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Unified Quiz 4F
April 4, 2002

One 81/2" x 11" sheet (both sides) for notes
Calculators allowed.
No books allowed.

Put your name on each page of the exam.

Read all questions carefully.

Do all work for each problem on the two pages provided.

Show intermediate results.

Explain your work --- don’t just write equations.

Partial credit will be given, but only when the intermediate

results and explanations are clear.

* Please be neat. It will be easier to identify correct or
partially correct responses when the response is neat.

e Show appropriate units with your final answers.

e Box your final answers.

Exam Scoring

#1 (15 %)

#2 (35 %)

| #3 (50 %)

Total “j—OQ g | . 75 |
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Problem I [15 points]

For an initial Mach number of 2.35, (a) find the final Mach- number after a Prandtl-Meyer
turn of 45°. (b) Find the corresponding pressure ratio across the Prandtl-Meyer fan. (c)

sSketch the tlow field including' Mach waves, Prandtl-Meyer fan angle, and streamlines.
Assume Y= 1.4.
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Problem 1I [35 points]

As shown 1n the attached figure, an F-16 supersonic fighter aircraft is traveling at a Mach
~ number of 2.5 where the free stream atmospheric pressure is 50 kPa. At the inlet of the jet

engine stands a normal shock. Assume isentropic flow everywhere except across the
shock, (a) find the pressure and (b) the Mach number of the air leaving the jet engine at

the exit plane ¢ if A/ =4
A,

Exit

Jet engine

Normal
shock wave

M,=2.5

Nor ma\ %\f\csc;\( w&vgg__3







UNIFIED ENGINEERING
FLUID DYNAMICS

QUIZ Q4F

April 4, 2002

Problem III [50 points]

Consider a wing section (airfoil) of a special mission jet fighter aircraft as shown in the
attached tigure. The jet fighter aircraft is traveling at a Mach number of 2.5 where the
free stream atmospheric pressure is 50 kPa. The airfoil chord is 5 meters. The angle of
attack 1s 5°. The leading edge of the airfoil under container is at the 3/4 chord.

(a) Sketch and label the wave structure and streamlines for the supersonic,
inviscid flow over this airfoil.

(b) Calculate the lift and drag produced by the supersonic, inviscid flow over this
airfoil.

3/4 chord
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