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2) Propane gas (C3Hy) enters a combustion chamber at 25°C at a rate of 0.05
kg/min where it is mixed and burned with air that enters the combustion chamber
a1 25°C, as shown in the figure. The combustion equation based on | kmol of the
fuel is as shown below. If the exit temperature of the combustion gases is 1,500

(K, determine (a) the mass flow rate of the air (2 marks) and (b) the rate of heat
transfer, in kW, from the combustion chamber(8 marks).

C3Hy () + 7.5(02+ 376Ny > 2.7C03+0.3C0 + 2,650 + 4120 + 28.2N;
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1) Ethylene (CHy) is bumed with 200 percent theoretical air during a
combustion process. Assuming complete combustion and a total pressure of 100
kPa. Write the combustion equation based on 1 kmole of the fuel (I mark) and

determine
(a) the air-fuel ratio (4 marks)
(b) the dew-point temperature of the products (3 marks)

(c) What is dew point temperature and why it is important? (2 marks)
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3a) How and why is the stagnation enthalpy h, defined? How does it differ from
ordinary (static) enthalpy? (2 marks)
Hon' bo (s dfived gy by = heviy
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3b) Does the Mach number of a gas flowing at in a constant velocity remain
constant? Explain. (2 marks)
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3¢) In which medium will sound travel fastest for a given temperature: ir,
helium, or argon? Why? (2 marks)
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3d) The Airbus A-340 passenger plane has a maximum takeoff weight of about
260,000 kg, a length of 64 m., a wing span of 60 m, a maximum cruising speed
0f 945 km/hr, a seating capacity of 271 passengers, maximum cruising altitude
0f 14,000 m, and a maximum range of 12,000 km . The air temperature at the
crusing altitude is about -60°C. Determine the Mach number of this plane for the

stated conditions. (4 marks) .
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4a) Airat 1 MPa and 600°C enters a converging nozzle with a velocity of 150
m/s. determine the mass flow rate through the nozzle of the nozzle throat area of

50 cm? when the back pressure is (a) 0.7 MPa and (b) 0.4 MPa, (5! )
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4b) Air enters a converging-diverging nozzle of a supersonic wind tunnel at with
a low velocity. The flow area of the test section is equal to the exit area of the
nozzle, which is 0.5 m’ Calculate the pressure, temperature, velocity, and
mass flow rate in the test section for a Mach number Ma = 2. Explain why the
air must be very dry for this application. (5 marks)
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5a) What is the main different between Impulse Turbine and Reaction Turbine
(2 marks)

T ipaddse forbid Al pressie dvop cuves i Nosgle € fixed bdle)
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5h) Steam entering trbine blades with a velocity of 900 m/s and the angle s - Clea g
20°. The blade velocity, Vi is 300 m/s and the blade velocity coefficient, ky is
0.7. The turbine is an impulse turbine (P i yage = constant) and the blade is
symmetrical (the angle of the entering relative velocity and the leaving relative

velacity are equal). Draw the velocity diagram (1 mark) and calculate for the
mass flow of 15 kg/s,

() the blade inlet angle , /2 (1 mark)
(b) the power out put of the turbine (3 marks)
(¢) the blade efficiency (diagram efficiency) (1 marks)

(d) the axial thrust (assume constant x-section flow arca) (2 marks)
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