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1 Lift and Drag Concepts

When any body moves through a fluid, an interaction between the body and the fluid occurs; this
effect can be described in terms of the forces at the fluidbodyinterface. This can be described
in terms of the stresseswall shear stresses, due to viscous effects and normal stresses due to the
pressure, p. Typical shear stress and pressure distributions are shown in Figs. (??a) and (??b).
Both τw and p vary in magnitude and direction along the surface. It is often useful to know
the detailed distribution of shear stress and pressure overthe surface of the body, although such
information is difficult to obtain. Many times, however, only the integrated or resultant effects
of these distributions are needed. The resultant force in the direction of the upstream velocity is
termed the dragFD, and the resultant force normal to the upstream velocity is termed the lift,FL,
as is indicated in Fig.(??c). The resultant of the shear stress and pressure distributions can be
obtained by integrating the effect of these two quantities on the body surface as is indicated in Fig.
The x and y components of the fluid force on the small area element dA are

dFx = (p dA)cosΘ+(τw dA)sinΘ (1)

dFy = −(p dA)sinΘ+(τw dA)cosΘ (2)

Thus, the netx andy components of the force on the object are
Without detailed information concerning the shear stress and pressure distributions on a body,Eqs.

(3) cannot be used. The widely used alternative is to define dimensionlesslift anddrag coef-
ficients and determine their approximate values by means of either a simplified analysis,some
numerical technique,or an appropriate experiment. Thelift coefficient, anddrag coefficient,are
defined as

CD =
FD

1
2ρU2 A

, CL =
FL

1
2ρU2 A

(5)
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Figure 1: Forces from surrounding fluid a) pressure force, b)viscous force, c)resultant force .

FD =

∫
A

dFx =

∫
A

pcosΘdA +

∫
A

τw sinΘ dA

(3)

FL =

∫
A

dFy = −

∫
A

psinΘdA +

∫
A

τw cosΘ dA

(4) Figure 2: Pressure and shear forces on a
small element of the surface of a body .

whereA is taken to befrontal area- projected are seen by a person looking toward the object from
a direction parallel to the upstream velocity,U or asplanform area- the projected area seen by an
observer looking toward the object from a direction normal to the upstream velocity.
Classification of body shapecan be made depending on whether the body is streamlined or blunt.
In general,streamlined bodies(i.e., airfoils, racing cars, etc.) have little effect on the surrounding
fluid, compared with the effect thatblunt bodies(i.e., parachutes, buildings, etc.) have on the fluid.

1.1 Friction drag

Friction drag,FF , is that part of the drag that is due directly to the shear stress, on the object. It
is a function of not only the magnitude of the wall shear stress, but also of the orientation of the
surface on which it acts. This is indicated by the factorτw sinΘ in Eq. (3). If the surface is parallel
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to the upstream velocity, the entire shear force contributes directly to the drag. This is true for the
flat plate parallel to the flow. If the surface is perpendicular to the upstream velocity, the shear
stress contributes nothing to the drag.
The friction drag on a flat plate of widthb and lengthl oriented parallel to the upstream flow can
be calculated from

FD = CD f

1
2

ρU2bl

whereCD f is the friction drag coefficient. The value ofCD f is given as a function of Reynolds
number,Rel = ρUl/µ , and relative surface roughness,ε/l. The precise determination of the shear
stress along the surface of a curved body is quite difficult toobtain.

1.2 Pressure drag

Pressure drag, is that part of the drag that is due directly tothe pressure,p, on an object. It is
often referred to asform dragbecause of its strong dependency on the shape or form of the object.
Pressure drag is a function of the magnitude of the pressure and the orientation of the surface
element on which the pressure force acts. For example, the pressure force on either side of a flat
plate parallel to the flow may be very large, but it does not contribute to the drag because it acts in
the direction normal to the upstream velocity. On the other hand, the pressure force on a flat plate
normal to the flow provides the entire drag.
If the viscosity were zero, the pressure drag on any shaped object (symmetrical or not) in a steady
flow would be zero. There perhaps would be large pressure forces on the front portion of the object,
but there would be equally large (and oppositely directed) pressure forces on the rear portion. If the
viscosity is not zero, the net pressure drag may be nonzero because of boundary layer separation.

1.3 Drag coefficient data

During this course I will be used the following books:
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Figure 3: Typical drag coefficient for regular two-dimensional objects
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Figure 4: Typical drag coefficient for regular three-dimensional objects
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