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SECTION A

S. No.

Marks

CO

QL.

The value of total pressure in an adiabatic flow always remains constant.
Is the above statement true or false?

Co1

Q2.

The total pressure across an expansion fan:
a. Increases
b. Decreases
c. Remain constant
d. Depend on the upstream Mach number

CO1

Q3.

When placed in a supersonic freestream of air, the pressure reading measured by the
pitot tube represents the stagnation pressure of the freestream.
Is the above statement true or false?

CO2

Q4.

Which of the following compression process is more efficient?
a. Compression through mechanical compressor
b. Compression through single normal shock wave
c. Compression through series of oblique and normal shock wave
d. Compression through compression wave

CO3

Q5.

The strength of shock wave depends on:
a. Upstream Mach number
b. Wave angle
c. Downstream Mach number
d. Bothaandb
e. Bothaandc

CO3

Q6.

Drag divergence Mach number comes just before critical Mach number.
Is the above statement true or false?

CO5

SECTION B

Q7.

Derive the relation between flow properties ahead and behind a normal shock wave.
OR

The flow just upstream of a normal shock wave is given by p1 = 1 atm, T1 = 288 K,

and M1 = 2.6. Calculate the following properties just downstream of the shock: p2, T>,

p2, M2, po.2, To,2, and the change in entropy across the shock.

10

Co1

Q8

Consider an oblique shock wave with a wave angle of 30° in a Mach 4 flow. The
upstream pressure and temperature are 2.65 x 10* N/m? and 223.3 K, respectively.

10

CO3




Calculate the pressure, temperature, Mach number, total pressure, and total
temperature behind the wave and the entropy increase across the wave.
For M1 =2
M2 =0.5774
P,/P1=45
T2/ T1=1.687
For M1 = 4 and wave angle = 30°
Flow deflection angle = 17.7°

Q9 A supersonic flow at My = 1.58 and p1 = 1 atm expands around a sharp corner. If the
pressure downstream of the corner is 0.1306 atm. Calculate the deflection angle of the 10 CO2
corner.
Q10 Derive velocity potential equation and focus on its application. 10 CcO5
Q11 Emphasis on the application of following and support your answer with scientific
explanation.
i. Whitcomb’s Area Rule 10 Co5
ii. Supercritical Airfoils
SECTION-C
Q12 Discuss the application of shock expansion theory and hence derive the relation for
aerodynamic forces on flat plate place at positive angle of attack in supersonic
freestream.
Calculate the lift and drag coefficients for a flat plate at a 5° angle of attack in a Mach
3 flow.
OR 20 CO4

Derive the relation for aerodynamic forces on a diamond wedge airfoil place at zero
angle of attack in supersonic freestream of air.

Consider a diamond-wedge airfoil, with a half-angle £ = 10°. The airfoil is at zero
angle of attack to a Mach 3 freestream. Calculate the wave-drag coefficients for the
airfoil.
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Shock wave angle, p (deg)
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0 — f — M Relationship
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