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SUBJECT: AUTO400 – VEHICLE AERODYNAMICS
 

DATE: 27/10/11










TIME: 1 Hr
INSTRUCTIONS TO CANDIDATES:

Answer 3 out of 4 questions from Part A and all questions from Part B.

All necessary work must be shown and any assumptions must be stated clearly. 

Simple calculators may be used. Wherever needed:
[image: image15.png]104,10 Acrodynamic forces and moments acting on a car [14]




___________________________________________________________________

PART A [60 marks]
QUESTION 1 [20 Points]
The drag coefficient can be assumed to depend only on the Reynolds number. If a 1:2 scale model of a car is tested in a pressurized wind tunnel:

a. What would be the required density of the air in the tunnel so that the model has the same drag coefficient with the prototype? 

b. Find the relation between the force on the prototype with the force on the model. 

QUESTION 2 [20 Marks]

Identify the aerodynamics forces and moments imposed on a vehicle and give a short description of their origin.
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QUESTION 3 [20 Points]
As shown in the Figure below, a spoiler is used on race cars to produce a negative lift, thereby giving a better tractive force. The lift coefficient for the airfoil shown is 
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, and the coefficient of friction between the wheels and the pavement is 0.6.

a. At a speed of 
[image: image4.wmf]150 mph

, by how much the use of a spoiler would increase the maximum tractive force that could be generated between the wheels and the ground? Assume the air speed past the spoiler equals the car speed and that the airfoil acts directly over the drive wheels. 

b. What will happen if the down force due to the spoiler does not act directly over the drive wheels.
c. If the car is driving into a 
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 headwind, what would be the effect on the drag force.
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QUESTION 4 [20 Marks]

a. Explain the meaning of Drag force and give the expression of the dimensionless Drag coefficient.

b. Explain the meaning of Lift force and give the expression of the dimensionless Lift coefficient.

c. In the Figure below identify the Drag force, the Lift Force, and show the direction of the total shear force.
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PART B [40 marks]
QUESTION 5 [40 Points]
The summation of the rolling resistance and aerodynamic forces (and grade forces if present) constitutes the propulsion load of a vehicle, and is normally referred to as “road load”. A typical passenger car has a mass of 
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, a drag coefficient 
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, and a coefficient of rolling resistance of 
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. If the frontal area of the car is 
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2.2 m

: 

a. Plot the road load power as a function of speed.

b. At what speed the aerodynamic resistance becomes equal to the rolling resistance.

c. What would be the effect of grade on the curve?

d. If the maximum available power in the 5th gear is of the form
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determine the maximum speed at this gear.
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