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Human Mars Mission Trajectories
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Human Mars Mission Trajectories
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Human Mars Mission Trajectories | N

Opposition Class Missions (Short-Stay) Conjunction Class Mission (Long-Stay)
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Nuclear Thermal Propulsion g s | G
Active Testing: 1958-1972 |
Technology Studies on-going

Propellant Storage and Transfer
* Propellant Tank(s)
* Tank Pressurization
* MLI Insulation
Fluid Couplers
In-Space Fluid Transfer
MMOD
Tank Internals (LAD’s, PMD’s)
Mass Gauging

In-Space Assembly

* Large Scale Structures

* Robot Arms

* Autonomous Rendezvous and Docking
* Deployable Mechanisms

Power Systems Cryogenic Fluid Management
* Power Management & * Cryo-Coolers

Distribution * Broad Area Cooling

* Solar Arrays * Compressor
* Gimbal Mechanism(s) * Radiators

* Batteries + Heat Pipes
* Low Thermal Conductivity Structure

Reaction Control System

* RCS Thrusters

* Propellant Tanks

* Pressurization Bottles NOTE: Tie Tube

*» Valves, Regulators, Fluid Components = = pedestal supports
- . Main Engine(s) B ¢ surrounding FEs

. * Reactor Fuel Elements and Materials
Propellant Feed System * Reflectors
* Fluid Lines * Control Drum(s) and Actuator(s)
* Fluid Valves * Regen Cooled TCA
* Fluid Pump(s) : * Radiatively Cooled Nozzle
* TVC Assembly

NASA Mars Transportation Assessment Study, 2023 . NASA/SP-2009-566-ADD2
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Integrated Manned Interplanetary Spacecraft Concept Definition » 5 |

(ca. 1968)

Boeing: D2-113544-3-1
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1980 Conjunction Opportunity

Transit Propulsion: Nuclear Thermal up to 3 engines
ls, = ~850's;
T= ~867kN
Mission Duration: 1000 days
Crew on Mars Surface: 30 Days
Mass to Assembly Orbit (LEO): 290t
Mass to Descend from Mars Orbit (30 day excursion): 43t
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Electric Propulsion

1980’s forward

Hall Effect Plasma.

NASA Mars Transportation Assessment Study, 2023

Longmier et al, AIAA-2012-3930
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Nuclear Electric Propulsion | | /

.

Reacto
In-Space Assembly
Reactors a
* Large Scale Structures
* Robot Arms n
* Autonomous Rendezvous and Docking
* Deployable Mechanisms

Thermal Management
Power Conversion Systems * Radiators

« Rankine * Heat Pipes

« Brayton * Fluid Pumps

* Stirling " . MAV derivative
* Thermoelectric Converters b Cryogenic Fluid Management LOX/Methane engin
* Thermionic Converters * Cryo-Coolers ¢

* Broad Area Cooling

* Compressor
Power Systems ! * Radiators

* Power Management & Distribution v Heat Pipes
- Batteries

Low Thermal Conductivity Structure 1.9 MWe

Reactor/Shield/Brayton

i i Propellant Storage and Transfer System
Chemical Propulsion Systems + Propellant Tank(s)

4 Supercritical
* MPS/RCS Thrusters 5 « Tank Internals Xenon
* Propellant Tanks ” « Propellant Gauging
* Pressurization Bottles

* MLI Insulation X
+ Valves, Regulators, Fluid Components + Fluid-Couplers Deployable 50m boom

* In-Space Fluid Transfer

¥ 1 + MMOD /
Propellant Feed System .

* Fluid Lines : g Thruster(s} One of two,
* Fluid Valves

* lon Engines s 10 Hall thruster pods
* Hall Thrusters

LOX/Methane tank

Storage
Tanks

2500 m? Radiators

NASA Mars Transportation Assessment Study, 2023
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Solar Electric Propulsion

Mercer & Oleson, NASA/TM-2014-5492
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Study: Design Reference Aréh-itectur_e 5.0

(ca. 2009)
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(TBD days between launches) Direct Earth Entry
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Study: Design Reference Architecture 5.0 s

(ca. 2009)

Transit Prop‘ulsioh Options and Results

*  NASA/SP-2009-566-ADD2

Nuclear Thermal Propulsion -- Mars Piloted Stack

In-line Tank Saddle Truss &

LH, Drop Tank Payload: DSH,
MPCYV, ST, etc.

Transit Propulsion: Nuclear Thermal up to 3 engines firing Transit Propulsion: Nuclear Electric (Hall) propulsion with 8 engines firing-
Propellant: Cryogenic H, Propellant: Xe
lsp = ~900 s; | lsp = ~5000 s;
T= ~111kN P =300 kW, (15 N) each

Assumed MMH/N,O, chemical stage for exiting Earth gravity well
Mission Duration: 914 days
Crew on Mars Surface: 539 Days . Mission Duration: 980 days

Mass to Assembly Orbit (LEO): 890 t Crew on Mars Surface: 400 Days
Mass to Assembly Orbit (LEO): 770t

Lyndon B. Johnson Space Center UTBM & FEMTO-ST/Energie . November 6, 2023 | 12



Study DeS|gn Reference Archltecture 5.0 s

(ca. 2009)
Transit Propulsion Options and Results Vo Ay
Transit Propulsion: Chemical (Aerojet RL-10) with 5 engines Transit Propulsion: Solar Electric (Hall) propulsion with. 10 engines continuous firing
Propellant: LO,/LH, Propellant' Xe
lsp =462 s; lsp = ~2400s;
T= 110 kN each P 125 kW, /each (6 N)

Assumed MMH/N,O, chemical stage for exiting Earth gravity well
Mission Duration: 880 days

Crew on Mars Surface: 500 Days . Mission Duration: 1065 days
Mass to Assembly Orbit (LEO): 1250 t ) Crew on Mars Surface: 300 Days
‘ Mass to Assembly Orbit (LEO): 780 t

Lyndon B. Johnson Space Center UTBM & FEMTO-ST/Energie . November 6, 2023 13




Study Mars Transportatlon Assessment

(2019-2022)

NASA Mars Transportation Assessment Study, 2023

Opposition Class ARS
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2039 Opportunity s
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EARTH
DEPARTURE

VENUS
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Crewed Vehicle: Nuclear Thermal Propulsion

Transit Propulsion: Nuclear Thermal
Propellant: Cryogenic H,
lsp = 900 s;
T = 111 kN each engine (4 on piloted vehlcle)
Operating Life: 4 hours

Piloted Mission Duration: 690 days
Crew on Mars Surface: 30 Days
Campaign Mass to' Aggregation Orbit: 934 t

Lyndon B. Johnson Space Center

Campaign Mass to Mars Orbit: 195t

Reactor Topping Temperature: 1200 K
System ¢: 15 kg/kW,

MAV derivative
LOX/Methane engine:

1.9 MWe
Reactor/Shield/Brayton
System

Deployable 50m boom

Crewed Vehicle: Nuclear Electric Propulsion

Transit Propulsion: Nuclear Electric (Hall)
Propellant: Xe
lsp = 2600 s;
P =100 kW, (5 N) each engine (20 on piloted vehicle)
Operating Life: 2 years
Assumed LO,/LCH, chemical stage for exiting Earth gravity well

Piloted Mission Duration: 760 days
Crew on Mars Surface: 30 Days
Campaign Mass to Assembly Orbit: 678 t

UTBM & FEMTO-ST/Energie . November 6, 2023 | 14
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1968

Outbound Midcoure Correction System

"Orbit Trim Propulsion Syutem

Fuel Tromifer Line

Frassurizotion Line = Fual Tranafer

582 Feat

-1
(3 places)

PRIMARY PROPULSION MODULES

|nbourd Midcoune Correction Syitem

Earth Entry Modude

Minlan Maduls

1.9 MWe
Reactor/Shield/Brayton

System

Supercritical
Xenon

Storage

One of two, \

10 Hall thruster pods

Deployable 50m boom

2500 m? Radiators

MAV derivative
LOX/Methane engines

LOX/Methane tank

Mission Class: Conjunction “Long Stay”
Transit Propulsion: Nuclear Thermal
Piloted Mission Duration: 1000 days
Crew on Mars Surface: 30 Days

Campaign Mass to Aggregation Orbit: 290 t

Piloted Mission Duration: 760 days
Crew on Mars Surface: 30 Days

Mission Class: Opposition “Short Stay”
Transit Propulsion: Nuclear Electric / Chemical

Campaign Mass to Aggregation Orbit: 678 t

Lyndon B. Johnson Space Center
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Study: Parametric Mars Transit Calculations
(ca. 1993) - | |

C rewed M iSSiO nS to M arS S u rface George, Dudzinski, et aI-, “Piloted Mars Mission Planning: NEP Technolz;gy and Power

Levels,” Space Technology-Applications International Forum (STAIF), Albuquerque,
NM, 1993.
Conjunction “Long Stay” Class Opposition “Short Stay” Class (25 Days on Surface) .
Synthesis Group “America at the Threshold” 1991 “90-Day Study on the Human Exploration of the Moon and Mars” 1989
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Not including surface stay time ' Including 25 day surface stay time
Total crewed duration: 900-1000 days

UTBM & FEMTO-ST/Energie . November 6, 2023 | 16

=————— Lyndon B. Johnson Space Center



Reference Nuclear Electric Pro'p’ulsion (NEP) Concept NA

5 MW, to EP
)
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\ ‘ 50m
2.5 MW, to EP Solid Core Fission Reactor
TRL >3

Brayton conversion
Tiop = 1500 K
T,aq = 500 K avg.
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Study: Parametric Mars Transit Calculations

(ca. 1993) ‘ _ |

IMLEO (kg)

Crewed Missions to Mars Surface with “SOA” 2.5 MW, Fission NEP (o = ~13 kg/kW,)
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Synthesis Group “America at the Threshold’
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0
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Total crewed duration: ~900 days

“Long Stay”
*  Launch Mass = ~400 t
*  Piloted transit time = 420 days

Lyndon B. Johnson Space Center
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100000

0

(STAIF), Albuquerque, NM, 1993.

“Short Stay” Class (25 Days on Surface)
I the Human Exploration of the Moon and Mars” 1989 =

SP-100 Derived
10 Year Life

SP-100 Derived

_10 MWe .
. “SOA” NEP Crew & Cargo
S MWe

Highly Advanced
(3.0 kglkWe)

350 400 450
Piloted Mission Time (days)

Including 25 day surface stay time

“Short Stay”
* Launch Mass =~400t
* Total piloted time = 540 days

UTBM & FEMTO-ST/Energie .
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Study: Parametric Mars Transit Calculations

(ca. 1993)
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1y” Class (25 Days on Surface)
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SP-100 Derived
10 Year Life
(10.2 kglkWe)

200 250 300 350

Total Piloted Trip Time (days)
Not including surface stay time
Total crewed duration: ~900 days

“Long Stay”
* Launch Mass =~500t
*  Piloted transit time = 360 days

Lyndon B. Johnson Space Center

i |SOA NEP Crew & Cargo

2.5 MWe -

)
)
Q
R
=
P>
i

Highly Advanced

400 450
Piloted Mission Time (days)

Including 25 day surface stay time

“Short Stay”
* Launch Mass =~480t
*  Total piloted time = 510 days

UTBM & FEMTO-ST/Energie .
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“Advanced” Nuclear Electric Propulsion (NEP)

Olrope = ~13 Kg/KW,,

RADIATOR

Neutron
Shielding

Energy

, PMAD
Fission
1500 K

Notional Advanced Solid Core
Fission Reactor
TRL <3

Thermionic or Rankine conversion
Advanced PMAD

Tiop = 2000 K

T,ag = 1500 K

Lyndon B. Johnson Space Center

Scott, J.,.George, J., and Tarditi, A., “Direct Energy Conversion for Low
Specific Mass In-Space Power and Propulsion” in Proceedings of Nuclear and
Emerging Technologies for Space (NETS 2013), Albuquerque, NM, February
2013

l :

Electric
Propulsion

55

ka/kW,

OLTotaI =

Neutron
Shielding RADIATOR l

Electric
Propulsion

Fission
2000 K
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Study: Parametric Mars TranSit- Calculations
(ca. 1993) ‘ _ | |

Crewed Missions to Mars Surface with “Advanced” Fission NEP (o = ~5 kg/kW,) " oot Dutars ot Plotd s i
rereliyivmcindtot-

Neutron 'n “Short Stay” Class (25 Days on Surface)
RADIATOR ton the Human Exploration of the Moon and Mars” 1989 -

Conjunctior
Synthesis Group “A

Shielding

!

1000000

SP-100 Derived
"""" 10 Year Life
(10.2 kgtkWe)

Radiator (N N e
&

Electric ‘
Heat Source PMAD ]
900000 Propulsion
Fission

700000

600000

500000 F SRS SO —

IMLEO (kg)

400000 NN I N :

300000

) Adv. NEP Crew

200000 ~{—-- = Adv. NEP Cargo -

100000

0
250 300 350
Total Piloted Trip Time (days)
Not including surface stay time
Total crewed duration: ~900, days

Piloted Mission Time (days)

Including 25 day surface stay time

“Long Stay” _ “Short Stay”
* Launch Mass =~400t * Launch Mass =~360t
* Piloted transit time = 260 days ' *  Total piloted time = 400 days
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Beyond Fission?

" Goals:
Low-a

DDT&E cost ~ SEP

Issues:

,,TRL<<3_'
- Nuclear Physics

_Risk of Development Failure

Lyndon B. Johnson Space Center




Low-TRL Energy Sources

Low Specific Mass In-Space Power and Propulsion” in Proceedings of

Exam p I e : An e utro n iC F USion E n e rgy SO u rce S-cott, J.,.George, J., and Tarditi, A., “Direct Energ;/ Conversion for

Nuclear and Emerging Technologies for Space (NETS 2013),
Albuquerque, NM, February 2013

FUSIOI’] Fuel Palrs (Product Enerqv) . Fusion.-REdCtvion Cross-Sections .

, D + D = n° (2.45 MeV) + 3He (0.82 MeV) (50%)
D+ D =p (3.02 MeV) + T (1.01 MeV) (50%)
p + 1B = 3 “He (8.7 MeV) T
p—llB Fusion Reactor — Figure 5 — Typical Fusion Reaction Cross Sections

TRL << 3

H H Energy - Electric
Direct conversion to power TWDEC ]

Direct conversion to thrust
p_llB

Fusion PMAD

Ototal = kg/ k\Ne
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Study: Parametric Mars TranSit- Calculations
(ca. 1993) |
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Crewed Missions to Mars Surface with

Conjunction “Long Sta
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SP-100 Derived SP-100 Derived
’ 2 Year Life 10 Year Life
(10.2 kglkWe)

Energy
Source

: -11B NEP Crew
| [Highty Advancea | | ———

h w“ p_llB B Cargo

250 300 350
Total Piloted Trip Time (days)
Not including surface stay time
Total crewed duration: ~900 days

“Long Stay”
 Launch Mass =~330t
*  Piloted transit time = 210 days

Lyndon B. Johnson Space Center

(or = ~1 kg/kW.)

Stay” Class (25 Days on Surface)
an Exploration of the Moon and-Mars” 1989

- Electric
[ ] Propulsion

PMAD

.

IMLEO (kg)

Piloted Mission Time (days)
Including 25 day surface stay time

“Short Stay”
* Launch Mass = ~260 t
* Total piloted time = 320 days
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More Power for_Mars? | v ', L
Green Power for Earth? |

Advanced SP-100 Derived SP-100 Derived : Advanced SP-100 Derived SP-100 Derived

(4.7 kglkWe) 2 Year Life 10 Year Life ~ (4.7 kglkWe) 10 Year Life
(102 kgrkWe) (102 kglkWe)

IMLEO (kg)
IMLEO (kg)

100000

0

Piloted Mission Time (days) ' Piloted Mission Time (days)

2 5 MW, power. 15 MW, power.

260 t launched to assembly orbit
« 84 tto descend from Mars orbit
« ~25 day surface stay
« - ~300 day mission duration

400 t launched to assembly orbit
* 84 tto descend from Mars orbit
+ ~25 day surface stay
+ ~550 day mission duration
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