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Answer the following questions:-
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1-1) Air flowing at a Mach number of 0.6 in a 6.25cm2 pipe is found to be at a pressure of 150 kpa

and the flow rate is 0.2 kg/s.
(a) Determine the stagnation temperature of the stream assuming no heat transfer occurs.(b) Determine the percent reduction in cross-sectional area needed to accelerate the flow to thecritical condition assuming that friction and heat transfer in the reducing section of the duct isnegligible. 

[6 Mark]
1-2) A stream of air having a stagnation temperature of 38 oC flows through an insulated l00mmdiameter cylindrical duct at a rate of I kg/s. At a certain station at"ong the duct the staticpressure is 41 kPa. Calculate the (a) Mach number, (b) velocity, and (c) siagnation pressure atthis station. \-/ ---o-- 

[6 Mark]1-3) Explain the Pressure wave pattern which produced by a supersonic aeroplane flying at aconstant speed.
If it is flying closer !o the earth, explain its effect on the earth. [4 Mark]* * * * * * * * * * * * * * * * * * * ' r * * * * * : k * * * * * i * * t t * * * * * * * * t t * * * * r ( * * t ( t ! * * * t r * t ( * t r * * * * * x * * r ( * r r * * *

2d Ouestion ( 32 Mark\ :-
2-1) Put True or False on the Following statements and why: [r2 Mark]

3l ::I!- back pressure at a De-Laval nozzleexit is affected on its performance.,,
b) "The maximum impulse is obtained at zero exit pressure theoretically."
c) "The Mach number always increases in F'anno filow pipe as otre moves downstream,,

2$ consider the axisymmetric contoured converging-oiverging norzleand the associated circularpipe extension shown in below:

mtn

2-2-a) The nozzle alone is attached at station I to a large air tank kept at a pressure of 1225 kpaand a temperature of 677I( The nozzle exhausts, at stationl, ioto'th. free atmospherewhich is at a pressure and temperature of 101 kPa and 300I!'r.rp".un.ty. The nozzle is
I



designed to produce an exit Mach number and pressure of 2.5 and 101 kpA, respectively.
Determine the exit diameter, dz, and the mass flow rate, m, of the nozzle. [4 Mark]

2'2'b\ The supply pressure in the air tank is reduced to 182.4 kPa while the temperature remains
at 6771( For the nozzle operating alone, a probe measures the stagnation pressure in the
exit plane, station 2' to be Poz=104.7 kPa, suggesting the presence of a shock in the nozzle.
Determine the diameterr d.r tt which the shock is located and the Mach number at the exit
plane, M2. Ig Markl

2-2-c) The circular pipe extension is now connected to the nozzle exit plane and the air tank is again
operating at a pressure of 1725 kPa and a temperature of 677I( The purpose of this [ipe
addition is to reduce the Mach number exhausting into the atmosphere at stution f io a
value of M3=1.5. If the Darcy friction factor (f) is 0.0025, determine the length, L, of pipe
needed, in terms of the pipe diameter d2, as well as the exit stagnation pressure p03.

3'd Ouestion ( 24 Markt :-
[8 Mark]

3-1) What happen if heat addition exceeds the maximum value (in the case of frictionless constant
cross-sectional area duct), when the inlet flow condition is subsonic o/ supersonic? [4 Mark]

3-2) Show the direction of normal stationary shock wave on an h-S diagram (Rayleigh flow case)
and state all states on the diagram. [4 Mark]

3-3) A gaseous fuel-air mixture enters a constant area duct with the following conditions: Mr=2,
pr=69 kPa, and TI=166IC Assuming that the duct is frictionless and that ihe gas mixture has
the properties of air, find:
(a) The maximum heat addition possible, q,"* [6 Mark]
(b) The stagnation pressure for that case of maximum heat additior, p0,."*. [z trtart<j
The flow in above problem now encounters a normal shock wave just after entering the duct
with the conditions stated. With the same assumptions, find:
(c) The maximum heat addition possible, q*.*. [6 Mark]

[2 Mark](d) The stagnation pressure for that case of maximum heat additiotrq po,max.

4-l) How do you determine experimentally the strength and Mach number of the following:-
a) A moving normal shock wave & b) A moving rarefaction wave? t6 Markl

4-2) Explain what the Prandtl-Meyer function represents. (That is, if someone were to say thatv =
36.80, what would this mean to you?) [4 Markl

4-3) Air flowing at Mach 2 is compressed by turning through an angle of 16o. For the srrong
solution case calculates: 

_ 19 Markl
(i) The shock angle (ii) The Mach number downstream of the shoclc
(iii) The maximum deflection angle if the shock remains attached.

4-4) Air at Mach 2.0 and a pressure of 70 KPa flows along a wall which bends away 12o from the
direction of the flow. Determine the Mach number and pressure after the bend. [4 Mark]

4-5) Gas at Mach 1.6 enters a straight-walled channel that diverges at an angle of 200. O.t.trinu
the two dimensional flow patterns. Assume the fluid is a periect gas of a lonstant specific heat
ratio 1.4. Neglected boundary layer effects and using Latiice Poinls Method t1rSg*ql4lg.---__ -
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THE END

Work &oral exam.

A13, Al4,
83,85,813

A14,83,
85,813

c12, C13, C15, Cl6
D4, and D7

GOOD LUCK


