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Introduction

ÅWater, ammonia,and carbonoxideshavebeen found on the Moon and our current
technologyhasthe capabilityto extractandprocesstheseresources. [1]

o Thiswill makereusablespacetransportationvehiclespossible.

ÅNuclear thermal propulsion (NTP) engines can theoretically use any fluid as a
propellantprovidedthat significantcorematerialdegradationdoesnot occur.

ÅAnalysisis currently underwayto understandhow water and ammoniaimpact NTP
engineperformance.

ÅWater/ammoniaNTPengineperformancewill help determine missionarchitectures
that couldbemorebeneficialthan both chemicalandhydrogen-NTP.
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Challenges with Hydrogen

ÅHydrogencanprovidea highspecificimpulse(╘▼▬) of ~900secondsin NTPengines.

ÅHydrogenhassomeunfavorableproperties:

o LowBoilingTemperature(20K)
o Lowliquid density(7.1%to 8.6%that of water)
o Highspecificheatcapacity(3.5 timesgreaterthan that of water)
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Figure 1: Propellant Liquid Densities Figure 2: Propellant Gaseous Specific Heat Capacities



A Simpler Vehicle Architecture

ÅDenserandnon-cryogenicpropellantwill reducetanksizeanddry mass.

ÅWider liquid phasetemperaturerangedoesnot requireprecisethermalmanagement.

ÅLowerspecificheat capacitywill decreasethe reactorpower levelgivena thrust level
or increasethe thrust levelgivena reactorpower level.

ÅThistype of propellant:
o Yieldslower╘▼▬
o Increasesinitial vehiclewetted massresultingin longerburn times.
o If reusability is considered,partially tanked stages/vehiclescan be sent from

Earth.
o Decreasesdry massandthuscost.
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Energy Limited Propulsion Systems 1

ÅEncompassesboth NTPandelectricalpropulsion.

ÅThepurposeof anytransportationsystemis to getsomethingfrom point A to point B.

ÅTheIdealRocketEquationprovidesinformationabouta singlemissionandfocuseson
propellantmass.

ÅAssumingpropellant availabilityon the Moon and spacecraftreusability,a different
parametershouldbeused.

ÅIn electrical and NTP engines, the propulsion system introduces energy into the
propellantrather than chemicalengineswherethe energyis insidethe propellant.

ÅThisenergycanbeadjustedto meetmissionparameters.

ÅElectricalpropulsionis power limited (limited by wattage) while NTPis energylimited
(limited by joules).
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Energy Limited Propulsion Systems 2

Å ╔◄▫◄ ά ὠ ά ╘▼▬Ὣ

Å Specificenergy╔▼▬
╔◄▫◄:

o PERTRIP

o In chemicalpropulsion,╔▼▬
╔◄▫◄.

o Scaleswithά in electricalpropulsionsystems

Å In NTPsystems,1 kg of Ὗwill produce86.4 TJof
energy. Therefore,the total energyOFTHEVEHICLEE
dependson the total massof usable Ὗ inside the
NTRcore.

Å E canbe divided by the number of desiredflights to
yield╔◄▫◄whileά remainsconstant.

Å In the NASA-ARHALEUNTPengine,basedon BWXTΩǎ

reactor parameters,the total usable Ὗmasswill
yieldE of about30TJ.
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╘▼▬
from kinetic energy, 

the Ideal Rocket Energy Equation is obtained:

Figure 3: Relations among Specific Impulse, 
Delta-V, and Payload to Dry Mass Ratio



Energy Limited Propulsion Systems 3
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The ╘▼▬▫▬◄
concept can be explained with a Mars Transfer Vehicle for a conjunction class mission that has a Ў╥

of 4200 m/s and ╔◄▫◄of 3 TJ (1 TJ per engine).

Å Hydrogen NTP
Å╘▼▬of 875 seconds

Å 4 stages
Å 5 SLS aggregation launches
ÅWill be able to perform 1st mission after 

aggregation

Å 6 Lunar launches for reusability

Å Requires propellant grade water and 
electrolysis plants

Å Ammonia NTP
Å╘▼▬of 360 seconds

Å 2 stages
Å 3 SLS aggregation launches
Å Requires additional 12 Lunar launches to 

perform 1st mission

Å 15 Lunar launches for reusability

Å Requires an ammonia scrubber which is 
already in the considered architecture.

¢Ƙƛǎ ǎǘǳŘȅ ǿƛƭƭ ŀŘŘǊŜǎǎ ǘƘŜ ǉǳŜǎǘƛƻƴ ƻŦΣ άIs trading no electrolysis plants 
for more Lunar launches advantageous?έ



Operation Time Limited Propulsion Systems

ÅTotaloperationaltime T isa functionof both chemistryandtemperature

ÅE is the hard limit inherent to NTPenginesand another limit is the maximumdesign
powerQ .

ÅE will provideanoperationaltime of over15.7 hours.

ÅAmmoniahas not shown any significantadversereactionswith the baselineTungsten
andZrCcoating.

ÅWater is highly reactiveat high temperatures,so SiliconCarbide(SiC) will need to be
usedfor fuel elementcoatings.

ÅAt NTPflow ratesandpressures,this coatingwill onlysurvivea singleflight [51-54].

ÅBringingὝdown will bring╘▼▬down but increasingthrust up to the Q limit couldbring

the T andE limits closertogether.
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Current NTP Engine [27]

ÅA current NTPenginedesignunder considerationby NASAis
from AerojetRocketdyne(AR). Thisis a low enricheduranium
(LEU),hydrogenpropellant,expandercycledesign.

ÅDue to ƘȅŘǊƻƎŜƴΩǎsmall liquid temperature range, a boost
pumpwith a boostturbine is requiredto avoidcavitation.

ÅThisdesignworks with supercriticalhydrogenstarting from
State3.

ÅThebaselinedesignis the RL-10with a thrust of 25,000lbf.

ÅTheNASA-ARLEUNTPenginefeatures:

o Reactorpowerof 550MWt

o ╘▼▬of 893seconds

o Massflow rate of 12.9 kg/s

o Arearatio of 386:1
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Figure 4: Expander Cycle NTP Engine Model



Engine Models

10 Figure 5: Expander Cycle NTP Engine Model Figure 6: Bleed Cycle NTP Engine Model

Engine architectures consider:
o LƴǎƛƎƘǘǎ ŦǊƻƳ b!{!Ωǎ b¢t 9ƴƎƛƴŜ 

System/FMDP Conceptual TRD, 
of which BWXT and AR are 
providing support for engine, 
reactor and fuel design and 
analysis.

o Both expander and bleed cycles
o Engine transients
o Maximum fuel temperature of 

2850 K [48,50]
o Thrust levels:
Á 25 klbf
Á 15 klbf

Á At ὗ
o Line pressure losses



Engine Model (Ammonia)

11 Figure 7: Engine Model Inputs


