Angle of Attack of a Blade Element in Forward Flight
As discussed in the class, 
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Here: 
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(2)
Here s means inflow in the shaft plane. This is made of two components: free-stream component Vsins/R plus the induced inflow component v/R.

Let us compute the numerator of the effective angle of attack.
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(3)
Simplify, group sin and cosine terms. Also note that
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One gets:
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(5)

Here we make use of the identity: TPP=s+1c
Note that the numerator of the effective angle of attack contains 1c-1s and 1s+1c. These always occur in pairs. As far as the rotor section is concerned, a desired effective angle of attack may be achieved either by flapping or pitching. One degree of flapping is the same as one degree of pitching, as far as the blade section is concerned. 

Finally, the effective angle of attack is the numerator we just computed in equation (5), divided by UT defined in equation (2).
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(6)
Exercise: Show TPP=s+1c
Calculation of Thrust:

We are now ready to compute the thrust T, and the thrust coefficient, for a single blade at a single azimuthal position. We know that lift per foot of span L’ is given by 
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(7)

In the above equation, we have assumed that U2 is approximately UT2 since UP is much smaller than UT over much of the blade, except very close to the root.

_1064223076.unknown

_1064223546.unknown

_1064224719.unknown

_1064225154.unknown

_1064223677.unknown

_1064223280.unknown

_1064222764.unknown

_1064222856.unknown

_1064222639.unknown

