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With computer capable of processing large amount of data, more and more computer aided engineering software are being used in the engineering industry. CFD (Computational Fluid Dynamics) is part of an engineering software that can help engineers to simulate and analyse fluid flow and much more.
The aim of this report is to investigate the optimal setting on CFD software to simulate accurate aero force acting on the MIRA notch vehicle. The report also demonstrates the analysis of the result.
To achieve an optimal setting, data from MIRA wind tunnel with the same geometry would be used for validation.  There are multiple factors of setting, to get the best setting, finding the best results for each factor and continuing with the optimal settings until the results are representative.
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[bookmark: _Toc31589818][bookmark: _Hlk31521321]Mira wind tunnel Specifications
With the information of the wind tunnel, it helps to determine setting on CFD. For example, the maximum wind speed on CFD shouldn’t be larger than 35m/s. the test section area can provide an idea of area that won’t cause blockage effect.
• Test section area:15m (L) x 7.9m (W) x 4.4m (H) with a cross-sectional frontal area of 35m2
• Maximum wind speed: 36m/s
• Evaluation of rolling, pitching and yawing moments
• 46 channel pressure measurement system 
• Frontal area measurements able to be taken
 (Anon., 2019)
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To achieve high accuracy, the geometry of the CAD model must be very similar to the real object, but with a complicated model, the mesh must be more detail to match geometry of the CAD model, which can lead to a longer calculation time. The geometry could be simplified, if CFD is very time consuming, but the accuracy can be lowered as a result. 
[bookmark: _Toc31589821]Domain size
Like actual wind tunnel test section area if the domain size is too small, it would cause Blockage effect. With CFD software, symmetry or slip wall function can be selected to release and minimise the blockage effect. 
Since the wind tunnel test section is of a confined volume, the aerodynamic measurements obtained from the wind tunnel tests do not resemble to those obtained in the infinitely spaced boundaries, such as the case of a vehicle moving on a plane road. (DEEPAK SAHINI, 2004)
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There are different shapes of mesh cells, the main three shape are tetrahedral, hexahedral and polyhedral. Hexahedral and polyhedral can be constructed from tetrahedral that’s why tetrahedral cells can capture most data. In this report the author had skip the testing of hexahedral and polyhedral shape cells study, because of the non-accuracy. 
With Mire data car, the mesh itself do not have to be too detail compare to real car. meaning to have an actuary study there are less cells needed in mire data car study than the study on a real car.
Skewness is a measurement of the quality of the mesh in the CAD geometry, it identifies how well the regular mesh elements fit into the geometry profile. If cells are generated to have shape angle, the quality of cells would be lower. (Baker, 2019)
Prism layer applies boundary condition on the model to CFD although the quality of cells would go down. The adding of boundary layer could make the accuracy of the study better.
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Turbulence Model is equations design to simulate turbulence between cell to cell. They are design for different purposes, they can only be selected by validation testing.
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Validation  
The MIRA notch car is symmetric left to right. To reduce calculation time, test could be run with half of a vehicle and half wind tunnel due to the symmetry wall function.
To start the validation, the author has made a baseline model with reasonable amount of mesh, see figure 1. To prevent skew cell, the car also sinks into the floor by 10mm. table 2 is a basic setup of meshing and turbulence model used in the validation.
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	Mesh method
	Robust octree

	Global element seed size
	0.8m

	Mesh size on CAR
	0.02m

	Number of prism layer
	3

	Turbulence Model
	k-epsilon, realizable, non-equilibrium wall functions
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Domain size
CFD study the domain represents the test section area in a wind tunnel where all the aero force acting on the car. With a narrow tunnel the force may get disturbed by the wall instead of acting freely. Figure2 showed the MIRA notch car in two different size of domain. The car in the top domain clearly been disturbed.  Not all the forces can be recorded due to the domain is too small, so in theory the bigger the domain the better, but with a bigger domain means there are more elements to be calculate.

[bookmark: _Toc31557109][bookmark: _Toc31589843]Figure 2 MIRA notch car in different size domain
Figure shows a domain size study of differences, from two times bigger than the car to four time bigger. The length, width and height of the domain expend by the ratio. From this study you can see that with a domain 2.8 times bigger than the car, the CD and CL values have been stable down and close to the target data. Domain size of not smaller than 2.8 times of the car is recommended.

[bookmark: _Toc31557110][bookmark: _Toc31589844]Figure 3 domain size comparison 
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Figure 4 and 5 are showing where to place the car in the domain, from half car length behind the velocity inlet to 5 car length behind. The drag force matching target after 3.5 car length behind, but the lift force is not matching. That may be caused by the domain having not enough room behind the car, therefore the next topic to investigate is the domain length behind the car with 3.5 car length of space in front of the car.

[bookmark: _Toc31557111][bookmark: _Toc31589845]Figure 4 MIRA notch car in different position
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Domain Length (behind the car)
The domain supposed to be bigger and better, but looking at the result from figure 7, the best distance behind the car is 4 to 4.5 car length. The reason could be that the element at the back of the domain is close to the size of the global element, which is about 0.8m.
They’re for the width and height of 2.8 times bigger than the car and length of 3.5 car length in front and 4.5 car length behind the car, by comparing the result to Best practice guidelines for handling Automotive External Aerodynamics with FLUENT (Lanfrit, 2005).
.  The domain size is close to the recommended size.

[bookmark: _Toc31557113][bookmark: _Toc31589847]Figure 6 MIRA notch car in different domain length
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Figure 8 have shown the MIRA notch car with a bad quality meshing with mesh sizing of 0.2m.  The meshing can’t replicate all the detail of the car but looking at the comparison shown at figure 9 the mesh sizing of the car recommended to be 0.1m or smaller.  However, the MIRA notch car is a simple geometry. With more compacted geometry, for example a real car model, smaller size meshing is recommended. The result could be more obvious without prism layer. The author decides to use mesh size of 0.01m to continue the study.

[bookmark: _Toc31557115][bookmark: _Toc31589849]Figure 8 MIRA notch car with low quality meshing

[bookmark: _Toc31557116][bookmark: _Toc31589850]Figure 9 comparison of different car mesh size
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Density box size 
To be able to have captured air around and behind the car, density box of 0.02m have been added. Figure 11 shows that the CL and CD closes to the target when the density box is three times bigger than the car.

[bookmark: _Toc31589851]Figure 10 MIRA notch car with density box in Icem meshing

[bookmark: _Toc31589852]Figure 11 comparison of different density box size
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The global seed size could affect the calculating time because of the number of global seed. However, if the global seed size is too big it cannot capture some air movement, it could affect the result a lot. Look at figure 13, CD and CL became unstable if the global seed size passes 1.4m, any higher is not recommended.

[bookmark: _Toc31589853]Figure 12 comparison of Global element seed size
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CD and CL does not have big differences with the mesh inside the density box. The best result is 0.02m.

[bookmark: _Toc31589854]Figure 13 comparison of different size mesh inside density box
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The result shows CL is closes to target at five to six layer of prism layer apply on the MIRA notch car, with the CD not far off the target. With more compacted geometry prism layer often can’t apply on correctly, apply three or four layer of prism layer is a more sensible option.

 (
Figure 
14
 comparison of prism layer used
)



[bookmark: _Toc31589833] Turbulence model
K-epsilon and K-omega are turbans model often used for CFD analysis for vehicle. There is a lot of option to adjust the turbulence model. Figure 17 have tested some of the side option. The result is not closer than the original turbans model setting. The result could be bias, since all study is based on the same turbulence model setting.
 
[bookmark: _Toc31589856]Figure 15 list of turbans models and wall functions

[bookmark: _Toc31589857]Figure 16 comparison of turbans models 
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Pressure Tap Analysis
 (
Figure 
17
 MIRA wind tunnel pressure tap data
)
Assignment handout 
To improve validation, compare the pressure tap is one way to achieved this. Data of pressure can be exported from Ansys results in to excel. The exported data have been converted in excel to enable the comparison.
To extract data from fluent, polyline need to be applied on top and bottom of the car separately. Figure 18 the polyline had applied to the front and the back of the car, which the proved data does not include.

[bookmark: _Toc31589859]Figure 18 top polyline on the middle of MIRA notch car

As you can see because the top polyline does not apply, have measured more surface than it is needed. The data have been shifted to match.
The top surface was similar, mostly towards the back end of the roof. It could be due to the difference of the geometry of the car in real life, or the difference could be caused by the turbans models not calculating correctly.
The overall pressure from the bottom is higher than the CFD result. It could be because the car had a 10mm sink into the ground. 
With wind tunnel data having only about 20 pressure taps, which the CFD have hundred pressure taps, this can also make the ported line look different.

[bookmark: _Toc31589860]Figure 19 top surface pressure tap

[bookmark: _Toc31589861]Figure 20 bottom surface pressure tap
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[bookmark: _Toc31589871]Table 3 lift drag coefficient of MIRA notch and modify model
	
	CL
	CD
	Lift drag coefficient

	Mira notch car
	-0.0977
	0.2802
	-0.35

	Modify model
	-0.4019
	0.3672
	-1.09



The modify model is with much more down force and much better lift drag coefficient for racing. The model has been heavily modified at the rear wing, air damp and side skirts have been added, the angle of the engine bay had also been changed to a more aggressive angle.
To enable the mesh with detail of the wing, smaller mesh and density box have been applied.

[bookmark: _Toc31589862]Figure 21 density box applies on modify model.





[bookmark: _Toc31589836]Side skirts
To prevent air from the side rush into the under-body of the car and not to disturb the air flow. Side skirts have been added. You can see the side skirts are working well.

[bookmark: _Toc31589863]Figure 22 underbody of modify model
[bookmark: _Toc31589837]Engine bay and air dam
The engineer bay has an aggressive angle to let air past through. The air dam also pushed air to the side of the car.
 (
Figure 
23
 modify car front
 
)
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With the wing sitting this high, the through air is likely to be undisturbed. Figure 24 shows the vortex generated from the car.

[bookmark: _Toc31589865]Figure 24 vortex cloud applies on modify body

[bookmark: _Toc31589866]Figure 25 modify wing



Figure 26 shows the air flow from the wing have drawn the air flow from the car upward, therefore creating more down force. Figure 27 shows the comparison how much air had been drawn upward.


[bookmark: _Toc31589867]Figure 26 line go through modify car
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[bookmark: _Toc31589868]Figure 27 comparison on MIRA notch car and modify car
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Results and Analysis
The report has shown it is possible to use CFD to create wind tunnel data. However, there are many ways to improved and carry out the research. Transient study can simulate motion of a rolling wheel and what would the rolling wheel affect to the air around it, transient study could be applied for further study. DOE programme could be used to shorten the amount of study/study-time that are needed. Applying other design into the finished setting could also be done.
The study had spanned too much time on CFD setting optimisation, it should be planned more systematically, some study elements could had been eliminated. The testing of presume layers had been mostly unnecessary and as a result had been using up a lot of the valuable time, the presume layers testing should had been apply towards the last set of the overall testing, instead of from the start causing the whole process to slowdown, which is costly to any testing and analysis efforts in the commercial world.
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Appendix
Density box position
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