Chapter V  Part III

Forces on the Airfoil Section at Point P on the Lifting Line

In the previous handout we looked at a general point P, located at (0,y0,0) on the lifting line. Using Biot-Savart law, we stated that the velocity at this point is given by:


[image: image13.wmf]
(1)

In this handout, we look at the loads on the airfoil section due to this downwash, and the freestream velocity V(.
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If we look at the figure above, the original flow was along the x- axis, and the angle between the original flow direction and the airfoil chord line is (y0). Notice that the angle of attack will be different from one wing section to another, because of the twist distribution. For aircraft wings, the root is twisted more yielding higher  at the root, while the tip is twisted less, even twisted down. 

Let us assume that this section has a local Cl vs lift curve slope denoted by the symbol "a0 ". Our 2-D thin airfoil theory says that this slope is 2. In practice, because of viscous effects, the actual slope will be slightly less than 2. Prandtl's theory allows us to use the measured value for the lift curve slope, if we wish.

This section, in the absence of the downwash will produce a lift that is proportional to a0(y0)-0], However, the downwash reduces the angle between the freestream that the airfoil sees and the chord line, giving effectively, a lower angle of attack, equal to y – i where i is called the induced angle of attack. It is given by: 
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Thus, the lift generated by the airfoil at station P is given by:
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From Kutta-Joukowski theorem lift per unit span is 
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. Equating these two expressions we get:
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Or,


[image: image7.wmf](

)

(

)

0

0

0

0

2

y

c

a

V

y

V

w

G

-

-

=

¥

¥

a

a


(2)

Equating (1) and (2), we get the following integral equation for the circulation distribution (y0) along the chord line:
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The above equation says the following.  We always know the variation of chord along the span, the variation of the airfoil angle of attack (accounting for twist) along the span, and have some knowledge about the zero-lift-angle of the airfoils used in the construction of the wing. Then the circulation distribution may be computed by analytically, or numerically, by solving the above integral equation. Once we know the circulation distribution, we can compute sectional lift distribution L'.

How about drag? In 2-D flows, there is no drag. However, because of the apparent change in the flow angle of attack caused by the downwash, the lift vector is now perpendicular to the new flow direction rather than the original freestream direction, as shown in the figure below.
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[image: image11.wmf]As a result of the rearward tilt of the lift vector, a component of the lift is directed rearwords, and acts as drag. This component is shown as the horizontal dotted line vector in the above figure. For small induced angles of attack, this drag force equals
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We can calculate this quantity at each span station if we know lift and the downwash velocity, w.  Both these require knowledge of the circulation distribution .

Once we know the sectional lift (per unit span) L' and sectional drag D', we can integrate this over the entire wing (analytically, or numerically) to get the lift and drag of the entire wing.
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