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NACA 0012 lift and drag
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Physics and Discusion
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The lift and drag on an airfoil depend on three factors: 

�

�

�

the angle of the airfoil to the local velocity vector (angle of attack)

the magnitude of the velocity                                     ＝Lift ⋅⋅CL ((α)) ――
⋅ρ V2

2
Area

the density of the air

The velocity of the air at any particular radius is the linear speed at that radius and the downflow (( ⋅ω r))
velocity.  Because the inboard blade's linear speed is less we will twist the blade to raise the angle of 
attack.  Twist the blade eight degrees from root to tip.  The angle of the section at 75% radius is defined 

as the collective angle .  θ ≔α (( ,,r θ u)) +--θ atan
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Lift and drag coefficients of a NACA0012 airfoil were developed above.
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Lift and drag forces on an airfoil are oriented 
to the local velocity.  Thrust and torque of a 
helicopter rotor are oriented to the rotor shaft.
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Rotor thrust and torque
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Downflow
The rotor when it thrusts pulls air through the rotor, creating downflow (u).  We can use the force balance 
of the thrust and the dynamic pressure to solve for that downflow.  We know that 

, so we can find the correct value of the downflow:＝Thrust ⋅⋅――――
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=Thust (( ,10 deg U ((10 deg)))) 4229.333 lbf

=Trq (( ,10 deg U ((10 deg)))) 5470.245 ⋅ft lbf

=⋅ω Trq (( ,10 deg U ((10 deg)))) 458.918 hp
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