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Figure 1. The RQ-4A Global Hawk UAV
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1. (15 points) True or False?

T 
F
Lift of an airfoil can be explained completely using Bernoulli’s equation.

T 
F
Symmetric objects cannot produce lift.

T 
F
Reynolds number has a big effect on 
[image: image2.wmf]C

l

 at low AOA.

T 
F
Reynolds number has a big effect on 
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 at low AOA.

T 
F
Reynolds number has a big effect on flow separation over spheres.

T 
F
The aerodynamic coefficients (
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) are functions of area, density, and velocity.
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 is always greater than 
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 is always greater than 
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T 
F
At an aircraft’s minimum L/D ratio, the parasite drag coefficient is equal to the induced drag coefficient.

T 
F
The velocity for minimum power required is slightly greater than the velocity for minimum thrust required.

T 
F
All else being equal, an increase in aspect ratio will decrease power required.

T 
F
At a given flight condition, the induced drag coefficient will decrease when the landing gear are retracted while the parasite drag coefficient remains unchanged.

T 
F
The stall speed of an aircraft in a level turn increases with increasing bank angle while the maximum lift coefficient remains unchanged.

T 
F
At the maximum lift to drag ratio of an aircraft, the parasite drag is equal to the induced drag.

T 
F
For straight and level flight, the lift produced increases with increasing flight speed while the coefficient of lift remains unchanged.


[image: image11]
2. (11 points) Consider the diagram of the X-31's Kiel probe operating at a low subsonic Mach number (i.e., 
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 < 0.3). The shaded circles represent the cross sectional area open to the air at stations 
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, 
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, and 
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. The pressure transducer is in a sealed cavity.
a) What is the significance of  
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 < 0.3? (check one)

____ The temperature can be treated as constant

____ The flow can be treated as incompressible

____ The flow can be treated as inviscid

b) Each of the rows below has exactly one correct relationship. Circle those relationships below that are true. As an example, velocity, static pressure, total pressure, dynamic pressure and temperature at '
[image: image17.wmf]A

' are represented by 
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c) (BONUS 3 points). Three of the above rows actually depend upon the assumption that  
[image: image53.wmf]M

 < 0.3. The others are true whether or not that assumption is imposed. Place a check mark to the right of those three.

3. (4 points) The derivation of Bernoulli's equation requires what five assumptions?
a) Negligible body forces (i.e., weight of the fluid)

.

b) 

.

c) 

.

d) 

.
e) 

.

4. (3 points) The symbol 
[image: image54.wmf]a

 was used three times this semester. Give its definitions.

a) 
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 = 

.

b) 
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 = 

.

c) 
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 = 

.
5. (25 points) Derive the hydrostatic equation or Euler’s equation, clearly identifying which one you’ve selected. Start with a free-body diagram, label all forces, and state all assumptions. You must show all your work.

6. (2 points) Circle the picture below which best represents the pitch stability of the properly configured dart. By convention, the pitching moment 
[image: image58.wmf]cg
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 > 0 is nose up.
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7. (2 points) Circle the picture below which best represents the pitch stability of the properly configured airplane. By convention, the pitching moment 
[image: image60.wmf]cg
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 > 0 is nose up.
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8. (1 points) The slope of the above pitch stability graphs is proportional to what design/operating feature:

a) horizontal tail length

b) horizontal tail area

c) horizontal tail volume

d) static margin

e) C.G. location
9. (1 points) Which triplet of words would you expect to find in a definition of static stability?

a) equilibrium, disturbance, restorative

b) damping, oscillatory, time history

c) convergent, rate, exponential decay

10. (1 points) For an aircraft in level, unaccelerated flight,

a) The thrust required will increase as the airspeed increases.

b) The power required will increase as the airspeed increases.

c) The thrust required will increase as the weight decreases.

d) The power required will increase as the weight increases.

11. (1 points) For an aircraft in gliding flight:

a) The glide angle will increase as the lift-to-drag ratio increases.

b) The glide angle is a function of the inverse of the lift-to-drag ratio.

c) The glide angle will be a minimum at stall speed.

d) The glide angle will decrease as the airspeed decreases.

12. (1 points) For an aircraft in a level turn:

a) Maximum turn rate occurs at the maximum speed of the aircraft.

b) Maximum turn rate occurs at the maximum excess power of the aircraft.

c) Maximum turn rate occurs at the maximum lift coefficient of the aircraft.

d) Maximum turn rate occurs at the maximum excess thrust of the aircraft.

13. (9 points) Fill in the blanks. The difference between the power available and the power required divided by the aircraft weight is termed the _______________   _______________   _____________. The units of this quantity are __________________ (Eng) or ____________________ (SI). The quantity can also be thought of as the instantaneous _______________ of _______________ capability of the aircraft. If this quantity is negative at a given flight condition than the aircraft must be ______________________________,   _________________________ or both.  

14. (4 points) The following data were collected for a 2D airfoil section. Sketch the generic trends for a 3D (finite) wing on the same axes.
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15. (4 points) The following data were collected for a cambered airfoil section. Sketch the generic trends for a symmetric airfoil on the same axes.
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16. (4 points) The four pillars of aeronautics or astronautics are:

a) 

.

b) 

.

c) 

.
d) 

.

17. (4 points) Draw the inviscid flow patterns over a sphere. Indicate all relevant components and label all forces.

[image: image64.wmf]U


18. (4 points) Draw the “real” flow patterns over a spinning sphere. Indicate all relevant components and label all forces.
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19. (5 points) An airfoil is being tested at 0° AOA. Determine the lift coefficient if the upper and lower pressure distributions are be approximated as:
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20. (6 points) What are the six physical properties that define a flow field? Include the standard English units for these.

a) 

.

b) 

.

c) 

.

d) 

.
e) 

.
f) 

.

21. (5 points) What are the six equations that are used to solve for complete flow field properties?

a) Energy equation

.

b) 

.

c) 

.

d) 

.
e) 

.
f) 

.

22. (8 points) Identify all the components that affect the following flight vehicle moments:
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23. (4 points) Write out the specific gas constant for air at standard temperature and pressure. Give the English and metric value and units.

24. (2 points) Name the two basic types of atmospheric layers.

25. (2 points) Profile drag consists of 
 and 
 drag.

26. (2 points) Total drag on a flight vehicle consists of 
 and 
 drag.

27. (3 points) Define the following terms used in stability calculations (mathematically, if appropriate):

a) 
[image: image68.wmf]M

 = 

.

b) 
[image: image69.wmf]AC

 = 

.

c) 
[image: image70.wmf]MAC

 = 

.

28. (2 points) The first person to successfully fly a powered airplane was 
. The year was 
.

29. (5 points) Short Answer. A friend asks you if you are interested in investing in a company called Aircraft Micro-Dimple.  Based on the fact that the dimples on a golf ball reduce drag and enable it to fly further, the company proposes to treat the surface of aircraft wings with “micro-dimples.” Supposedly, the treatment reduces the aircraft drag and enables the aircraft to fly further.  Should you invest, why or why not?

30. (4 points) Sketch the velocity profile near the surface of a fluid flowing over a flat plate with a laminar boundary layer and with a turbulent boundary layer. Indicate 
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on the graph and explain the significance of this term to drag.

31. (3 points) The speed of sound decreases with temperature according to the equation 
[image: image72.wmf]aRT
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=

. What happens to the flight Mach number as an aircraft climbs in the troposphere at a constant true airspeed?
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32. (3 points) List the wing configurations in order of increasing span efficiency:
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33. (30 points, mandatory). Consider two alternative designs for a four-thousand pound airplane. Both configurations have a 200 ft2 main wing with a symmetric airfoil section. Design #1 has a 20 ft2 canard whose aerodynamic center is the origin, with the wing aerodynamic center 10 ft aft. Design #2 has a 20 ft2 horizontal tail whose aerodynamic center is 10 ft aft of the wing aerodynamic center (which should be treated as the origin). Both the canard and tail are assumed to have symmetric airfoils. If the aspect ratios are the same and vortex interactions are neglected, then the neutral point will be the geometric average of the two surfaces:
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a) Draw both arrangements.
b) Design #1- Calculate the neutral point (in feet aft from the canard).
c) Design #2- Calculate the neutral point (in feet aft from the main wing).
If the C.G. for each design is 0.5 feet forward of the neutral point, then the static margin will be identical. Note both the C.G. as “(” and the neutral point as “(” on your drawings.

d) Design #1- Calculate the wing and canard lift for this C.G. location

e) Design #2- Calculate the wing and tail lift for this C.G. location.

f) What do you observe about the relative loads of tails and canards?

34. [image: image78.wmf]b

(30 points, mandatory). An A-6E Intruder medium attack bomber loses one engine at the end of a catapult launch on a standard sea-level day. The pilot quickly raises the gear, jettisons the stores, and holds the optimal-angle of-attack which corresponds to 115 knots true airspeed. If the external stores fail to jettison, should the crew eject or stay with the aircraft (i.e., what is the predicted single-engine rate of climb)?
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Directions: You must do 3 of the 6 problems in this section.
You MUST tell us what problems to grade!!!

For the problems you don’t want graded,

put an “X” in the corner by “Page Score.”

35. [image: image80.jpg]


(30 points) The Fluids lab is currently contracting for a new closed circuit wind tunnel. The rectangular test section will be 60" wide x 42" high with rated maximum speed of 300 fps, and a nominal test speed of 150 fps. The contraction ratio will be 10-to-1, meaning that the cross section of the settling chamber, (immediately upstream of the test section) will be 10 times the cross sectional area of the test section. Assume that a cooling system maintains the test section air temperature at standard sea-level conditions and that viscous losses between the settling chamber and the test section are negligible. The test section will be vented to the room, as per the diagram. The fan will be centered in a 9-ft long cylindrical duct with a constant 8-ft diameter.

a) What is the temperature in the settling chamber when running at nominal speed on a day when the lab is 68°F, with the barometer at 30.10 inches of mercury?

b) What is the velocity of the air 1-ft upstream of the fan disk?

c) What is the velocity of the air 1-ft downstream of the fan disk?
d) What does the fan really do?
36. (30 points) An NACA 23012 airfoil section with a 63.9″ chord is being tested in a wind tunnel. The model spans the test section (wall-to-wall), similar the Clark Y airfoil test in Lab #7. The test is at 8° AOA and the wind tunnel is run at a speed of 294 ft/sec at standard sea level conditions.

a) What is the Reynolds number of this test?

b) Calculate the lift and drag per unit span (e.g., in lbs/ft) on this test airfoil.

c) What is the lift-to-drag ratio?

d) What is the AOA for the maximum 
[image: image74.wmf]LD

?

37. (30 points) An RQ-4A, Global Hawk UAV is operating over central Iraq at a pressure altitude of 56,000 feet, a true airspeed of 343 knots, and an outside air temperature of 405 R. The sensor operator picks up a target of interest and instructs the pilot to enter a race-track holding pattern. Due to a low sun grazing angle, the sensor operator instructs the UAV pilot to orient the long legs of the race track pattern north-south, and to make the turns as quickly as possible. If the UAV pilot maintains 343 knots true airspeed, determine maximum sustained turn rate.
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38. [image: image83.jpg]NAS,
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(30 points) A Student Naval Aviator in flight school desires to estimate the best rate of climb of her T‑34C Turbo Mentor aircraft. The NATOPS  (operator’s manual) specifies that the aircraft has minimum sink rate in a glide of 800 feet per minute (gear up, flaps up) and that this minimum sink rate can be obtained by maintaining an aircraft velocity of 100 knots indicated airspeed with the engine idle and prop feathered (i.e. zero thrust). Find the velocity for best rate of climb at sea-level, standard day conditions, and the associated total drag coefficient.
Note: 1 nautical mile = 6076 feet
1 hp = 550 ft-lbs/second


39. (30 points). The T-34C is based on the Beech Bonanza airframe. The Bonanza has a tapered wing with an NACA 23012 airfoil section. The wing is constructed to obtain a high span efficiency factor (0.98). For this problem, assume that the wing is isolated from the rest of the aircraft and is at an AOA of 8°.

a) What are the aspect ratio and the lift curve slope of the wing?

b) Calculate the total lift and drag coefficients on the wing at an airspeed of 174 KEAS.

c) What is the lift-to-drag ratio?

40. (30 points) A Dragonfly is instrumented with a pressure a temperature sensor to determine its altitude. At hospital point (at sea level), the pressure is 1028 mb and the temperature is 4.2°C. At the maximum altitude, the sensors measure 911 mb and -1.3°C, respectively. Determine the maximum altitude of the Dragonfly on this particular day.
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A-6 Intruder Data:


Wing Area	529 square feet


Max. Coefficient of Lift	2.1


Wing Span	53 feet


Length	55 feet


Weight	36,000 lbs


External Stores (payload)	28 x 500 lbs general purpose bombs


Drag Polar equation	� EMBED Equation.DSMT4  ���


Power Plant	Two J-58-P-8B engines rated at 8,300 lbs thrust each














V





A





B





C





Aileron


Elevator


Flap


Engine RPM


Horizontal stabilizer





Landing gear


Rudder


Slat


Vertical stabilizer


Winglet





� EMBED Equation.DSMT4  ��� = 40.9″


� EMBED Equation.DSMT4  ��� = 86.9″


� EMBED Equation.DSMT4  ��� = 32 ft.





Global Hawk Data:


Wing Span	116.2 feet


Wing Area	540 square feet


Weight	22,150 lbs


Max. Coefficient of Lift	1.4


Oswald Efficiency Factor	0.9


Parasite Drag Coefficient	0.019


Power Plant	Rolls Royce AE37007H rated at 902 lbs thrust at 56,000 ft.








T-34C Specifications:


Wing Span	33 feet, 4 inches


Wing Area	179.6 square feet


Weight	4,050 lbs


Oswald Efficiency Factor	0.695


Velocity for min. sink	100 knots IAS


Min. sink rate	800 ft/min


Power Plant	550 HP at sea level
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