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	AERODYNAMICS ANALYSIS AND COMPETENCE WITH 2D STRESS ANALYSIS AND ADVANCED MATERIALS




	            A Formula Renault race car is to be developed for a new series which has less strict controls on the body work and aerodynamic devices. The current front wing was on-track tested at a variety of angles of attack. The collected data was used to determine the lift and drag forces produced by the wing at varying angles of attack (AoA).
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Take the density of air to be 1.223 kg/m3 and the velocity to be 100mph (44.7m/s)

1) If the front wing had a span of 1.15m and a chord of 0.3m, calculate and plot the CL of the aerofoil versus AoA, given that the wing did not have end plates or a gurney flap and was situated out of ground effect. 								             	[10 marks]

2) Calculate a value of CL / CD for the aerofoil given the CDs below, at each AoA and plot on a graph. Discuss the implications of this graph. 					             	  [5 marks]
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3) The new rules allow the wing to have an increased width of 1.45m. If the same aerofoil section is used, calculate the lift which will be available for the new configuration, plot the results against AoA. 					                                                                         	[10 marks]


4) The new rules allow the wing to utilise end plates with a height of 200mm and a width equal to the chord of the wing. They also allow the wing to be placed in ground effect at a height of 60mm. Predict the lift produced by the new wing design and plot a graph of lift Vs AoA. Discuss the areas of this graph which may be unreliable and other devices which could be added to increase the downforce available from the wing. 				                                              	[10 marks]

5) Plot the lift vs AoA graphs for all three configurations on the same graph.                         	[5 marks]

6) The series is looking at how front wing height affects the lift of the wing. They have requested a graph of lift for this new wing configuration Vs height above ground from 50mm to 200mm in 5 mm increments at a fixed AoA of 3 degrees. Produce this graph and comment on the result. 	                                  	                                                                                                                                    [10 marks]

7) It is proposed to alter the section of the fixing beam of the wing to the Steel section (E=200GPa) shown below to allow adjustments to be made. The centre of this section runs through the centre of pressure and extends to the mid span of the wing and the top and bottom of the section are horizontal when the angle of attack is 0 degrees.  The attachment to the car fully restrains the beam and can then be adjusted to alter the angle of attack and height of the wing.  The deflection of the midpoint of the wing must be limited to 10mm so that the wing is considered to be ‘fixed’ for all configurations of the wing considered in the aerodynamic assessment already carried out.  

	Using the principles of ‘unsymmetrical bending’ and negating drag;

a) Calculate the deflection at the midspan of the wing for a value of ‘a’ of 30mm (all working must be shown) 									[20 marks]
b) Construct a spreadsheet confirming your answer in part a (include a screenshot of your spreadsheet in your report)
· Using the spreadsheet plot a graph showing the deflection v ‘a’ for values of ‘a’ from 30mm to 40mm in 1mm increments
· Suggest the minimum suitable value of ‘a’
											[15 marks]
c) Discuss any assumptions that you have made and the limitations of your calculations.  Comment on the minimum suitable value of ‘a’ according to your calculations 
												[15 marks]
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