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Q1  Answer the following questions: (2 x 10) 

 a) Define (a) Impulse stage and (b) Reaction stage.  
 b) What are the limiting factors in gas turbine design?  
 c) An ideal ramjet engine operates at M = 1.5 at an altitude of 6500m. Find its 

cycle efficiency. 
 

 d) What are the applications of integral ram-rocket propulsion system?  
 e) Define are the applications of integral ram-rocket propulsion system?  
 f) Find the Thrust and specific impulse for the rocket engine having the following 

performance, Velocity of jet = 1400m/sec, oxidizer flow rate = 4kg/sec, fuel flow 
rate = 1kg/sec. 

 

 g) What is supercritical and subcritical nozzle?  
 h) Define discharge correction factor. Can it be more than one? Justify your 

answer. 
 

 i) Why electric rockets are called essentially power limited?  
 j) What is nozzleless propulsion system?  
    

Q2 a) With a neat sketch derive fundamental thrust equation of a rocket. Explain the 
basic operating principle of a rocket. 
 

(5) 

 b) The inlet conditions for a rocket nozzle are given by total temperature = 2800K, 
total pressure 43x105Pa, and the inlet velocity can be neglected when 
compared to nozzle outlet velocity. The nozzle throat diameter is 5.2cm. 
Estimate the mass flow rate through the nozzle. Assuming optimum expansion 
at sea level, determine nozzle exit velocity, exit Mach number and the thrust 
developed by the rocket unit. Take the ratio of specific heat as 1.35. 

(5) 

    
Q3 a) Draw T-S diagram for a reaction stage turbine. Determine the terms nozzle loss 

coefficient and prove that λ = 0.86 Y for even when the Mach number at the 
blade exit is unity. 
 

(5) 

 b) Amulti stage gas turbine is to be designed with impulse stages, and is to 
operate with an inlet pressure and temperature of 6kg/cm2 and 900K, and an 
outlet pressure of 1kg/cm2. The isentropic efficiency of the turbine is likely to be 
85%. All the stages have a nozzle outlet angle of 150, equal inlet and outlet 
blade angles, a mean blade velocity is 250m/sec and equal inlet and outlet gas 
velocities. Estimate the number of stages required. Assume Cp = 0.276 and  = 
1.333. 

(5) 

    
Q4 a) What are the limitations of an electrical rocket propulsion system? What are the 

various types of electrical propulsion system? Explain any one system with a 
neat sketch. 
 
 
 
 

(5) 
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 b) What is water testing of liquid rocket injectors? How is it done? What is 
application? 

(5) 

    
Q5 a) With a neat sketch explain the operation of a nuclear rocket system. What are 

the advantages and limitations of such a system ? 
(5) 

 
 

 b) Distinguish between hypergolic and non-hypergolic bipropellant systems of a 
liquid rocket engine. Give three examples each. 

(5) 

    
Q6 a) An ideal ramjet engine operation with isentropic diffusion, no total pressure 

reduction in the engine, a chocked isentropic converging nozzle and k = 1.4 
constant. Calculate the values of effective jet Mach number (MJ) for M0 =1.0,1.4, 
1.8, 2.2 and infinity. 
 

(5) 

 b) Explain the application of SCRAMJET. (5) 
    

Q7  Following data refers to a single stage turbine.  
Mass flow = 20kg/s 
Isentropic efficiency = 0.89 
Inlet temperature T01 = 1100K 
Temperature drop (T01 –T03) =145K 
Inlet pressure p01 = 4bar 
Flow coefficient = 0.8 
Swirl angle = 100 
Nozzle efflux angle  = 580 
Mean blade speed = 340m/s 
Rotational speed N = 250rev/s 
Draw velocity diagram and calculate blade height and tip root radius ratio at 
stations 1,2 and 3. Where 1 is nozzle inlet 2 is nozzle exit and 3 is rotor exit. 

(10) 

    
Q8  Write short answer on any TWO: (5 x 2) 

 a) Vortex theory.  
 b) Burning rate.  
 c) Types of rocket cooling.  
 d) Solar sail.  
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