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BAS-016 : PROPULSION - II Maximum Marks : 70 Time : 3 hours Note : Answer any seven questions. All questions carry equal marks. Use of scientific calculator is permitted. 1. (a) What are the various functions of an exhaust 4+6=10 nozzle ? (b) The effective jet exit velocity from a jet engine is 2700 m/s. The forward flight velocity is 1350 m/s and the air flow rate is 78.6 kg/ s Calculate : (i)



Thrust



(ii)



Thrust power, and



(iii)



Propulsive efficiency



2. (a) Explain the following performance 4+6=10 coefficients : (any two) 
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(i)



nozzle co-efficient



(ii)



flow co-efficient



(iii)



velocity co-efficient
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(b)



A turbojet engine inducts 51 kg of air per second and propels an aircraft with an uniform flight speed of 912 km/h. The isentropic enthalpy change for the nozzle is 200 kJ/kg and its velocity co-efficient is 0.96. The fuel - air ratio is 0.0119, the combustion efficiency is 0.96, and the lower heating value of the fuel is 10500 kcal/kg. Assume CV of fuel = 42 MJ/kg, calculate : (i)



the thermal efficiency of the engine



(ii)



the propulsive power in kW,



(iii)



the thrust power, and



(iv)



the propulsive efficiency



3. (a) What are the various factors that affect the combustion chamber performance ? Explain. 4+6=10 (b) A compressor (centrifugal) under test give the following data : Speed : 11500 rpm Inlet total head temperature : 21°C Outlet total head pressure : 4 bar Air flow : 131600 kg/h Impeller dia : 75 cm If the slip factor is 0.92, what is the compressor efficiency ?
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4. (a) Write short notes on any two of the 4+6=10 following : (i) Flame tube cooling (ii) Fuel injection (iii) Ignition. (b) Find the actual shaft power required to the compressor of Jumbo turbo-jet engine from the following data : Pressure ratio = 3 : 1 = 1.4 Adiabatic efficiency based on shaft power = 75% Mass flow of the air compressed = 21 kg/sec Temperature of inlet air = 45° C Neglect any ram effect due to the forward speed of turbojet. 5. (a) With the help of a neat diagram, explain the working principle of ram jet engines. 4+6=10 (b) Air at 1.0132 bar and 288 K enters an axial flow compressor stage with an axial velocity 150 m/s. There are no inlet guide vanes. The rotor stage has a tip diameter of 60 cm, and a hub diameter of 50 cm and rotates at 100 rps. The air enters the rotor and leaves the stator in the axial direction with no change in velocity or radius. The air is turned through 30° as it passes through rotor. BAS-016 
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Assuming the constant specific heats and that the air centres and leaves the blade at the blade angles, (i) construct the velocity diagram at (ii)



mean dia for this stage, and mass flow rate



6. (a) With a neat sketch and T-S diagram, explain the working of turbojet engine. 4+6=10 (b) An axial flow compressor was tested and found that it gave a pressure rise of 3 atmospheres and a temperature rise of 125°C. A 2000 kW motor was used to drive the compressor. Determine the compressor efficiency and the mass flow of air delivered, if the mechanical efficiency to be 95% and pressure and temperature at inlet were 1 atm and 300 K respectively. Assume 'y = 1.4 With a neat sketch explain the inlet and exit • velocity triangles for any one type of blades of centrifugal compressor. 4+6=10 A convergent - divergent nozzle is required to discharge-2 kg of steam per second. The nozzle is supplied with steam at 6.9 bar and 180°C and discharge takes place against a back pressure of 0.98 bar. Expansion upto throat is isentropic and the frictional resistance between the throat and exist is



BAS 016 -







4 



P.T.O.



equivalent to 62.76 kJ/kg of steam. Taking approach velocity of 75 m/s and throat pressure 3.9 bar, estimate the suitable areas for the throat and exist. With the help of a suitable diagram, explain the working principle of an axial flow 4+6=10 compressor. In a steam nozzle, dry and saturated steam is expanded from 10 bar to 0.1 bar. Calculate : (i) (ii)



Dryness fraction of steam at exit. The velocity of steam at exit from the nozzle when initial velocity is 135 m/s.



9. (a) What do you understand by blade and stage efficiency ? 4+6=10 (b) A turbo-jet engine consumes air at the rate of 60.2 kg/s when flying at a speed of 1000 km/hr. Calculate : Exit velocity of the jet when the (i) enthalpy change for the nozzle is 230 kJ/kg and velocity co-efficient is 0.96. (ii) Fuel flow rate is kg/s when air-fuel ratio is 70 : 1. (iii) Thermal efficiency of the plant when the combustion. efficiency is 92% and calorific value of the fuel is 42,000 kJ/kg (iv)
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Propulsive efficiency.
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10.



(a) Briefly discuss the applications of gas 4+6=10 turbines. (b) Write short notes on any three of the following : (i) Blade Mach number (ii) (iii)



Cascade action Blade cooling



(iv)



Radial variation



(v)



After burner
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