
Propellant Densification for NTP missions
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• A major technology challenge in the NTP architecture is to develop a capability for long 
duration LH2 storage in space 

• Hydrogen densification during ground processing can be used to minimize this challenge

• Densification of the liquid hydrogen fuel below the normal boiling point has two potential 
benefits for the NTP Project

– Adds thermal energy buffer for extended duration storage

– Increased density for more propellant mass in a given volume

• Potential benefits to NTP architecture are being analyzed

– Thermal desktop used to estimate heat leak into the tank during different mission phases

– Calculated heat leaks are used to estimate LH2 heating and venting quantities during mission 
timeline

• Advanced planning for FY19 densified hydrogen loading demonstration 

– Partnership between KSC and MSFC



NTP Baseline Architecture

• Nuclear Thermal Propulsion mission 
baseline as defined by Aerojet
Rocketdynein January 2018

• One core stage with NTP engine and 
smaller LH2 tank

• Three inline LH2 storage stages
• Habitat module
• Launches every six months 
• Assembled in Near Rectilinear Halo 

Orbit after 180 day orbital transfer
• Active thermal control of LH2 for zero 

boil off
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Baseline Architecture as defined 
by AerojetRocketdyne



Thermal Analysis

• Thermal desktop models with various boundary 
conditions to determine heat leak during different 
mission phases (ground hold, ascent, LEO, LDHEO, deep 
space)

– Rough approximation of vehicle tank and structure
– Pad hold assumes GN2 purge in payload fairing
– Piece-wise continuous ascent approximation
– Working to understand orbital transfer timelines

• Analysis reveals benefits of using composite struts 
as opposed to aluminum skirts

• Analysis shows less than 2% increase in heat leak 
going to densified LH2 temperatures (14K) 

• Results feed into mission mass and energy models
• Future paper at 2019 Cryogenic Engineering 

Conference
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Stage load case
aluminum 

skirt
composite 

struts
Pad (20K LH2) 17614.0 9422.6
Pad (14K LH2) 17841.7 9506.0
Ascent (14.7psia) 3802.6 150.1
Ascent (10psia) 3610.8 147.6
Ascent (5psia) 3238.8 142.8
Ascent (1psia) 2329.3 129.3
NRO
LDHEO
LEO beta=0
LEO beta=70
Pad (20K LH2) 47677.0 37209.8
Pad (14K LH2) 48203.7 37531.3
Ascent (14.7psia) 6508.0 296.4
Ascent (10psia) 6133.3 289.8
Ascent (5psia) 5418.1 276.2
Ascent (1psia) 3760.2 239.5
NRO
LDHEO
LEO beta=0
LEO beta=70

Note: no margin has been added to these results

Core Stage

Environmental heating rates (watts)

Inline Stage
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