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Cryogenics and NASA’s “Journey to Mars”
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Cryogenic Fluid Management is an integral part of NASA’s
Exploration plans
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Example Candidate Propulsion Options for Crewed Mars Exploration

Split Architecture

Hybrid Architecture

NTP Architecture

Potential Enabling/Enhancing CFM Related Capabilities

¢ In Situ Resource Utilization (ISRU)
e Propellant transfer => tankers, propellant aggregation
¢ LOX/LH2 Chemical Propulsion Stages




Launch Vehicle Upper Stages Have Used Cryogens in Space for
Decades. Why is the CFM State-of-the-Art Not Adequate?

=> Mission Duration

SOA launch vehicle cryogenic upper stages are typically used in space for a few hours:
* Due to the short duration, consumable losses are acceptable to mission performance
* Propellant boil-off due to large heat loads
* Propellant leakage overboard
* Propellants/separate propulsion systems used to accelerate the stage and settle
propellants for cryogenic propellant management, acquisition, and gauging

In-space transportation stages for future crewed missions to Mars will manage cryogens for
many months to more than a year
 Consumable losses accumulated over this time significantly degrade mission performance
* Requires more launches from Earth to get sufficient initial mass in low Earth orbit
(IMLEO) to complete a mission

Advanced CFM Technology Can Result in a Much More Efficient Mission




Cryogenic Fluid Management (CFM) Technologies

Pressurization
- Storage/compression
- Helium
- Autogenous

Cryogenic Tank Details

Vent or to vapor
cooled shields
Pressure Control

'gp - Low-g mixing/venting
@ (thermodynamic vent
and heat exchanger)

Propellant Gauging
- Settled propellant

- Inventory (Bookkeeping) _ —
- Pressure-volume-temperature (PVT)
In-Space - High accuracy low-g techniques S
Propellant CG—8§\ Liquid Acquisition
A 7 -Capillary retention
Stage or B & devices for low-g
Depot /7 \ Low-g Fluid - Settling thrust
Dy Physics ]
___Lightweight Cryogenic
Liquid Propellant Tank
\/ - Metallic (Al-Li) ISRU System Needs
Thermal Control - Composite - Ligquefaction, Storage, and
- Insulation (launch environments TranSfe-r .
and in-space, MMOD protection) - Operation in a reduced
-Vapor/cryocooler cooled gravity/low pressure
shields/tank Liquid Transfer environment
: Eun shazest' Y / - Line/tank chilldown
o0 CONCUEHEIRECDRS Leak Detection - Pumps
support structure

- Leak-free coupling, valves

Approved for Public Release




Barriers to Implementation of Advanced CFM Technology

The primary barrier is the perceived risk of the advanced technology

failing to operate as expected in micro-g due to:
* Lack of experience operating the technology in the space

environment.
* Uncertainty associated with design/analysis tools due to limited

relevant micro-g fluids data for validation (either to address specific
phenomena, with cryogens, or at appropriate scale).

Advanced CFM Technology Can Result in a Much More Efficient Mission




Relationship of Fundamental Fluid Physics Areas to Future Missions

Natural Convection
Forced Mixing
Evaporation/Condensation

Microgravity Superheat and
Nucleate Boiling

Droplet Breakup & Transport
Droplet Phase Change

Microgravity Two-Phase Flow &
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Cryogenic Propellant Depots

(credit: ULA concept)
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* Evaporation/Condensation
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Notional Pathway to Mature Understanding of CFM Fluid Physics
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