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1. a)  
Describe the two types of cycle arrangements possible for a gas turbine system. Write about the advantages and disadvantages of gas turbines over reciprocating engines. 

    b)  
Explain with a neat sketch the details of a simple single stage gas turbine engine. Explain the purpose of adding heat exchangers in gas turbines.

2. a)  
How are efficiencies of the inlet diffuser and the propelling nozzle of a Turbojet engines defined and write down their formulas? 

   b) 
A Turbojet aircraft flies at 900 kmph at an altitude of 10,000 m above the mean sea level. Calculate a) air flow rate through engine, b) thrust, c) specific thrust,   d) Specific Impulse, e) Thrust power, and f) TSFC from the following data: 

i)   Diameter of the air inlet section = 0.75 metre.
ii)  Diameter of jet pipe at exit = 0.5 metre. iii) Velocity of the gases at the exit of the jet pipe = 500 m/s.

iv)  Pressure at the exit of the jet pipe = 0.30 bar. 
v) Air to fuel ratio = 40

3. a)
Write a note on aerodynamic choking of nozzles.


    b)
Explain the necessity for developing convergent-divergent nozzles.  

4. a)
Write a detailed note on subsonic inlets.





    b)
Explain in detail about supersonic inlets.





5. a) 
Draw a schematic diagram of a pulse jet engine and describe its operation. What are the advantages and disadvantages of pulse jet engine?




    b) 
Define ram efficiency and derive an expression for it. Explain how ram rocket combines the desirable characteristics of a rocket and a ramjet? 



6. 
Write a detailed note on critical, supercritical and sub critical operation of a ramjet engine.

7. a) 
Discuss at least eight properties of solid propellants. 



   b) 
Discuss advantages and disadvantages of the solid propellant rocket motors.
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8.  a)
Derive an expression for the velocity of a rocket vehicle at the end of the powered flight. 



     b) 
What is the effect of mass ratio, specific impulse and burn out time on the maximum velocity attained by the rocket vehicle? Further obtain an expression for the altitude gain during the powered flight.
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1. a) 
With a neat diagram, explain the working of closed cycle arrangement of the gas turbines? What are the important factors to be considered, if the working media other than air is considered? 


    b) 
Draw the schematic diagram of a simple gas turbine cycle with intercooler and heat exchanger and explain its working principle. Draw also the p-V and T-s diagram of the cycle.

2. a) 
Derive the expression which gives relation between ‘Area ratio’ and ‘Mach number’ for isentropic flow with variable area? 


    b) 
Air flowing in a duct has a velocity of 350 ms-1, pressure 1 bar and temperature 300 K. Taking ( = 1.4 for air and R = 287 J/kg-K. Determine the following: 

i)
Stagnation pressure and temperature.

ii)
Velocity of sound in the dynamic and stagnation conditions.

iii) Stagnation pressure assuming constant density.

3. a)
What are the various functions of an exhaust nozzle?



b)
To control the thrust and fuel consumption, explain how engine back pressure controlling is useful.









4. a) 
What is the purpose of a diffuser in the inlet?





    b)
Write a note on internal flow in a subsonic inlet.




5. a) 
Draw a schematic diagram of a ram jet engine and describe its operation. What are the advantages and disadvantages of ram jet engine? 




    b) 
Classify and discuss different types of combustion chambers and write their advantages and disadvantages.

6. 
Write a short note on:   

a) 
Flame holders.   

b) 
Stagnation pressure loss, in case of ramjet combustors.


7. a) 
Discuss advantages and disadvantages of the liquid propellant rocket engine. 

   b) 
Discuss at least eight properties of liquid propellants. 
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8. a) 
Give brief description of some propellants given below: 

i) Liquid oxygen 


ii) Hydrogen peroxide.


iii) Unsymmetrical dimethyl hydrazine.


iv)  
Ethanol






     

 b) 
State at least eight bipropellant combinations with specific Impulse produced by each combination. 
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1. a)  
What is meant by thrust? Derive the thrust equation for a general propulsion system (air breathing type). 


    b)  
Explain in detail how various factors affect the performance of a propulsion device.

2. a)
Define the terms Stagnation temperature, Stagnation pressure and Stagnation density? Express them in terms of Mach number?


    b) 
A nozzle in a wind tunnel gives a test-section Mach number of 2. Air enters the nozzle from a large reservoir of 0.7 bar and 310 K. The cross-sectional area of the throat is 1000 cm2. Determine the following quantities for the tunnel for one-dimensional isentropic flow: 

i)
Pressure, temperature and velocities at the throat and test sections.

ii)
Area of cross-section of the test section.

iii) Mass flow rate. 

iv) Power required to drive the compressor.

3. a)  
Explain in detail: 

i) 
Thrust reversing and 

ii) 
Thrust vectoring.



    b) 
Write a brief note on various nozzle coefficients.




4.
Explain in detail the flow patterns (internal and external flows) in case of a sub-sonic inlet.










5. a) 
Discuss the performance and operating characteristics of combustion chamber in detail. 









   b) 
Explain the different methods of introducing fuel into the combustion chamber of a gas turbine. 










6. 
Describe the working of a ramjet engine with the help of a neat sketch. Depict the various thermodynamic processes occurring in it on h-s diagram. Discuss about the effect of flight Mach number on its performance.
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7. a) 
Classify different types of solid propellants used in solid motors and explain them in detail. 










    b) 
Describe eight important properties of the solid propellants desired for rocket propulsion. 










8. a) 
State the one-dimensional steady flow perfect gas equations for flow through a nozzle as applicable to a rocket engine.


    b)
 Discuss rocket applications as applicable to military and aircrafts in detail.  
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1. a) 
What is meant by thrust augmentation and explain its effects.

    b) 
Explain the principle of afterburner effect in thrust augmentation. Illustrate the performance characteristics of an afterburner engine.

2. a) 
Explain in detail the expansion in nozzles and compression in diffusers keeping Mach number as reference in order to know the variation of flow parameters in isentropic flow? 

    b) 
A conical diffuser has entry and exit diameters of 20 cm and 35 cm respectively. The pressure, temperature and velocity of air at entry are 0.7 bar, 350 K and 200 m/s respectively. Determine the following: 

i) The exit pressure

ii) The exit velocity

iii) The force exerted on the diffuser walls.

Assume isentropic flow,  Cp = 1.005 KJ/Kg-K and ( = 1.4 for air.

3. 
Write a note on: 

    a) 
Under-expanded nozzles and

    b) 
Over-expanded nozzles.

4. a)
Write a detailed note on supersonic inlets.





   b)
Explain in detail about the starting problem in case of a supersonic inlet.

5. a) 
Describe the three recognized postulations as applicable to the combustion mechanism and further draw a typical stability curve as noticed in combustion chambers.

   b)
Describe in detail important factors affecting combustion design.

6. 
Describe the working of a scramjet engine. Mention its main advantages over the ramjet engine.

7. a) 
What are Cryogenic propellants and illustrate in detail at least two of them? 

   b) 
State the main advantages and disadvantages of cryogenic propellants.  Draw a simple sketch of a “GSLV” indicating only the cryogenic stage of the launch vehicle. 
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8. a)
Discuss rocket applications as applicable to scientific research and space flight in detail. 


    b) 
Express Propellant mass fraction in terms of mass ratio and for a rocket in vertical flight find the maximum altitude attained in terms of thrust and burn time.
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