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1. Introduction
This assignment concentrates on how different simulation parameters affect the CFD results about Ahmed model. After a simple introduction about basic modeling, the assignment will compare how different domain sizes act in different turbulence models (realizable, RNG and standard). The next part is about the effect of different mesh strategies on CFD results, including mesh parameters and mesh types. The last comparison is about effects from some other parameters, author tried to find out how will location of XY para, height of fluent and stationary floor have an effect on CFD process, which can help us learn better about CFD method.



2. Basic modeling
Because the Ahmed CAD Model had been provided by the tutor on Student hub,so that it was imported into ANSYS 16.2 directly:
[image: ]
Figure 1  Initial domain size
The size of the Ahmed car was given so the initial domain size was set with: 
V1= 0.005m, just leave the ground;
V2= 1.2m, so that the total height of domain size was set in 1,205m;
H3= 4.2m, subtracting the length of the car 1.044m, almost equal to 3 times length of the car;
H4= 5.3m, which was close to 5 times length of the car.
The exclude depth was 1m.
[image: ]
Figure 2  Density box setup
The density box had a scale geometry with:
2.5 times as long,1.25 times as wide and 1.25 times as height as well.
And the final part the author would like to say is the confirmation of the center of pressure.Using Force Reports command in fluent, change the moment center and try to make total net moment as close to zero as possible.For the basic condition of the settings with the moving ground,in the end,the center of pressure,which is also the average vertical force acting down with the vehicle, was 558.75mm forward from the end of the car.
[image: ]
Figure 3  Center of pressure
3. How different simulation parameters affect the results
3.1. Domain sizes 
The first difference about simulation parameters were domain sizes,there was not a big change because only the exclude depth was changed from 1m to 2m.
[image: ]
Figure 4  Narrow domain size
[image: ]
Figure 5  Wide domain size
Because of that, the volume changed from 11.345m³ to 22.745m³,the surface area also increased from 44.679m² to 66.079m². During the simulations about different domin sizes,both sizes was calculated with 3 different tubulence models as well: realizable, RNG and standard so that a better result comparation could be made.
[bookmark: _Hlk30764954]3.1.1. Realizable turbulence model
[image: ]
[bookmark: _Hlk30765014]Figure 6  Realizable turbulence model with narrow size
For all simulations followed, hybrid initialization was chosen and the maximum number of iterations was 250.
The gragh above was the narrow domin size, it was obviously to find that the Cl gragh had 2 big fluctuation around 100 and 200 iterations. However for the graph of wide domin size below, things was totally different:
[image: ]
Figure 7  Realizable turbulence model with wide size
When the simulation run for the 68th iteration, the solution was converged which made the calculation finished earlier.
There was each simulation result followed:
[image: ]
[bookmark: _Hlk30765155]Figure 8  Velocity contour with narrow size
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Figure 9  Velocity contour with wide size
[bookmark: _Hlk30791021]For graphs above, the biggest difference was that the narrow domain size caused bigger turbulent area behind the car,it can also be confirmed from follow comparations:
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[bookmark: _Hlk30765367]Figure 10  Velocity streamline with narrow size
[image: ]
Figure 11  Velocity streamline with wide size
Here is the velocity streamline, it can be seen that the wide domin size can lead smaller turbulence but these srreamlines were more likely to twine each other.
About velocity vectors, more information was discovered: the narrow size leaded not only bigger hollow area, but also made bigger airflow velocity at the front of the top of the car and smaller airflow velocity at back.
[image: ]
[bookmark: _Hlk30765458]Figure 12  Velocity vector with narrow size
[image: ]
Figure 13  Velocity vector with wide size
Furthermore, vortex core region can offer a better view:
[image: ]
[bookmark: _Hlk30765633]Figure 14  Vortex core region with narrow size
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[bookmark: _Hlk30765937]Figure 15  Vortex core region with wide size
The pressure contour showed the viriation about the pressure of airflow, which demonstrated that the front of the car suffered the biggest pressure but the edge of the car suffered less. The difference for these conditions was that the wide one had less pressure at back edge on the top.
[image: ]
[bookmark: _Hlk30766326]Figure 16  Difference about pressure
The pressure distribution graph demonstrated how the pressure changed for the top or the bottom side of the car. The blue one indicated the upper section of the car, which showed a huge valley at the back of the car in wide domain size. The red one standed for the lower section that both domain sizes had little difference.
[image: ]
[bookmark: _Hlk30766213]Graph 1  Pressure distribution with narrow size
[image: ]
Graph 2  Pressure distribution with wide size
The last one was turbulence kinetic energy, showed a higher energy generated at the rear of the car when the domain size was in narrow condition.
[image: ]
Figure 17  Difference about turbulence kinetic energy
3.1.2. RNG turbulence model
[bookmark: _Hlk30691904]In RNG model, the results of fluent calculation was quite similar, the wide condition was converged at the 67th iteration.
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[bookmark: _Hlk30766528]Figure 18  RNG turbulence model with wide size
[image: ]
Figure 19  RNG turbulence model with narrow size
The velocity streamline showed aimost the same result as the realizable model, the airflow twined more tightly in wide size compared with the narrow one.
[image: ]
[bookmark: _Hlk30766610]Figure 20  Velocity streamline with narrow size
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Figure 21  Velocity streamline with wide size
Compared with realizable model, the difference in RNG one was that in narrow condition, the low pressure area became bigger and obvious turbulent flow could be seen.
[image: ]
[bookmark: _Hlk30767686]Figure 22  Velocity vector with narrow size
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Figure 23  Velocity vector with wide size
The pressure contour indicated the same condition with the realizable model. The velocity contour demonstrated that at the front face of the car,the airflow had a velocity nearly zero,but reached highest when arrived at front edge regardless of upper or lower. Because of different pressure loaded at upper edge of the back, the airflow in narrow condition was more likely to form a turbulent area.
[image: ]
[bookmark: _Hlk30767809]Figure 24  Difference about pressure
[image: ]
[bookmark: _Hlk30767842]Figure 25  Difference about velocity
The biggest change about turbulence kinetic energy happened at the back of the car where was also the turbulent airflow area. Then followed by the area between ground and the lower surface of the car,indicated that the wider domain size had bigger turbulent kinetic energy here.
[image: ]
[bookmark: _Hlk30768362]Figure 26  Difference about turbulence kinetic energy
3.1.3. Standard turbulence model
In standard model, the results of fluent calculation happened as expected, the wide condition was converged at the 67th iteration.
[image: ]
[bookmark: _Hlk30767947]Figure 27  Standard turbulence model with wide size

[image: ]
Figure 28  Standard turbulence model with narrow size
[image: ]
[bookmark: _Hlk30768023]Figure 29  Velocity streamline with narrow size
For velocity streamline, when at narrow domain, the velosity of the airflow next to turbulent area was close to zero. But in wide one, it increased at this area.
[image: ]
Figure 30  Velocity streamline with wide size
[image: ]
[bookmark: _Hlk30768149]Figure 31  Pressure contour with narrow size
For pressure contour, author found that the biggest difference appeared at the back area: because of the low pressure zone,a green area was on the rear of the car in narrow domain. However in wide domain condition,a high pressure zone was generated at the ground behind the car. That could be totally matched with the streamline.
[image: ]
Figure 32  Pressure contour with wide size
[image: ]
Figure 33  Difference about velocity
For the velocity contour,the standard model was similar to RNG one,but compared with realizable model,the difference between two domin sizes was smaller because the red area was smaller and shallower.
[image: ]
[bookmark: _Hlk30768215]Figure 34  Velocity vector with narrow size
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Figure 35  Velocity vector with wide size
Compared with the previous two models, velocity vector and vortex core region showed the similar result,so author will not repeat them here.
[image: ]
[bookmark: _Hlk30768321]Figure 36  Vortex core region with narrow size
[image: ]
Figure 37  Vortex core region with wide size
[bookmark: _Hlk30794915][bookmark: _GoBack]In standard model,author found that there was a huge difference about turbulence kinetic energy generated behind the car, especially in narrow domain condition. For RNG model, the kinetic energy difference could be ignored; for realizable model, the difference only occurred at a very small area at the rear of the car. But in narrow domain of this model,a huge region behind the car had stronger turbulence kinetic energy, which made an obviously difference between two domain sizes.
[image: ]
[bookmark: _Hlk30771763]Figure 38  Difference about turbulence kinetic energy
3.2. Mesh strategies
For this assignment, author tried 2 different ways: different mesh parameters and different mesh types.
3.2.1. Different mesh parameters
Reducing mesh size seems to influence the formation of dilute regions in two ways: Firstly, a finer mesh creates more inlet points for the incoming gas.   Secondly, better resolution of dilute regions in the first two seconds produces a local drop in drag effect forcing more gas into the dilute regions. Both these factors have the effect of producing the first visible bubble at lower velocity on mesh refinement. In this simulation, author kept using volume mesh but few parameters were changed. (realizable turbulence model)
[image: ]
[bookmark: _Hlk30768643]Figure 39  Original mesh setup
[bookmark: _Hlk30706710]First of all, every simulation used part mesh. The original model also ticked prism option in part mesh setup and the num layers were all 5 for Ahmed top, bottom, front wheel and rear wheel. The maximum size of Ahmed top and bottom were 0.02 , but were 0.01 for front wheel and rear wheel. The global element scale factor was 1 and maximum global element seed size was about 0.4. All of the above settings were used not only for the mesh part, but also in domain size part, turbulence part and moving ground part as well.
[image: ]
Figure 40  Original mesh setup
For the modified model, the global element scale factor changed to 0.5 and maximum global element seed size came to 0.2. In part mesh setup, author just changed the maximum size to half of the previous value: that means 0.01 for Ahmed top and bottom, 0.005 for both wheels.
[image: ]
[bookmark: _Hlk30768730]Figure 41  Modified mesh setup
[image: ]
Figure 42  Modified mesh setup
The last improvement was the location of density box. In order to get a better mesh effect, the density box was moved forward for 0.2 m.
[image: ]
[bookmark: _Hlk30769040]Figure 43  Original mesh model
[image: ]
[bookmark: _Hlk30770339]Figure 44  Modified mesh model
The graghs above showed the fluent calculation about origional model and the modified model. It can be seen that the gragh in both monitors had significant change. In drag monitor, the trend of the line waved around 650,000 in previous model but showed an apparent decline in modified one. What’s more, in lift monitor, the waves became small and more after 150th iteration for origional model. However, only 3 waves could be found in the new model.
[image: ]
[bookmark: _Hlk30770403][bookmark: _Hlk30770477]Figure 45  Velocity contour in original mesh model
[image: ]
Figure 46  Velocity contour in modified mesh model
For the velocity contour, benefited by smaller mesh size, author found that the velocity on the side surface of the car had certain increment. In front of the car, the modified model had a bigger region which the velocity started to drop down and author thought this situation had a connection with the location of the density box. The higher velocity region above the car disappeared in the new model meanwhile the turbulence airflow region behind the car seemed longer than before. 
[image: ]
[bookmark: _Hlk30770503]Figure 47  Pressure contour in original mesh model
[image: ]
Figure 48  Pressure contour in modified mesh model
For the pressure contour, it was not hard to notice that the low pressure region around the car (light green area) was almost died out. The highest pressure zone (red area) in the front of the car still existed, but the high pressure area expanded at the front and generated a new one behind the car in the modified model.
[image: ]
[bookmark: _Hlk30770598]Figure 49  Velocity streamline in original mesh model
When moving on to velocity streamline, author could hardly find difference expect the velocity on the side surface of the car increased in the modified model, which had been told before.
[image: ]
Figure 50  Velocity streamline in modified mesh model
For the velocity vector, by reason of smaller mesh element size, the location of density box and the turbulent airflow region displayed clearly. The maximum velocity at the front edge fell off a bit when the element size changed.
[image: ]
[bookmark: _Hlk30770662]Figure 51  Velocity vector in original mesh model
[image: ]
Figure 52  Velocity vector in modified mesh model
Due to the different mesh parameter, the turbulence kinetic energy changed a great deal. The modified model has a larger turbulence region with a maximum energy value of almost 2 times that of the original model.
[image: ]
[bookmark: _Hlk30770733]Figure 53  Turbulence kinetic energy in original mesh model
[image: ]
Figure 54  Turbulence kinetic energy in modified mesh model
3.2.2. Different mesh types
For this section author used origional mesh parameter, but changed volume mesh to prism mesh. (RNG turbulence model)
[image: ]
[bookmark: _Hlk30770840]Figure 55  Volume mesh model
[image: ]
[bookmark: _Hlk30770975]Figure 56  Prism mesh model
Compared with volume mesh, the flow calculation about prism mesh converged at 231st iteration, meanwhile the shape of Cl graph had a big difference.
[image: ]
[bookmark: _Hlk30771000]Figure 57  Volume mesh model
Because of different mesh types, author found the low velocity area above the car in volume mesh disappeared in the new model.
[image: ]
Figure 58  Prism mesh model
[image: ]
[bookmark: _Hlk30771023]Figure 59  Volume mesh model
Here, the effect of mesh types on the pressure distribution can be clearly seen. When prism mesh was adopted, the low pressure area around the car became smaller, especially on upper surface.
[image: ]
[bookmark: _Hlk30771047]Figure 60  Prism mesh model
[image: ]
[bookmark: _Hlk30771081]Figure 61  Volume mesh model
It was interesting to see the difference between the two models: in volume mesh, the streamline behind the car just flew away, however an eddy was generated at this area when prism mesh was chosen.
[image: ]
Figure 62  Prism mesh model
[image: ]
Figure 63  Volume mesh model
About the velocity vector part, the result showed similarity with the model using different mesh parameters so that won’t be covered again here.
[image: ]
[bookmark: _Hlk30771093]Figure 64  Prism mesh model
[image: ]
Figure 65  Volume mesh model
The last factor author want to compare with was turbulence kinetic energy. In prism model, there was a much larger area behind the car which had higher turbulence energy and that’s the reason why the velocity streamline had totally different path at this area in two models.
[image: ]
[bookmark: _Hlk30771125]Figure 66  Prism mesh model
3.3. Other parameters
3.3.1. Location of XY para
At this part author set different distance between symmetry plane to XY para for 0.03m, 0.09m and 0.15m in Z direction.
[image: ]
[bookmark: _Hlk30771159]Figure 67  0.03m
[image: ]
Figure 68  0.09m
[image: ]
Figure 69  0.15m
For the results author found that as the distance in Z direction rose, total pressure around the car became lower but velocity in the same region went higher.
[image: ]
[bookmark: _Hlk30771251]Figure 70  0.03m
[image: ]
Figure 71  0.09m
[image: ]
Figure 72  0.15m
3.3.2. Height of fluent
At this part author changed the height of Plane1, where was the streamline produced. 
[image: ]
Figure 73  0.082 model
[image: ]
[bookmark: _Hlk30771427]Figure 74  0.088 model
[image: ]
Figure 75  0.095 model
The point values for Z direction were 0.082, 0.088 and 0.095. When the streamline went higher, the phenomenon of turbulence became more obvious.
3.3.3. Stationary floor
For the last comparison of simulation parameters, the floor velocity was the only difference.
The guide book hoped to let the vehicle travelling straight ahead at 40m/s, so in all previous settings, the boundary condition of inlet component had a velocity of 40m/s in X direction with the floor velocity 40m/s per second as well. To find out how floor velocity affects CFD results, the contrast model had a stationary floor. 
[image: ]
[bookmark: _Hlk30771498]Figure 76  Moving floor
[image: ]
[bookmark: _Hlk30771544]Figure 77  Moving floor model
[image: ]
[bookmark: _Hlk30771656]Figure 78  Stationary floor model
The vortex core region showed that the turbulent area behind the car in moving floor situation was bigger than that in stationary one.
[image: ]
Figure 79  Moving floor model
[image: ]
Figure 80  Stationary floor model
The 3 graphs below showed the difference in turbulence kinetic energy, pressure and velocity between the 2 models. For each comparison, the moving condition was on top left corner and stationary was on top right.
[image: ]
Figure 81  Difference about turbulence kinetic energy
[image: ]
[bookmark: _Hlk30771877]Figure 82  Difference about pressure
[bookmark: _Hlk30758557][bookmark: _Hlk30790548]When the floor was moving, the maximum turbulence kinetic energy reached about 140.8J kg^-1, much more than 105.6J kg^-1 in stationary condition. The difference of pressure mainly occurred at the end of the car. There was no doubt that the floor had biggest difference of velocity because of the initial settings had been changed.
[image: ]
Figure 83  Difference about velocity
4.Conclusion
Aerodynamics is a science in itself, and is one of the most important factors in competition car design. The analysis about Ahmed CFD model used control variate method to explore the influences of different parameters. For example, the narrow domain size caused bigger turbulent area behind the car, where generated a strong turbulence kinetic energy especially in standard turbulence model. Prism mesh could expand the turbulent area behind the car compared with volume mesh. Improve the mesh density could bring clearer velosity vector path and rise the pressure around the car. The location of XY para and the height of streamline also have an effect to result so they can not be ignored. Author thinks these simulations will be quite useful for further study.
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240 4.0088e-03 3.8109e-05 1.9000e-05 1.3439e-05 2.1322e-03 1.3776e-03 2.2390e+02 4.4719e+02 0:00:33 10
241 3.8895e-03 3.7176e-05 1.8522e-05 1.3233e-05 2.0920e-03 1.3346e-03 2.1786e+02 4.4857e+02 0:00:29 9
242 3.7853e-03 3.6315e-05 1.8120e-05 1.3060e-05 2.0570e-03 1.2977e-03 2.1190e+02 4.5002e+02 0:00:27 8

iter continuity x-velocity y-velocity z-velocity Kk epsilon €1-1 cd-1 time/iter
243 3.6905e-03 3.5467e-05 1.7760e-05 1.2899e-05 2.0266e-03 1.2671e-03 2.0620e+02 4.5147e+02 0:00:23 7
244 3.6076e-03 3.4653e-05 1.7453e-05 1.2741e-05 2.0009e-03 1.2420e-03 2.0093e+02 4.5289e+02 0:00:19 6
245 3.5281e-03 3.3857e-05 1.7151e-05 1.2577e-05 1.9789e-03 1.2216e-03 1.9622e+02 4.5424e+02 0:00:17 5
246 3.4568e-03 3.3098e-05 1.6853e-05 1.2399e-05 1.9614e-03 1.2053e-03 1.9216e+02 4.5551e+02 0:00:13 4
247 3.3814e-03 3.2397e-05 1.6567e-05 1.2217e-05 1.9463e-03 1.1917e-03 1.8881e+02 4.5663e+02 0:00:10 3
248 3.3087e-03 3.1767e-05 1.6292e-05 1.2025e-05 1.9324e-03 1.1815e-03 1.8625e+02 4.5763e+02 0:00:07 2
249 3.2476e-03 3.1174e-05 1.5999e-05 1.1818e-05 1.9208e-03 1.1732e-03 1.8447e+02 4.5846e+02 0:00:03
250 3.1987e-03 3.0615e-05 1.5692e-05 1.1614e-05 1.9125e-03 1.1661e-03 1.8349e+02 4.5912e+02 0:00:00 0
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