angle Control to Avoid Flow 
Separation (International Journal of Technical Research and Applications e-ISSN: 2320-8163, 
www.ijtra.com Volume 2, Issue 5, Sep-Oct 2014, PP. 16-21), the critical diffuser angle where 
separation will occur is approximately 7°. This is significantly higher than 4°, so it is satisfactory 
to observe both models showing no signs of separation. 
 
The two models do vary in some key result though. Again, as seen in Table 2, the k-ε model 
reported a larger friction force, while the SST model reported a larger pressure difference. By 
considering the modified u vs. x results for both models (Figure 3 and Figure 10), we can see 
that the SST model reports larger modified u values near the center of the diffuser. Finally, by 
considering the modified TKE vs. x results for both models (Figure 4 and Figure 11), we can 
see that the SST models reports smaller modified TKE values near the center of the diffuser. 
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Figure 2: Residual History for k-ε and 4° 

 
 
 

 
Figure 3: Modified u vs. x for k-ε and 4° 
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Figure 4: Modified TKE vs. x for k-ε and 4° 

 
 
 

 
Figure 5: Pressure Contour for k-ε and 4° 
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Figure 6: Axial Velocity Contour for k-ε and 4° 

 
 
 

 
Figure 7: Velocity Vectors for k-ε and 4° 
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Figure 8: Streamlines for k-ε and 4° 

 
 
 

 
Figure 9: Residual History for SST and 4° 
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Figure 10: Modified u vs. x for SST and 4° 

 
 
 

 
Figure 11: Modified TKE vs. x for SST and 4° 
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Figure 12: Pressure Contour for SST and 4° 

 
 
 

 
Figure 13: Axial Velocity Contour for SST and 4° 

 



9 
 

 
Figure 14: Velocity Vectors for SST and 4° 

 
 
 

 
Figure 15: Streamlines for SST and 4° 
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3.2 Simulation of Turbulent Diffuser Flows with Separation (10°) 
 
A turbulent simulation was run with a half-angle of 10° for both the k-ε model and the SST 
model. In each case, data was collected regarding the total pressure difference between the 
diffuser inlet and outlet, as well as the total friction force on the upper wall. These values are 
summarized in Table 3. Note that the relative error was calculated by assuming the ‘true value’ 
to be the data from the SST model. We can see that for both measured parameters, the two 
models report values with differences that are significant, but that are less than the differences 
seen in section 3.1 for the half-angle of 4°. 
 

Table 3: Turbulent Model Comparison with Separation (10°) 

Turbulent Model 
Total Pressure Difference 

Between Inlet and Outlet (Pa) 
Total Friction Force on the 

Upper Wall (N) 

SST 0.301667644450 0.32570496 

k-ε 0.341080445667 0.35701565 

Relative Error (%) 13.07 9.61 

 
Several figures were also created in order to visualize a number of results for both models. For 
the k-ε model simulation, Figure 16 shows the residual history, Figure 17 shows modified u vs. 
x with EFD data, Figure 18 shows modified TKE vs. x with EFD data, Figure 19 shows the skin 
friction factor distribution along the top wall, Figure 20 shows the skin friction factor 
distribution along the bottom wall, Figure 21 shows the pressure contours, Figure 22 shows 
axial velocity contours, Figure 23 shows velocity vectors, and Figure 24 shows the velocity 
streamlines. Similarly, Figures 25-33 show the same information for the SST model simulation. 
 
By observing the streamlines for each simulation (Figure 24 and Figure 33) we can see that the 
SST model shows a large and distinct ‘separation bubble’, whereas the k-ε model shows little to 
no signs of separation. Again, according to Chandavari and Palekar in Diffuser Angle Control to 
Avoid Flow Separation (International Journal of Technical Research and Applications e-ISSN: 
2320-8163, www.ijtra.com Volume 2, Issue 5, Sep-Oct 2014, PP. 16-21), the critical diffuser 
angle where separation will occur is approximately 7°. This is significantly lower than 10°, so we 
do expect separation to occur in this case. Therefore, the SST model is likely correct by showing 
separation, whereas the k-ε model is likely incorrect by showing no separation. 
 
By referring to the skin friction factor distribution along the bottom wall for the SST model 
(Figure 29), we can also say that separation occurs at about 62(m) and the flow reattaches at 
approximately 115 (m), as this is the range where the skin friction factor is less than or equal to 
0. Similarly, by considering the skin friction factor distribution along the top wall (Figure 28), 
we can say that separation does no occur on the top wall, since the skin friction factor there is 
always greater than 0. This is to be expected, considering the smooth geometry of the top wall. 
 
We can also compare some of the key calculated results of both models to their corresponding 
EFD data. For the modified u velocity profile, the k-ε model matches the EFD data much better 
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earlier on in the diffuser near the inlet (i.e. positions 1-3) and the SST model matches the EFD 
data much better later on in the diffuser (i.e. positions 4-7). This is consistent with what was 
found before, because the SST model is able to accurately predict the separation, so it is more 
consistent with EFD data past the inlet length. For the TKE profile however, the k-ε model is 
more consistent with the EFD data throughout the entire length of the diffuser. This is also not 
surprising, since one of the two transport variables in the k-ε model is turbulent kinetic energy 
(TKE). Finally, for the skin friction factor distributions, the SST model is more consistent with 
the EFD data along the top of the wall, but both models match the EFD data along the bottom of 
the wall. 
 

3.3 k-ε and SST Discussion 
 
Considering the results discussed in section 3.1 and section 3.2, we can draw some conclusions 
about the strengths and weakness of the k-ε and SST turbulent models for a simulation of an 
asymmetric diffuser. For example, both models have not shown the same ability to predict 
separation. According to Chandavari and Palekar in Diffuser Angle Control to Avoid Flow 
Separation (International Journal of Technical Research and Applications e-ISSN: 2320-8163, 
www.ijtra.com Volume 2, Issue 5, Sep-Oct 2014, PP. 16-21), we should expect to see separation 
in the 10° case but no in the 4° case. While both models reported no separation in the 4° case, 
only the SST model clearly reported separation in the 10° case. This result is consistent with 
claims in literate (for example, CFD Online, https://www.cfd-online.com/Wiki/SST_k-
omega_model), which claim that the SST model is usable all the way down to the wall through 
the viscous sub-layer, and thus behaves well in adverse pressure gradients and separating flow. 
 
However, this does not mean that the SST model is all-around superior. For example, when 
comparing the TKE profile to the corresponding EFD data, the k-ε model outperformed the SST 
model throughout the entire length of the diffuser. When considering the modified u velocity, the 
k-ε model outperformed the SST model early on in the diffuser near the inlet before separation 
occurred. This goes to show that different turbulent models are inherently different and may be 
better or worse at predicting certain forces or parameters. Therefore, it is good to consider 
multiple turbulence models, and to ultimately decide which one is more capable of accurately 
modeling the unique characteristics of the flow being considered by comparing the results to 
other test results (such as EFD data). In this case, even though the SST model is not all-around 
superior, we can probably still say it is the more appropriate model for this simulation. This is 
because the behavior of separation is so important within a diffuser, and the SST model has 
clearly outperformed the k-ε model with regards to accurately predicting separation. 
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Figure 16: Residual History for k-ε and 10° 

 
 
 

 
Figure 17: Modified u vs. x with EFD for k-ε and 10° 
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Figure 18: Modified TKE vs. x with EFD for k-ε and 10° 

 
 
 
 
 

 
Figure 19: Skin Friction Factor Distribution on Top Wall for k-ε and 10° 
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Figure 20: Skin Friction Factor Distribution on Bottom Wall for k-ε and 10° 

 
 
 
 
 

 
Figure 21: Pressure Contour for k-ε and 10° 
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Figure 22: Axial Velocity for k-ε and 10° 

 
 
 

 
Figure 23: Velocity Vectors for k-ε and 10° 
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Figure 24: Streamlines for k-ε and 10° 

 
 
 

 
Figure 25: Residual History for SST and 10° 
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Figure 26: Modified u vs. x with EFD for SST and 10° 

 
 
 

 
Figure 27: Modified TKE vs. x with EFD for SST and 10° 
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Figure 28: Skin Friction Factor Distribution on Top Wall for SST and 10° 

 
 
 
 
 

 
Figure 29: Skin Friction Factor Distribution on Bottom Wall for SST and 10° 



19 
 

 
Figure 30: Pressure Contour for SST and 10° 

 
 
 

 
Figure 31: Axial Velocity for SST and 10° 
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Figure 32: Velocity Vectors for SST and 10° 

 
 
 

 
Figure 33: Streamlines for SST and 10° 
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4. Conclusions  
 
The purpose of this CFD lab was to simulate turbulent flow through an asymmetric diffuser 
while 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 turbulent flow in an 
asymmetric diffuser. I also observed how different turbulence models behave differently, and 
that ultimately no two turbulence models are created equally, as they each have their own 
strengths and weaknesses at predicting different parameters. Therefore, discretion must be used 
when selecting a turbulence model for a specific simulation. For example, I observed that the k-ε 
model was more consistent with the EFD data for the modified TKE profile throughout the entire 
length of the diffuser, and it was more consistent with the modified u profile near the entrance of 
the diffuser, as compared to the SST model. However, the SST model was much more suitable 
for accurately predicting the presence of flow separation and thus is likely the more appropriate 
model to use when modeling turbulent flow in an asymmetric diffuser. 
 
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 half angles within the diffuser. This would allow for the determination of the ‘critical’ half-
angle at which separation will occur. Additional discrete locations could also be used when 
calculating the modified u, modified TKE, and skin friction factor distributions. 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 which turbulence models are more 
accurate. In general, however, this lab was very productive, and it undoubtedly helped me learn 
more about the behavior of turbulent flow through an asymmetric diffuser, the differences 
between various turbulence models, and about the general principles, strengths, weakness, and 
necessary processes of computational fluid dynamics. 


