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Problem 1

(a) Describe the type of fluid flows to which the thin airfoil theory may be applied. Your
answer should stress the physical properties of the fluid flow.

(b) Describe the type of airfoils to which the thin airfoil theory may be applied. Your
answer should stress the geometrical properties of the airfoils. Use diagrams to illustrate

your answers.

(¢) Describe how lift is generated in the thin airfoil theory model. Use diagrams to
illustrate your answers. '
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Problem Il

The mean camber line of a thin airfoil is given by

0.21x%(x-C
, oxlx-

- where c 1s the airfoil chord.

(a) Calculate the angle of zero lift o, when the airfoil is at small angle of attack.

(b) Write the correct expression (integrals) for the lift coefficient €, and the moment

coefficient about the airfoil leading edge €, when this airfoil is at small angles of
attack. Make ALL appropriate substitutions but do NOT evaluate the integrals.

Include a sketch of this thin airfoil at small angle of attack.

Show all details of your analysis and logic.
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Problem III

(a) An undersea vessel has a hull diameter of 12 meters. Wings extending 12 meters from
the hull on each side have a chord of 8 meters. What is the aspect ratio of the resulting
wing? Support your answer with a valid physical argument.

(b) How does the magnitude of the velocity induced by a vortex vary with distance from
the vortex?
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The NACA 23012 airfoil has a theoretical lift coefficient of 0.3, has a maximum camber at

15 percent of the chord, and has a maximum thickness of 0.12¢ where c 1s the chord. The
equation for the mean camber line is:

z/c =2.6595 [ (x/c)° - 0.6075 (x/cY~ +0.11471 (x/c) ]
for the region 0.0c < x < 0.2025¢ and

z/c =0.022083 [ 1 - (x/c) ]
for the region 0.2025¢ < x < 1.0000c.

For this airfoil, calculate the following:

(a) <, (b) o 5 (angle of zero lift), and (¢) ¢ -
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Consider an airplane that weighs 14,700 N and cruises in level flight at 300 km/hr at an
altitude of 3000m. The wing has a surface area of 17.0 sq. meters and an aspect ratio of

6.2. Assume that the lift coefficient is a linear function of the angle of attack and that o o

= - 1.2°. If the load distribution is elliptic, calculate (a) the value of the circulation in

the plane of symmetry (I, ), (b) the downwash velocity ( w i ), (c) the induced drag

coefficient ( Cb;), (d) the geometric angle of attack (o qe0 ), and (e) the effective angle of

attack (0p.). Draw a diagram of the wing in the above situation. Draw a diagram of a
sectlon of the wing in the above situation.
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Using complex variables, find (a) the stream function and (b) the velocity potential when
the complex potential is

wiz)=A(z+ bZ/z )
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Problem 1
A Cessna 172 is cruising at 10,00 ft. on a standard day ( € = 0.001756 slugs/ it )at

130 mv/hr. If the airplane weighs 2300 1b., what C;_ is required to maintain level flight?
A Cessna 172 has a wing_ span of 36 ft and an aspect ratio of 7.3.
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The mean camber line of a thin airfoil is given by:

‘L’(/C = —-k[a, 7+ b(¥c ) +6{(X/(,]2}

where

¢ =chord and k, a, b, and d are assumed known real constants. Find the following:
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Problem III
Using complex variables, show that when the complex potential is
w(z) = A(z + 1/z) - iBln(z),

where B 1s a real constant, the flow consists of a uniform stream past the circle r = 1,
combined with circulation about the circle. What is A? What is B?
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Q2F.1

For a particular airfoil section, the pitching moment coefficient about a point 1/3
chord behind the leading edge varies with lift coefficient in the following manner:

¥ind the aerodynamic center. Show the location of the aerodynamic center on a
diagram of the airfoil section. Find CMo .
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Q2F.4

An airplane with a wing planform area of 650 fi? and a span of 80 ft 1s flying at an
altitude of 35,000 ft at a speed of 500 mph. The ambient temperature is 409° R. The density

is 7.38 107 Sl;fs
Assume an ideal elliptical lift distribution.

. The gross weight is 52,000 Ib. Determine: Cj, Cp., ®gep.
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L= W 2 582 cp00ls.
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