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1. [bookmark: _Toc30968840]Introduction
The report mainly puts emphasis on the usage of ANSYS Workbench 16.2 and Fluent CFD which serve as the function to appraise the vehicle aerodynamics. Throughout this report, 3 processes that include geometry creating, mesh creating and analysis of the results were detailed to demonstrate the comprehensive procedures of undergoing an investigation on aerodynamics and obtain the result of the lift and drag coefficients, and the velocity plot of the vehicle. As given the entire vehicle models and relevant data, the author modified diverse simulation parameters to make the results more accurate, such as changing the size of the domain and density box, three turbulence models and the settings of the solver. The author has tried almost 8 different mesh and obtained different results. Finally, the author chose an optimal solution and applied the same mesh to the other ahmed geometry which has a bigger slant angle. Comparison and investigations were work out to find how these parameters influence the drag and lift coefficient and contours plots.


2. [bookmark: _Toc30968841]Data for Ahmed Geometry
Detailed dimensional and experimental data was given by the tutor. Also, the author could use two CAD models in SOLIDWORKS to undergo the aerodynamic assessment and decide the size of domain geometry through the dimension of the ahmed body. The table below shows the experimental data which gives the author specific value of lift and drag coefficient for two models that have different slant angle. This data can be used for modifying the geometry and mesh to obtain more accurate results.
	Slant Angle ()
	Lift
	Drag

	25°
	0.345
	0.299

	35°
	0.004
	0.279


Table 2.1 Experimental data for two CAD models
[image: ]
Table 2.1 Expected flow structures given by tutor (Tudor, 2019)


3. [bookmark: _Toc30968842]Identification of the Domain 
Domain and geometry need to be created in the first step. The ahemed body model was imported into the ANSYS WORKBENCH 16.2, and then the author clicked the DesignModeler part to start the design.
[image: ]A rectangular sketch was drawn to cover the ahemed body as shown below, whose bottom edge did not coincide the  axis.
Figure 3.1 Create rectangle in the sketch
The next step was to define the dimensions of horizontal and vertical length of the sketch. Considering the normal practice about the size of domain, there should be three and five model length in front of and behind the model, 3 model height above model and 3 model width beside the model (Tudor, 2019). Hence, the dimensions were defined as the figure shows.



In the light of pneumatic tyres of the vehicle which could not be the same as people actually observe it. So V2 = 0.005m. The length of extrude in sketch was defined as 1.1m. Hence, the domain was renamed as the fluid part to symbolize the flow area around model.
[image: ]Figure 3.2 The size of the domain
The Boolean part was created to subtract the model from the domain. Considering the following processes, boundary conditions need to be used and the author selected, grouped and renamed the faces (inlet, outlet, topside, floor, mira, wheel and symmetry).


4. [bookmark: _Toc30968843]Design and Create initial Mesh (mesh quality)
The second step is to use ICEM CFD to create mesh since domain needs to be divided into small grids. The author successfully created the initial mesh which is reasonable and close to the results that tutor initially gave.
[bookmark: _Toc30968844]4.1 Global mesh
[image: ][image: ]Firstly, the body part was created to remind the software filling grids into the domain. Then the global mesh was set up to define the size for the entire model and meshing all edges, faces and bodies. The figure below shows element scale and maximum size.
Figure 4.1 Global Mesh setup
[bookmark: _Toc30968845]4.2 Part element setup and prism mesh
Only the global mesh for the model surface would show poor performance. To make the mesh around the ahemed body more representative, the author created the parts setup to specify the element size on the model. The author selected the ahemed body surfaces and decided 0.01mm. Also, prsim layers should be set around the surface to capture the boundary layer (Tutor,2019). The author chose 5 layers to mesh.
[image: ]
Figure 4.2 Part Mesh setup
[image: ]
Figure 4.3 Element and prism mesh
[bookmark: _Toc30968846]4.3 Density box
Mesh refinement around the ahemed body is beneficial to see the detailed flow with velocity flows, so the density box needed to be built and set its size 0.08m. The author modified the size of the density box to adjust the area around the model.
In addition, in order to deeply observe and analyse the behind part of the model which would indicate the circular flow structures, another density box was created and divided into smaller element size for 0.05m. Computing the mesh and the figure below shows.
[bookmark: OLE_LINK1][image: ][image: ]Figure 4.4 1st density box                         Figure 4.5 2nd density box
[bookmark: _Toc30968847]4.4 Compute mesh
[image: ]




Figure 4.6 Producing mesh by density box
[bookmark: _Toc30968848]4.5 Mesh quality
The author checked the mesh quality which is shown below.

[image: ]
Figure 4.7 Mesh quality for ahemed body 
During the lessons given by tutor, mesh quality can be appraised by 3 aspects - skew, orthogonality and aspect ratio. The table below shows the criteria and recommendation for mesh quality. 
	Excellent
	Very good
	Good
	Acceptable
	Bad
	Unacceptable

	0-0.25
	0.25-0.5
	0.5-0.8
	0.8-0.94
	0.95-0.97
	0.98-1.00


Table 4.1 Orthogonal Quality mesh metrics spectrum
	Excellent
	Very good
	Good
	Acceptable
	Bad
	Unacceptable

	0.95-1.00
	0.70-0.95
	0.2-0.69
	0.15-0.2
	0.001-0.14
	0-0.001


Table 4.2 Skewness mesh metrics spectrum
When checking the mesh quality, minimum orthogonality quality is 0.25559 and maximum ortho skew is 0.719. According to the table1, it shows very good performance. Maximum aspect ratio is 15.4. Large aspect ratio is accepted where there is no strong transverse gradient like boundary layer (Tutor, 2019). 
Finally, the acceptably initial mesh was completed and applied to the solver period.


5. [bookmark: _Toc30968849]Set up fluent and work out results
[bookmark: _Toc30968850]5.1 Solver settings
The author decided some slover-settings as follows:
(1) Type of solver – pressure-based coupled solver. (suitable for most flow)
(2) Turbulence model – realizable (better performance than standard and RNG for this model)
(3) [image: ]Boundary conditions (velocity-inlet, pressure-outlet)
Figure 5.1 velocity setting for inlet
(4) [image: ]Reference value (project area for ahmed body itself)
Figure 5.2 Projected area
(5) Method controls – default
(6) Monitor setup – drag and lift (work out each coefficient)
[bookmark: _Toc30968851]5.2 Carry on results
Before starting to calculate the results, the author conducted the hybrid solution initialization to decide the velocity and pressure fields (Tutor,2019).
When running the calculation, the author determined 1500 iterations and chose 3 graphics windows to observe the trend of curves for residuals, . The results with coefficient and velocity plot are shown below. 




[image: ]Figure 5.3 Curves and results of  coefficient for realizable model
Solution is converged at 187 iterations where the scaled energy residual dropped to . And the coefficients are close to the value tutor gave. 
	
	Experimental data
	Calculating results

	
	0.345
	0.358

	
	0.299
	0.308


[image: ]The author viewed the velocity plot to see how the air flows around the model. The area behind the vehicle shows irregular moving with lower speed and its inner circular place shows the a little bit higher velocity. But the circus transition is not smooth and it may have some edges too rough or pointed which is shown below.
Figure 5.4 Contour plot for velocity
[image: ]
Figure 5.5 velocity plot for behind area
The vector plot was conducted and when compared to the expected flow given by tutor, it is not so obvious that air goes down with the slant angle and two circus shows vector direction between upper air around the surface and the down horizonal air.
[image: ]
Figure 5.6 vectors for behind area
Hence, for not well smoothing area and more obvious turbulence situation, refinements for mesh for this area needs to be done which will be shown in the next part.



6. [bookmark: _Toc30968852]Modify parameters and Resolve results
To enhance the accuracy of the results and perform the better velocity contour plot, the author modified some parameters even further and investigated how these parameters influence the result. Finally, the author found the relatively best analysis for this model. The following shows the modifying and resolving process for the final settings.
6.1 Mesh modifying
6.1.1 Global mesh
[image: ]To refine and decrease the size of the grid to conduct a better result, maximum element size was changed to 0.8m.
Figure 6.1 global mesh
6.1.2 Density box
[image: ][image: ]For the smaller density box, the author modified the covering area behind the vehicle because the changes of the air direction started with the appearance of slant angle. And the small density box was defined 0.03m to refine the grid.
Figure 6.2 previous                      Figure 6.3 modified
Also, refining the size of the density boxes was conducted to make the calculation more accurate.
Figure 6.4 [image: ][image: ]Density size 
6.1.3 Prism layer
[image: ]Except prism layer around the ahmed body surface, prism layer also needs to be applied around the floor to make its mesh more representative. But the layer can not be determined too much like 5 because it may take too much time to mesh and can not be converged easily, and two layers showed the better performance.
Figure 6.5 Part mesh setup 
[image: ]
Figure 6.5 Modified mesh 
The figure above shows the modified mesh and approximately 10 levels between the floor and the ahmed body which shows detailed and dense grids. The difference in element size between the body, prism and density box is reasonable and would not decrease the mesh quality.


[image: ]
Figure 6.5 Mesh quality for modified model 
6.2 Results resolving
[image: ]The author used the same settings in the solver part and decided 2000 iterations to calculate because mesh changed to be complex and it may take longer time to be converged. The following is the results:
[image: ]Figure 6.6 Coefficients 
Figure 6.7 Contour plot 

[image: ]
Figure 6.5 Vector plot
From the graphs above, the calculating results show that this calculation was converged at 423 iteration which was 3 times that in previous model. 
	
	Experimental data
	Calculation(previous)
	Calculation

	
	0.345
	0.358
	0.345

	
	0.299
	0.308
	0.287


The modified one shows a much more accurate and close value to the expected one. Meanwhile, the mesh quality also improves. 
For the contour plot with velocity, it indicates five smoothing and obvious circuses with different velocity, whose transitions are all arcs.
For the vector plot, flows of air change the direction when coming across the slant angle. There are large quantities of flows behind the vehicle and specific area where air produce two convolutions and low velocity take place.






7. [bookmark: _Toc30968853]Investigations
The author worked out several different results from simple settings to complex one with different simulation parameters. The variable and changeable parameters could be the size of domain, design of mesh, 3 different turbulence models and solver settings. The author compared and combed through the results to find how these parameters influence the result. 
[bookmark: _Toc30968854]7.1 Domain size
[image: ][image: ]The author changed the sketch dimensions to see how it affects.
Figure 7.1 difference between geometry sketch
The author kept other same settings and changed the domain size which may decrease the length of wheels for meshing. Results for coefficient show that V2 is so big that it may influence the accuracy. These two results show the similar curves and plots but for the coefficient results when V2=0.005m are closer to the expected value. Hence, a more suitable domain size may influence the accuracy of the results.
	
	V2=0.005m
	V2=0.02m

	Cl
	0.340
	0.434

	Cd
	0.306
	0.309


Table 7.1 Results(V2=0.02 &V2=0.005)


[image: ][image: ] Figure 7.2 results(V2=0.02m)
Figure 7.3 Results(V2=0.005m)

[bookmark: _Toc30968855]7.2 Mesh design
7.2.1Refinements for element size
[image: ]The author changed the maximum element size and reduce the size of small density box to refine the grids and work out better performance plot as follows.
(global maximum elements:0.1m density box:0.05m)
[image: ]
[image: ](global maximum elements:0.08m density box:0.03m)
	
	0.1/0.05
	0.08/0.03

	Cl
	0.358
	0.339

	Cd
	0.309
	0.297


7.2.2 Area of density box
[image: ][image: ][image: ]Small density box should entirely cover the faces of edges and the small area which is not covered may affect the mesh quality and result accuracy because the difference of mesh size.
[image: ][image: ][image: ]Figure 7.4 Density box area
7.2.3 Prism layer
[image: ]Applying the floor prism layer may enhance the accuracy and is reasonable for the actual air simulation. When applying 5 floor prism layers, it took too much time mesh and calculate and could not be converged. 2 layers setting is the best after trying other numbers.
Figure 7.5 5 prism layers


[image: ]Figure 7.6 2 layers 

[bookmark: _Toc30968856]7.3 Turbulence model
The author tried three turbulence models on the same geometry and meshing vehicle to see how these models affect. Realizable and standard show the similar vector and contours plot. As shown below, RNG model is possibly harder to converge and the residual curve is not stable. And the realizable model shows the most accurate results since it is suitable for shear flows and transitional flows (Tudor,2019).



[image: ][image: ]Figure 7.1 Realizable model
Figure 7.2 Standard model
[bookmark: _Toc30968857]7.4 Solver setting
In the solution setting parts, the author firstly decided pressure-based coupled solver with simple scheme and found that the convergence of simple scheme may took more than 10 times that of coupled scheme.
8. [bookmark: _Toc30968858]Comparison between Ahmed 25 and Ahmed 35
The author used the same method for ahmed 25 and ahmed 35.
[bookmark: _Toc30968859]8.1 Results (no floor prism layers)
[image: ][image: ][image: ][image: ]8.1.1 Coefficient
Figure 8.1 Coefficient and mesh quality
The results of these two models show the pretty good results compared to the expected values.


[image: ][image: ][image: ][image: ]8.1.2 Plots
Figure 8.2 Contour and vector Plots 
The ahmed 35 model shows a bigger area of lower velocity area and the convolution area is bigger than that of ahmed 25 which shows the inner area with higher velocity when compared with surrounding low velocity.
[bookmark: _Toc30968860]8.2 Results (apply floor prism layers)
[image: ][image: ][image: ][image: ]8.1.1 Coefficient
Figure 8.3 Coefficient
Cl result shows negative value and Cd is close to the expected value.


[image: ][image: ][image: ][image: ]8.1.2 Plots
The plots show that for ahmed 35 low velocity starts at the front edge as slant angle appears and for ahmed 25 it just flows slowly at the end of the angle. And the area of low velocity indicates bigger of 35 than that of 25. Hence, as the slant angle becomes bigger, the area of low speed air flow turns bigger.   
9. [bookmark: _Toc30968861]Conclusion
Through this report, the author learned how to use ANSYS WORKBENCH to evaluate aerodynamics for vehicles. During the process, meshing plays an important role which may affect the accuracy and flow structure of the results at a large extent. Refinements for the mesh is essential which may bring out more accurate results and make the transition more smoothing. The author modified different simulation parameters, compared the results and found some characteristics:
1. Suitable domain geometry will bring more accurate coefficient.
2.The refinements for the density box, prism layer and reasonable difference in mesh element size will lead to higher mesh quality.
3. Realizable model is more stable and suitable for complex mesh and shear flows
4. The comparison between ahmed 25 and ahmed 35 shows that more slant angle may lead to larger area for lower velocity.
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