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1.a)
How does a liquid rocket motor differ from a solid rocket motor?  Explain which of the two will be useful for a sounding rocket of the diameter 10 cms and length 1.5m.

   b)
Making use of an illustrative sketch provide details of a solid rocket motor.  What is the effect of grain size/design on the thrust-time performance.

2.
Consider a rocket engine burning H2 and O2; the combustion chamber pressure and temperature are 25 atm and 3517K respectively.  The area of the rocket nozzle throat is 0.1m2. The area of the exit is designed so that the exit pressure equals ambient pressure at a standard altitude of 30kms (p30 = 1189.5 N/m2).


Assume 
[image: image1.wmf]g

=1.22 for the gas mixture and the molecular weight 
[image: image2.wmf]M

=16.  At the standard altitude of 30Kms, calculate

a) Specific Impulse

b)
Thrust 

c)
Area of the exit, and

d)
Flow mach number at exit

3.
A missile carries a war head of 50kgf.  This single stage rocket has lift off load of 3000Kgf, structural load is 250Kgf and propellant load of 2700Kgf.  If the specific impulse is 300 secs, calculate the burn out velocity.

4.
Show with theoretical results that a multistage space craft develops higher velocity than a single stage vehicle with the same propellant weight, structural weight and overall weight. 

5.a)
Describe how a rocket/missile obtains its stability in flight.

   b)
What are different techniques of measuring over all drag on a rocket /missile in flight.

6.
State and prove the three laws of planetary motion of an object.  Is there any connectivity between there laws? 

7.
Consider the motion of a space vehicle of mass ‘m’ moving past a large body of mass M, separated by a minimum distance 
[image: image3.wmf]c

min.  Develop a relation between there two masses and explain when the trafectory is 


a)
Elliptic

b)
Parabolic

c)
Hyperbolic

8.
Write notes on the following:


a)
Earth orbit (equational)


b)
Earth orbit (polar)


c)
Transfer orbit


d)
Geo synchronous orbit
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1.
Define specific impulse of a rocket mortar.


Describe a Solid Rocket Mortar, its propellent and the lasing along with its nozzle.  Develop its thrust equation.


a)
When this rocket is powering an aerospace vehicle in air medium, and b)
On a static test bench for ground testing. 


Comment on the grain design /size for its thrust history.

2.
Show with a good sketch, a bipropellent liquid rocket motor along with its functional arrangement with pump feed system.  Name two propellents used.  How is this LRM superior to SRM.  If to be used in stating of rockets, which of the two would be made first stage and why?

3.
Develop a relation between burn out velocity and specific impulse of a rocket in terms of Mass ratio of the rocket.  Assume the lift off velocity to be that of the carrier vehicle.

4.
A missile design has two options of a single stage b. 2-stage.  It’s basic data (not to be altered) is



a)
pay load = 50Kgf



b)
Total lift off load = 5000 Kgf


c)
Total structural load = 500 Kgf



d)
Total propellant load = 4450 Kgf

If the specific impulse Isp = 350 s in both the cases; Calculate and compare the burn out velocities in both the cases.

Comment on the result.

5.
What are different types of controls on a surface to surface missile?    How do there differ from that in a crcuire missile?  Explain with representative sketches / plods.

6.a)
State the three laws of planetary motion due to Kepler.  Hence prove that the 2nd law fllows from the first law.

   b)
The period of revolution of earth about the sun is 365.256 days.  The 

semi-major axis of the earth’s orbit is 1.2952 x 1011m.  The semi-major axis of the orbit of the Mars is 2.2783 x 1011m.  Calculate the period of Mars.

7.
Consider a space craft in an elliptical orbit around the earth with a perigee altitude of 300 Km and an apogee altitude of 1000Km.  Assume the rocket exhasent velocity is 3000m/sec.  What is the magnitude of the 
[image: image4.wmf]'

u

D

s required to the orbit circularization?  How much fuel, expressed as a fraction of the spacecraft mass is required to achieve this.

8.
Write notes on:


a)
Orbital velocity and escape velocity.


b)
Geo synchnnous orbit.
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1.
Describe a solid rocket motor with a good sketch along with the functions of different components.  What is the effect of grain design / size on the performance of such rocket motors.  Describe the thrust – time performance of Tubular, Rod and tube, and star type grains.

2.
Consider a liquid rocket motor in which the combustion chamber pressure and temperature and 30 atm and 3756 K respectively.  The area of the rocket nozzle exit is 15m2 and is designed so that the exit pressure equals ambient pressure at a standard altitude of 25 kms.  Assume 
[image: image5.wmf]g

= 1.8 for the gas mixture and molecular  weight as 20.  At a standard altitude of 25 kms 

(p25 = 2476 N/m2); calculate (a) Specific impulse,
(b) exit velocity 
(c) mass flow
(d)
thrust and (e) throat area

3.
A  sounding rocket of left off mass Mo, gres up with a velocity u, which changes as a function of time with burn out of propellent.  Develop an expression instantaneous velocity –cu and the maximum height achieved.  Make appropriate assumpters in the derivations.

4.
Consider a 2 stage rocket with the following design characteristics


First stage:
Propellant mass = 72000 kgs




Structural mass = 800 kgs


Second stage:
Propellant mass = 5400 kgs




Structural mass = 600 kgs


The payload mass is 60kgs and the specific impulse in this case is 275 secs.


Calculate the burn out velocity.

5.
Consider an ICBM.  Describe the aerodynamics and the control surfaces implied in this case.

6.
State and prove the three laws of planetary motion of an object.  Describe if these three laws of Kepler have some connectivity?

7.
A space vehicle of mass ‘m’ is in orbit past a large body of mass ‘m’ and is separated at its minimum distance of T min.  Establish a relationship bet the motor and the two masses and describe, when the trajectory is 


a)
Elliptic


b)
Parabolic


c)
Hyperbolic

8.
Write notes on:


a)
Mission Apollo 11 (Man on the moon)


b)
Space shuttle.
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1.
Describe with an illustrative sketch, details and functions of a solid Rocket motor.  What is the effect of grain size / design on its performance?  Comment on the exhaust nozzle vis a vis the nozzle of a supersonic wind Tunnel. 

2.
How does a liquid Rocket motor differ in details and functioning from a solid Rocket motor.  Make use of good sketches.  Comment on the application of each type of the Rocket motors.

3.
Consider a Rocket in flight.  Develop an expression for the burn out velocity.  Explain the factors upon which it depends.  Hence define specific impulse.

4.
A single stage sounding Rocket achieves a maximum height of ‘hs’.  If the pay load is kept the same, and the rocket is converted to 2 – stage sounding Rocket, what effect is observed on the maximum height?

5.
Consider a multistage satellite launch vehicle for placing a satellite in an earth orbit.  Show – Design considerations and operational sequences with good sketches.

6.
Making use of Newton’s Law of Universal gravitation, show that a satellite describes an elliptical path around the earth, when launched from earth.  Make assumptions if required. 

7.
Consider an inter planetary mission; from earth to the mars.  Plan out the trajectories from launch to the landing on the mars.  (Make use of transfer orbit velocity’s).  Show the trajectory scheme and use of Kepler’s laws involved. 

8.
Write notes on any two:


a)
Geo – synchronous orbit.


b)
Earth’s polar orbit.


c)
Estimation / Measurement of Base dray. 
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