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	Major Project Questions 


Project Title:  Rear wing design optimisation for MCR Hillclimb car
Student: Simon Ellis Williams
Assessor: Tim Tudor & Kerry Tudor

	Question 1

You mention a diffuser in your aims. Did you investigate/consider wing diffuser interaction and if so how will the wing design and position affect the performance of the proposed diffuser design?

Question 1 Response (maximum 200 words)

Unfortunately, due to the pandemic, I did not get the chance to study diffuser/wing interaction on the MCR car with the e423 wing. But other studies show that a rear wing can be used to set base pressure conditions for a diffuser, helping to control the stall point of the diffuser (Agathangelou & Gasgoyne, 1998). 
I would have also expected to see a low placed wing just above the end of the diffuser acting like a second element, re-energising the flow from the diffuser, and increasing the rear downforce seen. 
As the wing in isolation already produced more than enough downforce, it was not deemed necessary to consider a strong interaction between the two.








	Question 2

Your CFD versus windtunnel results show significant differences. You refer to a lower atmospheric pressure in the tunnel during the test, but given this pressure difference is applied to both sides of the wing could you summarise other possible reasons for the disparities? (Did you match the Reynolds numbers for both test techniques and if so how was this achieved?)

Question 2 Response (maximum 200 words)

Reynolds numbers were not matched for both experiments which would have caused disparities. Other factors that could of lead to differences in the results are: the blocking ratio, which is how much cross sectional area the model takes up of the test chamber. As a guide the model should take up less than 10% of the test chamber area, anything above this will cause further inaccuracies. (Chang-Koon & Dae-Kun, 1998). 

Wingspan of the model also should be limited to within 80% of the width of the test chamber (Barlow, et al., 1999). The wind tunnel has a width of 320mm, with 80% of this width being 256mm. The scale model was printed to a width of 248mm, which is 77.5% of the wind tunnel width, fairly close to the 80% limit. With hindsight, the wing should have been printed smaller.






	Question 3

You choose the two alternative wing profiles based on their published aerofoil profile coefficients of lift and drag. Would these coefficients be the same for a 3 dimensional real wing and if not why not? Did you consider multiple element wings such as those referenced in your research section?

Question 3 Response (maximum 200 words)

For a finite wing (or 3D), the ends of the wing would see trailing edge vortices as high-pressure airflow bleeds into the low-pressure airflow, lessening the effect of lift and induce some drag on the wing. This would give an elliptical lift distribution, as described by Prandtl’s theory, with less lift being produced at the edges.
This would not be seen on an infinite (or 2D) wing as the airflow cannot travel around the edges. 
(Millikan, 2018)
So coefficient of lift would be expected to be lower on a 3D wing, hence why endplates are used to try and simulate an infinite wing effect. Although my results from CFD do show a 0.5 increase over the provided data, which would suggest there is inaccuracies within the CFD.

A multiple element version of the Wortmann FX74 wing was created in CAD, but was soon dismissed as the effect of the X and Y location and angle of the second element could have warranted its own project, and also would have produced far too much lift for this project.






	Question 4

You have run your wing CFD studies at 35 m/s. Why did you choose this velocity for your simulations and do you think the results are velocity dependant?

Question 4 Response (maximum 200 words)

Results are velocity dependant, as the forces are related to the square of the velocity. So if the speed at which the wing was tested was doubled, it would be expected to see four times as much force.

35m/s or 78mph was used as an average speed that would be seen across a variety of circuits the car would be competing on. Looking at the length of a number of UK Hillclimb tracks, and the average time similar cars posted on these tracks, an average speed of between 23-29m/s was found. But the car is  going to be entered into sprint races as well. 

Using a few of Tim Tudor’s own qualifying times from the MCR races, and the same calculations (speed = distance/time), average speeds from Silverstone, Brands hatch, Donnington, and Thruxton ranged from 35-47m/s. Mean speed = (23+47)/2 = 35m/s.














	Question 5

Did you consider how the wing would be mounted to the vehicle and the relative performance implications of the various options? If so could you outline these options and which you would suggest for your design with reasoning?


Question 5 Response (maximum 200 words)

Had the project of reached that stage, the plan was to investigate the effects of a swan neck against a typical mount set up. Instead of bolting to the underside of the wing causing flow disturbance and small areas of separation, a swan neck mount bolts to the upper surface and arches forward in front of the wing. This lessens the disturbance to the flow on the underside of the wing leading to increased downforce. McBeath does state that the disturbances seen from mountings on the underside of the wing are only seen when working the airflow hard, and will suffice for most applications (McBeath, 2017)

As the wing in the project did not need to be ran at high angles of attack, an underside mounted wing would have been fine to use. Although a topology study could be conducted on the current mount to save on weight.
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