Department of Space Engineering and Rocketry

Birla I nstitute of Technology, Mesra, Ranchi - 835215 (I ndia)

I nstitute Vision

To become a Globally Recognized Academic Institutiroconsonance with the
social, economic and ecological environment, stgwontinuously for excellence in
education, research and technological servicegdttional needs.

I nstitute Mission

To educate students at Undergraduate, Post GraDoateral and Post-Doctoral levels
to perform challenging engineering and manageoias jn industry.

To provide excellent research and developmentitigsilto take up Ph.D. programmes
and research projects.

To develop effective teaching and learning skilid atate of art research potential of
the faculty.

To build national capabilities in technology, eduma and research in emerging areas.
To provide excellent technological services tosfptihe requirements of the industry
and overall academic needs of society.

Department Vision

To effectively integrate teaching, research anewation for significant contribution
towards National Aerospace Programmes and relatedties

Department Mission

To impart quality education and advanced reseaathing leading to postgraduate
and doctoral degree

To generate modern infrastructure and conducivearel atmosphere for carrying out
innovative sponsored research projects

To nurture spirit of excellence and professionadership in students and faculty
members through exposure to leading academic/idseaganisations and external
experts

To create attractive opportunities for sustainetéraction and collaboration with
academia and industry



Program Educational Objectives (PEO)

PEO 1 : To develop strong foundation in students to urtdads and analyse advance
research problems in Space Engineering and Rocken&.

PEO 2: Nurture professional graduates to develop abfhitgnalysing real life problems of
Space Technology.

PEO 3 :To foster attitude towards continuous learning deelopmental activities in
research, academia and industry.

PEO 4 :To improve professional skills for teamwork witthieal awareness and practice
in achieving goal.

Program Outcomes (PO)

PO 1:An ability to independently carry out research dadelopment work to solve
practical problems in Aerodynamics

PO 2 : An ability to write and present substantial teclhireport and research
article

PO 3: Students should be able to demonstrate a degmesitry over and above
the bachelor program in the areas of Aerodynamics.

PO 4: Ability to design, perform and interpret data frexperiments and correlate
them with numerical and theoretical solutions

PO 5 : Students should be committed to professional gthiesponsibilities and
norms of practices.

PO 6 : An ability to recognize the need for continuouarteng throughout his
professional career in the context of technologitalllenges and advancements



COURSE INFORMATION SHEET

Course code: SR 550

Coursetitle: Liquid & Hybrid Rocket Propulsion
Pre-requisite(s): NA

Co- requisite(s): NA

Credits: L:3 T:0 P:0

Class schedule per week: 03

Class: M.Tech

Semester / Leve: [1/05

Branch: SER

Name of Teacher:

Cour se Objectives

This course enables the students:

A. | To explain the working theory of liquid rocket engj cryogenic engine and hybrid
rocket propulsion syste
B. | To identify the fundamental concept of the feedesys of the liquid rocket propulsian
system in terms of designing in a practical appilice.

C. | Toidentify theconcept of thrust chamber and other combustiorcds\of liquid rocke
engine in the dign approact

D. | To generate sufficient information on the precawgiand designing challenges of a
cryogenic propulsion syste

E. | To create a basic platform for designing a hyboicket propulsion syste

Cour se Outcomes

After the completion of this course, students wdlable:

1. | To get the knowledge on the various basic termspanfbrmance parameters used in
a liquid rocket engin
2. | To analyze and investigate various types of feastesy used in a liquid rocket engipe
andlater utilize it in the designing proce
3. | To comprehend the concept of thrust chamber arer gttmbustion devices of liquid
rocket engine in the design approi
4. | To describe the basic information related to thegieng challenges of the cryogen
propulsion syster

5. | To explain the limitations and designing challengethe hybrid rocket moto

c




Syllabus
Liquid Propélants and LPR Engine: Basic Elements of an LPR Engine; Performance
Parameters of selected existing Liquid Rocket Eegyin
[L=6]

Feed Systems: Types of feed system in liquid rocket engine, Pagpdypes of Pressure Feed
Systems; Methods of Tank- pressure Control; Typedm@ssurization Systems;
Desirable Characteristics of Pressurants; Tank sBrast requirements and its
Determination; Pressurized Gas Systems, Elemeifsop Feed Systems; Centrifugal
Pumps and Axial Flow Pumps; Turbines; Design Layaguturbo-pump Assemblies;
Control Valves and their selection; Transient Ruessdue to Valve Closure and Valve
Opening; Design of the Wall Thickness of Propelldume; Frictional Losses in
Propellant Feed Lines, Overall design of feed systieoth pressure fed and turbo pump
fed systems.

[L=10]

Thrust Chambers and Auxiliary Combustion Devices. Basic Thrust Chamber Elements;
Combustion Chamber Design and Characteristic Len@bmbustion Process;
Performance Parameters; Engine Design and Coftoolfiguration Layout; Materials
and Selection; Types of Injectors; Injector Desagwal Performance; Ignition Devices;
Heat Transfer; Regenerative Cooling; design ofmegative cooled engines, Uncooled
Chambers; Combustion Instability; Nozzle Flow; NezDesign; Thrust Vector
Control. Design of liquid rockets with sub systeesign.

[L=9]

Cryogenic Propulsion: Cryogenic Loading Problems; Temperature and Predsfiects on
Loading; Tank Collapse; Phenomenon of Thermal Btation; Effect of Thermal
Stratification on Rocket Engine Performance; Praalicand Methods of Elimination
of Thermal Stratification.

[L=7]

Hybrid Rocket Propulsion: Introduction; Classification; System Arrangemeahd
Components; Typical Fuels and Oxidizers; Advantagesd Disadvantages;
Application Areas; Performance and Limitations;fBenance Parameters of selected
existing Hybrid Rocket Engines; System Integratidanufacturing Methods for Low-
and High- Thrust Engines. Design of hybrid rockeith sub system design including

grain design.
[L=8]
Text books:
1. Design of Liquid Propellant Rocket Engine — HuelK. & Huang, D. H., NASA SP-
125

2. Fundamental of Hybrid Rocket Combustion and Prapn)dMartin J. Chiaverini and
Kennith K. Kuo, Progress in Aeronautics & Astronesit\VVol. 218, AIAA.

3. Safety in the Handling of Cryogenic Fluids, Frederd. Edeskuty and Walter F.
Stewart. The International Cryogenic Monograph &grspringer Science + Business
Media New York.

Reference books:
1. Rocket Propellant and Pressurization Systems — Eng



2. Heterogeneous Combustion — Wolfhard,H. G., Progre&sronautics & Astronautics,
Vol. 15, AIAA.

3. Liquid Rocket and Propellants — Bollinger, L. E.ro§ress in Aeronautics &

Astronautics, Vol. AIAA.

Cryogenic Systems — Barron, R.

Thermodynamic Properties of Cryogenic Fluids, Ridhd@ Jacobsen, Steven G

Penoncello and Eric W. Lemmon, The Internationa)oQenic Monograph Series,

Springer Science + Business Media New York.

ok

Gapsin the syllabus (to meet I ndustry/Profession requir ements)
POs met through Gapsin the Syllabus

Topics beyond syllabus/Advanced topics/Design

POs met through Topics beyond syllabus/Advanced topics/Design

Course Delivery methods

CD1 | Lecture by use of boards/LCD projectors/OHP praje
CD2 | Assignments/Semine

CD3 | Laboratory experiments/teaching ¢

CD4 | Industrial/guest lectur

CD5 | Industrial visits/ir-plant training

CD6€ | Self learning such as use of NPTEL materials and inte
CD7 | Simulatior

M apping between Objectives and Outcomes
M apping of Cour se Outcomes onto Program Outcomes

Course Outcome # Program Outcom:
PO] POZ PO: PO< POt PO¢
CO1 1 1 2 1 1 3
CO2 3 2 3 2 2 3
CO3 3 3 3 2 2 3
CO4 2 1 2 1 1 3
CO5 3 2 3 2 - 3

If satisfying and < 34% = 1, 34-66% = 2, > 66% = 3

Mapping Between COsand Course Delivery (CD) methods

Course Outcome Course Delivery Method
COo1 CD1,CD2,CD:

COz CD1, CD2,CD3,CD
CO:< CD1, CD2,CD:

CO4 CD1, CD:

COE CD1, CD:




COURSE INFORMATION SHEET

Course code: SR 551

Coursetitle: Solid Rocket Propulsion
Pre-requisite(s): NA

Co- requisite(s): NA

Credits: L:3 T:0 PO
Class schedule per week: 03

Class. M.Tech

Semester / Levd: 11/05

Branch: SER

Name of Teacher:

Course Objectives

This course enables the students:

A. | To demonstrate the information and implicationghaf types of grain suitable for|a
particular solid rocket motc
B. | To examine the importance of various performangarpaters used in solid rocket
motor in terms of its implicatior
C. | To generate the sufficient information on the typethe nozzle and its utilization in
practical application
D. | To apply the basic knowledge of an igniters indlesigning process of a solid rocket
motor
E. | Toexamine thgarious types of instabilities occurring in solatket motor along with
their remedie:

Course Outcomes

After the completion of this course, students wélable:

1. | To interpret different types of propellant grairdats significance in the designing pf
solid rocket moto

2. | To analyze the various performance parametersinssulid rocket motor.
To apply the basic knowledge of nozzle in the pcattpplications.

4. | To describe the concept of ignition system in dasig the igniters for a solid rocket
motor
5. | To predict the various types of instabilities oetg in solid rocket motor along with
their remedies

w




Syllabus
Solid Rocket Motor: Introduction to Solid Rocket, Classification, Bgof Grain and its
importance, Propellant Characteristics, Star Caméijon; Design Criteria; Segmented
Grains; Burning Surface Area Evaluation; Dual Thi@sains. Structural Analysis of
Propellant Grain, Types of Mechanical Load, Sutetailure of Grains.
[L=9]

Performance of Solid Rocket Motor: Prediction and Measurements of Specific Impulse,
Computation of Adiabatic Flame Temperature; ThecaePerformance Evaluation of
Solid Rocket Propellants; Equilibrium and Frozemw:l Methods of Calculating
Equilibrium Composition; Experimental DeterminatiohRocket Performance.
[L=9]

Nozzle: Isentropic Flow through Nozzles, Nozzle Configurati Convergent- Divergent
Nozzles, Bell Nozzles, Annular Nozzles, Adopted Weg, Submerged Nozzles;
Nozzle Flow and Design Optimization; Nozzle Constilen; Throat Inserts.

[L=7]

Associated Systems : Ignition and Ignition Delay; Selection Criteria lginiter Composition,
Quantity and Location; Design of Igniters; Samplald@lation; Igniters for Solid
Rocket Motor; Igniter Hardware; Igniter Pellets;r&yen Igniters; Extinction of Solid
Rocket Motors; Restart of Solid Rocket Motors; bition and Inhibitors; Insulation
and Liners; Thrust Vector Control; Mechanism andties of TVC; Testing and
Integration with Vehicle.

[L=9]

Combustion Instability: Types of Instability — Bulk Mode, Transverse Madel Axial Mode
Instabilities; Causes of Instability in Solid RotRdotors; Analysis of Instability in
Solid Rocket Motors; Remedial Methods.
[L=6]

Text books:
1. Solid Rocket Propulsion — Barrere, M., et. Al
2. Rocket Propulsion Elements — Sutton, G. P. anda&hlO., 7th Ed.

Reference books:

Solid Rocket Technology — Shorr, M. and Zaehringex].
Understanding Aerospace Chemical Propulsion, H 8uvida

Rocket Propulsion, K Ramamurthi.

Introduction to Rocket Technology, V. |. Feodosaad G. B. Siniarev
Materials for Missiles and Spacecraft, E. R. Parker

arwnE

Gapsin the syllabus (to meet I ndustry/Profession requirements)
POs met through Gapsin the Syllabus

Topics beyond syllabus/Advanced topics/Design



POs met through Topics beyond syllabus/Advanced topics/Design

Course Delivery methods

CD1 | Lecture by use of boards/LCD projectors/OHP praje

CD2 | Assignments/Semine

CD3 | Laboratory experiments/teaching ¢

CD4 | Industrial/guest lectur

CD5 | Industrial visits/ir-plant training

CD6 | Self learning such as use NPTEL materials and intern:

CD7 | Simulatior

Cour se Outcome (CO) Attainment Assessment tools & Evaluation procedure

M apping between Objectives and Outcomes
Mapping of Course Outcomes onto Program Outcomes

Course Outcome # Program Outcom:
PO1 PO PO: PO/ POt POt
Co1 2 2 3 2 1 3
CO2 3 2 3 2 2 3
CO3 1 1 2 1 1 3
CO4 3 1 3 1 1 2
CO5 3 1 3 1 1 2

If satisfying and < 34% = 1, 34-66% = 2, > 66% = 3

Mapping Between COsand Course Delivery (CD) methods

Course Outcomi Course DeliveriMethoc
Cco1 CD1,CD2, CD!
COz CD1, CD2, CDi!
CO:¢ CD1, CD¢
CO4 CD1, CD2, CD!
COE CD1,CD2, CDi!




COURSE INFORMATION SHEET

Course code: SR 552

Coursetitle: Rocket Combustion Processes
Pre-requisite(s): NA

Co- requisite(s):NA

Credits: 3 L:3 T:0 P:0

Class schedule per week: 3

Class: M.Tech

Semester / Levd: 11/05

Branch: SER

Name of Teacher:

Course Objectives

This course enables the students:

A. | To understand details of combustion process adsdciaith double base and
composite propellants and compare the condensedaaphase theories related
to them
B. | To apply the concept of metal combustion in metalli composite solid
propellants
C. | To identify the changes in energetics and combashehaviour including
erosive burrng.
D. | To understand combustion of liquid propellantsaonket motor with emphasis
on atomization and related combustion moi

E. | To comprehend combustion model of hybrid propedlant view of existing
theories of hybrid combustion and related operatemgmeters in a hybrid rocket
motor.

Course Outcomes

After the completion of this course, students Wwélable to:

C01 | Comprehend principal concepts and predict theedltteory for a typical case
of solid propellancombustior
C0O2 | ldentify the effect of metal addition on the comtous processes and analyse|its
effect on energetics and combustion behav
CO3 | lllustrate the concept of erosive burning and iottet the instabilities associated
with it and their rmedial method

CO4 | Summarize the effect of atomization and droplete sdistribution in the
combustion of liquid propellant and evaluate theafof different parameters
in the combustion proce
CO5 | Comprehend the theories of hybrid combustion ardlete the effect of related
operating parameters in a hybrid rocket mq




Syllabus

Solid Propellant Combustion : Combustion of Double Base Propellants; Combustion
Mechanisms in Condensed Phase and Gas Phase; eghebiCombustion of D. B.
Propellants — Boys & Corner Theory, Two- tempemtiostulate of composite
propellant; Deflagration of Ammonium Perchlorateegpadation of Fuel Binders;
Combustion Mechanism of Composite Propellants; fieemf Combustion — Outline
of Thermal Theory, GDF Model and Multiple Flame (BPCombustion Model.

[11L]

Combustion of Metals : Physical Considerations; Description and Classiion of Various
Burning Metals; Experimental Nature of Metal Powd@mbustion; Theories of
Combustion of Metal powders; Metal Combustion é@flagrating propellants; Effect
of Aluminum on Propellant Burning Rate; EquilibriuBomposition of Combustion
Products of Metallized Propellants.

[7L]

Erosive Burning : Introduction; Threshold Velocity; Laboratory Nieds for Determination
of the Erosion Function; Theories of Erosive Buogr Levoneir and Robillard’s
Theory; Vandenkerckhove Theory; Effect of Erosion ®Geometry of Central Port;
Effect of Cross- Flow Velocity, Free Stream Gas @osition, Effect of Propellant
Characteristics and Combustion Chamber Pressur&rosive Burning; Negative
Erosion Phenomenon.

[7L]

Liquid Propellant Combustion : Physico- Chemical Description of Combustion ihiguid
Propellant Rocket Motor; Atomization and Droplez&iDistribution in Injection
Sprays; Spherico- symmetric Model of Fuel BurningOxidizing Atmosphere;
Correlation for Non- spherical Model; Effect of [graon Combustion; Effect of
Pressure on Combustion; Droplet Burning Rate Measant; Combustion Models for
Monopropellants.

[7L]

Hybrid Propellant Combustion : Introduction; Combustion Model for a Hybrid Fugirning
in an Oxidizer Stream; Theories of Hybrid Combustio Laminar Boundary Layer
Theories, Turbulent Boundary Layer Theories, TheBased on Chemical Kinetics;
Effect of Pressure and Mass Flow Rate on Hybr@mBustion; Transient Behaviour
of Hybrid Regression Rate; Temperature Profiledeshe Regressing Solid Fuel,
Combustion of Metallized Hybrid Fuel; Effect of Ratilon, Burning Time, Length and
Port Size on Fuel Regression Rate. [8L]

Text books:
1. Fundamentals of Solid Propellant Combustion, Kué&.KSummerfield, M., Progress
in Astronautics & Aeronautics, Vol. 90, AIAA. 1984.
2. Heterogeneous Combustion, Wolfhard, H.G., GlassnmarGreen, L., Progress in
Astronautics & Aeronautics, Vol. 15, AIAA. 1964.

Reference books:

1. Liquid Propellant Rockets, Altman, D.Carter, J. M., Penner, S.S., Summerfield, M.,
Princeton University Press, 1960.



2. Fundamental of Hybrid Rocket Combustion and Prapn)sChiaverini, M.J., Kuo,
K.K., Progress in Astronautics & Aeronautics, Va18, AIAA. 2007.

Gapsin the syllabus (to meet Industry/Profession requirements)

POs met through Gapsin the Syllabus

Topics beyond syllabus/Advanced topics/Design

POs met through Topics beyond syllabus/Advanced topics/Design

Course Delivery methods

CD1 | Lecture by use of boards/LCD projectors/OHP praje
CD2 | Assignments/Semine

CD3 | Laboratory experiments/teaching ¢

CD4 | Industrial/guest lectur

CD5 | Industrial visits/ir-plant training

CDG6 | Self learning such as use of NPTEL materials and inte
CD7 | Simulatior

Cour se Outcome (CO) Attainment Assessment tools & Evaluation procedure

M apping between Objectives and Outcomes

Mapping of Cour se Outcomes onto Program Outcomes

Course Outcome # Program Outcomes
PO1 POZ PO: PO4 POt PO¢
Co1 3 1 2 1 3
COz 2 1 2 1 3
COs 3 2 3 2 3 3
CO4 2 1 3 2 1
COt 3 3 3 2 2 3

If satisfying and < 34% = 1, 34-66% = 2, > 66% = 3

Mapping Between COsand Course Delivery (CD) methods

Course Outcomt Course Delivery Methc
Co1 CD1,CD2, CD!
COz CD1, CD2, CDi
CO: CD1, CD¢
CO4 CD1, CD2, CD!
COt CD1,CD2, CDI




COURSE INFORMATION SHEET

Course code: SR 553

Coursetitle: Ignition and Extinction in Chemical Rocket
Pre-requisite(s): NA

Co- requisite(s): NA

Credits: L:3T:0P:0

Class schedule per week: 3 Lectures

Class. M.Tech.

Semester / Level: 11/05

Branch: Space Engineering & Rocketry

Name of Teacher:

Course Objectives

This course enables the students to:

A. | Identify and interpret the factors affecting tignition energy release and its
mechanism for any given ignition source.

B. | Examine the suitability of ignitions for any cheal rocket based on its merits and
demerits.
C. | Judge the type of igniters to be designed fgrciremical rocket propulsion system.

D. | Generate the sufficient information about trerfe spreading and its mechanism in
solid rocket motor.

E. | Assess the knowledge of solid propellant exitmcin the designing process of a salid
rocket motor.

Course Outcomes

After the completion of this course, students Wwélable to:

1. | Interpret different types of igniters and itpkgations in the propulsion system.

2. | Analyze the ignition mechanism and its sequenamly for solid rocket applications.

3. Design an igniter for the given chemical rogaedpulsion system for the given thrust
range
4. Describe the concept of flame spreading andiggntransient in a solid rocket motor

5. Predict the various mechanism of extinctionzed in the solid rocket motor along with
their advantages and disadvantages.




Syllabus

Modulel:
Ignition & Factors affecting Ignition Energy : Introduction; Process of Self-
ignition; Induction Period; Limits of Self-ignitig Forced ignition; Basic Idea of Ignition by
Spark; Pilot Flames; Hot Gases and Shock WavesgEdf Composition, Type of Electrode,
Spark Duration, Pressure, Temperature, DiluenfecEdbf Mixture Velocity and Turbulence
on Ignition Energy.

[8L]

Modulell:
Ignition Mechanism : Sequence of Ignition; Theories of Ignition — Thatrgnition Theory,
Gas- Phase Theory and Heterogeneous Theory; PiigorgReactions; Effect of Catalyst on
Ignition Process; Shock Tube and Ignition Experitaen

[7L]

Modulelll:
Igniters for Chemical Rocket : Igniters for Solid Rocket Motors — Role and Regmients;
Classification of Igniters based on Mounting Looas and Energy Release Systems;
Construction and Initiation Systems; Hardware Congmts; Design of Pyrotechnic and
Pyrogen Igniters; Testing and Evaluation; IgnitersLiquid Propellant Engines, Hypergolic
Ignition and Ignition Delay; Catalyst Induced Igait; Igniters for Cryogenic Engines — Spark
Torch, Pyrotechnic, Pyrogen and Plasma Igniterstégs for Hybrid Motors and Air Breathing
Engines; Laser Induced Ignition and its Application

[11L]

ModulelV:

Flame Spreading and Ignition Transient: Physical Processes during Ignition Transient;
Ignition Transient Models and Experiments; Flamee&ding over Solid Propellants, Fuels,
Defects and Cracks.

[6L]
ModuleV:
Extinction: Controlled Termination of Thrust — Approaches; fgyeBalance at Burning
Surface; Dynamic Extinction by Fast Depressurizgtiast Deradiation and other Quenching
Techniques, like Injection of Flame Inhibitors, H&ank, etc.; Theories and Experiments of
Extinction.

[8L]
Text books:
1. Fuels & Combustion — Sharma, S.P. & Mohan, C., -TafGraw Hill, 1984
(T1)

2. Fundamental Aspects of Solid Propellant Rocketdljaifis, F.A., Barrere, M., Huang,
N.C., The Advisory Group for Aerospace Researchenklopment of N.A.T.O. [by]
Technivision Services, 1969.2)

Reference books:
1. Advanced Chemical Rocket Propulsion Elements — &mi.M., Academic Press,
1987(R1)



2. Fundamentals of Solid Propellant Combustion — Ku0K., Summerfield,
M., Progress in Astronautics & Aeronautics, \@0, AIAA. 1984(R2)

3. Solid Rocket Technology — Shorr, M. and Zaehringer] (R3)

4. Understanding Aerospace Chemical Propulsion, H 8Uid4R4)

5. Rocket Propulsion, K Ramamuriit5)

Gapsin the syllabus (to meet Industry/Profession requirements)
POs met through Gapsin the Syllabus

Topics beyond syllabus/Advanced topics/Design

POs met through Topics beyond syllabus/Advanced topics/Design

Course Delivery methods

CD1 | Lecture by use of boards/LCD projectors/OHP praje
CD2 | Assignments/Semine

CD3 | Laboratory experiments/teaching ¢

CD4 | Industrial/guest lectur

CD5 | Industrial visits/ir-plant training

CDG6 | Self learning such as use of NPTEL materials and inte
CD7 | Simulatior

M apping between Cour se Qutcome and Program Outcomes

Mapping of Course Outcomes onto Program Outcomes

CourseOutcome | PO1| PO2| PO3 PO4 PQO5 PO6
#
Cco1 2 1 2 1 1 3
COz 2 2 3 2 1 3
CO: 3 3 3 2 2 3
CO4 2 2 3 1 2 3
COt 1 1 2 2 1 3

If satisfying and < 34% = 1, 34-66% = 2, > 66% = 3

Mapping between COsand Course Délivery (CD) methods

Course Outcomt Course Delivery Methc
CO1 CD1,CD2,CD3, CD
COz CD1, CD2, CD3, CD
CO:z CD1, CD¢
CO4 CD1, CD2, CD3, CD
COt CD1,CD2, CD3, CD




COURSE INFORMATION SHEET

Course code: SR 554

Coursetitle: Advanced Propulsion Systems
Pre-requisite(s): Elements of Rocket Propulsion
Co- requisite(s): Nil

Credits: 3

L:3 T:0 P:0

Class schedule per week: 3

Class: ME

Semester / Leve: 11/05
Branch: Propulsion
Name of Teacher:

Course Objectives

This course enables the students:

A. | To understand the concept of various typeadvanced propulsion syst

B. | To apply the concept of the different combussgatems used in scramjet,
ramjet propulsion and hypersonic propul

C. | To analyse the characteristics of nuclear psapnl and the hazards associat
with it

D. | Tointerpret the various electric propulsiosteyn and the ways power
generation in spa

E. | To interpret the various micro-propulsion systedeveloped and emerging
technologies involve

Course Outcomes

After the completion of this course, students \wét

Co1

To understand the concept of various types of atké@ihemical propulsion
system and its application to real syste

CO2

To demonstrate the utilization of combustion syst@mscramjet, ramjet
propulsion and hypersonic propuls.

CO3

To infer the concept of nuclear rockets and evaltia performance,
operation parameters and handling hazard invc

CO4

To differentiate between electro-thermal and pleetac thrusters and
interpret the concept for powgeneration in spac

CO5

To appraise the various micro-propulsion systenveldged and emerging

technologies involve




Syllabus

Advanced Chemical Propulsion System: High Performance Chemical Propulsion Systems,
Tripropellants; Metalized Propellants; Free RadRadpulsion; Flight Hybrid Rocket
Propulsion Systems.

[8L]

Scramjet and Hypersonic Propulsion: Scramjet and Ram Rocket Propulsion System;
Scramjet Inlets; Scramjet Performance, Introduction Hypersonic Propulsion;
Developments in High Speed Vehicle Propulsion 3gstAerodynamic Shape of a
Hypersonic Vehicle with an Air Breathing Engine;dtime Cycle; Diffusion Flame
Combustion and Supersonic Combustion; Supersoomw Elombustors; Dual-mode
Combustion System.

[10L]

Nuclear Propulsion System : Types of Nuclear Propulsion Systems; Heat Transfiuclear
Rockets; Gaseous Core Nuclear Rockets; Pure Nueteaulsion System; Operation,
Performance and Application Areas; Nuclear HazaMig;lear Power Generation in
Space.

[7L]

Electric Propulsion System : Overview of Application Areas; ldeal Flight Penfioance;
Electro-thermal Thrusters — Resistojets and Arcj®sre Electric Thrusters —
Electrostatic, Electro Magnetic and Hall- effect rdsters; Optimum Flight
Performance; Electric Power Generation in Space.

[7L]

Micropropulsion System : Recent Micro Spacecraft Developments; Micro-prejau
Options; Primary Set of Micropropulsion Requirensei@hemical Propulsion Options;
Review of Electric Propulsion Technologies for Mi@nd Nano- satellites; Emerging
Technologies: MEMS and MEMS- Hybrid Propulsion &yst

[BL]

Text books:

1. Developments in High Speed- Vehicle Propulsion &wystMurthy, S.N.B, Curran,
E.T., Progress in Astronautics & Aeronautics, VB5,1AIAA, 1996.

2. Scramjet Propulsion, Curran, E.T., Murthy, S.N.Brogress in Astronautics &
Aeronautics, Vol. 189, AIAA,2001.

3. Micropropulsion for Small Spacecraft, Paul, Z., d¢tess in Astronautics
&Aeronautics, Vol. 187, AIAA,2000.

Reference books:

1. Rocket Propulsion Elements, Sutton, G.P., Biblarz,7th Ed. John Wiley & Sons,
Inc., New York, 2001.



Gapsin the syllabus (to meet Industry/Profession requirements)

POs met through Gapsin the Syllabus

Topics beyond syllabus/Advanced topics/Design

POs met through Topics beyond syllabus/Advanced topics/Design

Course Delivery methods

CD1 | Lecture by use of boards/LCD projectors/OHP praje
CD2 | Assignments/Semine

CD3 | Laboratory experiments/teaching ¢

CD4 | Industrial/guest lectur

CD5 | Industrial visits/ir-plant training

CDG6 | Self learning such as use of NPTEL materials and inte
CD7 | Simulatior

M apping between Objectives and Outcomes

Mapping of Course Outcomes onto Program Outcomes

Course Outcome # Program Outcomes
POl PO PO: PO/ Ot ©)
CO1 3 2 3 1 2 2
COz 3 2 3 3 1 2
CO:z 3 3 3 3 2 3
CO4 3 2 3 3 1 3
COt 3 3 3 3 2 3

Mapping Between COsand Course Delivery (CD) methods

Course Outcomu

Course Delivery Methc

COo1 CD1,CD2, CDI
COz CD1, CD2, CDi
COz CD1, CDt

CO4 CD1, CD2, CDi

COt CD1,CD2, CDI




COURSE INFORMATION SHEET

Course code: SR 555

Coursetitle: Heat Transfer in Space Applications
Pre-requisite(s): NA

Co- requisite(s): NA

Credits: L:3T:0P:0

Class schedule per week: 3 Lectures

Class. M.Tech.

Semester / Level: 11/05

Branch: Space Engineering & Rocketry

Name of Teacher:

Course Objectives

This course enables the students to:

Identify various heat transfer mechanism andtitgies in the spacecraft applications

Select and examine the suitability of materidligher temperature of the spacecratft.

ascent phases.

1
2
3. | Assess various equation for the analysis of tneasfer problem in the spacecratft.
4

Analyze the thermal environmental effect ongpacecraft structure during launch and

used in spacecraft.

5. Interpret the heat transfer process and itsraltiny mechanisms of the various deviges

Course Outcomes

After the completion of this course, students Wwélable to:

COL1 | Distinguish different modes of heat transfer anlizeteffectively in space applicatio

—

system.

CO2| Apply the knowledge of the heat transfer mecharisthe design of spacecraft thermal

CO3| Analyze the heat transfer equation for the spafteapplications.

phases of launch.

CO4 | Examine the influence of thermal environment on $pacecraft during its variol

IS

hardware of the spacecraft.

CO5| Interpret the working principles of various highmigerature resistive devices and




Syllabus

Modulel:
Introduction to heat transfer: Heat Transfer Mechanisms, Conduction, Convectiod a
Radiation, Basic equations governing these Heansfea, Simultaneous Heat Transfer
Mechanism.

[8L]

Modulell:
Spacecraft Thermal Design: Fundamental of Thermal Radiation, Spacecraft Sarfac
Material, Thermal Blanket, Diurnal and Annual Vé&ioas of Solar Heating, Need of
Spacecraft Thermal Control — Temperature Specifinat Energy Balance in a Spacecratft,
Factors that influence Energy Balance in a spafteer@rinciples of Spacecraft Thermal
Control.

[10L]

Modulelll:
Spacecraft Thermal Analysis. Formulation of Energy, Momentum and Continuity Bgons
for problems in Spacecraft Heat Transfer — Develeqinof Discretized Equation — Treatment
of Radiative Heat Exchange (for non-participativedma based on radiosity and Gebhart
method) — incorporation of Environmental Heat Fiuxenergy equation — Numerical Solution
Methods — input parameters required for analysis.

[10L]

ModulelV:
Spacecraft Thermal Environments: Launch and Ascent — Earth Bound Orbits —
Interplanetary Mission and Re-entry Mission.

[5L]

Module V:
Devices and Hardware for Spacecraft TCS. Passive Thermal Control - mechanical joints —
heat sinks and doublers — phase change materiaésmal louvers and switches — heat pipes
Thermal Coating Materials — thermal insulation -{aklve Heat Transfer — Active Thermal
Control Techniques: electrical heaters, HPR fluydtams, space borne cooling systems.
Application of principles for the Development oféecraft TCS.

[BL]

Text books:
1. Fundamentals of Heat and Mass Transfer, IncroffeRa, DeWitt, D.P., ¥ ed., John
Wiley, 201XT1).
2. Spacecraft Thermal Control Handbook, Volume I: Famdntal Technologies,
Gilmore, D.G., 2Yed., The Aerospace Press, AlIAA, 2(Q02).

Reference books:
1. Elements of Space Technology, Meyer, R.X., AcaddPnéss, 199¢R1).
2. Numerical Methods for Engineers, Chapra, S.C., @amP., 1" ed., McGraw-Hill
2014R2).



Gapsin the syllabus (to meet Industry/Profession requirements)

POs met through Gapsin the Syllabus

Topics beyond syllabus/Advanced topics/Design

POs met through Topics beyond syllabus/Advanced topics/Design

Course Delivery methods

CD1 | Lecture by use of boards/LCD projectors/OHP praje
CD2 | Assignments/Semine

CD3 | Laboratory experiments/teaching ¢

CD4 | Industrial/guest lectur

CD5 | Industrial visits/ir-plant training

CD6€ | Self learning such as use of NPTEL materials internet:
CD7 | Simulatior

M apping between Cour se Outcome and Program Outcomes

Mapping of Course Outcomes onto Program Outcomes

Course Outcome
#

PO1

PO2] PO3 PO4 PO

5 PO6

CO1

COz

COz

CO4

RPINW|F

NN
Njw(w|N
NN
RN W N

COt

2

1 2 1 2

WIN[WW|Ww

If satisfying and < 34% = 1, 34-66% = 2, > 66% = 3

Mapping between COsand Course Délivery (CD) methods

Course Outcomt

Course Delivery Methc

CO1 CD1,CD2, CDI
COz CD1, CD2, CDi
COz CD1, CDt

CO4 CD1, CD2, CD!
COt CD1,CD2, CD!I




COURSE INFORMATION SHEET

Course code: SR 556
Coursetitle: Solid rocket propulsion lab
Pre-requisite(s): NA
Co- requisite(s): NA

Credits: 2

L:0 T:0 P:3

Class schedule per week: 4
Class: M.Tech
Semester / Leve: [1/05
Branch: SER

Name of Teacher:

Cour se Objectives

This course enables the students:

=

A. | To understand the significance of the experimerth wespect to theoretic:
information

B. | To collect and interpret data obtained from experits.

C. | To examine the results in a group of team and ew@lit to utilize in preparin
the report

D. | To explain the working and designing proceduréhefgolid rocket motor.

E. | To follow and utilize all the safety features ragdi during the experimentatio

Cour se Outcomes

After the completion of this course, students wdlable:

CO1

To analyze the types of error observed during ¥peements.

COo2

To explain the significance of the processing & piopellants in correlatio
with practical applicatins

=]

Cco3

To comprehend and illustrate various methods ofawipg the burn rate in
solid rocket motc

CO4

To operate the solid rocket experimental setup gewnerate results for th
meaning analysis as an individual and asina g

e

CO5

To identify the equipments used in the experim&@n@with their significance

of using thenr




List of the Experiments:

1. Experiment No. 1
Name . Introduction to solid rocket andgtecessing lab
Objective : To introduce and give brief informoat about the equipments used in
solid rocket propulsion lab.

2. Experiment No. 2
Name : Preparation of fuel grain
Objective : Processing of solid composite phapé grain with different
perforations having compositions as PVC-DBP and AP.
3. Experiment No. 3
Name : Rheological study
Objective : To study the rheological propertiestié freshly prepared solid
propellant mix.

4. Experiment No. 4
Name : Heat of Combustion
Objective : To determine the heat of combustiosadid propellant sample at least
at two different inert gas pressures.

5. Experiment No. 5
Name . Study of mechanical properties
Objective  : To evaluate the mechanical propertfesomposite solid propellant.

6. Experiment No. 6
Name SEM Analysis
Objective : To study the surface morphology @fdspropellant with the help of
Scanning Electron Microscope.

7. Experiment No. 7

Name : Experiments on STA

Objective : Thermal decomposition study of solidpellant with the help of
Simultaneous Thermal Analyzer.

Experiment No. 8

Name : Burn rate measurement at higher pressure

Objective : To measure the burn rate of solid pitapestrands at various pressures

by using Crawford Bomb set-up.

Experiment No. 9

Name : Burn rate measurement at sub-atmosphersspire
Objective : To measure the burn rate of solid pltapestrands at sub-atmospheric
pressures.

8. Experiment No. 10
Name . Preparation of igniter
Objective  : To prepare pyrotechnic igniters ancedatne its ignition delay.

9. Experiment No. 11
Name : Solid Rocket Static Firing




Objective  : To perform static solid rocket firingdadetermine its performance
parameters such as thrust and Specific impulse.

Reference books:

1. Rocket Propulsion Elements — Sutton, G. P. anda&hlO., 7th Ed.
2. Understanding Aerospace Chemical Propulsion, H 8uvida.
3. Rocket Propulsion, K Ramamurthi.

Gapsin the syllabus (to meet I ndustry/Profession requirements)
POs met through Gapsin the Syllabus

Topics beyond syllabus/Advanced topics/Design

POs met through Topics beyond syllabus/Advanced topics/Design

Course Delivery methods

CD1 | Lecture by use of boards/LCD projectors/OHP praje
CD2 | Assignments/Semine

CD3 | Laboratory experiments/teaching ¢

CD4 | Industrial/guest lectur

CD5 | Industrial visits/ir-plant training

CD6€ | Self learning such as use of NPTEL materials internet:
CD7 | Simulatior

M apping between Program Outcome and Cour se Outcomes
M apping of Cour se Outcomes onto Program Outcomes

Course Qutcome # Program Outcomes
PO1 POZ PO PO< POt PO¢€
COo1 1 1 3 2 1 2
CO2 3 2 1 1 2 3
COos3 2 1 2 2 1 3
CO4 2 2 3 1 1 2
CO5 2 1 3 1 1 3

If satisfying and < 34% = 1, 34-66% = 2, > 66% = 3

Mapping between COsand Cour se Délivery (CD) methods

Course Outcomt Course Delivery Methc
CO1 CD1,CD2, CD!
COz CD1, CD2, CD:i
CO: CD1, CD¢
CO4 CD1, CD2, CDti
COE CD1,CD2, CD!I




COURSE INFORMATION SHEET

Course code: SR 557

Coursetitle:

Liquid and Hybrid Propulsion Lab

Pre-requisite(s): NA
Co- requisite(s):NA

Credits: 2

L:0 T:0 P:3

Class schedule per week: 4
Class: M.Tech
Semester / Levd: 11/05
Branch: SER

Name of Teacher:

Cour se Objectives

This course enables the students:

=

A. | To understand the significance of the experimernh wespect to theoretic
information

B. | To collect and interpret data obtained from experits.

C. | To examine the results in a group of team and ew@lit to utilize in preparin
the report

D. | To explain the working and designing procedurehefliquid and hybrid rocke
motor

E. | To follow and utilize all the safety features ragdi during the experimentatio

Cour se Outcomes

After the completion of this course, students wédlable:

CO1

To analyze the types of error observed during ¥peements

CO2

To explain the various methods of improving therbrate in a hybrid rocke
motol

CO3

To operate the experimental setup and collect @astn individual and as in
group

CO4

To demonstrate the output of the results for thammggful analysi:

CO5

To identify the equipments used in the experimetth wheir significance o

using therr

List of the Experiments:

1. Experiment No. 1

Name - Introduction to liquid and hybrid lab

Objective

liquid and hybrid lab

2. Experiment No. 2

Name : Preparation of fuel grain

—t

~+

a

: To introduce and give brief informoat about the equipments used in



Objective : Processing of PVC-Plastisol basgatid fuel grain with tubular
perforation of two different compositions.
3. Experiment No. 3
Name . Effect of solid loading on regression rate
Objective : To study the effect of solid loadingtbe regression rate of PVC based
fuel in a hybrid rocket motor.

4. Experiment No. 4
Name : Pressure Effect on Regression Rate
Objective : To Study the effect of chamber pressureegression rate in a hybrid
rocket motor.

5. Experiment No. 5
Name : Processing of paraffin based fuel
Objective : To measure regression rate of paratigsed fuel and compare with the
PVC based fuel in a hybrid rocket.

6. Experiment No. 6

Name . Effect of injectors
Objective : To study the effect of varying oxelr injectors on the regression rate
of hybrid fuel.
7. Experiment No. 7
Name . Performance Evaluation through CEA Software
Objective : To Evaluate the theoretical performpaeameters of the given fuel

and oxidizer combinations at various O/F ratios.
8. Experiment No. 8

Name . Effect of protrusion on efficiencies

Objective : To study the effect of protrusion oe #fficiencies of hybrid rocket
motor.
9. Experiment No. 9

Name : Synthesis of energetic fuel

Objective : Synthesis of the Aniline-Furfuryldehyaendensate as hybrid fuel.

10. Experiment No. 10

Name . Ignition delay test

Objective : To conduct hypergolic ignition delaysttefor the Aniline-
Furfuryldehyde hybrid fuel with red fuming nitricid.

11. Experiment No. 11
Name . Effect of burn duration on regression rate
Objective  : To study the effect of burn durationtba regression rate using PVC-
DBP as a hybrid fuel.
12. Experiment No. 12
Name : Liquid rocket firing
Objective : To conduct experiment on a liquid rdckeng set-up to understand
the operation of liquid rocket engine.




Reference books:

1.

2.

3.
4.

Design of Liquid Propellant Rocket Engine — HuZ2l,K. & Huang, D. H., NASA
SP-125.

Fundamental of Hybrid Rocket Combustion and PropajdMartin J. Chiaverini and
Kennith K. Kuo, Progress in Aeronautics & Astronesit\VVol. 218, AIAA.

Rocket Propulsion Elements — Sutton, G. P. anda&blO., 7th Ed.

Understanding Aerospace Chemical Propulsion, H 8uvida

Gapsin the syllabus (to meet Industry/Profession requir ements)

POs met through Gapsin the Syllabus

Topics beyond syllabus/Advanced topics/Design

POs met through Topics beyond syllabus/Advanced topics/Design

Course Delivery methods

CD1 | Lecture by use of boards/LCD projectors/OHP praje

CD2 | Assignments/Semine

CD3 | Laboratory experiments/teaching ¢

CD4 | Industrial/guest lectur

CD5 | Industrial visits/ir-plant training

CD6€ | Self learning such as use of NPTEL materials and inte

CD7 | Simulatior

M apping between Program Outcome and Cour se Qutcomes

M apping of Cour se Outcomes onto Program Outcomes

Course Qutcome # Program Outcomes
PO1 POZ PO PO< POt PO¢€
COo1 1 1 3 2 1 2
CO2 3 2 1 2 1 3
Cco3 3 2 2 2 3 2
Co4 2 2 3 1 1 2
CO5 2 1 3 1 1 3

If satisfying and < 34% = 1, 34-66% = 2, > 66% = 3

Mapping between COsand Cour se Délivery (CD) methods

Course Outcomt CourseDelivery Methot
CO1 CD1,CD2, CD!
COz CD1, CD2, CD:i
CO: CD1, CD¢
CO4 CD1, CD2, CDi
COEt CD1,CD2, CDI




