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Streamlines around an airfoil in a wind tunnel.
Note the curved streamlines above and below the foil,

and the overall downward deflection of the air.

Lift is a reaction force—an airfoil deflects the air as it passes the airfoil.
[Since the foil must exert a force on the air to change its direction, the air
must exert a force of equal magnitude but opposite direction on the foil. In the
case of an airplane wing, the wing exerts a downward force on the air and the
air exerts an upward force on the wing.

The air changes direction as it passes the airfoil and follows a path that is
curved. Whenever airflow changes direction, a reaction force is generated
opposite to the directional change.

Pressure differences : EHZEEH . HERERENENZED

Lift may also be described in terms of air pressure: pressure is the normal
force per unit area. Wherever there is net force there is also a pressure
difference, thus deflection/flow turning indicates the presence of a net force
and therefore a pressure difference. The direction of the net force implies that
the average pressure on the upper surface of the wing is lower than the
average pressure on the underside.

Whenever a fluid follows a curved path, there is a pressure gradient
perpendicular to the flow direction. This direct relationship between curved
streamlines and pressure differences was derived from Newton's second law
by Leonhard Euler in 1754

dp v?

drR 'R

where R is the radius of curvature, p is the pressure, p is the density, and v is
the velocity. This formula shows that higher velocities and tighter curvatures
create larger pressure differentials and that for straight flow (R — o) the
pressure difference is zero.
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Angle of attack: (1A & H 1. RELE (&

&

The arrow is the vector representing the velocity of the air in the free stream around a
stationary two-dimensional airfoil. The upper red line is the chord line of the airfoil and the
lower red line is parallel to the arrow. The angle a is the angle of attack.

The angle of attack is the angle between an airfoil and the oncoming air. A
symmetrical airfoil will generate zero lift at zero angle of attack. But as the
angle of attack increases, the air is deflected through a larger angle and the
vertical component of the airstream velocity increases, resulting in more lift.
For small angles a symmetrical airfoil will generate a lift force roughly
proportional to the angle of attack.

As the angle of attack grows larger, the lift reaches a maximum at some
angle; increasing the angle of attack beyond this critical angle of attack
causes the air to become turbulent and separate from the wing; there is less
deflection downward so the airfoil generates less lift. The airfoil is said to be
stalled.

Lift coefficient : 5 H{HR¥K

If the lift coefficient for a wing at a specified angle of attack is known (or
estimated using a method such as thin airfoil theory), then the lift produced
for specific flow conditions can be determined using the following equation:

L=1p’ACy
where

- Lis lift force,

+  pis air density,

* vistrue airspeed,

« Ais planform area, and
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. CL is the lift coefficient at the desired angle of attack, Mach number,
and Reynolds number
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