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Advanced	Rocket	Propulsion	

Brian Cantwell - Department of Aeronautics and Astronautics Stanford University 
Greg Zilliac – NASA Ames Research Center  
Arif Karabeyoglu – Koc University Istanbul 

Session	1a.	1/7/20	-	Course	Organiza6on	
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Course	approach	–	The	course	will	comprise	20	topic	area	sessions.	Topics	1	to	5,	9	and	17	will	be	in	the	form	of	lectures	presented	by	
the	instructors.		The	remaining	13	topics	will	be	the	subject	of	student	led	presenta6ons	and	discussions.	Several	students	will	prepare	
presenta6on	materials	and	lead	each	topic	discussion.	A	typical	class	session	would	comprise	two	or	three	student	presenta6ons	
describing	the	results	of	their	research	on	par6cular	themes	related	to	the	topic	area	of	that	session.		
	
All	students	need	to	submit	their	preferences	in	the	form	of	a	rank	ordering	of	all	13	topic	areas	to	Prof.	Cantwell	by	3:00	Wednesday	Jan	
8.	Final	topic	area	assignments	will	be	provided	in	class	on	Jan	9.		
	
Prior	to	the	Jan	14	lecture,	students	must	submit	a	one	paragraph	proposal	iden6fying	the	theme	that	they	plan	to	research	and	present	
in	their	assigned	topic	area.	The	theme	can	be	from	a	list	of	suggested	themes	prepared	by	the	instructors	or	the	student	can	propose	
their	own	theme.	Note	that	the	first	student	led	presenta6on	is	on	Jan	23.		
	
Within	a	week	following	their	presenta6on	each	student	will	submit	an	individual	wriTen	report	approximately	10	pages	long	on	their	
topic	area/theme.	The	report	should	be	in	the	format	used	for	papers	submiTed	to	the	AIAA	Propulsion	and	Energy	Forum	(used	to	be	
the	Joint	Propulsion	Conference).	See	hTps://www.aiaa.org/events-learning/events/Technical-Presenter-Resources	
	
Students	who	are	signed	up	for	three	units	of	credit	will	be	assigned	four	topics	(four	wriTen	reports).	Students	signed	up	for	one	unit	
will	be	assigned	two	topics	(two	wriTen	reports).	A	list	of	resource	materials	for	each	session	will	be	provided	by	the	instructors	at	the	
beginning	of	the	course	although	students	are	free	to	include	addi6onal	resources	in	their	presenta6on	if	they	wish.	All	students	are	
expected	to	become	familiar	with	the	topic	of	each	session	and	to	provide	input	to	the	class	discussion	during	the	session.	
		
Grading	–	The	final	course	grade	will	be	determined	by	three,	approximately	equally	weighted,	elements:	1)	the	quality	of	materials	
prepared	for	each	topic	area/theme	led	by	the	student,	2)	the	quality	and	completeness	of	the	student’s	report(s)	and	3)	the	quality	of	
the	student’s	in-class	par6cipa6on	in	the	discussion	of	all	the	various	topic	areas	covered	in	the	course.	
	
Resources	–Resources	for	this	class	can	be	found	on	my	website	hTps://web.stanford.edu/~cantwell/		which	includes	Course	Materials	
for	AA283	and	AA103.	Within	the	AA284	Course	Materials	folder	is	a	folder	containing		Prof	Karabeyoglu’s	AA	284	Lectures.	Also	
provided	in	the	AA284A	Course	Materials	folder	are	the	lectures	and	many	of	the	references	iden6fied	with	the	AA284A	specific	topic	
areas.	
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Final	List	of	Lectures/Topic	areas	and	presenters	–	Jan	13	2020	
	
1.	 	1/7/20			-	Course	Organiza6on,	Systems	Overview,	Chemical/Nuclear/Electric/Photonic	–	Cantwell	
2.	 	1/9/20			-	Review	of	Rocket	Performance	Parameters,	Thrust,	Impulse,	Efficiency	–	Cantwell		
3.	 	1/14/20	-	Review	of	Thermodynamics	and	Chemistry	– Karabeyoglu	
4.	 	1/15/20	-	Thermochemistry	and	Propellants,	Part	1	– Karabeyoglu	
5.	 	1/16/20	-	Thermochemistry	and	Propellants,	Part	2	– Karabeyoglu	
6.	 	1/23/20	-	Liquid	Rocket	Propulsion	–	Chang,	Naik,	Choudhary	
7.	 	1/28/20	-	Solid	Rocket	Propulsion	–	Haig,	White,	Kim,	McKown	
8.	 	1/30/20	-	Launch/Mission	Trajectories	– 	Kim,	Choudhary		
9.	 	2/4/20			-	Future	Mission	Concepts	and	Technology	–	Special	lecture	by	ScoT	Hubbard	
10. 	2/6/20			-	Launch	Industry/Market	– Crispie,	Taraborrelli	,	White,	McKown	
11.	 	2/11/20	-	Hybrid	Rocket	Propulsion	Fundamentals	–	Haig,	Korneyeva,	Kehoe	
12.	 	2/13/20	-	Hybrid	Rocket	Propulsion	Liquefying	Fuels	– Korneyeva,	Haig,	Crispie	
13.	 	2/18/20	-	Hybrid	Rocket	Propulsion	Design	Issues	–	White,	Kim,	Taraborrelli	
14.	 	2/20/20	-	Component	Design	Issues	–	Chang,	White,	Erhard	
15.	 	2/25/20	-	Stability	of	Chemical	Rockets	– Korneyeva,	Finch,	McClure	
16.	 	2/27/20	-	Rocket	Tes6ng	–	Kim,	Haig,	Erhard	
17.	 	3/3/20			-	MAV	Design	Study	– Zilliac	
18.	 	3/5/20			-	Electric	Propulsion	–	Kehoe,	Taraborrelli,	Erhard	
19.	 	3/10/20	-	Nuclear	Propulsion	– Choudhary,	Taraborrelli,	Korneyeva	
20.  			3/12/20	-	Photonic	Propulsion	– 	Finch,	Naik,	Choudhary,	McClure	
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1.	1/7/20	-	Course	Organiza6on,	History,	Systems	Overview,	Chemical/
Nuclear/Electric/Photonic	

Resources	
1.  Clark,	John	D.,	Igni%on!	An	informal	history	of	liquid	rocket	propellants,	1972	

2.  Johnson,	W.,	Contents	and	commentary	on	William	Moore’s	A	trea%se	on	the	mo%on	of	rockets	and	an	essay	on	naval	gunnery,	1995	

3.  Tsiolkovskiy,	K.E.,	Explora6on	of	the	universe	with	reac6on	machines,	1898	

4.  Glushko,	V.P.,	Development	of	rocketry	and	space	technology	in	the	USSR,	1973	

5.  Bilstein,	R.E.,	Stages	to	Saturn	A	Technological	History	of	the	ApolloSaturn	Launch	Vehicles.	NASA	SP-4206,	1980	

6.  Hodapp,	Mar6n,	Germany’s	Rocket	Development	in	World	War	II,	2013	

7.  Tokaty,	G.A.,	Soviet	Rocket	Technology,	1963	

8.  Mieczkowski,	Yanek,	Eisenhower’s	Sputnik	Moment,	Cornell	University	Press,	2013	

9.  Jahn,	R.,G.	and	Choueiri,	E.Y.,	Electric	Propulsion,	in	Encyclopedia	of	Physical	Science	and	Technology,	3rd	edi6on,	Volume	5,	2002	

10.  Wright,	J.,	Space	Sailing,	1992	

11.  Hill,	P.	and	Peterson,	C.,		Mechanics	and	Thermodynamics	of	Propulsion,	1992	–	Chapter	14	

12.  SuTon,	G.S.	and	Biblarz,	O.,	Rocket	Propulsion	Elements,	2010	–	Chapter	17	

13.  Clarke,	A.C.,	Project	Solar	Sail,	1990	

14.  Borowski,	S.K.,	Corban,	R.R,	McGuire,	Beke,	E.,G.,	Nuclear	Thermal	Rocket/Vehicle	Design	Op6ons	for	Future	NASA	Missions	to	the	Moon	and	Mars,	
NASA	TM	107071,	AIAA-93-4170,	1993	

15.  Tummala	et	al.,	“An	Overview	of	Cube-Satellite	Propulsion	Technology	and	Trends,”	2017	

16.  ScoT	Manley’s	Youtube	Channel		hTps://www.youtube.com/channel/UCxzC4EngIsMrPmbm6Nxvb-A		
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2.	1/9/20	–	Review	of	Rocket	Performance	Parameters,	Thrust,	Impulse,	Efficiency	

Resources	

1.  Hill,	P.	and	Peterson,	C.,		Mechanics	and	Thermodynamics	of	Propulsion,	1992	–	Chapters	10	and	11	

2.  SuTon,	G.S.	and	Biblarz,	O.,	Rocket	Propulsion	Elements,	2010	–	Chapters	2,	3	and	5	

3.  Huzel,	D.K.	and	Huang,	D.H.,	Modern	Engineering	for	Design	of	Liquid-Propellant	Rocket	Engines,	Volume	147	
Progress	in	Astronau6cs	and	Aeronau6cs	AIAA,	1992	–	Chapters	1,	2	and	3	

4.  Humble,	R.,	Henry,	G.N.,	and	Larson,	W.J..	Space	Propulsion	Analysis	and	Design,	McGraw-Hill,	Inc.,	1995	
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3.	1/14/20	-	Review	of	Thermodynamics	and	Chemistry	– Arif	Karabeyoglu	

Resources	

1.  Glassman,	I.	and	YeTer,	R.		Combus%on	2008	–	Chapters	1,	2	and	3	

2.  Hill,	P.	and	Peterson,	C.,		Mechanics	and	Thermodynamics	of	Propulsion	1992	–	Chapter	12		

3.  Gordon,	S.	and	McBride,	B.J.,	Computer	Program	for	Calcula6on	of	Complex	Chemical	Equilibrium	Composi6ons	and	
Applica6ons	I	–	Analysis	1994	

4.  Gordon,	S.	and	McBride,	B.J.,	Computer	Program	for	Calcula6on	of	Complex	Chemical	Equilibrium	Composi6ons	and	
Applica6ons	II	– Users	Manual	and	Program	Descrip6on	1996	

5.  McBride,	B.J.,	Zehe,	M.J.	and	Gordon,	S.,	NASA	Glenn	Coefficients	for	Calcula6ng	Thermodynamic	Proper6es	of	
Individual	Species	2002	

6.  SuTon,	G.S.	and	Biblarz,	O.,	Rocket	Propulsion	Elements	2010	–	Chapter	5	

7.  Camberos,	J.A.	and	Moubry,	J.G.,	Chemical	Equilibrium	Analysis	with	the	Method	of	Element	Poten6als	AIAA	paper	
2001-873	

8.  Clasen,	R.J.,	The	Numerical	Solu6on	of	the	Chemical	Equilibrium	Problem,	RAND	Memorandum	RM-4345-PR	1965	
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4.	1/15/20	-	Thermochemistry	and	Propellants,	Part	1	– Arif	Karabeyoglu	

1.  Glassman,	I.	and	YeTer,	R.		Combus%on	2008	–	Chapters	1,	2	and	3	
2.  Hill,	P.	and	Peterson,	C.,		Mechanics	and	Thermodynamics	of	Propulsion	1992	–	Chapter	12		
3.  Gordon,	S.	and	McBride,	B.J.,	Computer	Program	for	Calcula6on	of	Complex	Chemical	Equilibrium	Composi6ons	and	

Applica6ons	I	–	Analysis	1994	
4.  Gordon,	S.	and	McBride,	B.J.,	Computer	Program	for	Calcula6on	of	Complex	Chemical	Equilibrium	Composi6ons	and	

Applica6ons	II	– Users	Manual	and	Program	Descrip6on	1996	

5.  McBride,	B.J.,	Zehe,	M.J.	and	Gordon,	S.,	NASA	Glenn	Coefficients	for	Calcula6ng	Thermodynamic	Proper6es	of	
Individual	Species	2002	

6.  SuTon,	G.S.	and	Biblarz,	O.,	Rocket	Propulsion	Elements	2010	–	Chapter	5	
7.  Camberos,	J.A.	and	Moubry,	J.G.,	Chemical	Equilibrium	Analysis	with	the	Method	of	Element	Poten6als	AIAA	paper	

2001-873	

8.  Clasen,	R.J.,	The	Numerical	Solu6on	of	the	Chemical	Equilibrium	Problem,	RAND	Memorandum	RM-4345-PR	1965	

Resources	
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5.	1/16/20	-	Thermochemistry	and	Propellants,	Part	2	

1.  Glassman,	I.	and	YeTer,	R.		Combus%on	2008	–	Chapters	1,	2	and	3	
2.  Hill,	P.	and	Peterson,	C.,		Mechanics	and	Thermodynamics	of	Propulsion	1992	–	Chapter	12		
3.  Gordon,	S.	and	McBride,	B.J.,	Computer	Program	for	Calcula6on	of	Complex	Chemical	Equilibrium	Composi6ons	and	

Applica6ons	I	–	Analysis	1994	
4.  Gordon,	S.	and	McBride,	B.J.,	Computer	Program	for	Calcula6on	of	Complex	Chemical	Equilibrium	Composi6ons	and	

Applica6ons	II	– Users	Manual	and	Program	Descrip6on	1996	

5.  McBride,	B.J.,	Zehe,	M.J.	and	Gordon,	S.,	NASA	Glenn	Coefficients	for	Calcula6ng	Thermodynamic	Proper6es	of	
Individual	Species	2002	

6.  SuTon,	G.S.	and	Biblarz,	O.,	Rocket	Propulsion	Elements	2010	–	Chapter	5	
7.  Camberos,	J.A.	and	Moubry,	J.G.,	Chemical	Equilibrium	Analysis	with	the	Method	of	Element	Poten6als	AIAA	paper	

2001-873	

8.  Clasen,	R.J.,	The	Numerical	Solu6on	of	the	Chemical	Equilibrium	Problem,	RAND	Memorandum	RM-4345-PR	1965	

Resources	
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6.	1/23/20	-	Liquid	Rocket	Propulsion	

1.  Hill,	P.	and	Peterson,	C.,		Mechanics	and	Thermodynamics	of	Propulsion	1992	– Chapters	10,	11	and	12	
2.  SuTon,	G.S.	and	Biblarz,	O.,	Rocket	Propulsion	Elements	2010	– Chapters	6,	7,	8,	and	9	
3.  Huzel,	D.K.	and	Huang,	D.H.,	Modern	Engineering	for	Design	of	Liquid-Propellant	Rocket	Engines,	Volume	147	Progress	in	

Astronau6cs	and	Aeronau6cs	AIAA	1992	–	Chapters	1,	2	and	3	
4.  Humble,	R.,	Henry,	G.N.,	and	Larson,	W.J..	Space	Propulsion	Analysis	and	Design,	McGraw-Hill,	Inc.,	1995	

5.  Yang,	V.	ed.	Liquid	Rocket	Thrust	Chambers:	Aspects	of	Modeling,	Analysis	and	Design,	Volume	200	Progress	in	
Astronau6cs	and	Aeronau6cs	AIAA	2004	–	Chapters	1,	2,	3	and	4		

6.  Davis	S.M	and,	Yilmaz,	N.,	“Advances	in	Hypergolic	Propellants:	Igni6on,	Hydrazine,	and	Hydrogen	Peroxide	Research,”	
Advances	in	Aerospace	Engineering,	Volume	2014,	Ar6cle	ID	729313,	9	pages.	

Resources	

1.  How	have	liquid	rockets	evolved	since	World	War	II?		What	have	been	the	major	advances?	

2.  Safety	issues,	accident	history,	history	of	launch	failures.	

3.  Compare	the	Liquid	Propulsion	Systems	developed	by	SpaceX,	Blue	Origin	and	the	United	Launch	Alliance	(Boeing/
Lockheed)	and	the	European	Space	Agency.	

4.  What	are	the	challenges	to	the	future	development	of	improved	liquid	systems	in	both	the	near	and	far	term.	Consider	
materials,	performance,	cost,	manufacturing	na6onal	needs,	environmental	issues.		

5.  What	is	the	poten6al	for	addi6ve	manufacturing	having	an	impact	on	future	liquid	propulsion	systems?	

6.  What	is	the	poten6al	for	green	propellants?	

7.  Discuss	the	future	heavy	lio	launch	systems	being	developed	by	the	US,	Russia,	China	and	India.	

Suggested	Themes	
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7.	1/28/20	-	Solid	Rocket	Propulsion	

1.  SuTon,	G.S.	and	Biblarz,	O.,	Rocket	Propulsion	Elements	2010	–	Chapters	12,	13,	14	and	15.	

2.  Hill,	P.	and	Peterson,	C.,		Mechanics	and	Thermodynamics	of	Propulsion	1992	– Chapter	12	

3.  Lengelle,	G.,	Duterque,	J.F.,	Trubert,	J.F.,	Combus6on	of	Solid	Propellants,	Paper	presented	at	the	RTO/VKI	Special	
Course	on	“Internal	Aerodynamics	in	Solid	Rocket	Propulsion”,	held	in	Rhode-Saint-Genèse,	Belgium,	27-31	May	
2002,	and	published	in	RTO-EN-023	

4.  Humble,	R.,	Henry,	G.N.,	and	Larson,	W.J..	Space	Propulsion	Analysis	and	Design,	McGraw-Hill,	Inc.,	1995		

5.  Blount	B.C.,	Pirkle,	J.L.,	Osterloh,	J.D.,	Valen6n-Blasini,	L.,	and	Caldwell,	K.L.,	Urinary	Perchlorate	and	Thyroid	
Hormone	Levels	in	Adolescent	and	Adult	Men	and	Women	Living	in	the	United	States,	Environmental	Health	
Perspec6ves,	Vol	114,	No.	12,	2006	

6.  NGIS	Solid	Propulsion	Catalog	
hTps://www.northropgrumman.com/Capabili6es/PropulsionSystems/Documents/NGIS_MotorCatalog.pdf	

Resources	

1.  How	have	solid	rockets	evolved	since	World	War	II?		What	have	been	the	major	advances?	

2.  Safety	issues,	environmental	issues,	accident	history.	

3.  Compare	the	solid	boosters	used	by	the	United	Launch	Alliance	(Boeing/Lockheed)	and	the	European	Space	Agency.	

4.  What	are	the	challenges	to	the	future	development	of	improved	solid	systems	in	both	the	near	and	far	term.	Consider	
materials,	performance,	cost,	manufacturing	na6onal	needs	and	especially	environmental	issues.		

5.  What	is	the	poten6al	for	addi6ve	manufacturing	having	an	impact	on	future	solid	propulsion	systems?	

6.  What	is	the	poten6al	for	green	propellants?	

7.  Discuss	solids	in	the	context	of	the	future	heavy	lio	launch	systems	being	developed	by	the	US,	Russia,	China	and	India.	

Suggested	Themes	
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8.	1/30/20	-	Launch/Mission	Trajectories	

1.  SuTon,	G.S.	and	Biblarz,	O.,	Rocket	Propulsion	Elements	2010	– Chapter	4	
2.  Wertz,	J.R.	and	Larson,	W.J.,	Space	Mission	Analysis	and	Design,	Kluwer	1999	–	Chapters	5,	6	and	7	
3.  Montenbruck,	O.	and	Gill,	E.,	Satellite	Orbits:	Models,	Methods,	Applica6ons,	Springer	2005	

4.  Bate	et	al.,	Fundamentals	of	Astrodynamics,	1971	

5.  Humble,	R.,	Henry,	G.N.,	and	Larson,	W.J..	Space	Propulsion	Analysis	and	Design,	McGraw-Hill,	Inc.,	1995	-	Chapter	2	

Resources	

1.  Typical	launch	trajectories	for	suborbital	launch,	ballis6c	missiles,	launch	to	LEO,	GTO	and	GEO.	

2.  Uses	for	suborbital	launch.	

3.  The	problem	of	orbit	maneuvering,	on	orbit	servicing	of	spacecrao.	

4.  What	is	a	frac6onated	satellite?	

5.  Crowding	issues	in	GEO?	

6.  The	orbital	debris	problem.	

7.  Orbital	accuracy	of	solids	versus	liquids,	orbital	dispersion,	energy	management.	

Suggested	Themes	
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10.	2/4/20	-	Future	Space	Mission	Concepts	and	Technology	

1.  Hubbard,	S.H.	Exploring	Mars:	Chronicles	from	a	Decade	of	Discovery,	University	of	Arizona	Press	2012	

2.  Visions	and	Voyages	for	Planetary	Science	in	the	decade	2013	–	2022,	Na6onal	Research	Council,	The	Na6onal	
Academies	Press.	

3.  Visions	into	Voyages	for	Planetary	Science	in	the	decade	2013	–	2022:	A	MidTerm	Review	(2018),	Na6onal	Research	
Council,	The	Na6onal	Academies	Press.	

4.  Pathways	to	Explora6on:	Ra6onales	and	Approaches	for	a	U.S.	Program	of	Human	Space	Explora6on	(2014),		
Na6onal	Research	Council,	The	Na6onal	Academies	Press.	

5.  Solar	and	Space	Physics:	A	Science	for	a	Technological	Society	(2013),	Na6onal	Research	Council,	The	Na6onal	
Academies	Press.	

6.  NASA’s	Strategic	Direc6on	and	the	Need	for	a	Na6onal	Consensus	(2012)	,	Na6onal	Research	Council,	The	Na6onal	
Academies	Press.	

Resources	
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9.	2/6/20	-	Launch	Industry/Market	

1.  The Economics of Space: An Industry Ready to Launch, The Reason Foundation, June 2019. 

2.  Reusable Booster System: Review and Assessment (2012)  , National Research Council, The National Academies Press. 

3.  America’s Future in Space: Aligning the Civil Space Program with National Needs (2009), National Research Council, The 
National Academies Press. 

4.  Space Launch Services Market by Service Type (Pre-Launch, Post-Launch), Payload (Satellite, Human Spacecraft, Cargo, 
Testing Probes, Stratollite), End User, Orbit, Launch Vehicle Size, Launch Platform, and Region - Global Forecast to 2025, 
https://www.marketsandmarkets.com/Market-Reports/space-launch-services-market-132122845.html 

5.  Chang, I. and Tomei, E.J., Solid Rocket Failures in World Space Launches, AIAA paper 2005-3793. 

6.  Isakowitz, S. et al., International Reference Guide to Space Launch Systems, 4 ed. AIAA. 2004. 

Resources	

1.  Is	there	a	future	for	small	launch	vehicles/CubeSats?	

2.  Who	are	the	dominant	players	in	the	launch	industry	in	the	US,	Europe,	Russia,	China	and	India.		

3.  What	other	countries	are	developing	launch	vehicles	and	for	what	market?	

4.  Can	government	developed	launch	vehicles	compete	with	private	companies	in	the	long	term?	

5.  What	new	technologies	are	being	developed	in	propulsion,	manufacturing,	systems	integra6on,	
ground	tracking?	

6.  Are	launch	failure	rates	gerng	any	beTer?	

Suggested	Themes	
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11.	2/11/20	-	Hybrid	Rocket	Propulsion	Fundamentals	

1.  Altman,	D.,	Hybrid	Rocket	Development	History,	AIAA	91-2515,	27th	Joint	Propulsion	Conference,	Sacramento,	1991	

2.  Glushko,	V.P.,	Development	of	rocketry	and	space	technology	in	the	USSR,	1973	

3.  SuTon,	G.S.	and	Biblarz,	O.,	Rocket	Propulsion	Elements	2010	– Chapter	16	

4.  Humble,	R.,	Henry,	G.N.,	and	Larson,	W.J..	Space	Propulsion	Analysis	and	Design,	McGraw-Hill,	Inc.,	1995	

5.  Humble,	R.,	Henry,	G.N.,	and	Larson,	W.J..	Space	Propulsion	Educa6on,	AIAA	93-2048,	29th	Joint	Propulsion	Conference,	Monterey,	CA	1993	

6.  Karabeyoglu,	M.	A.,	Transient	Combus6on	in	Hybrid	Rockets,	PhD	thesis,	Stanford	University,	1998	

7.  D.	Altman,	A.	Holzman,	Overview	and	history	of	hybrid	rocket	propulsion,	in:	K.	Kuo,	M.	Chiaverini	(Eds.),	Fundamentals	of	Hybrid	Rocket	Combus%on	and	
Propulsion,	Vol.	218	of	Progress	in	Astronau6cs	and	Aeronau6cs,	AIAA,	2007,	pp.	1–36.	

8.  	H.	S.	Mukunda,	V.K.	Jain,	and	P.J.	Paul,		“A	review	of	hybrid	rockets:	present	status	and	future	poten6al”,	Proc.	Indian	Acad.	Sci.,	Vol	C	2,	part	1,	May	1979,	
pp.	215-242.	

9.  Cantwell,	B.,	Karabeyoglu,	M.A.	and	Altman,	D.A.,	Recent	Advances	in	Hybrid	Propulsion,	Interna6onal	Journal	of	Energe6c	Materials	and	Chemical	
propulsion	9(4),	305-326	(2010)		

10.  Chemical	Rocket	Propulsion:	A	Comprehensive	Survey	of	Energe%c	Materials,	Part	VI	Hybrid	Rocket	Propulsion.	L.	De	Luca,	T.	Shimada,	V.P.	Sinditskii,	M.	
Calabro	(Editors),	Springer	Aerospace	Technology,	2017.	

11.  Zilliac,	G.G.	and	Karabeyoglu,	M.A.,	“Hybrid	Rocket	Fuel	Regression	Rate	Data	and	Modeling,”	AIAA	paper	no	2006-4504,	42nd	Joint	Propulsion	Conference,	
Sacramento,	CA,	July,	2006.	

12.  Karabeyoglu,	M.A.,	Dyer,	J.,	Stevens,	J.	and	Cantwell,	B.J.,		Modeling	of	N2O	Decomposi6on	Events,	AIAA	paper	no	2008-4933,	44th	Joint	Propulsion	
Conference,	Hartord,	CT,	July,	2008.	

Resources	

1.  Discuss	the	history	of	hybrid	rocket	development,	advantages	and	disadvantages	versus	solids	and	liquids,	challenges	to	current	technology	development.	

2.  Summarize	exis6ng	programs	worldwide.	

3.  Safety	issues,	accident	history,	history	of	launch	failures.	

4.  What	is	the	status	of	hybrids	applied	to	sub-orbital	space	tourism?	

5.  What	role	could	hybrids	play	in	future	NASA	space	explora6on,	delta-V,	safety,	mission	requirements.	

6.  Could	hybrids	replace	solid	boosters?	What	are	performance,	cost	and	safety	issues.	

Suggested	Themes	
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12.	2/13/20	-	Hybrid	Rocket	Propulsion	Liquefying	Fuels	

1.  Larson,	C.	W.,	Pfeil,	K.	L.,	DeRose,	M.	E.,	and	Carric,	P.	G.,	“High	Pressure	Combus6on	of	Cryogenic	Solid	Fuels	for	Hybrid	Rockets,”	AIAA	Paper	
96-2594,	July	1996.		

2.  Karabeyoglu,	M.A.,	Transient	Combus6on	in	Hybrid	Rockets,	PhD	thesis,	Stanford	University,	1998	

3.  Nigmatulin,	R.I.,	Nigmatulin,	B.I.,	Khodzhaev,	D.,	Kroshilin,	V.E.,	”Entrainment	and	Deposi6on	Rates	in	a	Dispersed-Film	Flow"	Int.	J.	
Mul6phase	Flow,	vol	22,	1996.		

4.  Karabeyoglu,	M.A.,	Altman,	D.A.	and	Cantwell,	B.J.,	Combus6on	of	Liquefying	Hybrid	Propellants:	Part	1,	General	Theory,	Journal	of	
Propulsion	and	Power,	Vol.	18,	No.	3,	2002	

5.  Karabeyoglu,	M.A.,	Altman,	D.A.	and	Cantwell,	B.J.,	Combus6on	of	Liquefying	Hybrid	Propellants:	Part	2,	Stability	of	Liquid	Films,	Journal	of	
Propulsion	and	Power,	Vol.	18,	No.	3,	2002	

6.  Karabeyoglu,	M.A.,	Cantwell,	B.J.	and	Stevens,	J.,	Evalua6on	of	Homologous	Series	of	Normal-Alkanes	as	Hybrid	Rocket	Fuels,	AIAA	
2005-3908	,	41st	Joint	Propulsion	Conference	and	Exhibit,	2005		

7.  Karabeyoglu,	A.,	Zilliac,	G.	Cantwell,	B.,	De	Zilwa	S.	and	Paul	Castelluci,	”	Scale-Up	Tests	of	High	Regression	Rate	Paraffin-Based	Hybrid	Rocket	
Fuels”,	Journal	of	Propulsion	and	Power,	Vol	20.,	No.	6,	Nov-Dec,	2004.	

8.  Jens,	E.T.,	Miller,	V.A.,	Cantwell,	B.J.,	“Schlieren	and	OH*	Chemiluminescence	Imaging	of	Combus6on	in	a	Turbulent	Boundary	Layer	Over	a	
Solid	Fuel,”	Experiments	in	Fluids	(2016)	57:39.	

9.  Jens,	E.T.,	Karp,	A.C.,	Miller,	V.A.,	Hubbard,	G.S.,	and	Cantwell,	B.J.,	“Experimental	visualiza6on	of	hybrid	combus6on:	Results	at	elevated	
pressures,”	AIAA	Journal	of	Propulsion	and	Power	(2019)	hTps://doi.org/10.2514/1.B37416	

10.  Chandler,	A.,	Liquifying	Hybrid	Rocket	Fuels	with	applica6on	to	solar	system	explora6on	PhD	thesis	Stanford	2012	

Resources	

1.  Applica6ons	where	high	regression	rate	fuels	are	needed	or	not	needed,	effect	of	scale	on	regression	rate	requirement.	

2.  Theory	of	liquifying	fuels,	model	assump6ons,	stability	theory,	origins.	

3.  Instabili6es	in	hybrids.	

4.  How	are	hybrid	fuels	characterized?		What	is	a	Differen6al	Scanning	Calorimeter	and	how	is	it	used?		What	is	a	Thermogravimetric	Analyzer	
and	how	is	it	used?		

Suggested	Themes	
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13.	2/18/20	-	Hybrid	Rocket	Propulsion	Design	Issues	

1.  Karabeyoglu,	M.A.,	Cantwell,	B.J.,	Zilliac,	G.,	Development	of	Scalable	Space-Time	Averaged	Regression	Rate	
Expressions	for	Hybrid	Rockets,	Journal	of	Propulsion	and	Power,	Vol.	23,	No.	4,	2007	

2.  Jens,	B.,	Hybrid	Rocket	Combus6on	and	Applica6ons	to	Space	Explora6on	Missions,	PhD	thesis,	Stanford	University	
2015	–	Chapter	3	

3.  Mechentel,	F.,	Preliminary	Design	of	a	Hybrid	Motor	for	Small-Satellite	Propulsion,	PhD	thesis,	Stanford	University	
2019	–	Chapters	1	and	2	

4.  SuTon,	G.S.	and	Biblarz,	O.,	Rocket	Propulsion	Elements	2010	–	Chapters	16.	

Resources	

1.  How	are	hybrid	rocket	motors	tested.	

2.  Theory	of	liquifying	fuels,	model	assump6ons,	stability	theory,	origins.	

3.  Instabili6es	in	hybrids.	

4.  How	are	hybrid	fuels	characterized?		What	is	a	Differen6al	Scanning	Calorimeter	and	how	is	it	used?		What	is	a	
Thermogravimetric	Analyzer	and	how	is	it	used?		

Suggested	Themes	
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14.	2/20/20	-	Component	Design	Issues	

1.  SuTon,	G.S.	and	Biblarz,	O.,	Rocket	Propulsion	Elements	2010	–	Chapters	6,	8,	10,	and	11	
2.  Huzel,	D.K.	and	Huang,	D.H.,	Modern	Engineering	for	Design	of	Liquid-Propellant	Rocket	Engines,	Volume	147	Progress	in	Astronau6cs	and	Aeronau6cs	

AIAA	1992	

3.  Zhukov,	Victor	P.,	“The	impact	of	methane	oxida6on	kine6cs	on	a	rocket	nozzle	flow,”	Acta	Astronau6ca,	Vol.	161,	August	2019,	Pages	524-530.	

4.  Manski,	D.,	and	Hagemann,	G.,	‘‘Influence	of	Rocket	Design	Parameters	on	Engine	Nozzle	Efficiencies,’’	Journal	of	Propulsion	and	Power,	Vol.	12,	No.	1,	
1996,	pp.	41–	47.	

5.  Östlund,	J.,	“Flow	Processes	in	Rocket	Engine	Nozzles	with	Focus	On	Flow	Separa6on	and	Side-Loads,”	Thesis	2002.	

6.  “Solid	Rocket	Motor	Nozzles,”	NASA	SP-8115,	June	1975.		

7.  “Solid	Rocket	Motor	Internal	Insula6on,”	NASA	SP-8093,	Dec.	1976.		

8.  “Solid	Rocket	Motor	Metal	Cases,”	NASA	SP-8025,	April	1970.	

9.  “Discon6nuity	Stresses	in	Metallic	Pressure	Vessels,”	NASA	SP-8083,	Nov.	1971	

10.  Space	Systems-Metallic	Pressure	Vessels,	Pressurized	Structures	and	Pressure	Components,”	Standard	ANSI/AIAA	S-080-1998.	

11.  Space	Systems-Composite	Overwrapped	Pressure	Vessels,	(COPVs)	Standard	ANSI/AIAA	S-081-2000.	

12.  Nino,	E.V.	and	Razavi,	M.R.,	Design	of	Two-Phase	Injectors	Using	Analy6cal	and	Numerical	Methods	with	Applica6on	to	Hybrid	Rockets,	AIAA	
2019-4154	

13.  Waxman,	B.,	PhD	thesis	Stanford	2014.	

14.  Zimmerman,	J.,	Self-pressuring	propellant	tank	dynamics	PhD	thesis	Stanford	2015.	

15.  Narsai,	P.,	Nozzle	Erosion	in	Hybrid	Rocket	Motors	PhD	thesis	Stanford	2015	

Resources	

1.  Compa6bility	issues	between	common	oxidizers/fuels	and	composite	materials.	

2.  What	is	the	current	status	of	composite	vessels	for	cryogenic	liquids.	

3.  Discuss	tank	design	in	general	and	tank	design	for	high	vapor	pressure	liquids,	the	problem	of	expelling	liquid	from	a	tank.	

4.  Discuss	injector	design	and	opera6on,	atomiza6on,	mixing,	feed-coupled	instability.	

5.  Discuss	the	problem	on	rocket	nozzle	erosion.	

Suggested	Themes	
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15.	2/25/20	-	Stability	of	Chemical	Rockets	

1.  SuTon,	G.S.	and	Biblarz,	O.,	Rocket	Propulsion	Elements	2010	– Chapter	9	
2.  Culick,	F.E.C.,	Combus6on	Instabili6es	in	Liquid-Fueled	Propulsion	Systems	–	An	Overview,	AGARD	Conference	Proceedings	

450,	1988	

3.  Culick,	F.E.C.	and	Yang,	V.,	Predic6on	of	the	Stability	of	Unsteady	Mo6ons	in	Solid-Propellant	Rocket	Motors,	In	Nonsteady	
Burning	and	Combus%on	Stability	of	Solid	Propellants,	Summerfield,	M.,	Price,	E.W.	and	De	Luca,	L.,		AIAA	1992	

4.  Karabeyoglu,	M.A.,	De	Zilwa,	S.,	Cantwell,	B.J.	and	Zilliac,	G.,	Modeling	of	Hybrid	Rocket	Low	Frequency	Instabili6es,	Journal	of	
Propulsion	and	Power,	Vol.	21,	No.	6,	2005	

5.  Karabeyoglu,	M.A.,	Stability	of	Chemical	Rockets,	AA284A	Lecture	14.	

Resources	

1.  Classify	rocket	motor	instabili6es	with	respect	to	driving	mechanism	and	propulsion	type,	liquid,	solid,	hybrid.	

2.  Summary	of	theore6cal	approaches	to	rocket	motor	stability	analysis.	

Suggested	Themes	
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16.	2/27/20	-	Rocket	Tes6ng	

1.  SuTon,	G.S.	and	Biblarz,	O.,	Rocket	Propulsion	Elements	2010	–	Chapters	21.	

Resources	

1.  Tes6ng	techniques,	the	problem	of	measuring	thrust.	

2.  How	does	sea	level	tes6ng	impact	measured	performance?	

3.  What	are	the	different	ways	to	measure	oxidizer	and	fuel	mass	flow	rate?	

4.  Any	advantages/considera6ons	to	ground	test	ar6cle	orienta6on?	

5.  What	are	the	essen6al	measurements	required	to	evaluate	performance?	

Suggested	Themes	
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17.	3/3/20	-	MAV	Design	Study	

1.  Prince,	A.,	Kibbey,	T.,	Karp,	A.,	A	Design	for	a	Two-Stage	Solid	Mars	Ascent	Vehicle,	AIAA	2019-4149,	AIAA	Propulsion	
and	Energy	Forum,	Indianapolis,	2019	

2.  Story,	G.,	Schnell,	A.,	Yaghoubi,	D.,	Karp,	A.,	Nakazono,	B.,	Zilliac,	G.,	A	Single	Stage	to	Orbit	for	a	Hybrid	Mars	Ascent	
Vehicle,	AIAA	2019-3840,	AIAA	Propulsion	and	Energy	Forum,	Indianapolis,	2019	

Resources	
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18.	3/5/20	-	Electric	Propulsion	

1.  McGuire,	M.L.,	Hack,	K.J.,	Manzella,	D.H.,	Herman,	D.A.,	Concept	designs	for	NASA’s	Solar	Electric	Propulsion	
Technology	Demonstra6on	Mission,	AIAA	paper	2014-3717	

2.  Jahn,	R.,G.	and	Choueiri,	E.Y.,	Electric	Propulsion,	in	Encyclopedia	of	Physical	Science	and	Technology,	3rd	edi6on,	
Volume	5,	2002	

3.  Journal	of	Propulsion	and	Power,	Vol	14,	No.	6,	1998	–	Includes	review	papers	on	Electric	Propulsion,	Ion	thrusters,	
Hall	Thrusters,	arcjets,	etc.	

4.  Hill,	P.	and	Peterson,	C.,		Mechanics	and	Thermodynamics	of	Propulsion	1992	–	Chapter	14	
5.  SuTon,	G.S.	and	Biblarz,	O.,	Rocket	Propulsion	Elements	2010	–	Chapter	17	

Resources	

1.  Power	types	and	limita6ons,	solar,	nuclear.	

2.  Durability	of	electric	thrusters.	

3.  Missions	needing	electric	propulsion	

4.  Impact	of	low	thrust	on	applicability	to	missions?	

Suggested	Themes	
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19.	3/10/20	-	Nuclear	Rocket	Propulsion	

Resources	

1.  Borowski,	S.K.,	Corban,	R.R,	McGuire,	Beke,	E.,G.,	Nuclear	Thermal	Rocket/Vehicle	Design	Op6ons	for	Future	NASA	
Missions	to	the	Moon	and	Mars,	NASA	TM	107071,	AIAA-93-4170	1993	

1.  Power	types	and	limita6ons.	

2.  Missions	best	suited	for	nuclear	propulsion.	

3.  Does	nuclear	have	a	future?	

4.  The	radioisotope	rocket.	

5.  High	energy	par6cle	engines.	

Suggested	Themes	
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20.	3/12/20	–	Photonic	Propulsion	

Resources	

1.  McGuire,	M.L.,	Hack,	K.J.,	Manzella,	D.H.,	Herman,	D.A.,	Concept	designs	for	NASA’s	Solar	Electric	Propulsion	
Technology	Demonstra6on	Mission,	AIAA	paper	2014-3717	

2.  Wright,	J.,	Space	Sailing	1992	

3.  Macdonald	and	Hughes,	Solar	Sailing	Lectures	2004	

4.  Clarke,	A.C.,	Project	Solar	Sail	1990	

5.  McInness,	C.R.,	Solar	Sailing	1999	

1.  Latest	sail	technologies.	

2.  Mission	successes	and	failures	

3.  Define	a	prac6cal	mission	to	demonstrate	laser	based	solar	sail	technology.	

Suggested	Themes	
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Topic/theme	proposals	for	each	student	



26 

Efaine	Chang	



27 

Rishav	Choudhary	



28 

Kevin	Crispie	



29 

Racheal	Erhard	



30 

Peter	Finch	



31 

BernadeTe	Haig	



32 

Walker	Kehoe	



33 

Andrew	Kim	

For	the	topic	of	Solid	Rocket	Propulsion,	I	will	research	and	present	on	the	
advances	in	solid	rocket	technology	since	World	War	II.	I	will	look	at	modern	
developments	in	the	following	areas:	fuel,	manufacturing	processes,	producers,	
users,	and	ongoing	research.		
	
For	the	topic	of	Launch/Mission	Trajectories,	I	will	research	and	present	on	the	
issue	of	orbital	debris.	I	will	address	the	following	areas:	history,	sources,	hazards	
posed,	tracking	methods,	and	current	efforts	for	mi6ga6ng	growth	and	spacecrao	
collisions.		
	
For	the	topic	of	Hybrid	Rocket	Propulsion	Design	Issues,	I	will	present	on	how	
hybrid	fuels	are	characterized,	using	various	common	fuels	as	examples,	and	
discuss	differen6al	scanning	calorimeters	and	thermo-gravimetric	analyzers.		
	
For	the	topic	of	Rocket	Tes6ng,	I	will	focus	on	the	essen6al	measurements	
required	to	evaluate	performance.	I	will	address	performance	measurements	such	
as	those	involving	forces,	flows,	pressures,	and	temperatures,	how	they	are	
generally	measured,	and	why	they	are	relevant.		



34 

Veronika	Korneyeva	



35 

Thomas	McClure	

Design	for	Stability	of	Liquid	Propellant	Rockets	
		
Design	features	for	stability	control	in	liquid	propellant	rocket	engines;	Overview	of	causal	
links	observed	between	certain	design	features	and	stability	behavior	of	engine	systems;	
High-frequency	oscillatory	behavior,	which	tends	to	be	the	most	destruc6ve.	Design	features	
addressed	will	include	manifold	flow,	injector	orifice/jet	profile,	baffling,	and	par6culate	
inclusion;	Overview	of	the	instability	mi6ga6on	efforts	pursued	in	the	development	of	the	F-1	
engine	for	the	Apollo	program;	Low-	and	mid-frequency	oscilla6on	and	"pogo"	will	be	
addressed,	along	with	the	associated	feed	system	modifica6ons	used	for	damping;	High-level	
descrip6on	of	methods	used	to	predict	the	effects	of	design	changes	on	stability;	
Presenta6on	will	ideally	provide	an	understanding	of	propulsion	system	instability	relevant	to	
the	various	liquid-propellant	engines	currently	being	commercially	developed.		
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Quincy	McKown	
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Ashkay	Naik	



38 

Alec	Taraborrelli	
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Thomas	White	


