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1A A rocket nozzle is operating in vacuum with a chamber pressure of 2.0 MPa and (05)
chamber temperature of 3000 K. If the products of combustion are assumed to
behave as a perfect gas with constant specific heats (y = 1.3 and molecular mass =
20), determine the thrust produced if nozzle throat area is 0.25 m? and exit pressure
is 5.53 kPa.

1B Derive the expression for propulsive efficiency of a rocket engine in terms of velocity (03)
ratio, r given by V /U, where V is the vehicle velocity and U is the exit velocity of the
exhaust gases. Assume the flow to be optimally expanded through the nozzle. For r
=2, find the expression for thrust produced per unit jet velocity (F /U), and propulsive

efficiency.

1C What are ablative materials? Briefly explain the ablation process and its application. (02)

2A A rocket motor is designed with a cylindrical end burning propellant grain of length (04)
1.5 m and diameter 0.42 m. The density of the propellant grain is 1200 kg/m3. The
specific impulse of the motor is 190 sec and the acceleration due to gravity is 9.8
m/s?. If the propellant burns for a period of 185 sec, find the thrust produced by the

rocket motor.

2B Derive the rocket equation. Explain how rocket staging helps in improving the (03)

burnout velocity.

2C Derive the area-Mach number relation for a C-D nozzle and plot the graph for the (03)

same to represent the subsonic and supersonic Mach number regime.



