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ABSTRACT

The First Containerless Experimentation in Microgravity Workshop was held
January 17-19 in Pasadena, California. The workshop organizers' principal
goals were first to provide scientists from academia and from industrial and
government research institutions an opportunity to acquaint themselves with the
past, current, and future scientific investigations carried out in the Containerless
Science programs of the Microgravity Science and Applications Division of the
National Aeronautics and Space Administration as well as the European and
the Japanese Space Agencies. The second goal was to assess the ongoing
technological development program for low gravity containerless
experimentation instruments. The third goal was to obtain recommendations
concerning rigorous but feasible new scientific and technological initiatives for
space experiments using noncontact sample positioning and diagnostics
techniques. The specific output of the workshop is an initial set of
recommendations for the development of the technical capabilities of future
space-based instrumentation. The concensus among the workshop attendees
is that there seems to be a strong support for experimental investigations in
microgravity and that this support would be strengthened by closer interaction
between the user community and the flight equipment developers. Such a
cooperation would help ensure that priorities are assigned to scientific returns.
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SUMMARY OF PROCEEDINGS CONTENTS

The workshop format was determined by a committee of scientists who
participated in the current ground-based and flight programs during a
preworkshop meeting organized by the Jet Propulsion Laboratory. A decision
was made to emphasize open scientific discussions yet still allow the
presentation of short technical papers during splinter sessions that were divided
according to the following discipline groups:

» Thermophysical properties of materials and very high temperature chemistry

+ Containerless materials processing in microgravity. (Benchmark materials
development, quiescent undercooled melts nucleation studies, and
exploratory investigations of protein and other novel crystals growth.)

* Fluid dynamics and interfacial phenomena.

The workshop program is included in Appendix C and shows the various
workshop sessions, beginning with invited speakers overview presentations on
the first day, splinters sessions presentations and discussions on the second
day, and a summary plenary session on the third day. This proceedings
contains the abstracts and some of the presentation materials from most of the
papers presented during the overview and splinter sessions. A summary of the
discussions and recommendations from the splinter sessions is also included.

The workshop was attended by approximately eighty scientists and
engineers (see Appendix B for attendance list). Also included is a summary
describing past, current, and future experimental instrumentation. A survey form
was sent to all potential attendees prior to the workshop. This form was used to
gather information on the potential experimental capabilities requirements of
individual scientists and is included in Appendix A.
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EXECUTIVE SUMMARY

The Containerless Experimentation in Microgravity Workshop hosted by the Jet
Propulsion Laboratory (JPL) convened January 17-19, 1990 in Pasadena, California. Three
basic issues were addressed by the attendees during the two and a half days of technical
presentations and discussions. The first issue dealt with the scientific justification for
carrying out long-duration containerless experiments in low gravity. The second topic
addressed the specific scientific requirements to be levied upon the currently offered flight
equipment. The third area centered around the future needs for scientific experimental facilities
that would be used in microgravity.

For the purpose of this workshop, the various relevant technical disciplines involved in
containerless experimentation were divided by topic into three basic groups:

+ Very high-temperature chemistry and thermophysical properties

» Materials processing in low gravity (fundamental studies and benchmark materials
development)

+ Fluid physics and interfacial phenomena

Attendees agreed that in all three areas there was a strong justification for pursuing
specific experimental investigations. The following requirements for studies in materials
science and fluid physics can be accomplished in the microgravity environment:

« Larger samples observation for a longer period of time

+ Reduced convection/sedimentation

+ High-temperature processing of nonconducting melts

» Free liquid surfaces and elimination of boundary effects

+ More accurate measurement results due to long-term observation
+ Quiescence of melt, reduction of effects of external forces
Potential for optimal vibration isolation

Potential for elimination of melt shape distortion

Control of processing environment/contamination reduction

Potentially fruitful scientific investigations were identified in the areas of high-
temperature thermophysical properties measurement, deep undercooling of melts and
metastable solid phase formation, melt purification, rheology of surfaces, thermocapillary
phenomena, nonlinear dynamics of free drops, phase transitions and metastable liquid phases
properties, convection-free transport phenomena, and, finally, novel processing techniques.

A general need to increase the versatility of currently offered flight instrumentation in
terms of high-temperature capability (2000 to 3000 K) as well as of the diagnostics
(property measurement and environment control and monitoring) was expressed by the
majority of the attendees. The currently available Drop Physics Module (DPM) was found to be
adequate as a first iteration for studies in fluid physics, but the need for more versatile
diagnostic instrumentation was clearly noted. The temperature range of operation of the DPM
was not satisfactory to most of the materials scientists in attendance. The capabilities of the
electromagnetic positioner Tempus were also found in need of improvement in terms of sample
temperature measurement and of optical access to the specimen under investigation. Some of the
needed improvements were found to be in the specific areas of the control of the environment
and of the heating and cooling rates (sample quenching}, the flexibility to accommodate samples
of different properties, the capability for processing a larger number of samples, the
availability of a versatile optical diagnostic capability, and the capability to measure a wide
range of thermophysical properties.



Future requirements for containerless experimentation in microgravity must begin
with the nurturing and maintenance of a strong ground-based research program that will
support the development and evaluation of flight equipment. The development of various specific
facilities was requested, but a recurrent theme was the need for the development and
implementation of noncontact thermophysical properties measurement techniques for both
ambient as well as high-temperature applications. High-temperature processing facilities for
refractory metals, alloys, semiconductors, and nonconducting materials were placed as high
priority items. Finally, a majority of the scientists in attendance held the view that an alternate
carrier capability should be developed either for long-duration, low perturbation unmanned
facility or for frequent-flight low-cost microgravity experiments of shorter duration.

There seemed to exist a strong support for experimental investigations in microgravity,
and it was believed that this support would be strengthened by closer interaction between the
user community and the flight equipment developers. Such a cooperation would help ensure that
the relevant capabilities are included in the flight instrumentation, and that the appropriate
priorities are assigned to scientific returns.
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Containerless Experimentation
in Microgravity

G

- Adequate Earth-based technology

2. Reduction of dynamic nucleation

- Paucity of reliable data

1. Elimination/Reduction of Surface Contamination
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/ Containerless Experimentation @
SSA ~in Microgravity i

decade and beyond

N

. To delineate scientific justification for the U.S. Containerless
Experimentation Program in Microgravity for the next

. To guide NASA to define the next generation of
containerless experimentation instruments in microgravity

Objectives

/

90-1-12-2-WHW



(O

Containerless Experimentation
in Microgravity
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Pre-Workshop Panel Meeting

Chairman:

Members:

Held at Caltech on August 16, 1989

Prof. R. Bayuzick
Prof. H. Brody
Dr. A. Cezairliyan
Dr. D. Elleman
Dr. E. Ethridge
Dr. R. Hauge

Dr. W. Hofmeister
Prof. W. Johnson
Dr. M. Lee

Dr. P. Nordine
Dr. E. Trinh

Prof. T. Wang '
Dr. M. Weinberg-

Professor John Perepezko

Vanderbilt University
University of Pittsburgh
NIST

JPL

MSFC

Rice University
Vanderbilt University
Caltech

NASA Headquarters
CPI

JPL

Vanderbilt University
University of Arizona

/
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Containerless Experimentation
in Microgravity
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Objectives of

Pre-Workshop Panel Meeting

1. To recommend to full workshop pertinent science and -
technology areas for discussion

2. To organize and structure full workshop

3. To take ownership of the full workshop

00-1-124-WHW
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Recommendations
for Discussion from
Pre-Workshop Panel

1. Fluid dynamics (surface tension/thermocapillary at T < 200 °C)

N

Thermophysical properties (diffusion at extremely high
temperatures, viscosity and surface tension)

Benchmark materials

Very high temperature chemistry for nonconducting materials
Quiescent undercooled melt nucleation study

Exploratory growth of protein and other novel crystals
Diffusional interactions of gas-particle dispersion
Development/verification of processing modeling ‘ /

©® N o 0 & W

90-1-12-5-WHW
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Ten Suggested Questions to be Addressed
by the Workshop and Splinter Sessions

1. Is the removal of surface contamination alone enough to justify
containerless experimentation in microgravity?

2. If not, then what are the other primary scientific justifications
for performing containerless experimentation in microgravity?

3. What is the sensible way to acquire data for the purpose of
verifying science justifications not currently available?

4. What should future containerless flight instruments look like
if they are developed to meet those scientific justifications?

5. Does NASA need to develop a next generation electromagnAetic
manipulator?

/

11
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Ten Suggested Questions (continued)

Does NASA need a high temperature acoustic program?

Is there any advantage to electrostatic positioning for space
applications? Is it useful for melt undercooling study? Is it
useful for low temperature protein crystallization applications?

Is there any need for a heavy-ion beam positioning scheme in
space?

Can containerless manipulator capability be better achieved
through a hybrid system such as acoustic-electromagnetic or
acoustic-electrostatic?

How much investment is reasonable for the NASA container-
less program? What percentage of the budget is adequate to
cover high risk and, if successful, high yield areas?

/
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SSA

Containerless Experimentation
in Microgravity

The Process

MCPF

Sclence Capability

Definition

)

Pre-Workshop

A

Full Workshop

A

Guidance to
NASA Research
Announcement

Appendices

JPL/NASA
NRA

Panel
SRD » MCPF
\
Pl STS
™1 selection "] SSF

13
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1 Multiuser Hardware |
"The Double NRA Approach"”

NRA Pl Funding
Selections

Starts

minimum 2 years

definition studies with v

approved proposals Release 2nd NRA

ISSUE: Time Required
for Double NRA

Advantages: Multiuser HW better defined in mgt:'r:i Is Sci ‘)f(
2nd announcement erials science

Fluids N}

Combustion N

All Science community has an .
equal chance for flight opportunities Fundamental Science T8D

L il

00-1-12-7-WHW
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NRA and AO Phasing

Center Submission

g0 91 92 93 94 95

Combustion
PCG
Containerless

< 2 <L <L
2 L. L <L

Materials Science
Fluids v v
Biotechnology v v |

N o o s 0w b A

Fundamental Science pending

\_ /
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Products of Workshop

Station Freedom

1. Information to guide JPL/NASA in putting together a
Containerless NRA to be released in FY90

2. Information to guide JPL/NASA in defining a Modular
Containerless Processing Facility (MCPF) for Space

16
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Containerless Experimentation
in Microgravity

G

The Challenge

Containerless experimentation in microgravity must be
based on sound scientific justification. As NASA and
this nation's investment in this area increases, it is
even more critical to do so. Without strong scientific
justification, it is increasingly difficult for NASA to
maintain the current level of effort needed for the
Space Station era in the face of mounting criticism
voiced by the scientific community at large.

The challenge of this workshop is to provide this
scientific justification, and to guide NASA in
developing the next generation of flight instruments.

/

17
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A NASA Headquarters
Office of Space Science and Applications
epocRaTY Microgravity Science and Applications Division

Status and Outlook of the

Microgravity Science and Applications Program at
NASA

Presentation to

Containerless Experimentation in Microgravity
Workshop

Larry Spencer
January 17, 1990

9001.008-01CW 01/1090
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/ é@séx NASA Microgravity Program Goals ‘@ﬁ\l

e Develop comprehensive research program in fundamental sciences,
materials science, and biotechnology

e Develop understanding of gravity-dependent physical phenomena
as basis of reliable predictive capability for processing operations/
technological issues in Earth/non-Earth environments

e Foster growth of an interdisciplinary research community
e Encourage international cooperation

e Explore new materials and processes relevant to basic research and
commercial applications

e Develop permanently manned, multi-facility national microgravity
laboratory in low-Earth orbit

e Promote industrial application of space research

\- /

9001-008-02CW 01/10/90
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INAS/\ OFFICE OF SPACE SCIENCE AND APPLICATIONS
MICROGRAVITY SCIENCE AND APPLICATIONS DIVISION

THE APPROACH

DETAILED
LABORATORY

* UNIVERSITY

¢ NASA RAT

* OTHER

¢ INDUSTRIAL

NEW
IDEAS

RESEARCH

BASE CONCEPT

FEASIBILITY

N

*0"g EFFECTS
CONFIRMATION

GOVERNMENT
RESEARCH

RESEARCH

COMMERCIALIZATION
OPPORTUNITIES

N
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MICROGRAVITY SCIENCE AND APPLICATIONS
EXPERIMENT CAPABILITY

FREE FALL FACILITIES
DROP TOWER

L AN
T

UP TO 14 DAYS

ORIGINAL PAGE IS
OF POOR QUALITY

/*.'..

AIRCRAFT

UP TO 60 SEC.

SHUTTLE-SPACELAB

UP TO 14 DAYS

21

SOUNDING ROCKETS

UP TO 8 MIN,

SPACE STATION

CONTINUOUS
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Microgravity Science and Applications

—

Characteristic Duration and Acceleration Levels

MSAD

(duration of microgravity In seconds)

t

SPACE STATION FREEDOM
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Microgravity Science and Applications
Program

Fundamental Science
Fluid Physics
Combustion Science
Critical Phenomena
Relativity Theory

Materials Science
Electronic Materials
Metals and Alloys
Glasses and Ceramics

Biotechnology
Cell Physiology
Cell Differentiation
Protein Crystal Growth
Biological Separations

23
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Announcements Qutlook

)

Release Date Proposals Due Announcement
9 Nov 89 31 Dec 89 ESA AO for Materials and Fluid Science
Experiments: IML-2
26 Dec 89 26 Mar 90 | NASA NRA for Microgravity Combustion
Science: Research and Flight Opportunities
FYao* TBD Protein Crystal Growth Announcement
FYoo * TBD Solidification Research Announcement
FY90-91* TBD Containerless Research Announcement
FYoq * 78D Fluids Research Announcement
FYoq * TBD Foreign Hardware IML-3 Announcement
Fyogz* TBD Fundamental Phenomenal/Critical Point
Research Announcement

\_

* Dates identified are tentative pending budget availability

/

24
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NNASN

OFFICE OF SPACE SCIENCE AND APPLICATIONS

Flight Systems Division

INTERNATIONAL MICROGRAVITY LABORATORY (IML) -1

PAYLOAD COMPLEMENT

EXPMT OV EXPERIMENT / FACILITY TITLE ACRONYM  HQ CODE EXPERIMENT /FACILITY DEVELOPER
No. LOC SPONSOR
2 FLUIDS EXPERIMENT SYSTEM FES EN MSFC
3 VAPOR CRYSTAL GROWTH SYSTEM VCGS EN MSFC
4 MERCURIC IODIDE CRYSTAL GROWTH MICG EN CNES
19 CRITICAL POINT FACILITY CPF EN ESTEC
13 v ORGANIC CRYSTAL GROWTH FACILITY OCGF EN NASDA
17 g SPACE ACCELERATION MEASUREMENTS SYSTEM SAMS EN LeRC
10 g MICROGRAVITY VESTIBULAR INVESTIGATIONS MVi EB JsC
16 3 RADIATION MONITORING CONTAINER/DOSIMETER RMCD EB NASDA
15 % MENTAL WORKLOAD AND PERFORMANCE EVAL. MWPE EB Jsc
14 BIOSTACK BSK EB DLR
IMAX IMAX MC JSC
6 GRAVITATIONAL PLANT PHYSIOLOGY FACILITY GPPF EB ARC
BIORACK SYSTEMS BR E8 ESA/ESTEC

5 PROTEIN CRYSTAL GROWTH PCG EN MSFC
18 CRYOSTAT CRY EN DLR
8 = a‘) SPACE PHYSIOLOGY EXPERIMENTS 124 €8 CSA

w

o

nZ

_J

25
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First United States Microgravity
Payload (USMP-1)

ETAA

Pavioad Complement

NASA HQs
No. ExperimenvFacility Title Sponsor Developer

1 | Lambda Point Experiment Code EN | JPL

2 | MEPHISTO CNES CNES

3 | Advanced Automated Directional Code EN | MSFC
Solidification Furnace (AADSF)

4 | Space Acceleration Measurement Code EN | LeRC
System (SAMS)

/

26
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First United States Microgravity
Laboratory (USML-1)

)\

Baseline Payload Complement

NASA HQs
No. Experiment/Facility Title Sponsor Developer
1 | Crystal Growth Furnace (CGF) Code EN | MSFC
2 | Crystals, Monomers, Deposition and Code C UAH CCDS
Separation Facility (CMDSF)
3 | Drop Physics Module (DPM) Code EN | JPL
4 | Surface Tension Driven Convection Code EN | LeRC
Experiment (STDCE)
5 | Glovebox (GBX) Code EN | TBD
6 | Space Acceleration Measurement Code EN | LeRC
System (SAMS)
7 | Solid Surface Combustion Experiment Code EN | LeRC
(SSCE)
8 | Zeolite Crystal Growth (ZCG) Code C Battelle CCDS
9 | Protein Crystal Growth (PCG) (3 R/IM's) | Code C MSFC
10 | Generic Bioprocessing Apparatus Code C Bioreserve
11 | Solution Crystal Growth (SCG) Code C Battelle CCDS
Astroculture (ASC) Code C Wisconsin CCDS

27
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Second United States Microgravity
Payload (USMP-2)

)

Payload Complement

NASA HQs
No. Experiment/Facility Title Sponsor Developer
-1 | Critical Fluid Light Scattering Experiment | Code EN | LeRC
2 | Isothermal Dendritic Growth Experiment | Code EN | LeRC
3 | MEPHISTO CNES CNES
4 | Advanced Automated Directional Code EN | MSFC
Solidification Furnace (AADSF)
5 | Space Acceleration Measurement Code EN | LeRC
System (SAMS)

/

28
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NASN

OFFICE OF SPACE SCIENCE AND APPLICATIONS

Flight Systems Division A

INTERNATIONAL MICROGRAVITY LABORATORY (IML) -2
CANDIDATE PAYLOAD COMPLEMENT

HQ CODE

EXPERIMENT / FACILITY TITLE ACRONYM SPONSOR  EXPERIMENT /FACILITY DEVELOPER
BIORACK (W/O CLRFZR) BA EB ESTEC/NASA JSC
AQUATIC ANIMAL ENVIRONMENTAL UNIT AAEU EB NASDA
PERFORMANCE WORKSTATION PWS EB NASA JSC
VESTIBULAR & SENSORI-MOTOR EXPERIMENT VSE €8 CNES
SLOW ROTATING CENTRIFUGE WITH MICROSCOPE NIZEMI EB DR

S | REAL-TIME RADIATION MONITORING DEVICE RAMD EB NASDA

£ | BacK PAIN IN ASTRONAUTS BPA £8 CSA

2 siosTack BSK 3] OLA

g VIBRATION ISOLATION BOX EXPERIMENT SYSTEM VIBES EN NASDA

¥ | ELECTROMAGNETIC CONTAINERLESS PROCESSING FAC. TEMPUS | EN DLR
BUBBLE, DROP & PARTICLE UNIT BOPU EN ESTEC
APPLIED RESEARCH ON SEPARATION METHODS USING RAMSES | EN CNES

SPACE ELECTROPHORESIS

FREE FLOW ELECTROPHORESIS & THERMO-ELECTRIC INCUBAT. FFEU/TEIHT|  EN NASDA
QUASI-STEADY ACCELERATION MEASUREMENT 0SAM EN DA
ADVANCED GRADIENT HEATING FACILITY AGHF EN ESTEC
LARGE ISOTHERMAL FURNACE UF EN NASDA

- CANADIAN MINI-SLED CcMs E8 csA

Sy | LOWERBODY NEGATIVE PRESSURE DEVICE eneD | EB NASA JSC

2 © | DOUBLE RACK ADAPTOR PLATE DRAP EB NASA JSC

7 EDOMP EXERCISER - EB NASA JSC
SPACE ACCELERATION MEASUREMENT SYSTEM SAMS EN NASA LeRC

25 | SLEEP MONITORING EXPERIMENT SME EB NASA JSC

©2 | ADVANCED PROTEIN CRYSTALIZATION FACILITY APCF EN ESA
n =

IML-2-C EM 11/89




1989 Highlights a3
SSA Advanced Programs Sy

@ Space Station:

— Joint Science Utilization Study Support

— May 1989: Modular Combustion Facility
Assessment Workshop

— June 1989: Space Station Furnace Facility One
Year Conceptual Design Study awarded to
Teledyne Brown Engineering

— August 1989: Deployment dates for multi-user
facilities rephased

~ November 1989: Request out to all MSAD
investigators to provide model experiment
scenarios for Space Station

— December 1989: Microgravity Requirement
addressed at combined Level l/Level Il Space
Station Control Board meeting at Reston, Virginia

e Human Exploration Initiative

—  Preliminary Program Plan developed for
Microgravity Science and Applications in
response to call for 90-day NASA report to
Vice-President Quayle

9001-008- 1 7TCW 0171090
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Microgravity Science and Applications
Plans for Space Station

G

e Six multi-user experimental facilities planned for Space Station
Freedom

— Advanced Protein Crystal Growth Facility
— Space Station Furnace Facility

— Modular Containerless Processing Facility
— Fluid Physics/Dynamics Facility

— Modular Combustion Facility

— Biotechnology Facility

/

31
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Microgravity Science and Applications
Evolution Strategy

LN

e Initial Strategy: Deploy six facilities prior to SSF Assembly
Complete

e Current Strategy: Rephased developments in order to resolve
issues with:

— Phasing of Space Station
~ Budget and schedule incompatibilities
— Technical capability constraints

® Rephasing allows MSA Program time to:

— Enhance research base

— Strengthen project management base

\ — Gain more on-orbit experience

32
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ﬂ% Human Exploration Initiative @%\

e Basic approach

1990's 2001 - 2010 Beyond 2010
Space Station Freedom C> Lunar Outpost ® Mars Exploration
Lunar Orbiter E> Mars Robots Lunar Operations

e Long-range exploration goal is Mars

e Moon is justified on its merits, as well as a stepping stone toward
Mars

e 90-day study will develop a baseline option and analyze impact of
variations on milestones and program scope

e Baseline and options will be approved by NASA Administrator

- /

9001 -008-22CW 01/10/0

33



Human Exploration Initiative i
SSA MSAD Program Strategy o

MSAD's Role in the Human Exploration Initiative

e Determine influence of gravity and other extraterrestrial
environments on fundamental processes/phenomena. Emphasis

on:

— Processes/phenomena significantly altered or affected by gravity
variations and other unique attributes of the extraterrestrial
environment

— Processes/phenomena whose understanding under extraterrestrial
conditions will benefit planned HEI activities

e Support basic research activities which can clearly benefit from
exploiting the unique attributes of the lunar environment

- /

9001-008-23CW 0171090
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/ % Human Exploration Initiative

Initiative Research Areas

e Fluid Dynamics and Transport Phenomena
— Multiphase flow
— Phase change heat transfer
— Fluids management
® Mechanics of Granular Media
— Soil mechanics
— Rheology
e Combustion
— Fire safety
— Power
® Materials Processing
— Resource utilization/chemical processes
— Materials manufacturing

-

/

35
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Strategic Planning Summary

L)\

— Free Flyers

® Aggressive hardware development program to take advantage of
a number of opportunities

— Shuttle
~ Space Station

— Human Exploration Initiative

® Increased emphasis on Research Ahnouncements
— Ground-Based Program
— Flight Program
e Planned program augmentations
— Ground-Based Program
— Fundamental Science (Flight Program)

\ — Sounding Rocket Opportunities

36
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N91-21333

CONTAINERLESS EXPERIMENTATION IN
MICROGRAVITY WORKSHOP

GROUND-BASED AND MICROGRAVITY
CONTAINERLESS POSITIONING TECHNOLOGIES
AND FACILITIES

MARTIN BARMATZ

JET PROPULSION LABORATORY
CALIFORNIA INSTITUTE OF TECHNOLOGY

JANUARY 17, 1990
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PRESENTATION OUTLINE

CONTAINERLESS EXPERIMENTS

UNIQUENESS OF MICROGRAVITY
MICROGRAVITY EXPERIMENTS

CONTAINERLESS PROGRAM DEVELOPMENT

o  SCIENTIST PARTICIPATION

ACCOMMODATING MICROGRAVITY EXPERIMENTS
e POSITIONING APPROACHES
e SPACE FLIGHT FACILITIES

e GROUND-BASED FACILITIES AND
TECHNOLOGY DEVELOPMENT

e  SPACE STATION FACILITIES

38



CONTAINERLESS EXPERIMENTS

SAMPLE IN FREE SUSPENSION IN A FLUID OR
VACUUM

SINGLE OR MULTI-PHASED MATERIAL (LIQUID,
SOLID, PHASE TRANSFORMATION)

NON-CONTACT MEASUREMENT TECHNIQUES

MINIMUM SAMPLE PERTURBATION (STABILITY)

HIGH PURITY ENVIRONMENT - MINIMIZES
CRUCIBLE CONTAMINATION

EXTREME ENVIRONMENTS (HIGH TEMPERATURE,
- PRESSURE, OR VACUUM)

39



UNIQUENESS OF MICROGRAYVITY

GRAVITY PERTURBS PHENOMENA (CONVECTION,

SEDIMENTATION, SMALL FORCES OVERWHELMED
BY GRAVITATIONAL ACCELERATION)

EXPERIMENT NOT OPTIMUM IN GRAVITY FIELD
(LEVITATION OF GLASSES, CERAMICS)

HIGH INTENSITY LEVITATION FIELDS MASK OR

PERTURB PHENOMENA - ( SHAPE DEFORMATION,
LARGE EDDY CURRENT OR CHARGE DENSITY
EFFECTS, DYNAMIC NUCLEATION)

LONG DURATION QUIESCENT ENVIRONMENT
- (REDUCED FLUID FLOWS)

EXCELLENT VIBRATION ISOLATION POSSIBLE
(CRYSTAL GROWTH - PROTEIN CRYSTALS)
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MICROGRAVITY EXPERIMENTS

REQUIRES EXTENSIVE GROUND-BASED
EXPERIMENTATION

CONSIDERATION OF PAST FLIGHT EXPERIENCE,

UNDERSTANDING OF CURRENT CAPABILITIES,
AND LONG RANGE PLANNING

STRONG INTERACTION BETWEEN CURRENT AND
FUTURE SCIENTISTS AND FACILITY BUILDER

LONG LEAD TIME FOR DEVELOPMENT - SHORT
PERFORMANCE TIME

EXPENSIVE - GENERALLY ACCOMMODATED BY
MULTI-USER FACILITY

COMPLEX TO PERFORM - REMOTE OR AUTOMATED

OPERATIONS AND RESTRICTED ACCESS - SAFETY
CONCERNS

 EVOLUTIONARY PROCESS : FIRST - SIMPLE

EXPERIMENTS, LATER - MORE PRECISE
EXPERIMENTS WITH ADVANCED CAPABILITIES
AS EQUIPMENT MATURES

UNIQUE ENVIRONMENT - ORBITAL LABORATORY
IS A VALUABLE RESOURCE
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CONTAINERLESS PROGRAM DEVELOPMENT
SCIENTIST PARTICIPATION

EVALUATE PRESENT SCIENTIFIC CAPABILITIES
OF FACILITIES AND SUGGEST ENHANCEMENTS

PROPOSE NOVEL EXPERIMENTS TO MATCH
CURRENT FACILITIES

DOCUMENT CURRENT AND POTENTIAL NEW
SCIENCE REQUIREMENTS

PARTICIPATE IN GROUND BASED RESEARCH AND
DEVELOPMENT PROGRAM (PROPOSALS, AO, NRA)

- RESPOND TO SURVEY ON CONTAINERLESS
EXPERIMENTATION SCIENCE CAPABILITIES
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ACCOMMODATING MICROGRAVITY EXPERIMENTS

POSITIONING APPROACHES

DEVELOPMENT OF DIFFERENT POSITIONING
APPROACHES

ACOUSTIC - HIGH INTENSITY SOUND FIELDS

FLUID MEDIUM, ANY MATERIAL,
STATIC METHOD

ELECTROMAGNETIC - INDUCED EDDY CURRENTS

FLUID OR VACUUM MEDIA,
CONDUCTING MATERIAL,
STATIC METHOD

ELECTROSTATIC - FORCES BETWEEN OPPOSITE

CHARGES, FLUID OR VACUUM
MEDIA, SURFACE CHARGES,
DYNAMIC METHOD

GAS FILM - PRESSURE DROP ASSOCIATED WITH
THIN LAYER OF FLOWING GAS

FREE FLOAT - NO EXTERNAL FORCES
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EARLY NASA SPACE FLIGHTS

ACOUSTIC CONTAINERLESS EXPERIMENTAL
SYSTEM - ACES (STS 11, 1984)

DROP DYNAMICS MODULE - DDM
(SPACE LAB 3, 1985)

TRIPLE AXIS ACOUSTIC LEVITATOR - 3AAL
(STS 24, 1986)

ELECTROMAGNETIC LEVITATOR - EML
(STS 24, 1986)

SINGLE AXIS ACOUSTIC LEVITATOR - SAAL
(STS 7, 1983 - STS 61A, 1985)
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EARLY NASA SPACE FLIGHTS
LESSONS LEARNED

L.OW BUDGET, HIGH RISK FLIGHTS PROVIDE
SPARSE SCIENTIFIC RETURNS

TOTALLY AUTOMATED POSITIONERS REQUIRE

MORE THAN ONE SHORT DURATION (2 HOUR)
FLIGHT TO BECOME OPERATIONAL

ASTRONAUT OPERATED POSITIONERS INCREASE
PROBABILITY OF SUCCESS

PRE-FLIGHT IMPROVEMENTS
e IMPROVED GROUND-BASED CALIBRATION

e PRECURSOR FLIGHT EXPERIMENTS (KC-135,
ROCKET FLIGHTS)

e SCIENCE EVALUATION OF POSITIONERS
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ACCOMMODATING MICROGRAVITY EXPERIMENTS
GROUND-BASED FACILITIES

e INDIVIDUAL INVESTIGATORS FACILITIES

(ELECTROMAGNETIC, ACOUSTIC, ELECTROSTATIC,
AERODYNAMIC, GAS FILM, ...)

e DROP TUBE FACILITIES (NASA LRC, MSFC)

e NASA KC-135/ESA CARAVELLE FACILITIES

e ROCKET FLIGHTS (TEXUS, PRIVATE COMPANIES)
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ACCOMMODATING MICROGRAVITY EXPERIMENTS
SPACE FLIGHT FACILITIES

e PAST FLIGHT EQUIPMENT (SAAL, ACES, DDM,
3AAL, EML)

e CURRENT FACILITIES

e DROP PHYSICS MODULE - DPM
(NASA JPL ACOUSTIC POSITIONER)

e UNITED STATES MICROGRAVITY

LABORATORY - USML SERIES
USML-1 (1992), USML-2 (1994)

e TEMPUS (GERMAN ELECTROMAGNETIC
POSITIONER)

e INTERNATIONAL MICROGRAVITY
LABORATORY (IML-2) (LATE 1992)

e INTERNATIONAL COOPERATION (AMERICAN,
EUROPEAN, AND JAPANESE PROGRAMS)
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ACCOMMODATING MICROGRAVITY EXPERIMENTS
TECHNOLOGY DEVELOPMENT

e POTENTIAL FUTURE FACILITIES (DEVELOPING
TECHNOLOGIES)

ACOUSTIC LEVITATION FURNACES

e ISOTHERMAL, BEAM HEATING

e MODULAR ELECTROMAGNETIC LEVITATOR

e STABILIZED ELECTROMAGNETIC LEVITATOR
e ELECTROSTATIC TETRAHEDRAL POSITIONERS
e GASLAYERLEVITATOR

MICROWAVE/ACOUSTIC HYBRID POSITIONER

e NON-CONTACT PARAMETER MEASUREMENTS

e TEMPERATURE
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ACCOMMODATING MICROGRAVITY EXPERIMENTS
SPACE STATION FREEDOM

e MODULAR CONTAINERLESS PROCESSING FACILITY
- MCPF
e FACILITY CONCEPT FOR SPACE STATION
e SCIENCE COMMUNITY INPUT NEEDED
e MULTIPLE POSITIONING MODULES
e ACOUSTIC
e ELECTROMAGNETIC

e ELECTROSTATIC

e HYBRIDS
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Modular Containerless Processing Facility (MCPF)

Provides 4 kinds of experimental facilities on Space Station Freedom

ACOUSTIC POSITIONING
FACILITY

Fundamental Fluid Physics
Interfacial Phenomena
Iinterparticle Dynamics
Geophyslcal Fluid Dynamics
Glasses and Ceramics Processing
Phase Transition Phenoimena

ELECTROSTATIC POSITIONING
FACILITY

Protein Crystal Growth
High Temperature/

high vacuum chemistry
Charged fluid/particle dynamics
High temperature materials

ELECTROMAGNETIC POSITIONING
FACILITY

Metals and Alloys Processing
Very High Temperature Chemistry
Metastable Structures Formation
Homogeneous Nucleation
Advanced Materials Struclures

/

EXOBIOLOGY FACILITY

Aerosol Physics
Fractals Dynamics
Interparticle Dynamics
Atmospheric Chemistry

NLGec320
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VERY HIGH TEMPERATURE CHEMISTRY

Science Justification for Containerless Experimentation In Space
By

William H. Hofmeister, Vanderbilt University
Paul Nordine, Containerless Processing, Inc.

Following is a summary justification for application of containerless processing in space to
high temperature science. Low earth orbit offers a gravitational environment that allows
samples to be positioned in an experimental apparatus by very small forces. Well controlled
experiments become possible on reactive materials at high temperatures in a reasonably
quiescent state and without container contamination. This provides an opportunity to advance
the science of high temperature chemistry that can only be realized with a commitment by NASA
to provide advanced facilities for in-space containerless study of materials at very high
temperature.

The laws of thermodynamics provide a fundamental scientific motivation for efforts to advance
high temperature science; heat engine efficiency increases with operating temperature.
Consequently, the search for higher performance and fuel efficiency in automotive and gas
turbine technology center on advances in high temperature materials. Experience also shows a
connection between the useful and scientifically interesting properties of materials and their
melting points. The hardest and strongest materials, superconductors with high transition
temperatures, most semiconductors, refractory materials, high performance coatings and
several excellent infrared optical materials melt at very high temperatures. The bronze, iron,
steel, nuclear and silicon eras demonstrate that human progress is closely related to advances in
high temperature materials technology. Finally, aerospace technology itself requires lighter,
stronger, higher melting, and more oxidation-resistant materials. For these reasons it is
important that opportunities to advance high temperature science be developed.

Thermodynamics also explains why containerless technology is needed in this effort. Solutions
have larger entropies than their separated components, so the extent of container contamination
of materials increases with temperature. Containerless processing in space converts this fact
from a problem o a wide ranging opportunity for scientific progress.

Examples

Comments on several selected areas of high temperature science are given below in which
containerless processing in space has scientifically interesting and unique applications.

Liquids - An improved understanding of high temperature liquids is not only of scientific
interest, but is also necessary to advance the art of high temperature processing. Novel
experiments to measure the optical, thermal, mechanical, and other properties of liquids in
containerless, space-based experiments would be feasible.

Thermal properties - Unusual variations of heat capacity with temperature have been
determined for some liquid metals. Since the temperatures were measured by optical
pyrometry with the assumption of temperature independent emissivity, it is possible that
emissivity variations contribute 1o the apparent heat capacity effects. Continued Earth-based
progress in this area is possible by making optical property measurements on
electromagnetically (EM) levitated liquid metals. However, EM levitation is at best difficult,
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complicated by stirring and sample oscillations, and applicable materials of high electrical
conductivity. In space, measurements on a much wider range of liquids including poor
conductors would be possible. Measurement precision would be advanced by the enhanced
stability of melts positioned in microgravity.

Phase relations - Understanding the melting and solidification behavior of high temperature
materials is essential to alloy and process design. Phase diagram determination by
electromagnetic levitation techniques is well known. Acoustic positioning furnaces, with or
without beam heating, will allow non-contact study of phase behavior to be extended to a wide
range of materials. This is particularly important in complex systems that form many
condensed phases such as the ceramic superconductor materials. The stability of any one phase
in such systems is necessarily small relative to an equal composition mixture of other phases,
and often sensitive to the impurities that result from processing in containers.

Intrinsic properties of solids - The synthesis of materials with improved homogeneity and
purity, controlled chemical composition, and reduced mechanical flaws is needed to determine
basic chemical-structural-property relationships. An improved understanding of optical and
mechanical properties would have particular value to composite materials and fiber optic
applications.

Purification - The environment in the wake of the shuttle or a wake shield can provide an
extremely high vacuum unobtainable on earth. In addition, the effective pumping capacity of
samples behind a shield is nearly infinite. This offers an opportunity to study the vacuum
purification of materials at a level heretofore unachievable.

Non-equilibrium materials - Materials exhibit an increased solubility for their components at
high temperatures, i.e., extended homogeneity ranges. Compositions of materials can thus be
made that are retained as metastable materials when cooled to lower temperatures.

Nucleation and undercooling - The kinetics of nucleation processes provide another fundamental
basis for interest in containerless processing. Solid containers induce heterogeneous nucleation
from supersaturated or undercooled melts and also reduce the rate and uniformity with which
melt cooling can be achieved. This greatly limits conditions under which homogeneous
nucleation phenomena can be studied and non-equilibrium materials prepared. Supercooled
liquids can be formed and their properties and process kinetics investiga<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>