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	Name of the Faculty
	Mr.R.RAJESHKUMAR

	Designation/Department
	Assistant Professor / Aerospace Engineering

	Course Code/Name
	AC 8601  SPACE PROPULSION

	Year/Section/Department
	III / A/ Aerospace Engineering

	Credits Details
	L:3
	T:0
	P: 0
	C:3

	Total Contact Hours Required
	45



SYLLABUS: 
	UNIT I
	BASICS OF HYPERSONIC PROPULSION
	No.of Periods :9

	Introduction – Thermodynamic Closed Cycle Analysis – First Law Analysis – Stream Thrust Analysis – Compression Components – Burner Entry Pressure – Fuel-Air Mixing – Combined Mixing and Chemical Kinetics – Supersonic combustion and Scramjet Propulsion.

	UNIT II
	SOLID ROCKET PROPULSION
	 No.of Periods :9

	Propulsion Elements for Solid Rocket Motors – Solid Propellant Grain Design – Prediction and Measurement of Specific Impulse – Solid Propellant Combustion and Internal Ballistics of Motors – Plume, Signal Interference and Plume Signature – Structural Analysis of Propellant Grains  – Safety Characteristics of Solid Propellants and Hazards of Solid Rocket Motors.

	UNIT III 
	LIQUID ROCKET PROPULSION
	No.of Periods:9

	Types of Propellants – Propellant Tanks – Propellant Feed Systems – Gas Pressure Feed Systems – Tank Pressurization – Turbo pump Feed Systems and Engine Cycles – Rocket Engines for Manoeuvring, Orbit Adjustments, Attitude Control – Engine Families – Valves and Pipelines – Engine Support Structure.

	UNIT IV	
	HYBRID ROCKET PROPULSION
	No.of Periods:9

	Conventional bi-propellant systems – high regression rate fuels – O/F shift – Scale-up tests - Regression rate analysis – Review of Solid-Fuel Regression Rate Behaviour in Classical and Nonclassical Hybrid Rocket Motors – Mechanisms and Measurement Techniques of Solid-Fuel Pyrolysis Phenomena and Regression Rate – Analytical Models - Vortex Injection – High-Speed Flow Effects – Combustion Instability and Transient Behaviour – Similarity and Scaling Effects.

	UNIT V 
	ELECTRICAL ROCKET PROPULSION
	No.of Periods:9

	Introduction – Electrostatic Propellant Acceleration – Bombardment Ionization – Plane Diode – Electrostatic Thruster Performance – Arcjet – Pulsed-Magnetoplasma Accelerators – Laser Propulsion-Different Types, Advantages and Applications.




OBJECTIVE:
	The student should be made :
· To learn the principles of operation and design of spacecraft power plants.
· To explain the basics of hypersonic propulsion.
· To compare the solid and liquid rocket propulsion.
· To show the advantages and applications of electrical rocket propulsion.



TEXT BOOK:
	T1. John T. Bertin, “Hypersonic Aerothermodynamics”, AIAA Inc., Washington DC, 1994.
T2. Sutton, G.P., “Rocket Propulsion Elements”, Wiley, New York, 9th Ed., 2017.



REFERENCE BOOK:
	R1. Heiser, W. H. and Pratt, D. T., “Hypersonic Air Breathing Propulsion”, AIAA, 1994.
R2. Hill P. G., and Peterson C. R., “Mechanics and Thermodynamics of Propulsion”, Pearson Education,  
       2nd Ed., 2009.
R3. Oates G. C., “Aerothermodynamics of Aircraft Engine Components”, AIAA Education Series, 1985.



WEBSITE:
	W1.	http://nptel.ac.in/courses/112105123/spacepropulsion (Topic no:10-14)
W2.	http://nptel.ac.in/courses/Webcourse-contents/IIT-KANPUR/Basic space flights/ui/TOC. (Topic no:19,35,43,45) 



ONLINE MODE OF STUDY(IF ANY):
	NPTEL Course details:
           http://home.iitk.ac.in/~suller/lectures/lec1.htm (Thermodynamic Closed Cycle Analysis)
           http://home.iitk.ac.in/~suller/lectures/lec22.htm (Solid Propellant Grain Design)
           http://home.iitk.ac.in/~suller/lectures/lec29.htm (Scale-up tests - Regression rate analysis)



COURSE PLAN:
	Topic No.
	Topic
	Reference Detail
	Page Number
	Mode of teaching
	Number of Periods Required
	Cumulative Period

	         UNIT I/ BASICS OF HYPERSONIC PROPULSION                                                                   

	1.
	Introduction to space propulsion
	T1
	16-21
	BB
	1
	1

	2.
	Thermodynamic Closed Cycle Analysis
	T1
	22-23
	BB
	1
	2

	3.
	First Law Analysis
	T1
	109-150
	BB
	1
	3

	4.
	Stream Thrust Analysis
	T1
	109-150
	BB
	1
	4

	5.
	Compression Components
	T1
	23-25
	PPT
	1
	5

	6.
	Burner Entry Pressure
	T1
	101-103
	BB
	1
	6

	7.
	Fuel-Air Mixing
	T1
	109-150
	BB
	1
	7

	8.
	Combined Mixing and Chemical Kinetics
	T1
	150-161
	BB
	1
	8

	9.
	Supersonic combustion and Scramjet Propulsion.
	T1
	165-169
	BB
	1
	9

	Outcome of Unit I 
At the end of unit, students should be able to
CO1: Explain hypersonic propulsion systems and their application to aerospace vehicles.

	UNIT II/ SOLID ROCKET PROPULSION                                                                

	10.
	Propulsion Elements for Solid Rocket Motors
	W1
	229-230
	BB
	1
	10

	11.
	Solid Propellant Grain Design
	W1
	235-252
	BB
	1
	11

	12.
	Prediction and Measurement of Specific Impulse
	W1
	231-233
	BB
	1
	12

	13.
	Solid Propellant Combustion and Internal Ballistics of Motors
	W1
	252-264
	BB
	1
	13

	14.
	Plume, Signal Interference and Plume Signature
	W1
	235-252
	PPT
	1
	14

	15.
	Structural Analysis of Propellant Grains  
	T1
	306-313
	BB
	1
	15

	16.
	Structural Analysis problem
	R3
	306-313
	BB
	1
	16

	17.
	Safety Characteristics of Solid Propellants
	R3
	314-317
	BB
	1
	17

	18
	Hazards of Solid Rocket Motors
	T1
	319-333
	BB
	1
	18

	Outcome  of Unit II 
At the end of unit, students should be able to
CO2: Understand the traditional propulsion concepts, including liquid, solid, hybrid, ion, and thermal rockets.

	UNIT III/ LIQUID ROCKET PROPULSION                                                                      

	19.
	Types of Propellants – Propellant Tanks
	T1,W2
	63-67
	BB
	1
	19

	20.
	Propellant Feed Systems
	T1
	63-67
	BB
	1
	20

	21.
	Gas Pressure Feed Systems
	T1
	87-89
	BB
	1
	21

	22.
	Tank Pressurization – Turbo pump Feed Systems
	T1
	63-75
	BB
	1
	22

	23.
	Engine Cycles
	R1
	544-557
	PPT
	1
	23

	24.
	Rocket Engines for Manoeuvring
	T1
	576-584
	BB
	1
	24

	25.
	Orbit Adjustments, Attitude Control
	T1
	562-576
	BB
	1
	25

	26.
	Engine Families – Valves and Pipelines
	T2
	576-584
	BB
	1
	26

	27
	Engine Support Structure
	T1
	592-598
	BB
	1
	27

	Outcome  of Unit III 
At the end of unit, students should be able to
CO3: Know the applications and principles of solid, liquid, and hybrid rocket propulsion systems.

	UNIT IV/ ISOPARAMETRIC ELEMENTS

	28.
	Conventional bi-propellant systems
	R1
	376-381
	BB
	1
	28

	29.
	High regression rate fuels – O/F shift
	T1
	406-407
	BB
	1
	29

	30.
	Scale-up tests - Regression rate analysis
	T1
	343-344
	BB
	1
	30

	31.
	Review of Solid-Fuel Regression Rate Behaviour in Classical and Nonclassical Hybrid Rocket Motors
	T1
	344-345
	BB
	1
	31

	32.
	Mechanisms and Measurement Techniques of Solid-Fuel Pyrolysis
	T2
	351-353
	PPT
	1
	32

	33.
	Phenomena and Regression Rate – Analytical Models
	T2
	353-354
	BB
	1
	33

	34.
	Vortex Injection – High-Speed Flow Effects
	T2
	376-407
	BB
	1
	34

	35.
	Combustion Instability and Transient Behaviour
	T1,W2
	351-360
	BB
	1
	35

	36.
	Similarity and Scaling Effects
	T1
	411-413
	BB
	1
	36

	Outcome  of Unit IV
 At the end of unit, students should be able to
CO4: Understand the performances of various rocket propulsion systems.

	UNIT V/ FIELD PROBLEM AND METHODS OF SOLUTIONS

	37.
	Introduction – Electrostatic Propellant Acceleration
	T1,R2
	449-456
	BB
	1
	37

	38.
	Bombardment Ionization
	T1
	450-462
	BB
	1
	38

	39.
	Plane Diode
	T1
	450-462
	BB
	1
	39

	40.
	Electrostatic Thruster Performance
	T1,R3
	450-462
	BB
	1
	40

	41.
	Arcjet
	T1
	450-462
	PPT
	1
	41

	42.
	Pulsed-Magnetoplasma Accelerators
	T1,R3
	449-483
	BB
	1
	42

	43
	Laser Propulsion
	T1,W2
	483-486
	BB
	1
	43

	44
	Different Types
	T1
	489-493
	BB
	1
	44

	45
	Advantages and Applications.
	T1,W2
	502-506
	BB
	1
	45

	Outcome of Unit V 
At the end of unit, students should be able to
CO5: Apply the concepts of electrical propulsion in rocket.



COURSE OUTCOME:
	At the end of course Students should be able to do:
	CO1 
	Explain hypersonic propulsion systems and their application to aerospace vehicles.

	CO2 
	Understand the traditional propulsion concepts, including liquid, solid, hybrid, ion, and thermal rockets.

	CO3 
	Know the applications and principles of solid, liquid, and hybrid rocket propulsion systems.

	CO4 
	Understand the performances of various rocket propulsion systems.

	CO5 
	Apply the concepts of electrical propulsion in rocket.






COURSE OUTCOME VS PROGRAM OUTCOME MAPPING:
	CO
	PO1
	PO2
	PO3
	PO4
	PO5
	PO6
	PO7
	PO8
	PO9
	PO10
	PO11
	PO12

	CO 1
	1
	
	2
	1
	2
	2
	1
	
	1
	
	1
	

	CO 2
	1
	1
	1
	
	1
	1
	1
	1
	1
	
	
	

	CO 3
	1
	
	1
	
	1
	1
	1
	
	1
	1
	
	

	CO 4
	1
	2
	2
	1
	1
	1
	1
	1
	1
	
	1
	

	CO 5
	1
	
	1
	
	2
	1
	1
	
	1
	
	
	

	AVG
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	



CONTENT BEYOND SYLLABUS:
	· The student can identify the JET engine applications
· Can find the applications of all the  areas in day to day life.



ASSIGNMENT 1:
	Batch Details
	Register Number
	Total Number
	Mode of Assignment
	Topics

	Batch 1
	814919110001-07
	05
	Seminar
	Stream Thrust Analysis (Topic-04)

	
	814919110008-12
	05
	
	Compression Components (Topic-05)

	Batch 2
	814919110013-17
	05
	PPT
	Combined Mixing and Chemical Kinetics (Topic-08)

	
	814919110018-23
	05
	
	Supersonic combustion and Scramjet Propulsion. (Topic-09)

	Batch 3
	814919110024-28
	05
	Written
	Solid Propellant Combustion and Internal Ballistics of Motors (Topic-13)

	
	814919110029-33
	04
	
	Hazards of Solid Rocket Motors (Topic-18)




ASSIGNMENT 2:
	Batch Details
	Register Number
	Total Number
	Mode of Assignment
	Topics

	Batch 1
	814919110001-07
	05
	Seminar
	Types of Propellants – Propellant Tanks (Topic-19)

	
	814919110008-12
	05
	
	Propellant Feed Systems (Topic-20)

	Batch 2
	814919110013-17
	05
	PPT
	Engine Cycles (Topic-23)

	
	814919110018-23
	05
	
	Rocket Engines for Manoeuvring (Topic-20)

	Batch 3
	814919110024-28
	05
	Written
	Conventional bi-propellant systems(Topic-29)

	
	814919110029-33
	04
	
	High regression rate fuels (Topic-30)



ASSIGNMENT 3:
	Batch Details
	Register Number
	Total Number
	Mode of Assignment
	Topics

	Batch 1
	814919110001-07
	05
	Seminar
	Combustion Instability and Transient Behavior (Topic-35)

	
	814919110008-12
	05
	
	Similarity& Scaling Effects (Topic-36)

	Batch 2
	814919110013-17
	05
	PPT
	Bombardment Ionization (Topic-38)

	
	814919110018-23
	05
	
	Plane Diode (Topic-39)

	Batch 3
	814919110024-28
	05
	Written
	Laser Propulsion (Topic-43)

	
	814919110029-33
	04
	
	Different Types (Topic-44)



SIM QUESTIONS:
	SIM 1
	UNIT-1
1. Derive the condition for maximum flow rate in steam nozzle.[May 2018]
2. Define critical pressure ratio of a nozzle and discuss why attainment of sonic velocity. Also determines the maximum discharge through steam nozzle.
3. Derive the equation for critical pressure ratio.[Nov 2017]
4. In a steam nozzle, the steam expands from 4 bar to 1 bar. The initial velocity is 60m/s and initial temperature is 200ºC. Determine the exit velocity if nozzle efficiency is 92%.[Nov/Dec 2018]
5. Steam expands isentropically in a nozzle from 1 MPa, 250º C to 10 KPa. The flow rate of the steam is 1 kg/s. Find the following when the inlet velocity is neglected, (i) Quality of steam, (ii) Velocity of steam at the exit of the nozzle, (iii) Exit area of the nozzle.[Dec 2013]
6. The flow rate through steam nozzle with isentropic flow from pressure of 13 bar was found 60 kg/min. steam is initially saturated. Determine the throat area. If the flow is super saturated, determine the increase in flow rate.[May 2014]
7. Dry saturated steam at a pressure of 11 bar enters a convergent-divergent nozzle and leaving at a pressure of 2 bar. If the flow is adiabatic and frictionless, determine i) the exit velocity of a steam, ii) Ratio of cross section of exit and that at throat.[May 2015]
8. Steam at a pressure of 10.5 bar and 0.95 dry is expanded through a CD nozzle. The pressure of steam leaving the nozzle is 0.85 bar. Find the velocity of steam at throat for maximum discharge. Take n=1.35. Also find the area at the exit and steam discharge if the throat area is 1.2square cm. Assume the flow is isentropic and there are no friction losses.[Dec 2014].
UNIT-2
9. Explain the following boiler terms: Shell, grate, furnace, mountings, accessories, water level, scale, blowing off, lagging and refractory.
10. Enumerate the factors which should be considered while selecting a boiler and what are the essentials of good steam boiler?
11. Explain with neat sketch the construction and working of any two of the following high pressure boilers: (i) LaMont boiler (ii) Loffler boiler (iii) Benson boiler (iv) Velox boiler.
12. Explain with neat sketch the construction and working of FBC Boiler.

	









SIM 2
	UNIT-2
1. A fuel contains 90% C, 3.3% H2, 3% O2 0.8% N2 0.9% S2 and remaining incombustible mass. Find the HCV, LCV, chemically correct air-fuel ratio and composition of exhaust gas on percentage mass basis.
2. Discuss the pollution emission and the effect of lean burn on it.
3. Write the classification of fuels and explain briefly with the examples.
UNIT-3
4. Explain the pressure and velocity compounding diagram of multistage turbine with neat sketch.[Nov/Dec 2014]
5. Elucidate the working of velocity, pressure and velocity pressure compounding methods with neat sketch.[May 2018]
6. Explain the pressure band velocity compounding of a multi stage turbine.
7. [bookmark: _GoBack]In a De-lavel turbine, the steam enters the wheel through a nozzle with a velocity of 500 m/s and at an angle of 20º to the direction of motion of the blade. The blade speed is 200 m/s and the exit angle of the moving blade is 25°. Find the inlet angle of the moving blade, exit velocity of steam and its direction and work done per kg of steam.
8. In a De Laval Turbine steam issues from the nozzle with a velocity of 1200 m/s. The nozzle angle is 20˚C, the mean blade velocity is 400 m/s and the inlet and outlet angles are equal. The mass of steam flowing through the turbine per hour
9. In one stage of a reaction steam turbine, both the fixed and moving blades have inlet and outlet blade tip angles of 35º and 20º respectively. The mean blade speed is 80 m/s and the steam consumption is 22 500 kg per hour. Determine the power developed In the pair, if the isentropic heat drop for the pair is 23.5 kJ per kg.
10. A Parson's reaction turbine, while running a 1400 r.p.m. consumes 30 tonnes of steam per hour. The steam at a certain stage is at 6 bar with dryness fraction of
0.9 and the stage develops 10 kW. The axial velocity of flow is constant and equal to 0.75 of the blade velocity. Find mean diameter of the drum and the volume of steam flowing per second. Take blade tip angles at inlet and exit as 35º and 20º respectively.
UNIT-4
11. Explain the Cogeneration system with neat sketch
12. Explain about the types of topping cycle cogeneration system.


	SIM 3
	UNIT-4
1. Compare the Topping cycle and Bottoming cycle cogeneration system
2. Explain briefly about the sources and utilization of residual heat.
3. Discuss the various applications of Residual heat recovery system
4. Enumerate the Economic aspects of Cogeneration and Residual Heat Recovery
5. Explain the operating principle of a waste heat recovery boiler with examples.
UNIT-5
6. Explain working of vapour compression refrigeration cycle with neat sketch.
[Dec2013, Nov 2017, Nov 2018]
7. Explain the working principle of vapour absorption refrigeration cycle with neat sketch.[Dec 2014, May 2018]
8.  A F12 vapour compression refrigeration system has a condensing temperature of 50 ºC and evaporating temperature of 0ºC. The refrigeration capacity is 7 tons. The liquid leaving the condenser is saturated liquid and compression is isentropic. Determine i)The refrigerant flow rate ii) The power required to run the compressor iii) The heat rejected in the plant and iv) COP of the system use the properties of F12 as listed inthetable.[Nov2018]
	Temp(ºC)
	Pressure(bar)
	Hf (kJ/kg)
	hg(kJ/kg)
	Sf(kJ/kg.K)
	Sg(kJ/kg.K)

	50
	12.199
	84.868
	206.298
	0.3034
	0.6792

	0
	36.022
	 187.397
	187.397
	0.1418
	0.6960



9. 28 tonnes of ice from and at 0°C is produced per day in an ammonia refrigerator. The temperature range in the compressor is from 25°C to – 15°C. The vapour is dry and saturated at the end of compression and an expansion valve is used. Assuming a co-efficient of performance of 62% of the theoretical, calculate the power required to drive thecompressor.
10. An ammonia refrigerator produces 30 tons of ice at 0oC in a day of 24 hours. The temperature range in the compressor is from 25oC to -15oC. The vapour is dry saturated at the end of compression. Assume a COP of 60 % of theoretical value. Find power required to drive compressor. Assume latent heat of ice is 335kJ/kg. For properties of ammonia refertablebelow:[May2013]
	Temp(oC)
	hf (kJ/kg)
	hg (kJ/kg)
	Sf (kJ/kgK)
	Sg (kJ/kgK)

	25
	298.9
	1465.8
	1.124
	5.039

	-15
	112.3
	1426.5
	1.4572
	5.549





11. The temperature limits of an ammonia refrigeration system are 25o C and -10oC. If the gas is dry at the end of compression, Calculate the COP assumi8ng no-under cooling of the system. The properties of ammonia are given below. [Dec2013]
	Temperature (oC)
	Liquid	heat
(kJ/kg)
	Latent	heat
(kJ/kg)
	Liquid	entropy
(kJ/kgK)

	25
	298.90
	1166.94
	1.2420

	-10
	0.5443
	135.37
	1297.68


12. Explain briefly various absorption systems, and give the comparison vapour compression system and vapourabsorptionsystem.[June2014]
	



Submission Details:
	Phase 1(Before AT 1)
	Phase 2 (Before AT 2)
	Phase 3 (Before AT 3)

	Assignment 1
	SIM 1
	Assignment 2
	SIM 2
	Assignment 3
	SIM 3
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