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Introduction

A Water, ammonia,and carbon oxideshave been found on the Moon and our current
technologyhasthe capabillityto extractand procesgheseresources|1]
o Thiswill makereusablespacetransportationvehiclespossible

A Nuclear thermal propulsion (NTP)engines can theoretically use any fluid as a
propellantprovidedthat significantcore materialdegradationdoesnot occur

A Analysisis currently underwayto understandhow water and ammoniaimpact NTP
engineperformance

A Water/ammoniaNTPengineperformancewill help determine missionarchitectures
that couldbe more beneficialthan both chemicalandhydrogenNTP
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Challenges with Hydrogen

A Hydrogencanprovidea highspecificimpulse( 5, ). of ~900secondsn NTPengines

A Hydrogenhassomeunfavorableproperties

0 LowBoilingTemperature(20 K)
o Lowliquiddensity(7.1%to 8.6%that of water)
0 Highspecificheat capacity(3.5 timesgreaterthan that of water)

Liquid Density at 1 atm Specific Heat Capacity at Constant Pressure at 75 atm
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A Simpler Venhicle Architecture

A Denserandnon-cryogenigropellantwill reducetank sizeand dry mass
A Widerliquid phasetemperaturerangedoesnot require precisethermal management

A Lowerspecificheat capacitywill decreasethe reactor power level givena thrust level
or increasethe thrust levelgivena reactorpowerlevel

A Thistype of propellant
o Yielddower & _
0 Increasesnitial vehiclewetted massresultingin longerburntimes.

o If reusability is considered, partially tanked stages/vehiclescan be sent from
Earth

0 Decreaseslry massandthuscost
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Energy Limited Propulsion Systems 1

A Encompasselsoth NTPand electricalpropulsion
A Thepurposeof anytransportationsystemisto get somethingfrom point Ato point B.

A Theldeal RocketEquationprovidesinformation about a singlemissionand focuseson
propellantmass

A Assumingpropellant availability on the Moon and spacecraftreusability, a different
parametershouldbe used

A In electrical and NTP engines,the propulsion system introduces energy into the
propellantrather than chemicalkengineswvherethe energyisinsidethe propellant

A Thisenergycanbe adjustedto meet missionparameters

A Electricalpropulsionis power limited (limited by wattage) while NTPis energylimited
(limited by joules).
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Energy Limited Propulsion Systems 2
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In NTPsystems,1 kg of  "Y will produce 86.4 TJof
energy Therefore,the total energyOFTHEVEHICLE

dependson the total massof usable 7Y inside the
NTRcore

E canbe divided by the number of desiredflights to
yield 4. while & remainsconstant

In the NASAARHALEUNTPengine,basedon BWXT2 a

reactor parameters,the total usable “Y masswill
yieldE of about30TJ
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Figure 3:Relations among Specific Impulse,
DeltaV, and Payload to Dry Mass Ratio



Energy Limited Propulsion Systems 3

The |-,_B_ concept can be explained with a Mars Transfer Vehicle for a conjunction class mission thit”has
of 4200 m/s andr4. of 3 TJ (1 TJ per engine).

A Hydrogen NTP

Ak _of 875 seconds

A 4 stages

A 5 SLS aggregation launches

A Will be able to perform st mission after
aggregation

~ A Ammonia NTP
A & _of 360 seconds
A 2 stages
A 3 SLS aggregation launches
A Requires additional 12 Lunar launches to
perform It mission

A 6 Lunar launches for reusability A 15 Lunar launches for reusability

il
i

A Requires propellant grade water and A Requires an ammonia scrubber which is
electrolysis plants already in the considered architecture.
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Operation Time Limited Propulsion Systems

A Totaloperationaltime T isafunction of both chemistryandtemperature

A E is the hard limit inherent to NTPenginesand another limit is the maximumdesign
powerQ .

A E will providean operationaltime of over 15.7 hours

A Ammoniahas not shown any significantadversereactionswith the baselineTungsten
andZrCcoating

A Water is highly reactive at high temperatures,so SiliconCarbide(SiG will needto be
usedfor fuel elementcoatings

A At NTPflow ratesand pressuresthis coatingwill only survivea singleflight [51-54].

A Bringing’Y down will bring 5, _down but increasinghrust up to the Q limit couldbring
the T andE limits closertogether.
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Figure 4. Expander Cycle NTP Engine Model

Current NTP Engine [27]

A A current NTPenginedesignunder considerationby NASAIS
from AerojetRocketdyngd AR) Thisis a low enricheduranium
(LEU)hydrogenpropellant,expandercycledesign

A Dueto K & R N2 shfalyiquid temperature range, a boost
pumpwith a boostturbine isrequiredto avoidcavitation

A Thisdesignworks with supercriticalhydrogen starting from
State3.

A Thebaselinedesignis the RI-10 with athrust of 25,0001bf.
A TheNASAARLEUNTPenginefeatures
o0 Reactompowerof 550 MWt

o bk _of893seconds
o Massflow rate of 12.9 kg/s
o0 Arearatio of 3861
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| Engine Models ':

Main
Turbines

Engine architectures consider:

Main
Pumps

p
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System/FMDP Conceptual TRD,
of which BWXT and AR are PBY
providing support for engine,
reactor and fuel design and
analysis.
0 Both expander and bleed cycles
0 Engine transients
0 Maximum fuel temperature of
2850 K [48,50]
o0 Thrust levels:
A 25Kklbf
A 15kKlbf
A At
0 Line pressure losses
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10" Figure 5:Expander Cycle NTP Engine Model Figure 6.Bleed Cycle NTP Engine Moc



Engine Model (Ammonia)

Figure 7:.Engine Model Inputs



