
Why Aerodynamics?

• Without aerodynamics, airplanes could not fly
• it is generally not hard to design a surface to 

give the requisite amount of lift, and the 
challenge is to obtain this lift with as small  drag 
as possible. 

• A barn door at the angle of attack will produce a 
lot of lift, but it also produces a lot of drag-this is 
why we do not fly around on barn doors.



THE SOURCE OF 
AERODYNAMIC FORCE

• the aerodynamic force exerted on a body 
immersed in an airflow is due to the 
pressure and shear stress distributions 
acting all over the exposed surface of the 
body.

• The net aerodynamic force on the body is 
due to the pressure and shear stress 
distributions integrated over the total 
exposed surface area.





AERODYNAMIC LIFT AND DRAG

The free-stream velocity is denoted by V, and is frequently called the relative 
wind. The resultant aerodynamic force R is inclined rearvard from the vertical. 
Note that, in general, R is not perpendicular to the chord line.



AERODYNAMIC MOMENTS

Now imagine that the axis perpendicular to the page through the point is rigidly 
attached to the body, and that you suspend the body in an airstream, holding the 
axis with your hand. Due to the pressure and shear stress distributed all over the 
surface of the body, there will be a tendency for the axis to twist in your hand; that 
is, there will be in general a moment about the axis. In this case, since the axis is 
located at the quarter chord point, we call such a moment the moment about the 
quarter chord Mc/4. If we had chosen instead to put the axis at the leading edge, 
we would still feel a twisting action, but it would be a different magnitude, we would 
experience the moment about the leading edge MLE.

imagine that you place an axis 
perpendicular at one-quarter of 
the distance behind the leading 
edge, measured along the 
chord line (this point is called 
the quarter-chord point, we 
could just as well choose any 
other point on the body).

By convention, a moment which tends to rotate the body so as to increase the 
angle of attack is considered positive.



Through what point on the body should the 
single concentrated force R be drawn?

• The complete mechanical effect of the distributed aerodynamic load over 
the body can be exactly represented by the resultant force R (or
equivalently the lift and drag) acting through the center of pressure. The 
center of pressure is the centroid of the distributed load on the body.

• From the principles of statics the concentrated load can be shifted to any 
other part on the body, as long as we also specify the moments about that 
other point. For example, the lift and drag can be shown acting through the 
quarter-chord point, with a moment acting about the quarter-chord point, 
Mc/4. The mechanical effect of the distributed load can be exactly 
represented by a concentrated force acting at the quarter-chord point along 
with the specification of the moment about that point. Yet another choice 
might be to draw the lift and drag acting through the leading edge along with 
a specification of the moment about the leading edge.



AERODYNAMIC COEFFICIENTS
• The aerodynamic characteristics of a body are more fundamentally

described by the force and moment coefficients than by the actual forces 
and moments themselves.

• aerodynamic force on a body depends on the velocity of the body through 
the air the density of the ambient air, the size of the body the orientation of 
the body relative to the free-stream direction, (angle of attack) (Clearly, if we 
change the velocity, the aerodynamic force should change. Also, the force 
on a body moving at 100 feet per second through air is going to be smaller 
than the force on the same body moving at the same velocity through water, 
which is nearly a thousand times denser than air. Also, the aerodynamic 
force on a sphere of 1-inch diameter is going to be smaller than that for a 
sphere of 1-ft diameter, everything else being equal. Finally, the force on a 
wing will clearly depend on how much the wing is inclined to the flow.  
Moreover, since friction accounts for part of the aerodynamic force, the 
force should depend on the ambient coefficient of viscosity. Also important 
is the compressibility of the medium through which the body moves. A 
measure of the compressibility of a fluid is the speed of sound in the fluid 
the higher the compressibility, the lower the speed of sound.



Hence we have

If we want to study how L,D,M depend on these variables we have vary one and 
keep the others constant. With 6 unknowns it could be very time-consuming, and 
moreover, the large amount of wind tunnel time could be quite costly. But the 
amount of unknowns can be reduced using the non dimensional groups:

Reynolds number

Mach number

Dynamic pressure



Imagine that we have a given body at a given angle of attack in a given 
flow, where p, V, density, and a, are certain values. Let us call this the 
"green" flow. Consider another body of the same geometric shape (but not 
the same size) in another flow where p, V, density and a, are all different; 
let us call this flow the "red" flow. Dimensional analysis, tells us that even 
though the green flows and the red flow are two different flows, if  the 
Reynolds number and the Mach number are the same for these two 
different flows, then the lift coefficient will be the same for the two 
geometrically similar bodies at the same angle of attack. The two flows, the 
green flow and the red flow, are called dynamically similar.


