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[bookmark: _Toc30884614]1 Introduction
The report is about author’s study on one Ahmed body by Ansys 16.0 and FLUENT CFD Solver, which is carried out to analysis the air flow field around the model, and the results are assessed by experimental data to help optimize the mesh strategy and solver settings. After analysing the fluid of Ahamed body of 25° rear slant, put the same mesh strategy and solver settings on Ahamed of 35° rear slant like shown in Figure 1-1. 
[image: ][image: ]
Figure 1-1 Ahamed of different angle 25°(left), 35°(right)
The study on the Ahmed body is significant to the flow analysis on the vehicles, Computational fluid dynamics (CFD) is often used to evaluate the external aerodynamics of a vehicle and to investigate how aerodynamic devices on that vehicle interact. This often involves highly turbulent flow regimes which are inherently a 3D phenomenon. 
While calculating the model in Fluent, two monitors lift coefficient and drag coefficient are created to estimate the process, and the real factors are given that lift coefficient equals to 0.345, and the drag coefficient equals to 0.299. The optimization work is carried out based on the difference between two monitors and velocity contours.
In this study, the domain of the fluid, the mesh strategy including the mesh size, mesh layers, mesh type, density quantities and some solver settings are changed several times to optimize the whole model. What’s more, every mesh is calculated in 3 turbulence models, k-epsilon Realizable, RNG and Standard, then choose the best one.





2 [bookmark: _Toc30884615]Background
CFD (Computational Fluid Dynamics) is the science of predicting fluid flow, heat and mass transfer, chemical, reactions, and related phenomena. (ANSYS , 2014) , which is becoming a popular tool for external aerodynamics characteristics of a car (Yakkundi & Mantha, 2010). The whole study can be described in 8 steps:
1. Determine if CFD is the suitable tool. 
2.  determine the domain. 
3.  create a solid model.
4.  mesh the model.
5.  Solver settings.
6.  compute the model.
7.  test the results, examine and choose the useful data.
8.  revise and optimize the model and settings based on the results.












[bookmark: _Toc30884616]3 25° Body CFD Works
[bookmark: _Toc30884617]3.1 First Model
Author firstly create a model that can be calculated in Fluent normally, and then try to optimize the model in detail edition by edition. First model is established by the help of the lecture about CFD, the basic fluid body is created in Design Modeler module using Extrude and Boolean command, the geometry size is shown in the table 3-1, and the body is shown in Figure 3-1.
Table 3-1 Geometry Size
	
	Height
	Length
	Width

	Value(m)
	1.3
	1.3
	8



[image: ]
Figure 3-1 Fluid Body
Then input the fluid body into the ICEM module to create the mesh, basic mesh settings are shown in the table 3-2. There is only one density box based on the Ahamed body of size 0.063 and no prism mesh, which is just to make the model running, the first mesh is shown in figure 3-2.
Table 3-2 Mesh Parameters
	
	Scale Factor
	Max Element
	Density
Quantities
	Density
Size
	Prism
Layers
	Prism
Size

	Value
	1
	0.5
	1
	0.063
	0
	0



[image: ]
Figure 3-2 First Mesh
Then input the mesh to Fluent solvers, velocity of inlet is 40m/s. First calculation runs k-epsilon Standard turbulence model and SIMPLE solution methods, which is also just made to keep the model running that doesn’t consider too much about the results.
Firstly, author checks the mesh quality, which influence the performance of the model, but how it works needs to be seen in further research work. And the evaluate criteria of the mesh is shown in the Figure 3-3 (ANASYS, 2012). And the mesh quality is shown in the Figure 3-4.
[image: ]
Figure 3-3 Mesh Evaluate Criteria
[image: ]
Figure 3-4 Mesh Quality
Figure 3-4 represents that this is a good mesh, and then calculate the model. At the same time, monitor the lift and drag coefficient, the results are shown in the Figure 3-5 and 3-6.
[image: ]
Figure 3-5 Monitors Plot
[image: ]
Figure 3-6 Velocity Contours
This study carries out 1200 iterations, the quantity of Cl and Cd is not a good result but they’re in the correct trend, hence the model need to be optimized. What’s more, the residuals, Cl and Cd keep vibrating means it can’t be converged; hence the solution method and turbulence model need a new layout, and the velocity contours should be compared with others to evaluate the quality.
Author calculates the same model in COUPLED solution methods to see the performance, the results are shown in Figure 3-7and 3-8.

[image: ]
Figure 3-7 Monitors Plot
[image: ]
Figure 3-8 Velocity Contours
This solution is converged, and the monitors and residuals are in a stable level, which is the ideal performance. Therefore, author decides to use the COUPLED solution methods for the further calculations, and it seems that the element behind the body is too big, there should be smooth curves.





[bookmark: _Toc30884618]3.2 Second Model
For the second mesh, author makes the whole element smaller. What’s more, the velocity in the boundary layer is taken into consideration. Because the velocity of flow in the boundary layer is zero, hence there is a velocity sudden change. Therefore, prism mesh is added around the Ahamed body. In addition, the Solution Controls are changed. The mesh parameters are shown in Table 3-3, shown in Figure 3-9. And the results are shown in 3-10 and 3-11.
Table 3-3 Mesh Parameters
	
	Scale Factor
	Max Element
	Density
Quantities
	Density
Size
	Prism
Layers
	Prism
Size
	Mesh
Quality

	Value
	0.8
	0.2
	1
	0.025
	4
	0.1
	0.22



[image: ]
Figure 3-9 Second Mesh
[image: ]
Figure 3-10 Monitors Plot
[image: ]
	Figure 3-11 Velocity Contours	
The results show that the mesh quality is also in the good level, but the Cl, Cd are in a wrong trend, there might be a problem in the mesh, and the element behind the body is still not small enough.













[bookmark: _Toc30884619]3.3 Third Model
In the third model, author also makes some change in mesh that is shown in table 3-4. What’s more, in this model, 3 turbulence models are taken into consideration, and Figure 3-12 the results are shown in the Figure 3-13 and 3-14.
Table 3-4 Mesh Parameters
	
	Scale Factor
	Max Element
	Density
Quantities
	Density
Size
	Prism
Layers
	Prism
Size
	Mesh
Quality

	Value
	0.8
	0.1
	1
	0.012
	4
	0.01
	0.17


[image: ]
Figure 3-12 Third Mesh

[image: ][image: ][image: ]
Figure 3-14 Velocity Contours under Different Models
This is not a good mesh, which maybe the reason that causes the RNG model can’t change. What’s more, maybe Realizable is the most suitable model.
[bookmark: _Toc30884620]3.4 Fourth Model
In the fourth model, author changes the mesh, the parameters are shown in Table 3-5 and Figure 3-15, and the results under 3 turbulence models are shown in Figure 3-16 and 3-17.
Table 3-5 Mesh Parameters
	
	Scale Factor
	Max Element
	Density
Quantities
	Density
Size
	Prism
Layers
	Prism
Size
	Mesh
Quality

	Value
	0.8
	0.01
	1
	0.04
	10
	0.01
	0.21


[image: ]
Figure 3-15 Fourth Mesh

[image: ][image: ][image: ]
Figure 3-17 Velocity Contours
This mesh seems a little better than previous one, two monitors under Standard and Realizable models are very close to the correct answer, but the RNG model also can’t converged. And the contours still do not have a good shape, the mesh should be optimized.

[bookmark: _Toc30884621]3.5 Fifth Model
Based on the contours in the last model, author think that maybe one density box is not enough, hence he adds one box, the mesh is shown in the Table 3-6 and Figure 3-18, the results are shown in the Figure 3-19 and 3-20. 
Table 3-5 Mesh Parameters
	
	Scale Factor
	Max Element
	Density
Quantities
	Density
Size
	Prism
Layers
	Prism
Size
	Mesh
Quality

	Value
	0.8
	0.01
	2
	0.05
	10
	0.01
	0.39


[image: ]
Figure 3-18 Fifth Mesh

[image: ][image: ][image: ]
Figure 3-20 Velocity Contours
0.39 represents a good mesh, which may lead to the converge of RNG model. But value of two coefficients are not good enough. What’s more, the element size of the triangular region behind the body should be improved.
[bookmark: _Toc30884622]3.6 Sixth Model 
In the sixth mesh, author change the domain size, make the distance between wheel and floor longer at 0.3m. The mesh strategy is same as fifth model, but the mesh quality is reduced to 0.016, which is a bad level. And the mesh is shown in Figure 3-21, when calculating, the residuals don’t keep decreasing, hence author interrupts the iteration and improve the mesh. 
[image: ]
Figure 3-21 Sixth Mesh














[bookmark: _Toc30884623]3.7 Seventh Mesh
Based on the bigger domain, author change the mesh parameters and add one small box in the triangular region, the mesh is shown in Table 3-6 and Figure 3-22, the results are shown in 3-23 and 3-24.
                                                         Table 3-6 Mesh Parameters
	
	Scale Factor
	Max Element
	Density
Quantities
	Density
Size
	Prism
Layers
	Prism
Size
	Mesh
Quality

	Value
	0.5
	0.4
	3
	0.1/0.02
	5
	0.02
	0.04


[image: ]
Figure 3-22 Seventh Mesh

[image: ][image: ][image: ]
Figure 3-24 Velocity Contours
Bad results mean that the new domain is not a good choice, but the contours shape is good, which give a advice to further mesh strategy. And the Realizable model seems still match the situation best.

[bookmark: _Toc30884624]3.8 Eighth Model
Author decides to optimize the mesh based on the fifth mesh. After analysis the mesh strategy, author misses the prism on the floor, hence 8 layers prism mesh od 0.01is added, and the prism mesh around the body is in same quantity and size. The results are shown in 3-25 and 3-26.

[image: ][image: ][image: ]
Figure 3-26 Velocity Contours
  Mesh quality is 0.18, which is not a very bad mesh, but also not good results, only advice is Realizable model is the suitable one.










[bookmark: _Toc30884625]3.9 Ninth Model
At this time, author get the best mesh strategy, he should find the best size layers. He tried many times to get a good mesh, which is shown in Table 3-7.
Table 3-7 Different Mesh Sizes
	
	Density
Quantity
	Density 1
Size
	Density 2
Size
	Density 3
Size
	Prism 
layers
	Prism 
Size
	Mesh
Quality

	1
	3
	0.05
	0.05
	0.012
	6
	0.01
	0.170

	2
	3
	0.03
	0.03
	0.012
	6
	0.01
	0.198

	3
	3
	0.025
	0.025
	0.012
	6
	0.01
	0.198

	4
	3
	0.03
	0.03
	0.012
	7
	0.01
	0.202

	5
	3
	0.025
	0.025
	0.012
	7
	0.01
	0.202

	6
	3
	0.025
	0.025
	0.015
	7
	0.01
	0.211

	7
	2
	0.025
	/
	0.015
	7
	0.01
	0.196

	8
	3
	0.025
	0.025
	0.012
	7
	0.01
	0.106



Further calculation is based on the 8 mesh, the mesh is shown in Figure 3-27, and the results are shown in 3-28 and 3-29.
[image: ]
Figure 3-27 Ninth Mesh

[image: ]
Figure 3-29 Velocity under Standard Model
The calculation under standard model cost 67 hours to finish, but the velocity contours is a good result. Therefore, author decides to expand the element size to save time, and the bigger mesh settings is shown in Table 3-8 and Figure 3-30, the results are shown in Figure 3-31 and 3-32, this mesh cost about 17 hours to finish.
                                                         Table 3-8 Mesh Parameters
	
	Scale Factor
	Max Element
	Density
Quantities
	Density
Size
	Prism
Layers
	Prism
Size
	Mesh
Quality

	Value
	0.8
	0.4
	3
	0.05(1.2)/0.015
	6
	0.015
	0.049


[image: ]
Figure 3-30 Bigger Mesh


[image: ][image: ][image: ]
Figure 3-32 Velocity Contours
Though the RNG model doesn’t converged, the Realizable Model and relevant settings and mesh is the best one, which will be put on the 35° body.












[bookmark: _Toc30884626]4 35° Body CFD Work
The mesh is showing in Figure 4-1, and the results are shown in 4-2 and 4-3.
[image: ]
Figure 4-1 35° Body Mesh

[image: ]
Figure 4-3 Velocity Contour
The mesh quality is 0.0078, an awful mesh, the velocity contour is in a good shape, but two monitors especially the lift coefficient is far away from the real data. Analysing the mesh, the problem maybe the prism mesh, prism mesh of the body and floor occupies the whole space under the body. Therefore, author decides to reduce the prism layers to 5, and quality increases to 0.011, the results are shown in Figure 4-4 and 4-5.



[image: ]
Figure 4-5 Velocity Contours
The results still don’t match the correct answer, hence there is a problem in the Mesh, hence author reduce the prim layers to 3 to see the performance. Though the quality increases to 0.04, the results shown in Figure 4-6 represents this is not a good mesh. Hence the second version is the best one.


[bookmark: _Toc30884627]5 Results Comparation
Best results of the CFD is shown below:
                                                         Table 5-1 Mesh Parameters
	
	Scale Factor
	Max Element
	Density
Quantities
	Density
Size
	Prism
Layers
	Prism
Size
	Mesh
Quality

	25°
	0.8
	0.4
	3
	0.05(1,2)/0.015
	6
	0.015
	0.049

	35°
	0.8
	0.4
	3
	0.05(1,2)/0.015
	5
	0.015
	0.011


[image: ][image: ]
Figure 5-1 Monitors Plots of 25°(left), 35°(right)
[image: ][image: ]
Figure 5-2 Velocity Contours
[image: ][image: ]
Figure 5-3 Streamlines
[image: ][image: ]
Figure 5-4 Velocity Vectors

Both two models are based on Realizable turbulence model, and the mesh qualities are in a bad level. Though author doesn’t get the best settings of the 35° body, it also can be found from the figures that there are several differences between these two flows, especially the flow rotating region behind the body, the separated flow/wakes regions are key feature of the flow field (Yakkundi & Mantha, 2010). The complete equation of drag(lift) is  (Yakkundi & Mantha, 2010) , which is relevant to the frontal areas and velocities. From the data, the drag coefficient of 35° rear slant is lower than 25° one, which represents the lower drag force, which may influence the performance of streamlined car.












[bookmark: _Toc30884628]6 Discussion and Conclusion
In this report, study is carried out to analysis the air flow around the Ahamed body using ANSYS 16.0 FLUENT solver. After getting the best setting on 25° Ahamed body, same settings are put on the 35° Ahamed body to see whether it’s match or not. The CFD results are tested by experimental data, the lift, drag coefficients and velocity contours are factors that reflect the model accuracy.
Through the process finding the best settings of 25° Ahamed body, author changes the mesh strategy include: mesh size, density box, prism mesh, domain size, turbulence model, solver settings, and he gets a good results Cl=0.332, Cd=0.299, which is very close to the real data. And the velocity contours and streamlines also demonstrate this. But the results of 35° body don’t match the reality, especially the lift coefficient. The biggest problem is the mesh. Though author tries to reduce the prism layers, it seems doesn’t work.
Actually,  change of the domain of the fluid doesn’t influence the results, which is same as the solver settings. However, mesh strategy and turbulence models play an important role of the simulation process. Small element will make the calculation more precise, but longer time. Hence the suitable mesh strategy is very import that just make the element smaller where needed. In this study, the element around the body especially the behind region. And the mesh type, surface mesh, volume mesh and prism mesh can be added when needed. In this study, prism mesh is needed around the body and floor because of the boundary layer. 
What’s more, the turbulence models impact the results a lot, in this study, the Realizable is the most suitable one, RNG is the worst. And mesh quality is a factor that has connection with the model, if the mesh quality is two low (low than 0.2), even the RNG model can’t get converged. However, low quality still can get good results in Realizable model.
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Figure 3-13 Monitors Plot

Cl	
Standard	RNG	Realizable	Correct	0.40039999999999998	0.26	0.3523	0.34499999999999997	Cd	
Standard	RNG	Realizable	Correct	0.31430000000000002	0.26	0.29870000000000002	0.29899999999999999	



Figure 3-16 Monitors Plot

Cl	
Standard	RNG	Realizable	Correct	0.35439999999999999	8.1600000000000006E-2	0.3579	0.34499999999999997	Cd	
Standard	RNG	Realizable	Correct	0.32190000000000002	0.26219999999999999	0.29870000000000002	0.29899999999999999	



Figure 3-19 Monitors Plot

Cl	
Standard	RNG	Realizable	Correct	0.36919999999999997	0.36649999999999999	0.39269999999999999	0.34499999999999997	Cd	
Standard	RNG	Realizable	Correct	0.29949999999999999	0.27829999999999999	0.31059999999999999	0.29899999999999999	



Figure 3-23 Monitors Plot

Cl	
Standard	RNG	Realizable	Correct	0.4451	0.43090000000000001	0.36919999999999997	0.34499999999999997	Cd	
Standard	RNG	Realizable	Correct	0.26390000000000002	0.2457	0.2913	0.29899999999999999	



Figure 3-25 Monitors Plot

Cl	
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Standard	RNG	Realizable	Correct	0.32690000000000002	0.29310000000000003	0.29949999999999999	0.29899999999999999	



Figure 3-28 Monitors Plot

Cl	
Standard	Correct	0.32829999999999998	0.34499999999999997	Cd	
Standard	Correct	0.32690000000000002	0.29899999999999999	



Figure 3-31 Monitors Plot

Cl	
Standard	RNG	Realizable	Correct	0.35909999999999997	0.29699999999999999	0.33239999999999997	0.34499999999999997	Cd	
Standard	RNG	Realizable	Correct	0.31269999999999998	0.26800000000000002	0.29870000000000002	0.29899999999999999	



Figure 4-2 Monitors Plot

Cl	
Realizable	Correct	0.11119999999999999	4.0000000000000001E-3	Cd	
Realizable	Correct	0.2863	0.29899999999999999	



Figure 4-4 Monitors Plot

Cl	
Realizable	Correct	4.2799999999999998E-2	4.0000000000000001E-3	Cd	
Realizable	Correct	0.2863	0.27900000000000003	



Figure 4-6 Monitors Plot

Cl	
Realizable	Correct	0.21590000000000001	4.0000000000000001E-3	Cd	
Realizable	Correct	0.28820000000000001	0.27900000000000003	
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