El-Genk

SPACE TECHNOLOGY
AND APPLICATIONS
INTERNATIONAL
FORUM—STAIF 2007

11" Conference on Thermophysics Applications in Microgravity
24" Symposium on Space Nuclear Power and Propulsion

5" Conference on Human/Robotic Technology and the
Vision for Space Exploration

5% Symposium on Space Colonization
4" Symposium on New Frontiers and Future Concepts

Albuquerque, New Mexico 11 - 15 February 2007

L00C dIVIS—INNEO4 TVNOILVNGLNI
SNOILVOIlddV ANV ADOTONHO4L JOVdS

EDITOR
Mohamed S. EI-Genk

0

|°
(0]

AMERICAN
INSTITUTE

ISBN 978-0-7354-0386-4 FPHYSICS  Alp CONFERENCE PROCEEDINGS B 880

ISSN 0094-243X

>
=




SPACE TECHNOLOGY
AND APPLICATIONS
INTERNATIONAL
FORUM—STAIF 2007



OGY & Ap
sPA%%{I ATIONAL FORUM (ST AJ‘:::I;ION&
NT February 11 - 15, 2007 007y

~gpace Renaissance: Inspiring the Next Generation

11™ CONFERENCE ON THERMOPHYSICS APPLICATIONS IN MICROGRAVITY
24™ SYMPOSIUM ON SPACE NUCLEAR POWER AND PROPULSION

5" CONFERENCE ON HUMAN/ROBOTIC TECHNOLOGY AND THE VISION FOR
SPACE EXPLORATION

5" SYMPOSIUM ON SPACE COLONIZATION
4™ SYMPOSIUM ON NEW FRONTIERS AND FUTURE CONCEPTS

Cosponsored by:

THE BOEING COMPANY OAK RIDGE NATIONAL LABORATORY
IDAHO NATIONAL LABORATORY NORTHROP GRUMMAN SPACE
LOCKHEED MARTIN TECHNOLOGY
L 05 ALAMOS NATIONAL SANDIA NATIONAL LABORATORIES
LABORATORY U.S. DEPARTMENT OF ENERGY

In cooperation with:
AMERICAN ASTRONAUTICAL SOCIETY

AMERICAN INSTITUTE OF AERONAUTICS AND ASTRONAUTICS

AMERICAN INSTITUTE OF CHEMICAL ENGINEERS
Transport and Energy Processes Division

AMERICAN SOCIETY OF MECHANICAL ENGINEERS
Heat Transfer Division

NASA NATIONAL SPACE GRANT COLLEGE AND FELLOWSHIP PROGRAM
New Mexico Space Grant Consortium

PROFESSIONAL AEROSPACE CONTRACTORS ASSOCIATION

: Il 'I JMERICAN a
Pesmr A& o ASHE

SETTING THE STANDARD
IBES  —  3oOf

Organized by:
@2\ |nstitute for Space and Nuclear Power Studies
7 @ \ MSCO01-1120, Farris Engineering Center 239
[ QI | 1 University of New Mexico

N\__A / Albuguerque, NM 87131-0001
QWS (505) 277-0446, http://www.unm.edu/~isnps




SPACE TECHNOLOGY
AND APPLICATIONS
INTERNATIONAL
FORUM—STAIF 2007

11" Conference on Thermophysics Applications in Microgravity

24" Symposium on Space Nuclear Power and Propulsion

5" Conference on Human/Robotic Technology and the
Vision for Space Exploration

5% Symposium on Space Colonization

4" Symposium on New Frontiers and Future Concepts

Albuquerque, New Mexico 11 - 15 February 2007

EDITOR
Mohamed S. EI-Genk

Institute for Space and Nuclear Power Studies
University of New Mexico

AMERICAN
INSTITUTE Melville, New York, 2007

OF
XPHYSICS AIP CONFERENCE PROCEEDINGS B VOLUME 880




Editor:

Mohamed S. EI-Genk

Institute for Space and Nuclear Power Studies
The University of New Mexico

Farris Engineering Center, Room 239
Albuquerque, NM 87131-1341

USA

E-mail: mgenk@unm.edu

The articles on pp. 27 - 34,35 - 42, 137 - 146, 297 - 304, 325 - 338, 339 - 345, 380 - 388, 430 - 437, 605 - 614,
640 - 651, 652 - 659, 668 - 680, 692 - 699, 769 - 776, 830 - 837, and 995 - 1003 were authored by U. S.
Government employees and are not covered by the below mentioned copyright.

Authorization to photocopy items forinternal or personal use, beyond the free copying permitted underthe 1978
U.S. Copyright Law (see statementbelow), is granted by the American Institute of Physics for users registered
with the Copyright Clearance Center (CCC) Transactional Reporting Service, provided that the base fee of
$23.00 per copy is paid directly to CCC, 222 Rosewood Drive, Danvers, MA 01923. For those organizations
that have been granted a photocopy license by CCC, a separate system of payment has been arranged. The
fee code for users of the Transactional Reporting Service is: 978-0-7354-0386-4/07/$23.00.

© 2007 American Institute of Physics

Individual readers of this volume and nonprofit libraries, acting for them, are permitted to make fair use of the
material in it, such as copying an article for use in teaching or research. Permission is granted to quote from
this volume in scientific work with the customary acknowledgment of the source. To reprint a figure, table, or
other excerpt requires the consent of one of the original authors and notification to AIP. Republication or
systematic or multiple reproduction of any material in this volume is permitted only under license from AlP.
Address inquiries to Office of Rights and Permissions, Suite 1NO1, 2 Huntington Quadrangle, Melville, NY
11747-4502; phone: 516-576-2268; fax: 516-576-2450; e-mail: rights @aip.org.

L.C. Catalog Card No. 2006940055
ISBN 978-0-7354-0386-4
ISSN 0094-243X

CD-ROM available: ISBN 978-0-7354-0387-1

Printed in the United States of America



CONTENTS

It OAUCTION . . oo XV. .
(00 12111411171 XVil .
PUDICAtioNS . . .. XXili.

11™ CONFERENCE ON THERMOPHYSICS APPLICATIONS
IN MICROGRAVITY

TWO-PHASE THERMAL CONTROL SYSTEMS

Gravity Effect on Capillary Limit in a Miniature Loop Heat Pipe with Multiple Evaporators

and MUltiple CoNENSEIS . . .. ..ot e e e e e e e e 3..

H. Nagano and J. Ku
Spacecraft Thermal Management Using Advanced Hybrid Two-Phase Loop Technology. . ........... 11
C. Park, A. Vallury, J. Zuo, J. Perez, and P. Rogers

THERMAL CONTROL FOR LUNAR AND DEEP SPACE MISSIONS

Fabrication and Testing of a Passive Re-Deployable Radiator for Autonomous Thermal

0] 11 (0 19..
H. Nagano, K. Matsumoto, A. Ohnishi, K. Higuchi, and Y. Nagasaka

Lunar Dust on Heat Rejection System Surfaces: Problems and Prospects. .. ...................... 27
J. R. Gaier and D. A. Jaworske

Thermal Considerations for Designing the Next Lunar Lander. . ........... ... .. ... .. 35
M. B. Garrison and D. H. Nguyen

Thermal Control Architecture for Planetary and Lunar Surface Exploration Micro-Robots . ..........: 43

B. R. Burg, S. Dubowsky, J. H. Lienhard V., and D. Poulikakos

SMART MATERIALS AND COATINGS FOR THERMAL CONTROL

Variable Emittance Electrochromic Devices for Satellite Thermal Control . ......................... 51
H. Demiryont and K. C. Shannon Ill

Performance Results of the ESR from the Space Technology 5 Satellites. . . .. .......... ... ... ... 59
W. Biter and S. Oh

A Space-Based Experiment to Evaluate Performance of Electrostatic Switched Radiat¢ESR). . ... .... 66
S. Moghaddam, J. Lawler, J. Currano, and J. Kim

MEMS Shutters for Thermal Control — Flight Validation and Lessons Learned. .................... 73

D. Farrar, D. M. Douglas, T. Swanson, C. Collins, A. Darrin, and R. Osiander

HIGH-CAPACITY HEAT REJECTION SYSTEMS

Optimized Design and Testing of a Graphite-Fiber Reinforced

Composite Heat Pipe Radiator with Tapered Fins. . . .. ... e 81
R. J. Naumann, J. Barth, J. M. Marris, L. E. Adcock, R. M. Banish, and J. M. Ellis
High Performance Titanium-Water Heat Pipes for High Temperature Applications. .. ................ 90

M. N. Nikitkin, D. A. Wolf, and T. Miller



ADVANCES IN SPRAY COOLING

Influence of the Coulomb Force on Spray Cooling. .. ...ttt e e e 100
J. M. Kuhlman, P. J. Kreitzer, D. Mehra, D. D. Gray, and K. L. Yerkes
Spray Cooling Modeling: Liquid Film Thickness Effect on Heat Transfer. . ........................ 110

R. P. Selvam, M. Hamilton, and E. A. Silk

Mathematical Model of Two-Phase Flow in Advanced Micro Cooling Modules Incorporating

Flow Pattern Phenomena. . . .. ... e 118
J. K. Keska and W. E. Simon

HEAT PIPE TECHNOLOGIES

Advances in High Temperature Titanium-Water Heat Pipe Technology. . ........... .. ... .. .. ..... 129
J. H. Rosenfeld and N. J. Gernert
Intermediate Temperature Fluids Life Tests— Theory . ........ .. e 137

C. Tarau, D. B. Sarraf, D. Beach, I. E. Locci, and W. G. Anderson

24™ SYMPOSIUM ON SPACE NUCLEAR POWER
AND PROPULSION

REACTOR SYSTEMS CONCEPTS FOR SURFACE POWER

Evaluation of Metal-Fueled Surface Reactor CONCepts . . .. ..ottt e 149
D. I. Poston, T. F. Marcille, R. J. Kapernick, M. T. Hiatt, and B. W. Amiri

Non-Nuclear Validation Test Results of a Closed Brayton Cycle Test-Loop. . .. ............c .. 157
S. A. Wright

Benefit of Lunar Regolith on Reflector Mass Savings . . ..... ot 167

S. A. Hatton and M. S. EI-Genk

TERRESTRIAL PROGRAMS AND TECHNOLOGIES
WITH SPACE APPLICATION

Particle-Particle Interaction in Electromagnetic Fields for Force-Field Tailoring .. .................. 177
S. S. Wanis, T. Rangedera, and N. M. Komerath
A Wide Range Neutron Detector for Space Nuclear Reactor Applications. .. ...................... 185

E. Nassif, E. Matatagui, M. Sismonda, and S. Pretorius

ONGOING RADIOISOTOPE-ENABLED MISSIONS

RTGS 0N TranSIt. . . ottt e e e e e 195.
J. Dassoulas and R. L. McNutt, Jr.

ELECTRIC PROPULSION SYSTEMS CONCEPTS

Application of Solar-Electric Propulsion to Robotic Missions in Near-Earth Space.................. 205
G. R. Woodcock and J. Dankanich
Paris to Hektor: A Concept for a Mission to the Jovian Trojan Asteroids . . .......... ... ... ..., 217

R. E. Gold, R. L. McNutt, Jr., D. H. Napolillo, E. D. Schaefer, J. R. Tanzman, D. I. Fiehler, T. J. Hartka,
D. S. Mehoke, P. H. Ostdiek, D. F. Persons, L. M. Prockter, and S. R. Vernon

\Y



MATERIALS FOR SPACE NUCLEAR POWER AND PROPULSION SYSTEMS

Investigation of Effects of Neutron Irradiation on Tantalum Alloys for Radioisotope Power

SyStem APPlICAtIONS. . . . .o 224.
C. D. Barklay, D. P. Kramer, and J. Talnagi

Thermodynamic Prediction of Compositional Phases Confirmed by Transmission Electron

Microscopy on Tantalum-Based Alloy Weldments. . .. ... e 229
W. E. Moddeman, C. D. Barklay, J. C. Birkbeck, R. G. Miller, L. F. Allard, and D. P. Kramer

The Effects of Neutron Radiation on the Electrical Properties of Si and SiC Schottky Power

30T = 234.
J. A. Kulisek and T. E. Blue

SPACE NUCLEAR REACTOR POWER SYSTEMS AND CONCEPTS

Low Mass SCoRe-S Designs for Affordable Planetary Exploration. .............. ... ... ... ..... 242
S. A. Hatton and M. S. EI-Genk

PID Control Effectiveness for Surface Reactor Concepts . . ...ttt 254
D. D. Dixon, C. L. Marsh, and D. I. Poston

Thermal-Hydraulic Analyses of the Submersion-Subcritical Safe SpacéS”"4) Reactor. .. ............ 261
J. C. King and M. S. El-Genk

Methods for Determining Operation Lifetime of Space Reactors. . ........... ... . .. 271
T. M. Schriener and M. S. EI-Genk

NUCLEAR THERMAL ROCKETS: PAST, PRESENT AND FUTURE

Tie Tube Heat Transfer Modeling for Bimodal Nuclear Thermal Rockets. .. .......... ... ... ..... 281
J. A. Clough, R. P. Starkey, M. J. Lewis, and T. M. Lavelle

Mars Mission Analysis Trades Based on Legacy and Future Nuclear Propulsion Options. . ......... 289
R. Joyner, A. Lentati, and J. Cichon

DYNAMIC POWER I: < KILOWATT CLASS

Structural Benchmark Testing for Stirling Convertor Heater Heads. . .. ........... .. .. .. .. ... .... 297
D. L. Krause, S. Kalluri, and R. R. Bowman

Palm Power Free-Piston Stirling Engine Control Electronics. . ............ ... . ... 305
D. E. Keiter and E. Holiday

Advanced Stirling Convertor (ASC) Phase Ill Progress Update. . ............ ... 313
J. G. Wood, K. Wilson, A. Buffalino, P. Frye, D. Matejczyk, and L. B. Penswick

Final Results for the GRC Supporting Technology Development Project for the 110-Watt

Stirling Radioisotope Generator (SRG110) . . ...ttt e 325
J. G. Schreiber and L. G. Thieme

THERMOELECTRIC POWER CONVERSION TECHNOLOGY
AND APPLICATIONS

A Look Back at Assembly and Test of the New Horizons Radioisotope Power System ............. 339
B. A. Harmon and W. A. Bohne

Small Thermoelectric Radioisotope POWEr SOUICES . . . .. ..o ittt i e e 347
A. Lieberman, A. Leanna, M. McAlonan, and B. Heshmatpour

RADIOISOTOPE POWER SYSTEMS APPLICATIONS
The Europa Explorer—A Fresh Look at Exploring Europa with an RPS-Powered Spacecraft . ........ 355

R. D. Abelson and K. B. Clark

Vi



Curie-Montgolfiere Planetary EXpIOrers. . .. ... . 364
C. Y. Taylor and J. Hansen

Titan Exploration Using a Radioisotopically-Heated Montgolfier Balloon.......................... 372
J. O. Elliott, K. Reh, and T. Spilker

NON-NUCLEAR TESTING AND EVALUATION |

Hot Hydrogen Test FacCility. . . . .. ..o e e 380
W. D. Swank, J. Carmack, J. E. Werner, R. J. Pink, D. C. Haggard, and R. Johnson

INTEGRATION AND UTILIZATION OF SURFACE FISSION ENERGY SOURCES

Application of an Artificial Neural Tissue Controller to Multirobot Lunar ISRU Operations ........... 389
J. Thangavelautham, A. Smith, D. Boucher, J. Richard, and G. M. T. D’Eleuterio
Electrostatic Dust Control on Planetary Surfaces . . ... e e 400

P. E. Clark, C. I. Calle, S. A. Curtis, J. F. Keller, F. Minetto, and J. G. Mantovani

THERMAL ENERGY TRANSPORT AND HEAT REJECTION TECHNOLOGY

High Performance Lightweight Compact Thermal Radiator for Space Vehicles .. .................. 407
C.-f. Tsai, J. Prabhu, and F. Shen

Thermal Energy Storage Technology Developments . .. ... e 412
M. Pauken, N. Emis, and B. Watkins

An Ultra-Lightweight, High Performance Carbon-Carbon Space Radiator......................... 421
W. O. Miller, M. Wang, W. Shih, R. Ramirez, D. Beach, D. Youchison, R. Lenard, J. Liguori, and
E. Liguori

SPACE REACTOR SHIELD DESIGN METHODS AND TECHNOLOGIES

Experimental Evaluation of the Thermal Performance of a Water Shield for a Surface Power
RS2 (0 430.
J. B. Pearson, E. T. Stewart, and R. S. Reid

SPACE NUCLEAR POWER SYSTEMS: SIMULATION AND MODELING

A New Capability for Nuclear Thermal Rocket Propulsion Design. . .............................438
B. W. Amiri, R. J. Kapernick, B. T. Sims, and S. P. Simpson
FRINK — A Code to Evaluate Space Reactor TranSients . .. ... ottt 449

D. I. Poston, D. D. Dixon, T. F. Marcille, and B. W. Amiri

DYNAMIC POWER II: > KILOWATT CLASS

Recent Developments in the Recovery of SNAP-DYN Technical DataBase. ...................... 458
W. R. Determan and D. Grimmett

New 5 Kilowatt Free-Piston Stirling Space Convertor Developments. ............... it 466
H. W. Brandhorst, Jr.

Compressor and Turbine Models of Brayton Units for Space Nuclear Power Systems. ............. 472

B. M. Gallo, M. S. El-Genk, and J.-M. Tournier

PROMETHEUS PROGRAM

Prometheus Hot Leg Piping CONCEPL . . .. ..ot e 483
A. M. Gribik and P. A. DiLorenzo

viii



Summary of NR Program Prometheus Efforts. .. ... 497
J. Ashcroft and C. Eshelman

Key Factors Influencing the Decision on the Number of Brayton Units for the Prometheus

SPACE REACHO . . v ot i e e e 522.
J. Ashcroft, S. Belanger, W. Burdge, E. Clementoi, K. Jensen, N. B. Proctor, and A. Zemo-Fulkerson

Use of RELAP5-3D for Dynamic Analysis of a Closed-Loop Brayton Cycle Coupled to a

NUCIEAr REACION. . . . ot e e e 541.
L. D. McCann

Ex-Core CFD Analysis Results for the Prometheus Gas Reactor . . .......... ... ... ... .. ... 551
D. G. Lorentz

Review of Helium and Xenon Pure Component and Mixture Transport Properties and

Recommendation of Estimating Approach for Project PrometheudViscosity and Thermal

CONUCHIVITY) ..ttt 559.
M. A. Haire and D. D. Vargo

SAFETY AND RELIABILITY

JHU/APL Breakup Analysis Tool (APLbat) for the New HorizonsRadiological Contingency. .......... 571
M. Lear, B. McGrath, N. Takashima, and G. Heyler

Probabilities of Ground Impact Conditions of the New Horizons Spacecraft and RTG for Near

Launch Pad ACCIAENLS. . . . . ..ottt e e e e e 579
B. E. McGrath, D. A. Frostbutter, and Y. Chang
New Horizons Launch Contingency Effort . ......... .. 590

Y. Chang, M. H. Lear, B. E. McGrath, G. A. Heyler, N. Takashima, and W. D. Owings

NON-NUCLEAR TESTING AND EVALUATION I

Supercritical Brayton Cycle Nuclear Power System ConceptS. . ... ...t 597
S. A. Wright
Development of High Fidelity, Fuel-Like Thermal Simulators for Non-Nuclear Testing . ............. 605

S. M. Bragg-Sitton, R. Dickens, D. Dixon, R. Kapernick, M. Adams, and J. Davis

RADIOISOTOPE POWER SYSTEMS TECHNOLOGY AND DEVELOPMENT

Development of Advanced Stirling Radioisotope Generator for Space Exploration................. 615
J. Chan, J. G. Wood, and J. G. Schreiber

Multi-Watt Small Radioisotope Thermoelectric Generator Conceptual Design Study. .. ............. 624
W. R. Determan, W. Otting, P. Frye, R. Abelson, R. Ewell, B. Miyake, and J. Synder

NASA'S RPS Design Reference Mission Set for Solar System Exploration. . ...................... 631
T. S. Balint

FISSION SURFACE POWER COMPONENT TECHNOLOGY DEVELOPMENT

Creep Property Characterization of Potential Brayton Cycle Impeller and Duct Materials .. ......... | 640
T. P. Gabb, J. Gayda, and A. Garg

Post Irradiation Evaluation of Thermal Control Coatings and Solid Lubricants to Support

Fission Surface POwWer SyStemMS. . .. ..o 652
C. L. Bowman, D. A. Jaworske, M. K. Stanford, J. A. Persinger, B. Khorsandi, and T. E. Blue
High Temperature Stability of Dissimilar Metal Joints in Fission Surface Power Systems ........... ! 660

|. E. Locci, J. A. Nesbitt, F. J. Ritzert, and C. L. Bowman



Gas Foil Bearing Technology Advancements for Closed Brayton Cycle Turbines. . ................. 668
S. A. Howard, R. J. Bruckner, C. DellaCorte, and K. C. Radil
Thermal Performance of High Temperature Titanium — Water Heat Pipes by Multiple Heat

PIpE ManUIaCTUIErS . . . .ot e e e 631
J. L. Sanzi
Operational Results from a High Power Alternator TestBed. . ... ........ ... . .. 692

A. Birchenough and D. Hervol

5TH CONFERENCE ON HUMAN/ROBOTIC TECHNOLOGY
AND THE VISION FOR SPACE EXPLORATION

ARCHITECTURE STUDIES

The Making of a Lunar Outpost — Exploring a Future Case Study. .. ........ ... .. ... 703
R. Lewis, K. Micheels, and C. Dankewicz

ADVANCED OPERATIONS AND IN-SITU RESOURCE UTILIZATION

Extreme Mobility: Next Generation Tetrahedral Rovers. ........... ... . i 711
P. E. Clark, S. A. Curtis, M. L. Rilee, C. Y. Cheung, R. Wesenberg, G. Brown, and C. Cooperrider
Exploration Challenges: Transferring Ground Repair Techniques to Space Flight Application. ... .. ... 719

C. A. McLemore, J. P. Kennedy, F. A. Rose, and B. W. Evans

ADVANCED MATERIALS, STRUCTURES, AND MECHANISMS

Layered Metals Fabrication Technology Development for Support of Lunar Exploration at

NAS A M S . . .ot 728.
K. G. Cooper, J. E. Good, and S. D. Gilley
Friction Stir Welded Thin Wall Cryogenic Tank SKins . ......... ... . i 736

D. M. Potter, J. A. Takeshita, and M. J. Holguin

NOVEL CONCEPTS

Micro-Inspector Spacecraft Testbed: Breadboard Subsystem Demonstrations. . ................... 742
J. Mueller, H. Goldberg, and L. Alkalai

ADVANCED POWER AND PROPULSION TECHNOLOGIES AND SYSTEMS

Novel Rock Detection Intelligence for Space Exploration Based on Non-Symbolic Algorithms

=g o IO o] o Tot= o) - 760.
S. Yildirim, R. L. Beachell, and H. Veflingstad
Where Space Comes Down to Earth: Test Facilities for Exploration Systems. .. ................... 769

J. M. Woytach, D. L. Linne, J. A. Chambers, B. P. Willis, and G. A. Carek

5™ SYMPOSIUM ON SPACE COLONIZATION

SPACE EXPLORATION

Centaur Application to Robotic and Crewed Lunar Lander Evolution . ............................ 779
B. Birckenstaedt, B. F. Kutter, and F. Zegler



Nanoparticle Electric Propulsion for Space Exploration. .. ........... ., 787
T. M. Liu, L. D. Musinski, P. R. Patel, A. D. Gallimore, B. E. Gilchrist, and M. Keidar

SPACE BASES ON THE MOON

MIC: Magnetically Deployable Structures for Power, Propulsion, Processing, Habitats and

Energy Storage at Manned Lunar Basas . . . .. ...ttt 795
J. Powell, G. Maise, J. Paniagua, and J. Rather

Moon Bases as Initial “Space Society” Trials: Utilizing Astrosociology to Make Space

Settlements Livable. . . . ... 806.
J. Pass

What Will We Actually Do On the MoON? . . . ... e e 814
B. Sherwood

SPACE RESOURCE UTILIZATION ON THE MOON

Development of an Integrated RVC— LWRD System for RESOLVE. . ............. ... .. ... ...... 823
J. Captain, D. Lueck, M. Kolody, and M. Whitten

Microwave Extraction of Water from Lunar Regolith Simulant .. ......... ... .. .. .. .. .. ... .. ... 830
E. Ethridge and W. Kaukler

Drilling Results in Ice-Bound Simulated Lunar Regolith . ........ ... . ... . . . i 838
K. Zacny, D. Glaser, P. Bartlett, K. Davis, and S. Gorevan

Vacuum Pyrolysis and Related ISRU Techniques. . ... ...t e e e 846

E. H. Cardiff, B. R. Pomeroy, I. S. Banks, and A. Benz

SPACE RESOURCE UTILIZATION ON MARS

Percussive Penetration of Unconsolidated Granular Media in a Laboratory Setting ................ 854
L. Gertsch

Martian Liquid CO , and Metabolic Heat Regenerated Temperature Swing Adsorption for

Portable Life SUPPOIt SyStemS . .. ..o e e 863

C. lacomini, T. MacCallum, T. Morin, K. Straub-Lopez, and H. Paul

Lunar In Situ Materials-Based Surface Structure Technology Development Efforts at

NASAIM S C. . o 871.
M. R. Fiske, W. McGregor, R. Pope, C. A. McLemore, R. Kaul, G. Smithers, E. Ethridge, and H. Toutanji

Multi-MICE: Nuclear Powered Mobile Probes to Explore Deep Interiors of the Ice Sheets on

Mars and the JOvian MOONS. . . . . ..ot 878
G. Maise, J. Powell, J. Paniagua, and H. Ludewig

SPACE SETTLEMENTS/COLONIES

Symbiotic Relationship of Man and Machine in Space Colonization. ............................ 888
R. Nielsen

Optimal Architecture for an Asteroid Mining Mission: System Components and Project

EXECULION. . . 896.
K. R. Erickson

BIOTECHNOLOGY AND MEDICINE FOR SPACE COLONIZATION

A Minimized Technological Approach towards Human Self Sufficiency off Earth .. ................. 904
P. A. Curreri
The All Terrain Bio-Nano Gear for Space Radiation Detection System. .. .......... ... ... .. ......! 911

A. Ummat and C. Mavroidis

Xi



LARGE SCALE PROCESSES AND TECHNOLOGIES FOR COLONIZATION

On the Possibility of a Persistent Mars Greenhouse, or, Mars and Venus Find Something in

COMIMION .« .« o e 919.
J. E. Brandenburg
The CI Carbonaceous Chondrites as the Missing Old Meteoritesof Mars. . .. ..................... 926

J. E. Brandenburg

SPACE RESOURCE UTILIZATION ON THE MOON 11

High-Efficiency Extraction and Utilization of Lunar Solar Wind Volatiles .......................... 933
D. E. Petrick, T. Q. Gardner, and S. J. Nieczkoski

Development of a Reactor Model for Chemical Conversion of Lunar Regolith. . ................... 941
U. Hegde, R. Balasubramaniam, and S. Gokoglu

Tribocharging Lunar Simulant in Vacuum for Electrostatic Beneficiation .......................... 951
Jam. Captain, S. Trigwell, E. Arens, A. Biris, J. Captain, J. Quinn, and C. Calle

A Quantitative Method for Evaluating Regolith Simulants. . .......... ... .. . i i, 957

D. Rickman, H. Hoelzer, P. Carpenter, L. Sibille, R. Howard, and C. Owens

4™ SYMPOSIUM ON NEW FRONTIERS AND FUTURE
CONCEPTS

POTENTIAL FRONTIERS

Exploring Gravity and Gravitational Wave Dynamics Part |: Gravitational Anomalies .............. 967
P. A. Murad

Revolutionary Design for Astronaut Exploration — Beyond the Bio-Suit System. . .................. 975
D. J. Newman, M. Canina, and G. L. Trotti

Inertial Mass Dependency on Local Vacuum Fluctuation Mean Free Path .. ...................... 987
H. G. White

ADVANCED TECHNOLOGIES FOR TERRESTRIAL
(EARTH, LUNAR, AND MARS) AND RELATIVISTIC ENVIRONMENTS
BASED ON PROPULSION AND POWER

Local and System Level Considerations for Plasma-Based Techniques in Hypersonic Flight......... 995
C. Suchomel and D. Gaitonde
The Influence of High-Frequency Gravitational Waves Upon Muscles. .. ............. ... .. ...... 1004

L. S. Moy and R. M. L. Baker, Jr.,

PROPULSION AND POWER CONCEPTS FOR TAMING THE SOLAR SYSTEM

Modified Design of Novel Variable-Focus Lens for VHFGW . ........... ... ... .. .. . .. 1011
R. C. Woods

Surveillance Applications of High-Frequency Gravitational Waves. .. ........... ... ... ... ... 1017
R. M. L. Baker, Jr.

ComMPACt REACIOL. . . . . e 1026
P. E. Williams

Xii



Extraction of Thrust from Quantum Vacuum Using Squeezed Light.......... ... .. .. .. .. ... ... 1034

Y. Minami

EXPERIMENTAL RESULTS AND NEW CONCEPTS WITHIN CURRENT
PHYSICAL MODELS |

Mach’s Principle and Propulsion: Experimental Results. . . ........ ... . i 1045
J. F. Woodward

Propulsion from ElectroMagnetic Nonlinear Materials .. ............ .. i 1055
G. A. Robertson

Mach-Lorentz Thruster Spacecraft Applications. . . .. ... 1063
P. March

Measurement of Gravitomagnetic and Acceleration Fields around Rotating Superconductors. . ... ... 1071

M. Tajmar, F. Plesescu, B. Seifert, and K. Marhold

INNOVATIVE THEORIES AND CONCEPTS FOR COMMUNICATION

The Value Estimation of an HFGW Frequency Time Standard for Telecommunications

Network OptimizZation . . . ... ..o e e 1083
C. Harper and G. Stephenson

Alternate Communications for Space Travel . . ... . 1091
P. E. Williams

FTL Quantum Models of the Photon and the Electron. . ........... ... . . i 1099
R. F. Gauthier

THEORETICAL CONSIDERATIONS - WARP DRIVES, FTL SPEED TRAVEL
AND OTHERS |

Progress on the GEMS(Gravity Electro-Magnetism-Strong) Theory of Field Unification and

Its Application to Space Problems . . ... ... 1109
J. E. Brandenburg

Hyperspace for Space Travel . . ... ... e e e e e 1117
G. Fontana, P. Murad, and R. M. L. Baker, Jr.

Fluid Dynamic Simulations of Warp Drive Flight through Negative Pressure Zero-Point

VA UUIM L e e e e e 1125
H. D. Froning, Jr., and R. L. Roach

Can the Present Technology Create Gross Amounts of Negative Energy Density?................ 1132
M. Mansouryar

AN INTERNATIONAL OUTLOOK ON FAR TERM PROPULSION AND POWER

Coupling of an Open Cavity to Microwave Beam: A Possible New Scheme for Detecting

High-Frequency Gravitational Waves. . . . .. ... 1139
F. Li, R. M. L. Baker, Jr., and Z. Fang

CasimirSim — A Tool to Compute Casimir Polder Forces for Nontrivial 3D Geometries ............ 1148
R. Sedmik and M. Tajmar

High-Frequency Gravitational Wave Induced Nuclear Fusion. ............. ... .. ... ... 1156
G. Fontana and R. M. L. Baker, Jr.

EXPERIMENTAL RESULTS AND NEW CONCEPTS WITHIN CURRENT
PHYSICAL MODELS Il
Supersymmetry Breaking Casmir Warp DriVe . ... ... 1163

R. K. Obousy and G. Cleaver

xiii



How a Randall-Sundrum Brane-World Effective Potential Influences Inflation Physics............. 1170

A. W. Beckwith

Towards a Self-Consistent and Controllable Graviton Flux........... ... ... ... ... .. .. ... ...... 1181
B. Binder

The Connection between Inertial Forces and the Vector Potential. . . ........................... 1189

A. A. Martins and M. J. Pinheiro

THEORETICAL CONSIDERATIONS - WARP DRIVES, FTL SPEED TRAVEL
AND OTHERS I

Exploring Gravity and Gravitational Wave Dynamics Part Il: Gravity Models .................... 1201
P. A. Murad

The Schwarzschild Metric Violates the Weak Principle of Equivalence. .......................... 1208
R. W. Jensen

Electrostatic 512kV Rotator/Oscillator Propulsion System. . ........... i 1216
D. Maker

AUTNOE INAEX . .o 1225

Xiv



INTRODUCTION

I am pleased to introduce the Proceedings of the Space Technology and Applications International Forum
(STAIF-2007), held February 11-15, 2007, in Albuquerque, New Mexico and organized by the University
of New Mexico’s Institute for Space and Nuclear Power Studies (ISNPS) The Forum’s theme: “Space
Renaissance: Inspiring the Next Generation,” is the focus of the plenary sessions and the technical
program of this four-day, annual meeting.

The STAIF-2007 technical program features a broad spectrum of topics on: space nuclear power and
propulsion, space science and technology; space exploration; space colonization; advanced radioisotope
power systems; thermophysics applications in microgravity; energy conversion; nuclear fuel and high
temperature materials; high power electric propulsion, testing and evaluation; heat pipes, capillary
pumped loops and advanced radiators; simulation and modeling; and advanced propulsion physics. These
topics span the range from basic research to the most recent technology advances and hardware
development and testing.

STAIF continues to provide excellent opportunities for interaction and informative dialogue among the
attendees from academia, industry, and government. As in previous years, STAIF-2007 hosts a number
of concurrent conferences on closely related topics, which stimulate discussions, enrich technical
interaction, and help the dissemination of knowledge among the attendees. The hosted conferences at
STAIF-2007 are:

11" Conference on Thermophysics Applications in Microgravity; Chairs: Ted Swanson, NASA
Goddard Space Flight Center, and Tung T. Lam, The Aerospace Corporation

24™ Symposium on Space Nuclear Power and Propulsion; Chairs: Garry Burdick, Jet Propulsion
Laboratory, and Michael Houts, NASA Marshall Space Flight Center

5™ Conference on Human/Robotic Technology and the Vision for Space Exploration; Chairs: John
Mankins, NASA Goddard Space Flight Center, Robert Wegeng, NASA Headquarters, Office of
Exploration Systems, and Christopher Moore, NASA Headquarters

5™ Symposium on Space Colonization; Chairs: Edward McCullough, The Boeing Company, and Klaus
Heiss, High Frontier

4™ Symposium on New Frontiers and Future Concepts; Chairs: Paul Murad, U.S Department of
Defense and Glen A. Robertson, NASA Marshall Space Flight Center

The technical program for STAIF-2007 offers 251 presentations in 64 sessions. We are very grateful to
the members of the executive committee and the technical program committees of the participating
conferences for their hard work, dedication, and contribution to this year’s technical program. In
addition, we wish to express our great appreciation to the authors for their contributions to this year’s
archival proceedings containing full text papers and to the speakers for their contributions to the technical
program. The STAIF-2007 proceedings, published by the American Institute of Physics in a searchable
CD and hardbound book format, are distributed worldwide.

In addition to the technical program, STAIF-2007 features two plenary sessions entitled: Inspiring the
Next Generation and Enabling the Space Renaissance, at which prominent speakers are invited to
address timely topics related to this year’s theme. The Forum’s General Chair is Donald D. Cobb, Los
Alamos National Laboratory (retired), and the General Co-Chair is Brewster Shaw, The Boeing
Company. These planetary sessions are organized by the STAIF-2007 organizing committee in
collaboration with members of the Steering and Executive Committees.

As in previous years, the program for STAIF-2007 also features a half-day educational outreach program
on the first day of the meeting to secondary school students interested in space exploration and science.
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This annual outreach program, serving secondary school students and teachers throughout New Mexico,
celebrates its 19" anniversary this year with the display and judging of student entries to this year’s space
design competition, “Mars Mobile Laboratory.” In addition, the outreach program includes a special
session with featured speakers to address timely topics to the attending high school students, teachers, and
parents. More than 150 students, teachers, and parents are expected to participate in this year’s education
outreach activities. Members of the space community attending STAIF-2007 are invited to judge this
year’s entries to the space design competition, after which winning students and/or teams and their
teachers will be recognized at an awards ceremony during the second plenary session. Special thanks are
due to the Education Outreach Committee organizing these worthwhile events, Susan Ostlie of the
Albuquerque Public Schools, and Jon Webb, Jack Parker, and Timothy Schriener of the University of
New Mexico’s Institute for Space and Nuclear Power Studies. This annual outreach program is
sponsored by the University of New Mexico’s Institute for Space and Nuclear Power Studies (ISNPS).

Special thanks are due to the Staff of the Institute for Space and Nuclear Power Studies, Claudia
O’Keefe, STAIF-2007 Administrative Chair, and Mary Bragg, Administrative Co-Chair, for their
dedication, leadership and excellence in handling many of the challenging tasks they have encountered in
the course of completing this year’s program. Many thanks are also due to the graduate and undergraduate
students who assisted in the many activities for their dedication, hard work, and commitment to making
this annual event a success. The efforts and contributions of these individuals are critical to the successful
organization of a large, international event such as STAIF-2007.

On behalf of the Steering, Advisory, Executive Committees, and technical committees, we wish to
express our thanks to the professional societies co-sponsoring this year’s conference, the sponsoring
organizations from government, industry, national laboratories and the many national and international
organizations participating this year, for their input and contributions to the program. We also wish to
acknowledge the contributions of the exhibitors for their timely and informative displays on the latest in
space technology, which have always been an important and integral part of this annual meeting’s
success.

We are grateful to the organizers, chairs and co-chairs of the technical and plenary sessions, the speakers,
and members of the STAIF organizing, Steering, Executive and Advisory Committees for their relentless
effort in developing this year’s theme and helping in the organization and planning of the plenary
sessions. Without the commitment, dedication, and contribution of each of these individuals, sponsoring
and participating organizations, exhibitors, and the humerous organizers of the various events, this year’s
meeting would not have been possible.

My heartfelt thanks go to the families of the Institute for Space Nuclear Power Studies (ISNPS) staff and
students for their understanding, patience, and continued encouragement and support through the
demanding task of organizing this year’s events. Special thanks are due to the University of New Mexico,
its School of Engineering, and the Department of Chemical and Nuclear Engineering, for the continued
support, encouragement and interest.

Mohamed S. El-Genk

STAIF-2007 Technical and Publication Chair
Regents’ Professor, Chemical, Nuclear,

& Mechanical Engineering

Director, ISNPS

The University of New Mexico
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ISBN 1-56396-431-7, AIP CONf. PrOCEEAINGS 325 ... .cuiiiieiiiiieiiiieteisieie ettt b bbbt ab bbbt be e $125.00
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