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Figure 1. The Teledyne-Ryan model 410 UAV
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NOTE: This is a common exam among all sections of EA203. You are prohibited from discussing the content of this exam with anyone but your instructor until after the last sections have completed it. Please initial here to indicate that you have read and understand this agreement


1. (8 points) True or False?

T 
F
The Supermarine Spitfire has an “elliptic wing,” which means it produces the minimum induced drag possible.
T
F
The set of points halfway between the upper and lower surface of an airfoil defines the mean thickness distribution line.

T
F
The pressure coefficient of an airfoil reaches a maximum value of 1.0 at the point where the flow as been accelerated to its maximum value. 

T
F
The total drag on a finite wing at an angle of attack is composed of profile drag and induced drag.

T
F
The presence of wingtip vortices has a very small effect on the freestream velocity vector, so that there is a negligible effect on lift and drag.

T
F
High aspect ratio wings produce less drag than low aspect ratio wings of the same planform area at low speed flight.

T
F
The aerodynamic center is at the quarter-chord for a symmetric airfoil and at the half-chord for a cambered airfoil.

T
F
Principle strategies for high lift include increasing camber, wing sweep, and boundary layer control.
2. (4 points) Circle the picture below which best represents the features of a laminar and turbulent boundary layer:

[image: image2]
3. (4 points) Which boundary layer is more desirable? (circle the most)

a) A laminar boundary layer, because it is smoother.

b) A laminar boundary layer, because it always has lower friction.

c) A turbulent boundary, because a laminar boundary layer has more pressure drag.

d) A laminar boundary layer because it is thinner.

e) It depends; the laminar has less friction, but the turbulent boundary layer but is less susceptible to separation.
f) It depends; the laminar has more friction, but is less susceptible to separation.

4. (4 points) Circle the four word choices that make the following sentence true:

The maximum lift coefficient of a 2D airfoil commonly increases/decreases (circle one) with increasing Reynolds' number because the lower/higher inertia flow can better penetrate the adverse/negative pressure gradient, precipitating/postponing separation and stall.

[image: image3]
5. (12 points) Consider the above diagram of the X-31's Kiel probe operating at a low subsonic Mach number (< 0.3). The shaded circles represent the cross sectional area open to the air at stations A, B, and C.

a) Circle those relationships below that are true. Velocity, static pressure, total pressure, dynamic pressure and temperature at 'A' are represented by 
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b) What assumption(s) did you make?

6. (4 points) Multiple Choice: The Reynolds number expresses the ratio of:
a) Viscous forces to intermolecular forces

b) Viscous forces to inertial forces

c) Inertia forces to viscous forces

d) Aerodynamic to viscous forces

7. (6 points) Define the following symbols, according to their typical aeronautical usage:

a) 
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c) 
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d) 
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8. (4 points) Multiple Choice: Circle all the statements below that are true concerning a NACA 2415 airfoil section.
a) The maximum thickness is 0.15c, and occurs at 0.40c.

b) The maximum thickness is 0.15c, and occurs at 0.24c.

c) The zero-lift angle of attack is negative.

d) The maximum distance from the chord line to the upper surface is 0.075c.

e) The maximum coefficient of lift is 2.4.

f) Minimum drag occurs at zero degrees angle-of-attack.

9. (4 points) The figures show the lift curve and drag polar for an airfoil section. On the same axes, carefully sketch the generic lift curve and drag polar for a finite wing.
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10. (20 points) You are building an ultra-light aircraft in your garage and are considering using a NACA 4415 airfoil section for the wing.  Before you commit to the wing design, you desire to test the wing airfoil section in a wind tunnel of similar design to the Educational Wind Tunnel (EWT) you have been using in your EA203 labs.  Specifications for the full-scale aircraft are provided in Table 1.  Specifications for the wind tunnel are provided in Table 2.  Specifications for the test article are provided in Table 3. You may assume that sea-level standard day conditions hold for the aircraft and wind tunnel tests.

Table 1. Full-scale Aircraft Specifications

	Parameter
	Quantity
	Units

	Empty Weight
	250
	Pounds

	Wing span
	30
	Feet

	Wing chord
	5
	Feet

	Wing area
	150
	Square Feet

	Maximum Cruise Speed
	55
	KEAS

	Engine Size
	27
	HP

	Altitude Envelope
	0 – 5000
	Feet


Table 2. Airfoil Test Article Specifications

	Parameter
	Quantity
	Units

	Chord
	9
	Inches

	Span
	40
	Inches

	Airfoil section
	NACA 4415
	

	Material
	Mahogany
	


Table 3. Wind Tunnel Specifications

	Parameter
	Quantity
	Units

	Test Section Width
	40
	Inches

	Test Section Height
	30
	Inches

	Maximum Test Section Velocity
	200
	Feet per second

	Tunnel contraction ratio
	10
	


a) What is the reference Reynolds and Mach number of the test article in the wind tunnel with the tunnel operating at maximum test section velocity?  At this test condition, what is the maximum lift force you expect from the test article based on book value performance of the airfoil section?
b) After running the wind tunnel test, you find that the maximum lift generated from the NACA 4415 test article to be 158 pounds.  What is the experimentally-determined maximum coefficient of lift of the test article?  Is this what you expected from part a)? Why or why not?
11. (15 points) Consider the airplane project from problem 1. Your goal is to maximize the ratio of 
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 and you want to determine the lift and drag coefficients for the wing using the airfoil charts in the book. The span efficiency factor for your airplane wing is known to be 0.94.
a) What is the maximum 
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 for the airfoil? (NOTE: Assume the lowest Reynolds number for the airfoil charts. Briefly indicate how you obtained 
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b) What AOA produces this 
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 value?

c) What is the aspect ratio for your airplane wing?
d) Determine 
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 for your airplane wing at the AOA from part b).
12. (20 points) A tactical UAV with a blended wing-body and 3 ft chord is being built by the 1/c. At sea-level conditions, its maximum velocity will be approximately 100 fps. This corresponds to a flight Reynolds number of 1.91x106.

The students would like to determine the drag due to friction on their design, but the friction drag is a strong function of Reynolds number at these speeds. The largest model that could practically fit in the large open-circuit wind tunnel is 1/5th scale and the peak tunnel speed is 300 fps. The Rickover tow tank, however, is 20x20 ft and could easily fit a full-scale model. The maximum test speed in the tank is 30 fps.
a) What tunnel speed would be required to match the Reynolds number with the 1/5th scale model?
b) What test speed would be required to match the Reynolds number with a full-scale model in the (water) tow tank?
c) What's the ratio of the dynamic pressure between the matched tow-tank test condition and the maximum flight condition?
d) How will the dynamic pressure ratio affect the measured forces and moments?
e) How will the dynamic pressure ratio affect the force and moment coefficients?
A





VA





C





B





pressure





transducer





AreaB





AreaC





AreaA





D





C





B





A





V∞





V∞





V∞





V∞





turbulent





turbulent





turbulent





turbulent





laminar





laminar





laminar





laminar





V





y





y





y





y





V











Fluid�
Air�
Water�
�
Density


(slugs/ft3)�
0.00238�
1.94�
�
Viscosity


(lb-s/ft2 or


slug/ft-sec)


�
3.62x10-7�
2.09x10-5�
�









PAGE  

_1192109781.unknown

_1192109963.unknown

_1192110130.unknown

_1192110395.unknown

_1192112312.unknown

_1192112323.unknown

_1192265381.unknown

_1192112271.unknown

_1192112295.unknown

_1192110431.unknown

_1192110312.unknown

_1192110150.unknown

_1192110071.unknown

_1192110103.unknown

_1192110018.unknown

_1192110035.unknown

_1192110003.unknown

_1192109860.unknown

_1192109883.unknown

_1192109927.unknown

_1192109827.unknown

_1192109490.unknown

_1192109621.unknown

_1192109717.unknown

_1192109735.unknown

_1192109681.unknown

_1192109504.unknown

_1192109458.unknown

_1192109473.unknown

_1192105474.unknown

_1192105642.unknown

_1192109443.unknown

_1192105650.unknown

_1192105495.unknown

_1192105358.unknown

_1192105426.unknown

