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As we follow NASA’s
blueprint [1] for extending
human presence deeper
into the solar system in-
situ resource utilization
will be become even more
critical that it is for inner
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Human Mission Architecture

The skeleton of a human mission to Titan begins with an
Earth to Titan phase that must be made as short as
possible to avoid the detrimental effects of long-term
deep space travel, including radiation dosage and
physical deconditioning from the microgravity
environment. Nuclear propulsion systems being
considered for reduced travel time to Mars could also be
considered for Titan missions [3]. The second phase is
landing on the surface of Titan which must be made as
safe as possible through a deep and dense atmosphere.
The third phase is living on the surface which will require
a breathable atmosphere and comfortable environment
of a spacecraft cabin or habitat. The fourth phase is
extravehicular exploration of the Titan surface with
possible use of mobility vehicles such as rovers or flying
machines. The fifth phase is liftoff and return to space.
The final phase is the return trajectory back to Earth.

In this heavily simplified starting point of an architecture,
we can identify several consumable needs. They are
similar to those identified in studies for missions to Mars
[4] and are pursued in order to make human missions
more feasible and sustainable. The cost of sending mass
~ to Titan will be even higher than Mars missions therefore
ISRU is assumed to be need'd from the start. Use c cases

for ISRU»ﬂ-rEI'ude rocket engme propellants and OX|d-|zers -

for the transit spacecraft and lander, water, oxygen and
‘_rlltrogen for the crew, and power generation for the
- lander/habitat, and possibly for mobility vehicles as well.
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Titan’s 95% Nitrogen atmosphere can be used for make—up gas in the lander and habitat cabin. Since
the habitable atmosphere will be maintained at approximately 80% Nitrogen, losses from normal

ISRU Habitat and Suit Air

leakage and airlock purges could be replenished using warmed, filtered Titan air.

Titan offers several options for ISRU power generation.
Hendrix & Yung [6] evaluated pros and cons of the concepts
including nuclear, chemical, hydropower, wind, solar and
geothermal [6]. Wind power is best used when harnessing

ISRU Power Generation

Name Exothermic Reaction

Hydrogenation of

2
Acetylene C,H, +3H, >2CH,

Sabatier Process| CO,+4H, ->CH,+2H,0

higher windspeeds found in the higher atmosphere. Of the Meth?"e CH,+20, > CO, + 2H,0
power generation options using exothermic reactions of Combustion

_ , Ethane 2C,H, + 20, 4CO,
available compounds found in the atmosphere, Table 1, Combustion +2H.0
hydrogenation of acetylene or nitrogen appear to be the Nitrogen

most attractive options for early missions [6].
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Liguid methane is found abundantly in the northern latitudes of
Titan in rivers, lakes and seas. The methane on Titan could be used
as an ascent vehicle propellant or as fuel in a power production
Alternatively, more hydrogen could be extracted from
Methane and ethane to add to propellant generation capabilities.
The result are options for powering surface mobility systems,
ascent vehicles and the orbital transit spacecraft. In a longer-term
scenario, methane rivers
generate power just as we use them here on Earth [6].

plant.
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N, + 3H, 2 2NH;

Hydrogenation

Titan is an ocean world having a liquid interior within a water ice shell. Similar to
the hunt for water on the Moon and Mars, water ice on the surface of Titan can
be mined. Huygens found cobbles of water ice no the surface. Processes water
could be used by the crew while on the surface and even transported back to the
transit vehicle for use during the return trip to Earth. It could also be electrolyzed
to provide habitat cabin makeup gas as well used in combustion of methane for
power generation [6] or as propellant oxidizer. Extracted hydrogen could be used
for power generation or as a propellant for nuclear thermal propulsion systemes.

ISRU Propellant

and lakes could multiple be used to
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Conclusions

Titan is likely to be the next destination for human
exploration after Mars, and even though it is much further
away than Mars, its atmosphere and surface are rich in
resources. These resources will enable early missions to
be more self sufficient than other destinations in the solar
system. Abundant and accessible nitrogen, water ice and
methane are leading options to support human missions.
Early assessment of in-situ power generation options
using hydrogen and nitrogen or acetylene are attractive.
Mining of water ice, readily available across the globe, can
support human operations in numerous ways, including
the return trip to Earth. Methane, readily available as a
gas in the atmosphere and in liquid form

on the surface, can support power
generation and propulsions
systems. Finally, it should be
noted that the surface of Titan

is perfect for storage of liquid
hydrogen, oxygen, methane

and ethane

Next Steps

Further research should be done to explore the potential
for Titan as a human destination, and particularly how ISRU
systems developed for the Moon and Mars could be
adapted to this fascinating world in the outer solar system.

Next Steps in this project include:

1) Development and testing of water ice processing
systems at simulated Titan surface conditions.

2) Development and testing of hydrogenation
processes, starting with hydrogen extraction, at
simulated Titan surface conditions

3) Development of processes to create plastics from
simulated tholins.
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