AE 6070/4070
Take-Home Quiz II

Due on Nov 30, 2006
AE 4070 students need to only one of these two problems.
Your exam must be typed.

1. Derive, starting from first principles, closed form expressions for CT, CQ, CH,  CP, flapping angles 0, 1s , 1c, blade pitch  at 75%R, and sectional lift coefficient Cl, in the shaft plane. Show all the work. Note that 1s and 1c are zero in this coordinate system.  You may use a symbolic math software such as Maple or Mathematica. Assume that CT/, TPP and geometric properties such as  are known. Assume linear twist.  Ignore taper.


2. Consider a helicopter in auto-rotation descent. Under this condition, the induced torque and the profile torque add up to zero, so that no torque is supplied to the rotor. The rotorcraft is traveling at an advance ratio of 0.25. The blades are untwisted, and set at a collective pitch of 4 degrees. The solidity is 0.1, the lift curve slope a is 5.7 per radian, and the profile drag coefficient Cd0 of the airfoil sections is 0.01. The Lock number is 15.

Assume uniform inflow through the rotor.

a)
Determine the rate of descent (VsinTPP non-dimensionalized by tip speed R) under which the auto-rotation condition will be satisfied. 

b) Determine CT/ for this condition.

c) Determine the blade flapping coefficients 0, 1s and 1c for this condition.

Hint: 
Parametrically change descent speed, i.e. VsinTPP. Note that during descent, the tip path plane angle will be negative and the disk tilted back, so that the freestream approaches the rotor disk from the bottom side of the disk. Look up analytical relationship for CQ. Plot total torque CQ of the rotor vs. descent speed. Determine when CQ goes to zero. All the relations derived in the text work for forward flight (TPP positive) as well as descent (TPP negative).
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