EA203 Exam 2 Gouge
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QUESTION 5 (20 pts). Draw the laminar and turbulent boundary layer profiles on the graph below. Note that the axes are labeled as the quantity 
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 plotted against 
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. Label each line.

QUESTION 1 (15 pts). Answer TRUE or FALSE by circling the correct letter.

T
F
Friction drag cannot exceed pressure drag.

T
F
Pressure drag highly depends on the Reynolds number.

T
F
Wing stall is the result of boundary layer separation.

T
F
A thin airfoil section will have a higher drag than a thick airfoil section.

T
F
Profile drag includes both the pressure drag and the skin friction.

T
F
Form drag includes both the pressure drag and the skin friction.

T
F
Lift is the result of high-velocity particles impinging on the airfoil lower surface.

T
F
A sphere produces no lift, only drag, because it is symmetric.

T
F
A thick airfoil section will have a higher lift than a thin airfoil section.

T
F
Large aspect ratio wings will produce lower drag than small aspect ratio wings of the same planform area.
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QUESTION 5 (15 pts). The Grob G-115C Bavarian has a tapered wing with the geometric characteristics shown at right. The induced drag is represented by the following drag polar: 
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a. What is the wing aspect ratio?

b. What are the minimum and maximum induced drag coefficients?

c. What is the span efficiency factor for this wing?

QUESTION 7 (20 pts). The following pressure distribution was obtained for a Clark Y14 airfoil at 11( AOA.
a. Where on the airfoil is the pressure equal to the freestream pressure (Note the surface and the chordwise position)?

b. Where is the maximum pressure on this airfoil (Note the surface and the chordwise position)?

c. Where is the stagnation point on this airfoil (Note the surface and the chordwise position)?

d. Where is the minimum pressure on this airfoil (Note the surface and the chordwise position)?

e. WhAT is the minimum pressure on this airfoil if pT=14.707 psi and p(=14.613 psi in the wind tunnel test section? This represents a test conducted at 80 mph.

f. Approximate the lift coefficient for this airfoil.
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QUESTION 1 (16 pts). Definitions. Define the following terms as completely as possible.

a. Reynolds Number ____________________________________________________________________ 

b. Laminar ____________________________________________________________________________ 

c. Turbulent ___________________________________________________________________________ 

d. Camber _____________________________________________________________________________

e. a __________________________________________________________________________________ 

f. αi __________________________________________________________________________________ 

g. Circulation __________________________________________________________________________ 

h. Span efficiency ______________________________________________________________________ 

QUESTION 2 (28 pts). Airfoils. The following sectional characteristics (2D data) are given for a proprietary symmetric airfoil design at a Reynolds number of 1,000,000. The chord length is 18 inches.
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a. On the same axes, sketch the generic characteristics for an equivalent cambered airfoil.

b. What α gives the maximum L/D ratio? What are the Cℓ, Cd, and Cm,A.C. values at this point?

c. What is the L/D ratio at this point?

d. Calculate the lift, drag, and pitching moment per unit span at this α. The dynamic pressure is 13.1 psf.
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QUESTION 3 (36 pts). Boundary Layers. A specialized wing design has a chord of 8 inches and a span of 4 feet. At a speed of 75 mph in standard sea level conditions, the boundary layer at the trailing edge is found to be laminar. The velocity profile for both the upper and lower surfaces is shown at right.

a. Calculate the Reynolds number, Rec.

b. Sketch an equivalent turbulent boundary layer on the same axes.

c. List two ways to make a turbulent boundary layer possible on this wing:

i. ______________________________________________

ii. ______________________________________________

d. Determine δ.

e. For 
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 < 1, we must consider the flow to be _____________________ flow.

f. For 
[image: image9.wmf]y

d

 > 1, we can assume the flow is _____________________ flow.

QUESTION 3 (5 pts). Short Answer. Fill in the blanks for the mechanisms of high lift devices.

a. Both plain flaps (either at the LE or TE) and split flaps accomplish higher lift coefficients by changing the ___________________________________________________ of the airfoil section.

b. Leading edge slats accomplish higher AOA’s because the _________________________________ over the wing upper surface is affected, thereby delaying ________________________________________.

c. The double slotted flap system can achieve maximum lift coefficients as high as 3.0. This is because of the reason in part a, plus multiple flap elements increase the effective ________________________ of the wing. The slots help by ___________________________________________________________.

QUESTION 2 (5 pts). Identify each parameter and indicate the standard units:
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Circle whether the statement is true or false.

T
F
A 747 will produce less circulation than an F-18 at the same cruise speed.

T
F
The incompressible pressure coefficient cannot exceed a value of 1, theoretically.

T
F
Profile drag is composed of parasite drag and friction drag.

T
F
Downwash has little effect on the drag on a wing.

T
F
Lift is the result of high-velocity particles impinging on the airfoil lower surface, thus pushing the wing up into the air.

QUESTION 2 (10 pts). The DC-3 weighs 23,800 lbs and has a span of 94.58 ft. Its maximum speed is 184 KTAS at sea level (level flight). Calculate the minimum circulation that the wing must produce to maintain flight.

QUESTION 1 (15 pts). Two spheres (one smooth and one dimpled) are placed in an incompressible flow having a Reynolds number of 350,000. Draw the flow patterns around each sphere. Clearly label all salient features.
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Give three aerodynamic implications of the dimples on a golfball:

Aerodynamic drag is composed of two components:

Name the three parameters which define the geometry of an airfoil section:

a) [image: image32.wmf]e

 

QUESTION 6 (20 pts). The following velocity profile for a laminar boundary layer was measured on the trailing edge of a 1m x 1m flat plate. The temperature and pressure are 20°C and 1010 mbar, respectively. Assume the thickness of the plate to be infinitesimal.

a. What is the Reynolds number for this problem?

b. What is the boundary layer thickness?

c. Determine the wall shear stress.

QUESTION 1 (14 pts). Two smooth spheres (one non-rotating and one rotating) are placed in an incompressible flow having a Reynolds number of 350,000. Draw the streamline patterns around each sphere.
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QUESTION 2 (6 pts). The following sectional characteristics are given for an airfoil design. On the same axes, carefully sketch the generic trends for a finite wing using this airfoil section.
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QUESTION 5 (20 pts). Midshipmen from EA303 acquired wind tunnel pressure data on a NACA 63-012 airfoil model at 12° AOA. The tests were conducted at a freestream velocity of 
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 = 175 ft/sec at standard sea level conditions. The static pressure in the test section was 1011.6 mbar.
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a. What is the minimum pressure on this airfoil? Put your answer in mbar.

b. Where on the airfoil does this occur? Indicate the position and the side of the airfoil.

c. Based on the given pressure distribution, make a reasonable estimate of 
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 for this airfoil.

(8 pts). Fill in the blanks.

The boundary layer is a region of 

 flow.

A/an 
 pressure gradient is present in a decelerating flow.

Flow separation will occur in a region of 
 flow.

An NACA 2412 airfoil section has 
% thickness and 
% camber.

The production of lift is attributable to 

.

The wing tip vortices induce 
 behind the wing to change the effective AOA of a finite wing. This has the effect of 

 the 3D lift compared to 2D lift.

(6 pts). Write out the expressions for the following:
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QUESTION 2 (20 pts). A specific laminar boundary layer has been measured on a 1m x 3m flat plate that has one side exposed to a flow with a freestream velocity of 35 m/sec. The flow is at standard sea level conditions and the resulting velocity profile fits the following equation:
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and the boundary layer thickness is 2 cm.

a. Calculate the wall shear stress and the friction drag on the plate.

b. On the axes above, sketch the generic velocity profile for a turbulent boundary layer.

QUESTION 4 (25 pts). The following data were collected for an NACA 6716 airfoil, the section used on the wing of the A-10A. The finite wing characteristics are shown in the table.
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M = 0.42


a. Determine the maximum 
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 ratio.

b. Using the airfoil data, predict the finite-wing lift and drag coefficients at 
[image: image28.wmf]a

 = 5°.

c. On the plots provided, sketch the general trends for a thinner airfoil section having the same thickness form (i.e., something like a NACA 6712 airfoil).
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