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Physics and Discussion

The lift available from an airfoil depends on three factors: the angle of the airfoil into the relative 

velocity, the magnitude of the relative velocity, and the density of the air.  

The velocity past the local airfoil is predominantly due to the rotation of the blade, so we increase 
the angle of the blade at the inboard end to offset the reduced velocity. 
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The basic parameters of a rotor blade section are shown here.  The blade is an airfoil; lift and drag are 
oriented to the local velocity vector while thrust and torque force are oriented to the axis of rotation.

Lift and drag of a local section:

Functions for lift and drag 
coefficients were developed for 
the NACA 0012 airfoil above.

Thrust and torque of a local section:
Lift and drag are relative to the local wind vector, we need the 
forces oriented to the rotor shaft.
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These functions are then integrated along the radius to develop lift and torque:
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Solving for the inflow velocity
The thrust of the rotor generates a dynamic pressure through the rotor, the dynamic pressure times
the rotor area equals the thrust.  The inflow velocity is twice the dynamic pressure velocity.  Note 
that the lines of thrust (Thust) as functions of downflow velocity at different blade angles 
appear to be parallel straight lines.  What is the slope of those lines?

The two statements above should have solved for the inflow velocity that satisfies that condition, 
but Flow refuses to resolve them to an answer.  Try to develop that solution, the point of 
intersectionin the graph above.

The root equation:
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So how do I automate this?  I tried to create a proceedure, and 
failed!



Mathcad solution (exact)














