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Answer Question No.1 which is compulsory and any five from the rest. 
The figures in the right-hand margin indicate marks. 

  
Q1.  Answer the following questions : (2 x 10) 

 a) Derive the Tsiolkovsky’s equation for rocket motion in free space.  
 b) What is ‘impulsive shot’ with reference to motion of rockets and missiles?  
 c) What is ‘growth factor’ in staging of rocket?  

 d) Explain the different types of fore body shapes used in guided missile.  
 e) Schematically show the aerodynamic forces and moments on a rocket.  
 f) Schematically explain about the ‘Secondary Injection’Thrust Vector control 

method. 
 

 g) What is dispersion of a rocket? What are the causes of dispersion?  
 h) Distinguish between ‘constant thrust’ and ‘constant specific thrust’ case in 

rocket motion. 
 

 i) What is propellant slashing and what are the effects on liquid rocket engine?  
 j) What do you mean by combustion instability? Explain about acoustic 

instabilities. 
 

    
Q2. a) Derive 2-D equation of motion of a rocket under the influence of aerodynamic, 

gravitational and thrust forces?  
(5) 

 b) The initial launch mass of rocket vehicle is 2432kg and the mass flow rate is 
22.7kg/s and is constant. The specific impulse of rocket (ISP) is269s. Thrust to 
weight ratio is 1:43. The rocket undergoes a vertical trajectory. Estimate the 
burnout altitude. Neglect aerodynamic forces and assume suitable data if 
required? 

(5) 

    
Q3. a) What are the techniques used for stage separation of a launch vehicle in 

space? Explain 
(5) 

 b) What is coasting phase? What is its importance in the design philosophy of 
multi staging of a rocket vehicle?  

(5) 

    
Q4. a) Derive an expression for separation velocity imparted by a helical 

compression wing during stage separation of a multi stage space launch 
vehicle in space. Interms of lower and upper stage masses and separation 
distances from a separation datum. 
 
 
 

(5) 
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 b) A stationary 2 stage rocket with initial mass of 16000kg, carrying a payload of 

1000kg. is fired in a vertical trajectory from the surface of the Earth. Both the 
stages of the rocket have same specific impulse (ISP) of 300s and same 
structural coefficient of 0.14. Taking g=9.8m/s2, neglecting drag and gravity 
effects and considering both the stages with same payload ratio, determine 
the terminal velocity achieve by the payload. 

(5) 

    
Q5. a) What are the types of aerodynamic control used in missiles? Explain about 

aerodynamic characteristics of canard control. 
(5) 

 b) What is boat-tail of rocket? Write the significance of aerodynamic design of 
airframe of a rocket and mention any three typical boat tail shapes. 

(5) 

    
Q6. a) Sketch a typical pyrotechnic igniter and mark all the major components. What 

are the major design considerations of the igniter for a solid rocket system? 
(5) 

 b) What are the advantages of a turbopump fed system in a liquid rocket engine 
when compared to a gas pressure fed system? Explain the concepts 
‘geysering effect’ in liquid rocket engines. 

(5) 

    
Q7.  A space vehicle in gravity-free and drag-free outer space launches a 

smallerspacecraft into a meteor shower region. The 2 kg instrument package 
of this spacecraft(25 kg total mass) limits the maximum acceleration to no 
more than 50 m/sec 2.It is launched by a solid propellant rocket motor (ISP= 
260 sec and propellant mass fractions,ζ= 0.88).Determine 
(a) The maximum allowable burn time, assuming steady propellant mass flow; 
(b) The maximum velocity relative to the launch vehicle. 

(10) 

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

 a) Gravity Turn.  
 b) Thrust Vector Control Methods.  
 c) Lateral Damping Moment  
 d) Propellant Hammer  
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