Duke’s written report
Duke Asamoah was responsible for the design of the rear wing. His responsibilities were to research the rules and regulations of the Hill Climb E Sports Race Car rear wing. This was accomplished by researching articles on Hill Climb Racing events. Information was collected from Motor Sports Regulations 2019. Motorsports UK Yearbook (2019) contained all the rules and regulations that govern the maximum height which is 0.9 meters,  maximum width which is 1.4 meters, the overhang of the rear wing to back of the car which is 1.5 meters also the angle of attack which if a dual wing should not exceed 15 degrees and the second wing should not exceed 20 degrees, this is because if this limit is passed it will increase drag significantly. 

[image: ]The next task was to complete some designs for rear wings. Initially this was completed by drawings.Figure 1 drawing sketch of a design concept

The next stage was to create the designs on Solid Works. CAD design skills were limited, and help was given by Alex Baldwin the team leader. 
Research
[image: ]The research was carried out initially through the use of watching videos to reading detailed articles online, where the comprehension of airflow is established from knowing what laminar flow is to the turbulence flow and why it is important to keep altering the geometry’s design of a race car in aerodynamics. It is to produce as much downforce with minimal drag as possible and to doing this is by continuously changing the shape on the cars components till there is a far astonishing result.Figure 2 Wing terminology (McBeath, 2006)

(McBeath, 2006) was a source of information about understanding the fundamentals of the wing profiles on race cars. It explains the schematics of a wing profile enabling and understanding the idea of why it is important to have the span (width) and chord dimension (length) to a specific measurement for racing. It also explains that by adjusting the max camber and max thickness, the wing can increase or decrease on downforce and drag. The information looked at in Mcbeath’s book was then used to simulate different max thickness and max camber using the NACA database website (NACA, 2020). Reading further into the book, it states that a multi-element wing will be more efficient and effective than a wing which only has a single or dual element on it. The theory here is as high-pressured fluid is rushing to the rear part of the race car, it is also hitting the top surface of the multi wing element (multi being 3 elements) which will undoubtedly produce more downforce. However, with the slot gaps from between the elements, depending on the way each element is angled for attack could result in generating a lot of drag in the process. 2 examples being: 1, The gaps between the elements is too tight, distorting the fluid flow passing through. This will trap the air creating a small vortex between the elements. Or 2, The gaps between the elements is too wide, which is a big problem since the air’s line of laminar fluidity isn’t connected to the boundary or static layer which will course the wing to stall (separation). The best solution to resolve the issue is by positioning the wing’s just right from between each other, making it so that the camber line from the leading edge to the trailing edge is lined up well. This will make for more downforce while reducing drag significantly 
According to (McBeath, 2006), endplates are not just a design feature made to look aesthetically pleasing. They also help with the aerodynamics adding more downforce to the rear wing and reducing drag. Mcbeath’s research found that without endplates or ‘spill plates’ as some will call it, the fluid pressure betwixt that of the upper and lower surface of the elements quickly moving the high-pressured air to the low-pressured side. This can reduce downforce. The endplates are there to decrease spillage, hence the name spill plate. So, it benefits for the lack of separation. Not only that but it can reduce the vortices from the side of the elements, depending on where the elements are position on the rear wing. So for example: if the 3rd element on a multi-element wing was positioned at the top back corner between the end plates and the angle of attack is quite aggressive the vortices from the top surfaces of the wing will significantly reduce because it is designed to lead the vortices away. Adding louvers is a further way of reducing vortices.
The simplest wing parameter to change is the angle of attack. By increasing the angle of attack the downforce will be increased. Depending on the wing's attributes which is the chord dimension, camber line, max thickness and span width of an element, the downforce could increase and peak at a certain degree that will then begin to decrease as shown on the book graph (McBeath, 2006), therefore the optimum angle of attack (peak) gives the most efficient downforce needed. Therefore, having a high increment in the angle of attack is not always beneficial. 



Designs
[image: ]Three designs were created for building the rear wing, each with a unique type of concept. Profiles were taken from the NACA database (NACA, 2020) by taking coordinates and entering them into excel. The coordinates from excel were then imported into Soildworks. Here are the concepts that were designed in the CAD software: Figure 3 1st concept design












[image: ]Figure 3 above shows the first rear wing design created for the first packaged race car; which was constructed in Soildworks. It has two large thin end plates with a single element between, this was designed thin to ensure there is less area on the end plate so that there is less drag. The design has a gurney flap on the trailing edge that was added to increase downforce. There is no angle of attack on this design. The mount for this concept is quite simple, but it has line holes going through it. The reason being was to prevent flow separation. This will reduce drag. The mount is attached to the back of the race car.Figure 4 2nd concept design

In figure 4 as seen above, is the second design concept for a second packaged race car. This concept incorporated two swan necks that were attached from the car's diffuser to the surface of the main element wing. This design had two elements and an endplate with a cut at the bottom back corner. This design was designed as a better version of the first design as it will immensely increase the race cars downforce. The dual-element wing is the overall reason for the increase in downforce. When the fluid flow is passing through it, (as stated in the research section) the connected air is fixed to boundary layer if the angle on the elements are put to an optimum degree. Louvers were going to be added to the endplates to combat against vortices but trying to design them proved far more of a challenge than anticipated. So unfortunately, the idea of adding them [image: ]was reserved for a future date.Figure 5 3rd wing concept

In figure 5, as seen above is an image of the design concept of the third rear wing for a new race car model aero group put together. This design is a multi-element wing, main and 2nd element being at the top to support the Luminant fluidity passing through it, and the 3rd element at the bottom which is there to interact with the diffuser. How they will interact is with the controlled connection of low pressured air passing through the diffuser’s boundary layer and onto the 3rd elements boundary layer, thus furthermore allowing for a boost in downforce. The endplates do a great job at preventing a portion of spillage which reduces drag. The mount of this wing has already been made and was supposed to be attached onto this concept design. However, the mount model is on the V safe drive on the computers at the university. The University of Trinity Saint David is closed due to the Corona virus (COVID-19) pandemic.
The designs for the group project were stopped at three because the university closed, and the software was no longer available. Further design wok was going to be based on the CFD results from the designs above.
Experiments
[image: ][image: ]The software used for the experiments was called Ansys. A CFD (computational fluid design) programme used to analysis the designed rear wing models made in CAD. The models were imported from CAD to CFD after saving the models as models as a Parasolid. Once importing them into the geometry programme, a wind tunnel is created big enough to let the air flow through without causing a disruption through the rear wing models when running it in the fluent programme. The wind tunnel was then labelled accordingly: left side being the velocity inlet (the side the x axis is facing away), right side being the pressure outlet, top, side, symmetry, road and made the wing as part. The geometry programme is then closed, and the meshing programme (known as ICEM) is opened with the wind tunnel in it. When the right sized density box is put around the rear wing, in the part mesh setup, values are put into the table of how big or small the meshing process can be, the bigger the mesh the quicker the programme will work but the accurate 4234t calculated result is not so great. And the smaller the mesh, vice versa. Going for a more accurate mesh will give better results in the fluent program. So, reducing the increment of the mesh to 0.02 and the density box’s mess to 0.05 the mess will be come or define. Thus, allowing for better results in the fluent programme. To get an even better accuracy on the meshing, adding some prism layers to the wing in the density box is necessarily good. What the prism layers does is allow for duly flowing lined up aspect ratio cells, therefore trying to secure the boundary layer with less numerical dissemination (McBeath, 2006). The meshing program is then closed, and the fluent program is opened along with the wind tunnel meshed through the rear wing. The projected direction was used [image: ]to find the area which is one of the key parts of finding the downforce and drag. The projected direction was set to the y axis to get the area. However, due to not knowing this correct information sooner, there was a mistake and getting the right values on the area was not attainable and due to the university closing. There is no choice but to use the false areas of the frontal areas as an example. The aim in fluent was to acquire the results of the coefficient of lift and the coefficient of drag. Once acquired, the key values were attained. Using the formula  , it was possible to form a table and graph in excel to explaining the where the peak stagnates and pick out the best angle. Figure 6 meshing programme from Ansys
Figure 7 geometry programme from Ansys
Figure 8 fluent programme in Ansys

	NACA 8510 profile (main element)
	
	
	

	AOA (deg)
	CL
	CD
	Frontal area (m2)
	Downforce (N)
	Dragforce (N)
	Efficiency

	-5
	1.61
	0.23
	0.39
	346.129875
	49.447125
	0.1428571

	0
	4.41
	0.33
	0.39
	948.094875
	70.945875
	0.0748299

	5
	6.47
	0.3
	0.39
	1390.969125
	64.49625
	0.0463679

	8
	6.66
	0.54
	0.39
	1431.81675
	116.09325
	0.0810811

	10
	4.98
	0.49
	0.39
	1070.63775
	105.343875
	0.0983936

	12
	3.87
	0.52
	0.39
	832.001625
	111.7935
	0.1343669

	15
	3.69
	0.58
	0.39
	793.303875
	124.69275
	0.1571816










Conclusion
If feels as though there is a lot of information, lost but with the university closed on the day with no warning, there is not a lot that can be said unfortunately, same goes for the Vivas presentation. Perhaps a better job would be to have done the work a lot sooner.
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(8510) Dragforce vs AOA
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