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Define characteristic Mach number and what is the m aximum valup of
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Mistinguish between thermally perfect pas and calovically perfoct ¢

\(.

o

Pistinenish between Mach Ines and compresgion Wavna,

What is the effert of swee p baclk on compressibilit
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ch the different types of supersonic profiles.

What is the special feature of a transonic test aection?
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PARTB— (5x 16 =80 marks)

Alr at 30°C and 101 kPa is drawn through a conve rgeni-divergent
nozzle which discharges into a large vacuum tank. Determine the
conditions upstream and d«)wzhtrmm of a normal shock which is
located at the nozzle exit. The nozzle throat and exit have areas of
0.025 m? and 0.0724 m2, respectively. (8
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Show that the masimum mass flow rate in Lerms of F 'l and 4,
for isentropic flow of o perfect gas throngh s nozede o given by

JUS— R I
¥ [T S| ,;,(> 1)
. ) k4 IRAV e N v . , o .
Ty Ay Jode 0 where ., s the ntio of Spoeiie
‘ VRE, "yt

e,
L
o

beats and R is the gas constant.

Or

Explain the term choking in a C-D uowle and ihe flow condiiions

leading to the same. Hence describe with Hustrations
(1) an under-expanded,

(2) correctly expanded and

(3) over-expanded nozzle. )
Derive Hugoniot equation. ' &)

A normal shock moves in a constant area tube. In the region ahead
of the shock, Vi = 100 m/s, T1 = 30°C and Py = 0.7 atm. The shock
speed with respect to a fixed co-ordinate system is 600 m/s. Find the

fluid properties in the region aft of the moving normal shock. ®

Explain with sketches and plots

(1) Shock waves and Mach waves and 4)
(2) Strong and weak shock waves. 4)
Or

A supersonic stream of air at M = 3 and 1 atm passes through a
sudden convex and then a sudden concave corner of turning angle
15° each. Determine Mach number and pressure of {flow
downstream of the concave corner. (8)
An uniform supersonic flow of air at Mach 3.0 and P; = 0.05 atm
basses over a cone of semi-vertex angle 8° kept in line with the flow.

Determine the shock angle and the static pressure at the cone
surface, just behind the shock. ®)
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(2)

(b)

(a)

(b)

v

(i

®

(i1)

(1)

®

(ii)

Bhow that for weak oblique shocks the strength of the

proportional to the deflection angle.

A Mach ¢ aiv stream PAasses over g 107 compieseing o

obligus shock from the corner is vefloctod from o 100 weatt 0,
pavallel to the freestream, as showin in Fig. 1. Computs ihe avigde ol
the retlected shock wave relative to ihe fia wali aud the Moek
number downstream of the reflected shock. Y
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Fig. 1 (For Problem | S(a) (1))

O

Derive the relations to obigin Cioand Co for a two-dimensional wing
having cross section of thin double wedge at small angle of attack.

State all the assumptions. )]

A wing having double wedge section has the maxin um thickness of
20% of chord. The top surface is flatiened symmetrically from
center. If the length of the flat surface is 50% of chovrd, what change
in lift and drag is expected due to thig change in shape at
freestream Mach number of 2 and angle of attack of 2 degree, (8)

Based on small perturbation theory, derive the linearized velocity
potential equation for compressible flows. (10)

Based on the above equation establish the Prandtl-Glauert vule. (6)

Or

Consider an infinitely thin flat plate at a 5° angle of attack in a
Mach 2.6 freestream. Calculate the lift and drag coefficients using
shock expansion theory, ao

Write a brief note on critical Mach number and drag divergence
Mach number. (6)
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