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Outline	

•  Vision	
•  Environment	
•  Performance	

•  Cost	
–  Fuel	
–  Infrastructure	
–  Opera5on	

•  A	way	forward	
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Vision	and	Fuel	Choice	

•  Hypersonic	air-breathing	propulsion	would	revolu5onize	high-
speed	transporta5on	through	atmosphere:	
–  Long	distances	transport	on	Earth		
–  Transport	of	medium-weight	payloads	between	Earth	and	low	Earth	orbit		

•  From	the	perspec5ve	of	environment	and	performance,	
hydrogen	is	the	perfect	fuel	for:	
–  Turbo/ramjet	engines	
–  Dual-mode	ramjet/scramjet	engines	

–  Rocket	engines		
–  Combina5ons	of	these	engine	types	

UMehta	-	3	



O)0-%&)7()4!

Z[\]!/!

D[K]!/!
E[\]!/!

^C,-)(,,!!
;,!C,C31!

;..(+43Q1(!
_&31!

B%(*(%%($!
_&31!

^C,-)(,,!!

;..(+43Q1(!

B%(*(%%($!

!"#$%&'()*#+%*,-*#./(%01&1#
F).%(3,(!-)!_1&Q31!2(7+(%34C%(!Q#!DEKK!

234/4'0#5('(-*#674'##
8*'9*7():7*#;/37*(1*#<*04/,#=>#$#

/%($-4S!:&%$93C,!`DKEYa!3)$!/&C).-1!&*!O.&)&7-.!;$0-,(%,!`/O;a!.31.C135&),[!

/&,4,!-).%(3,(!P-49!49(!1()'49!&*!$(13#!4&!
,4(7!.1-734(!.93)'([b!

b29(!Oc(.C50(!Md.(!&*!49(!B%(,-$()4!&*!49(!6)-4($!<434(,A!!"#$%"&%'()*+,-.%
/01"-%$"%2$(3%!),3*$(%!4*-.(5!eC1#!DKEZ[!

?#@#
A#
?#B#
A#
?#C#
A#
?#D#
A#
?#=#
A#
?#E#
A#
?#F#

>#$#

68(943!I!Z!



/3%Q&)!W-&c-$(!

•! 29(!347&,+9(%-.!.&).()4%35&)!&*!/MD!93,!-).%(3,($!*%&7!DfK!++7!-)!
EL\K!4&!ZKK!++7!-)!DKE\[!

•! F)!DKE\A!'1&Q31!3-%.%3g!/MD!(7-,,-&),!%3)X!L49!h!VC,4!Q(9-)$!_(%73)#i,!
4&431!(7-,,-&),!*&%!49(!,37(!#(3%A!&C4%3)X-)'!E\K!&49(%!.&C)4%-(,[!

•! 29(!347&,+9(%-.!1-*(57(!&*!/MD!-,!EKK!h!YKK!#(3%,[!

•! 29(!,C++1#!&*!*&,,-1!`)&)%()(P3Q1(a!()(%'#!-,!1-7-4($[!
•! j(!7C,4!$(0(1&+!*C(1,!*%&7!%()(P3Q1(!()(%'-(,!4&S!

–! 8((4!49(!'%&P-)'!$(73)$!*&%!*C(1[!!!
–! B%(+3%(!*&%!49(!(c+(.4($!(c93C,5&)!&*!*&,,-1!()(%'#!`Q#!DEKKa[!!!!
–! <-')-k.3)41#!%($C.(!'%(()9&C,(!'3,(,!`_"_a[!!

•! <&13%!()(%'#!l!49(!303-13Q-1-4#!&*!P34(%!!!9#$%&'()!P&C1$S!
–! 8((4!*C(1!$(73)$[!
–! ;1P3#,!Q(!,C,43-)3Q1([!
–! O1-7-)34(!/MD!(7-,,-&),[!

68(943!I!\!



Alterna5ve	Scenarios:		
Global	Aircrag	Life	Cycle	CO2	Emissions	

•  The	conversion	of	many	biofeedstocks	to	sustainable	alterna5ve	jet	fuels	
(SAJF)	requires	hydrogen,	significantly	increasing	the	conversion	cost.			

http://unfccc.int/paris_agreement/items/9485.php 
(Adapted. Credit: ICAO Environmental Report) 
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Some	Rela5ve	Fuel	Produc5on	Costs	

Process	 Input	
Fuel	Cost	

Output	
Fuel	Cost	

Technology	
Readiness	

Lifecycle	CO2	
Emissions	

Crude	Oil	 Medium	 Low	 State	of	the	Art	 High	

Synthe5c	Kerosene:	Biomass		
Fischer-Tropsch	(BLT)	Process	

Medium	 ?	 Low	 Medium	to	
Low	

Gasifica5on	of	Coal		
(Non-Solar	to	Solar)	

Low	 Medium	
to	Low	

Medium	 High	

Steam	Reforming	of	
Natural	Gas	
(Non-Solar	to	Solar)		

Medium	 Medium	
to	Low	

High	 Medium	

Gasifica5on	of	Biomass	
(Non-Solar	to	Solar)	

Medium	 Medium	
to	Low	

Medium	 Low	

Water	Spliong		
with	Photonic	Energy	
(e.g.,	photocataly5c	water	spliong)	

Zero	 ?	 Low	 Zero	
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A	Way	Forward	

•  Use	drop-in	jet	fuels	for	subsonic	civil	transporta5on,	2020	–	2045	
•  Demonstrate	(efficient	and	affordable)	solar	water	spliong		

technology		!		

					Pilot	solar	water	spliong	factory	!	

					Commercial	solar	water	spliong	factories	near	spaceports	!	

					Hydrogen	management	capability	at	these	spaceports	
•  Demonstrate	a	Mach	5.5	turbo/ramjet	engine	!	

					Flight	test	an	X-plane	!	

					Develop	an	opera5onal	civil	hyperplane		!	

					Hypersonic	civil	transporta5on	
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