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(Regulation 2018)

Sixth Semester
AERONAUTICAL ENGINEERING
U18AET6104: Rocket Propulsion

Illustrate the Basic principles and parameters of rockets.
Differentiate and interpret the ignition systems of rocket
Analyze the performance of solid-core nuclear thermal rockets, arc jets, and ion

thrusters.

Analyze the performance of Liquid Propellant Rockets
Interpret the advanced propulsion techniques of a rocket
Time: Three Hours

Maximum Marks: 100

Answer all the Questions:-
PART A (10 x 1 = 10 Marks)
Matching type item with multiple choice code

List |

List 11

A. Rocket thrust

i. The velocity of the exhaust gases

produced by a rocket engine

B. Exhaust velocity

ii. The force produced by a rocket engine

per unit time

C. Specific impulse

iii. The efficiency of a rocket engine in

producing thrust

D. Characteristic velocity

iv. The velocity at which a rocket engine

produces 1 N of thrust
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Which of the following is the primary function of a rocket nozzle? CO1  [Ki]

a)  To store propellant b)  To control the direction of thrust

c) To ignite the rocket engine d) To stabilize the rocket during flight
a 13 by 14

c) 12 d 23

Which of the following are types of solid propellant rocket igniters?
1) Pyrotechnic igniters

2) Pyrogen igniters

3) Hypergolic ignition

4) Electrical ignition

a) 13 b) 14

c) 172 d 23

Pyrotechnic igniters in solid propellant rockets utilize: CO2 [Kq]
a)  Electrical spark b)  Hypergolic reaction

c¢) Chemical reaction with propellant d)  Solar energy

Assertion (A): The burn rate of a solid propellant rocket is affected by the temperature and CO3 [K:]
pressure of the combustion chamber.

Reason (R): The burn rate of a solid propellant rocket is a function of the chemical reaction

rate of the propellant and the physical properties of the propellant grain.

a) Both A and R are Individually trueand b) Both A and R are Individually true but

R is the correct explanation of A R is not the correct explanation of A
c) Aistrue but R is false d) Alsfalse but R is true
Erosive burning in a solid propellant rocket can lead to: CO3 [Ke]
a) Increased thrust b)  Performance degradation and chamber
damage
c)  More efficient burning d)  Lower exhaust velocity
Arrange the following actions in the sequence for starting and shutting down a liquid CO4 [Kg]

propellant rocket engine:
1) Pre-purge the combustion chamber with an inert gas.

2) Slowly ramp up propellant flow and ignite.
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10.

11.

12.

13.
14.
15.
16.
17.

18.
19.

3) Close propellant valves and shut down pumps.
4) Vent any residual propellants from the feed lines.

a) 2-3-4-1 b) 1-2-3-4

c) 3-4-2-1 d) 4-1-3-2

What technique is used in liquid rockets to control the direction of thrust?
a)  Hypergolic ignition b)  Pyrogen igniter

c) Deflagration d)  Secondary injection

Assertion (A): Solar sails can continuously accelerate a spacecraft without needing

propellant.

Reason (R): Solar sails utilize the momentum transfer from photons of sunlight.

a) Both A and R are Individually trueand b) Both A and R are Individually true but
R is the correct explanation of A

c) Aistrue butRis false d) Alisfalse but R is true

R is not the correct explanation of A

Which advanced propulsion technique involves using electromagnetic fields to accelerate
propellant particles?
a)  Hybrid rockets b)  Electric rockets

c) lon propulsion d)  Cryogenic rockets

Answer any TEN Questions:-
PART B (10 x 4 = 40 Marks) (Answer not more than 80 words)
Define the terms rocket thrust and exhaust velocity and explain their significance in rocket

propulsion.

A rocket needs to achieve a high characteristic velocity for an interplanetary mission. How
does the design of the rocket nozzle affect its characteristic velocity?

List and briefly describe the types of solid propellant rocket igniters used in rocket engines.
Explain how deflagration and detonation differ and their impact on rocket performance.
Discuss the selection criteria for solid propellants used in rocket engines.

Describe the role of a propellant grain in a solid rocket.

Secondary injection can be used for thrust vector control in liquid rockets. Describe how this
method works and its benefits.

Analyze the causes of combustion instability in liquid propellant rocket engines.

Define nozzle less propulsion systems and discuss their potential advantages and limitations.
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20.

21.
22.

23.

24,

25.

26.

27.

28.

Evaluate the feasibility and challenges of implementing anti-matter propulsion systems for
interplanetary missions.
List the important hardware components of a solid rocket and their functions.

Discuss about various types of liquid Propellant Injection system.

Answer any FIVE Questions:-
PART C (5 x 10 =50 Marks) (Answer not more than 250 words)
Explain the operating principle of chemical rockets in detail, including the stages

of combustion and thrust generation.

Describe the various ignition phases involved in solid propellant rocket and

igniter design consideration.

Explain the concept of staging in rockets and its benefits for achieving higher

orbital velocities or deeper space exploration.

Explore the cooling methods used in liquid rocket engines and discuss the
advantages and disadvantages of each cooling method.

With neat sketch, Explain working principles and applications of satellite
thrusters and ion propulsion techniques.

A solid rocket motor has the following characteristics:

Propellant mass = 150 kg

Propellant density = 1800 kg/m?3

Burn rate =5 mm/s

Grain port area = 0.02 m?

Nozzle throat area = 0.004 m?

Calculate:

a) The initial internal surface area of the propellant grain.

b) The initial mass flow rate of the propellant.

c) The initial thrust of the rocket motor.

d) The burn time of the rocket motor.
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