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Past and Present to the Future
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Presenter
Presentation Notes
LEM: A50-NTO D/A/RCS, regulated.
SM RCS:  MMH/NTO, regulated.
CM RCS:  MMH/NTO, regulated.


Advanced Space Storable Propellants

For In-Space Reusable Multi-Mission Service Vehicles
* Non-Toxic Propellants

 Better Performance than Earth Storable Hypergolic

 Highly Integrated Propulsion, Power, ECLSS

» Compatible with In-Situ Resource Utilization (ISRU)

High Power Electric Propulsion Systems

For Missions to GEO, Outpost, & Planetary Destinations f
» Enable <1 year transit times

* 100’s KW to MW class at 1,000 to 10,000 sec Isp

 High thrust capability (e.g. 25 N/MW at 5,000 sec Isp using Argon)

* VAriable Specific Impulse Magnetoplasma Rocket (VASIMR) as exa

Long-Term Cryogenic Storage & Transfer

LO,, LH,, and CH, for Spacecraft and Transfer Stages

1 to 5+ years on-orbit storage

 Transfer capability for Re-supply & Propellant Depot operations

 Zero-G liquid acquisition & mass gauging, automated fluid couplings, and
low heat leak valve technologies




Significant Agency Investment In
LO,/CH, Propulsion Technology Development

- Compact Igniter Systems
- Altitude Ignition Testing
- Reaction Control Engine (450N; 100-Ibf)

- Ascent Ascent Main Engine (15 - 25 kN; 3,500-5,500 I|bf) WR 15 kN 3,500 Ibf)
RS-18 LO,/CH,
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- Integrated Propulsion System Test Bed

erojet 25 kN (5,500-1bf)
D,/CH, Ascent Main Engine

y r 3 Aerojet 450 N (100-Ibf) LO,/CH, RCE
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~ Northrup Grumman
450 N (100-Ibf)
LO,/CH, RCE




Technology Development to
Support Space Storable Cryogenic
Propulsion Systems

- Cold Helium Storage (90 K; -300 F)

- Low Heat Leak Piezoelectric Valve Actuation

- Tank Applied Multi-Layer Insulation (MLI)
- Thermodynamic Vent System for RCS Feedline Conditioning

- Cryogenic Feedsystem Analysis Tool Development

- Integr&ge_d_ System Testing at High Vacuum (10-° torr)
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COPV'with Thermal Link

Cold Helium
Pressurization

Piezoelectric
Actuated Valves

Thruster Pod Simulator




Sustained JSC IR&D Investment in
Propulsion Technologies

Low Cost Reaction Control Engine (22-66 N; 5-15 |bf)
4:1 Throttling LO,-CH, Main Engines (11-18 kN; 2,500-4,200 Ik
Co-Axial Swirl Uni-element Injector (270 N; 60 |bf) ’ZN (@20 e i

Dual Bell Nozzle Development s
Piezoelectric Regulator / Isolation Valve -&
VASIMR Electric Propulsion Integration, High Temperature b=
Rejection, and Propellant Delivery Syst%i?‘eﬂn‘ !

Ascent Main Engine
w/ Dual-Bell Nozzle

LOX/CH4 18 kN (4,200 Ibf)
4:1 Throttling Main Engine

j . -
| Coaxial Swil ' 200 KW VX-200 VASIMR

= | Uni-element Injector Courtesy Ad Astra
Houston, TX
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Low Thrust Solutions for Free Flyer

Robotic and EVA Propulsion

- Cold Gas (GN, Xenon) and Warm Gas (Tridyne) solutions
Non-Toxic for Extra / Intravehicular (EVA/IV
Thrust range from < 0.05 N (0.01 Ibf) to > 5 N|(1 Ibf)
Designed for re-usability and on-orbit maintenance
High Performance Green Propellants (ADN, NOFBX) offer

potential upgrade options
Delete this
graphic

Mini—tHrUster, manifold, and
regulator —

' Mini-AERCam Prototype "l
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Presentation Notes
AERCam Sprint is a NASA experiment to demonstrate the use of a prototype free-flying television camera that could be used for remote inspections of the exterior of the International Space Station. 14-inch-diameter (360 mm), 35-pound sphere that contains two television cameras, an avionics system and 12 small nitrogen gas-powered thrusters.  The AERCam is designed to fly very slowly at a rate of less than one-quarter of a foot per second. Remote control of the AERCam is performed through two-way Ultra High Frequency radio communications, with data regarding the status of the free-flyer's systems transmitted back to the operator. The SPRINT GN2 thrusters produce eight-hundredths of a pound of thrust while the SAFER thrusters produced eight-tenths of a pound of thrust.

Mini-AERCam:  Up to 40 ft/sec delta-V for nominal inspection mission; GN2 cold gas Propellant baseline with Tridyne and Xenon upgrade options; Max design pressure 6000 psia, nominal ground load 3000 psia; Miniature system is integrated with structure and avionics; Single string system (a second MiniAERCam is the backup for inspection); Recharge-able for multiple missions.

SAFER:  Provides self-rescue capability to EVA personnel; 10 ft/sec delta-V for suited crew w/o tools, etc; Nitrogen cold gas Propellant; Max design pressure 10,000 psia, nominal ground load 8000 psia; No duty cycle limit (rapid blowdown of tank is OK); Single string system (no redundancy since SAFER is the backup to tethers).

ISS Sample Return Capsule:  






Free Flyer Test Bed

- Modular design enables enhancements and system
upgrades.

- Ability to fly analog trajectories such as Lunar descent.

- LO,/CH, propulsion for low-cost testing with rapid recycle
time.

Versatile Platform for ntegrated
shicle-Level Demonstratio

‘1

*Non-toxic propulsion’system tech

- Integrated propulsion/avionics/GN&:
including Autonomous Landing Haza
Technology (ALHAT). . |

- Ground operations, flight operations,fange*se

Vehicle Architecture is Evolvable

- Integrated Propulsion, Power, and ECLSS (emulator)
across common ISRU-compatible fluids.

- Higher energy trajectories to assess aerodynamic
controllability for Mars entry and Pad abort vehicles
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High performance

Long duration in-space storage

High density, low volume packaging

Non-toxic and low cost propellants
Fluid common with other systems (ECLSS/breathing O2, Fuel Cell react
Compatibility with Mars and Lunar In-Situ Resource Utilization (ISRU)

Propellant

I

(94% ODE, 150:1)

Bulk Density
S.G.

Energy Density
BD x Isp

Space Storable

(w/o Active Cooling)

ISRU
Compatibility

Toxicity
(TLV ppm)

Prop Cost
(S/kg)

Hydrazine

240

1.004

241

Yes (heaters)

\[o)

Yes (0.01)

$55%

NTO/MMH

323

1.200

388

Yes (heaters)

\[o)

=S
(3/0.2)

$55%

LO,/LCH,

364

0.804

293

Yes (6m-1yr)

Non-Toxic

$

LO,/LH,

455

0.360

164

No

Non-To
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Performs and packages well for most in-space vehicle

R 2 Lower airlock,
applications Eargo, CQ

» Service and Crew Module auxiliary and main propulsion. —
* Lunar or Martian surface ascent and descent stages. E oS

» Propellant depots/tankers and servicing vehicles.

» Upper stage/spacecraft on-orbit RCS.

LO2 supports high degree of integration between Propulsion,
Power, and ECLSS.

» Solid Oxide Fuel Cell enables both common reactant storage
and a lightweight cooling system

8.8 Ibm/day O2

2 4000w Waste heat
to Cold Plates

(ma1o v)
poddns a1

500W Cabin Air

Propulsion

5000W
Electrical

Better packaging than LH, and simplifies main and auxiliary
propulsion system integration.

Significantly lower test cost compared to hypergolic
propellants.

ISRU compatibility makes LO2/CH4 enabling for sustained  30-cell DeIF
Mars or Lunar exploration.




