REPORT
ON
OPPORTUNITIES FOR

MICROGRAVITY RESEARCH

Prepared for

Dr. Gerry Atkinson
Chief Scientist
Space Science Program
Canadian Space Agency
100 Sussex Drive
Ottawa, Ontario
K1A OR6

by
Philip A. Lapp Limited
904-280 Albert Street
Ottawa, Ontario
KI1P 5G8

November 15, 1990




6.
Appendix I

Appendix II - Material Sciences Summary

Appendix II - Summary of Contracts in Place

i

Table of Contents

Introduction . . ... . v it ittt i e e
Study Objectives . ... ... ...t PP

Methodology . . .0 v it it e i e e

Results

Conclusions . . . v it i e e e e
5.1 Life SClences . . . ..o v i vt i it m e e e n sy
52  Material Sciences . . . ... it i e e,
Acknowledgements .. ... ... .00

- Life Science Summary .......... ... .. ...

nnnnnnn
........

---------

-------------------------------

4.1 Life Sciences .. . v vt i i e e e e e
42  Material Sciences . ... .. i i i i

--------

oooooooo

--------

oooooooo

--------

oooooooooo

-------------------

-----------

----------------------------

o W LUV SV

............ 7




1. Introduction

This report is submitted in fulfilment of Part 1 of the requirements of SSC Contract No.
31016-0-6019/02-SW entitled "The Identification of Opportunities for Microgravity Research
and the Evaluation of the Rocket and Small Satellite Programs”. The results will
contribute to the long term plan for space science.

2, Study Objectives

The study objectives were to

a) review responses already solicited from the scientific community outlining
proposals for experimentation in microgravity;

b) determine what additional information is needed and obtain this information;
and

c) prepare a document synthesizing the findings for consideration by the
Advisory Committees to the Space Science Program.

3. Methodology

The Canadian Space Agency received about 200 replies to a widely distributed
questionnaire soliciting proposals for experimentation in microgravity. CSA screened the
replies and placed them into one of four categories:

life sciences proposals from new potential participants;
materials sciences proposals from new potential participants;
responses from current participants; and

replies deemed non-responsive due to inadequate information.
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We reviewed replies dealing with new potential participants in life sciences and materials
science, and in consultation with the scientific authority, developed a further questionnaire
requesting information on infrastructure requirements to support proposals. CSA mailed
this second questionnaire to those who provided qualified proposals in the fields of life
sciences and materials science. Replies to this questionnaire were followed-up by
telephone to obtain as complete a set of data as possible. |

We prepared summary sheets containing basic information on each proposal and the
infrastructure requirements received from new potential participants. The form of
presentation was discussed with the scientific authority who considered it snitable for use

by the appropriate advisory comunittees.
4. Results

41 Life Sciences

Sixty five life sciences responses were considered valid. We have classified these into the
following categories:

Basic Science (5);
Plants and Food (10);
Molecular Biology (6);
Neurology (12);
Skeletal Muscles and Bones (16); and
Physiology (17).
The numbers in brackets show the responses in each category.
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Thirty two replies provided sufficient information to make the following assessment of the
vehicle required to accommodate the proposed experiment.

Vehicle Number of Users
Space Station 26

Satellite 3

KC-135

Rocket 1

The results for life sciences are presented in spreadsheet form in Appendix I.

4.2 Material Science

There were 29 material science replies. We placed these in the following categories, with
numbers in brackets showing responses:

Metals/Alloys (5);
Ceramics/Glasses (2);
Semiconductor Studies (6);
Liquids/Catalysts (5);

Heat Flow/Transfer (7); and
Structure/Damage (4).

Of the 29 replies, 20 provided sufficient information to assess the vehicle required. Based
on stated requirements/wants the findings can be summarized as follows:
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Vehicle Number of Users
KC-135/T-33 6
Satellite 5
Space Station 4
Rocket 5

Appendix II contains spreadsheets for materials science.

In order to provide a complete picture, we have summarized the contracts reported in
Microgravity Program Update Number 4, May 1990, and from information provided by the
client on the current contracts. These summaries are contained in Appendix IIL

5. Conclusions

In addition to our summaries, we offer the following observations.

51 Life Sciences

Space Station is the vehicle of choice for most of the experiments where sufficient

information was given to provide a basis for judgement. It would accommodate 26 out of
the 30 assessed.

The clustering of interests expressed by responses in the questionnaires suggests there are

opportunities to form teams from among the potential participants. If it is not possible or
feasible to form teams, then at least those in the groups noted below should be aware of

the allied interests.
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Subject

Gravitational effects
on plant growth

Nitrogen fixation in
reduced gravity

Visual and vestibular
systems

Human motor control
system

Exercise and skeletal
muscle atrophy

Bone formation and
calcium deposition

Muscles and exercising

in space

Respiratory system

Sleep & sleep
disorders

Cardiovascular system

Interested Responders

M.A. Dixon (Guelph U.}
R.F. Horton (Guelph U.)

D.B. Layzell (Queen’s U.)
D.L.Smith (MacDonald College, McGill)

F.O. Black (Portland. Ore.)

M.S. Cynader (UBC)

A. Friedman (U of A, Edmonton)
L.R. Harris (York U.)

O. Bock (York U.)
C. MacKenzie (U. of Waterloo)

M.J. Plyley (U of T)
W. Rhodes (Wiillowdale, Ont)
(already collaborating)

P. Brazeau (U. Montreal) .
M.D. Grynpas (Mt. Sinai, Toronto)

W. Herzog (U of Calgary)
1.G. Reid (Queen’s)
C. Frank & N. Shrive (U of Calgary)

E. Dean (Vancouver)

J. Edelson (St. Michael’s)
D.C.F. Muir (McMaster U)
T. Trippenbach (McGill)

M. Kryger (U of Manitoba)
H. Moldofsky (U of T)

R.L. Hughson (U of Waterloo)
R. Thirsk (CSA)
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52 Material Science

The range of vehicles required to satisfy experimental conditions is broader than is the case
for life sciences investigations. Although there are preferences, all vehicles have been
identified at least twice. The KC-135/T-33 and satellites together would meet about half
the projected needs.

About one half of the suggested subjects deal directly with experiments on materials

processing/behaviour in microgravity. The remainder involve topics related generally to
instrumentation, techniques or theoretical studies.

About one third of the proposed investigations require a fumace. There are therefore
opportunities to link these investigators with UDP contractors who have developed furnaces.

Some potential investigators expressed a desire to collaborate with PI's who have
experience working in microgravity. These are

1. Dr. H. Henein, University of Alberta;

2 Mr. Miroslav Grmela, Ecole Polytechnique;

3. Mr, S.V. Hoa, Concordia University; and

4 Prof. G. Papini, University of Regina.

6. Acknowledgements

We wish to acknowledge the support received from a number of people in the Space
Sciences Division of the Canadian Space Agency. Immediate response to requests for
information together. with constructive feedback has allowed our assignment to progress
efficiently.
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Basic Science
Investigator
1. Prof. Peter . Kevan
Dr. Frenco Di-Gicvanni
Department of Environmental Biol
U. of Guelph
Guelph, Ontaric K1G 2W1
Bus. (519) B24-4120
Res. (519) 658-0573

2. Prof. Locksley E. HMcGann
Dept. of Pathology
U. of Alberts
Edmonton, Alberta TSG 2R7
Bus. (403) 431-0202
Res. (403) 962-5836

3. Dr. Anthony P. Russell
Dept. of Biel. Sci.
U. of Calgary
2560 University Dr., WW
Calgary, Alta T2N NG
Bus. (403)220-5198
Res. (403)272-3885

4. Prof. John M. Stewart
Dept. of Chemistry
Mount Allison University
Sackvilte, MB EOA 3CO
Bus. (506) 364-2361
Res. (506) 364-4327

5. Prof, Peter G. Wells
Faculty of Pharmacy
U. of Toronto
19 Russell Street
Toronto, Ont W3S 252
Bus. (416 978-3221
Res.

Life Science Suwnary Page 1

Description

NOTE: a * indicates infrastructure required.

Duration

g-level

Facilities

Cryobiology for Prolonged Space FL

Adhesive Systems

Intracei luler Diffusion

orug and Toxicity

Test dispersal models for potlen, aerosols,
particles in microgravity environment and compare
with earthbound experiments to confirms and
possibly modify the effect of gravitation on the
models.

Studies on tissue banking in & microgravity
envirorment. Expertise on lou-ten?erature
preservation of cells will be applied to
preservation of blood, bone marrow and skin cells
under microgravity cotditions. Nesd to invesigate
effect of microgravity on asmotic responses of
cells

Lizards adhere to smooth surfaces by the
microorientation of epidermal keratinous
outgrowths on the surfaces of their toes. The
study proposes to determine the effect of gravity
on this system of adhesion.

while effect of microgravity in diffusion of
amall molecules may be insignificant, most of the
supramol ecular machinery of the cell may be large
enaugh in mass and volume to show such effects. A
model system has been developed to measure
diffusion coefficients and diffusional fluxes
from muscle tissues. Studies would extent
measuremenits to microgravity conditions.

Models of drug-induced disease, particularly in
areas of liver disease, birth defects, and
carcer, would be used to determine modulatery
effects of microgravity on drug toxicity and, if
evident, the underlying biochemical mechanisms.
Pessible relevance to health of astronauts.

hri{days*
long =

data rec*
video *

cont sys
thermal *

Rexuires a pollen-free
atmosphere,

Continuous release of

pollen in wind for at

least 5 minutes.

Free Locomotion of
snimals and videotaping
thereof required.




Plents and Foods

7.

Investigator

. Prof. S. Cenkowski

Dept. of Agric. Engineering
U. of Manitoba

Wirnipeg, Man R3T 2N2

Bus. (204) 474-6033

Res. (204)

pr. Mike Dizon

Dept. of Horticultural Sci.
U. of Guelph

Guelph, Ont. W1G 241

Bus. (519) 824-4120-2555
Res. (519) B24-4196

Prof. Mario Julle Fragata
Centre de recherche

en photobiophysigque
U. de Quebec a Trois Rivieres
Trois-Rivieres, Que GIA SHT
Bus, (819) 374-5077
Res. (819) 37%-08556

Dr. Roger F. Horton
bept. of Botany

U. of Guelph

Guelph, Ont. NI1G 2wl
Bus. (519) 824-2656
Res. (519) 821-0975

10. Prof. Robert Kok

Agricultural Engineering
MacDonakd College

McGill U.

21,111 Lekeshore Blvd.
Terrasae Vaudreuil, Que HX 1€0
Bus. (514) 398-7781

Res. (514)

Agricultural and Food Engineering

Gardens. in Space

Phatosynthesis

Plant Growth

Life Science Sumary Page 2

Description

Engineering of systems for envirormentally
controlled plant production under reduced
gravity. Processing of plant products into food
requires further knowledge sbout effects of
microgravity on the flow-behaviour of fluid-selid
mixtures.

Studies on the influence of zere or reduced
gravity on water and carbohydrate transport
systems in plants, geotropic influences and
bicphysicat mechanisms. Use of a technique to
continuousty monitor the water status of a plent
would allow evalustion of potential culture of
plent species in microgravity.

Proposes studies on adhesion of chlorcplast
thylakoids involved in energy distribution in
photosynthesis. Will determine effects of mono
srd divalent cations on lipid vesicles
interactions in microgravity. Will study the
mechanisms underlying the lack of reversible
adhesion of thylakoid membrenes in vive in
microgravity.

Have studied processes controlling plant growth
under envirormental changes, e.g. aguatic,
semi-aquatic and anaerobic conditions. In
anaercbic conditions rice retains its ebility to
repond to gravity vector, Continuing studies of
grevitational effects, often using mutants.

Develooment of artificiel intelligence systems
oriented towards productive ecological system
mahagement, operation and regulation.
Investigation of uses of frsects for food, feed,
biomaterials, waste processing. Insects g
components of 1ife-support systems in apece.

NOTE: & * indicates infrastructure required.

Duration

a-level

Level
not
critic.

Facilities

atm cont
ther?al
special
handl ing




Plants and Foods cont’d
Investigator

11. Prof. David B. Layzetl
Biol. Dept.
Queen’s University
Kingston, Ont K7L 3H6
Bus, (613) 545-614%9
Res. (613) 546-0576

12. Mr. Michele Normore
pept. of Biol.
Memorial U, of Nfld
St. John's, ¥fld A1B 3x9
Bus. (709) 737-4319
Res. (709) 358-2926

13. br. Richard P. Pharis
Biot. Sei
U. of Calgary
Calgary, Alta T2N N4
Bus. {403) 220-525%
Res. {403} 932-2124

1. Dr. Rod Savidge
Dept. of Forest Resources
U. of New Brunswick
Fredericton, M.8. E38 &C2
Bus. (506) 453-4501
Res. (508) 457-1733

15. pr. Donald L. Smith
Plant Sci. Dept
MeGill U.
21,111 Lakeshore R,
Ste. Amne de Bellevoe, PO
HYX 1C0
Bus. (514) 398-7856
Res. (514) 457-6170

Subject

Nitrogen Fixation

Plent Growth

Giberellins in Plant Growth

Resctiorwood Formation in Trees

Nitrogen Fixation in Provision of

Life Science Sumsary Page 3

Bescription

Growth of nitrogen-fixing ptants (legumes) in
microgravity will probably be necessary on
prolonged space flights. Important factor
limiting nitrogen-fixation is oxygen diffusion,
controlled by legume nodules, by physiclogicat
control of water and air space distribution in
nedule tissue. Propose to see how this control is
affected by microgravity conditions.

Studies of Light (wave Length, intensity) efforts
on auxin concentrations. Would Like to add o
study of gravitetional variation to these. Aimed
at [ong-term growth of plants in gravity-free
envirorment.

Propose to examine endogeneus gibberellin
concentrations in shuttle-grown maize plents.
Concentrations of all plant hormones involved in
the gravi-response system will be determined by
gas chromatography-mass spectrometry.

Compression and tension wood are formed as a
result of chenges in cellulsr differentiation
pathwoy and an understanding of how compression
and tension wood development are regulated is
important to an urderstording of differentiation
in general. Gravity mediates but is not
obligetely essential in reactionwood formation.
Proposes to defime the precise role of gravity.

Use of Nitrogen-fixing organisms on space flights
Wikl provide high protein food without necessity
of carrying fertilizer. Proposes to exsmine the
cukture of two groups of organisms under
microgravity conditions; cysncbacteria and legumes

NOTE: & * indicates infrastructure requiced.

Duration
long *
days *
long
Long

- level

Facilities

Gro-lux fluorescent bulbs
to provide Light over a
16 hr photoperiod. carbon
dioxide and oxygen
required. A 2 week
CONtinUOUS exposure
desirable.




Molecular Biology
Investigator

16, Prof. M. Arella
Inst. A. FrappierfU. de Quebec
53% Boul. des Prairies
Laval Des Rapides, PQ
HIN 423
Bus. (514) 687-5010 x 225

or 234
Res. (514) 689-0264

17. br. T.4, Beveridge
Dept, of Microbiology
U. of Guelph
Guelph, Ontario N16 2W1
Bus. (319) 8R4-4120 x 3366
Res.

18. Dr. Louis T.J.Delbeere
. of Saskatchewan
bept. of Biochem.
Saskatoon, Sask. S/N DwW0
Bus. (306) $56-4373
Res. (30&) 242-1529

19. Prof. H.M. Dosch
Hosp. for Sick Children
555 University Avenue
Toronto, Ontario
Bus. (416) 598-6260
Res. (416) 366-3822

20. Prof. Barry W. Glickman
Biol. Dept
York University
4700 Keele Street
North York, Ont. M3J 1P3
Bus. (416) 736-3242
Res. (416} 739-8340

Insect Viruses

Bacterial Surfaces

Protein Crystallization

Eukaryotic Cetl Growth DNA Sequenc

Replication Processes; DNA repair

Life Science Summary Page &

Description

Proposes to study the crystallization of insect
viruses within cells. Experiments in microgravity
conditions will permit verification of assembly
and level of production of viral proteins and
their biosynthesis within cetlular systems.

Proposes to study the effect of microgravity on
the way by which bacterial surfces bind metal and
participate in mineralization. Also proposes to
use microgravity to produce 3-dimensional
crystals of protein aggregates in bacterisl cell
walls for X-ray studies.

Propose to use microgravity conditions to improve
crystsllization of proteins faor X-ray structure
determination. OF particular interest are:

(i) fub fragments from antibodies specific for a
bacterial protein, (ii) the fab-protein complex
and (iii) human blood group determinants
complexed with lectin,

Proposes to see if eukaryotic expression systems
for recombinant biological molecules will gain in
efficiency in microgravity, e.g. will contact
inhibition decrease and cell density increase?
Mill elimination of gravity diffusion allow
separation of longer DNA segments, thus making
sequence studies faster, and cheaper?

Proposes to study the effects of microgravity on
the fidelity of replicational processes. Would
Like to test the fidelity of replication enzymes
in vitro in space and the accuracy of DNA repair
processes in microgravity. Also propose s study
of how microgravity affects cell survivel and
mutation due to fonizing radiation.

NOTE: m * indicates

Duration

hr/days*

g~ level

<_0001*

infrestructure required.

Facilities

cont sys
data rec
video *
atm cont
thermal *
special

handling

atm cont
thermal

special

Size

Motes

Requires 28 degree C
special handlirg.

Use bacteria as centres
for mineral crystat
grovth, One to seven
days [ong enough.

selfrcontained systems
can be flown. Bench top
fermentators.




Molecular Biology cont’d
Investigator

21. Prof. C.A. Li
kosp. for Sick Children
555 University Avenue
Toronto, Ont
Bus. (&416) 598-5998
Res. (416) 239-3457

22. br. F.0. Bleck
Dept. of Neuro-Otolooy
Good Samaritan Hospital and Med.
Center
1040 N, 22nd Avenue (NO10)
pPortland, OR, 97210
U.5.A.
Bus. (503) 229-8163
Res. (503) 634-7114

21. Frof. 0. Bock
Inst. Space and Terrestrial sci.
York iniversity
4TU0 Keele Street
North York, Ontaria B3Y 1P3
Bus. (4156} 736-5659
Res. (416) 294-4548

24. Dr. Kenneth B. Camploell
School of Psychology
420k Montpetit Hakl
University of Ottawa
Ottawa, Ontario KIN &N5
Bus. (&613) 234-9019
Res. (613) 234-9019

25. Dr. Limoln Chewt
Peychology Dept
. of Lethbridge
4601 Univesity br.
Lethbridge, Alta TIK 3M&
Bus. (403) 329-240%
Res. (403} 381-8738

Glycolipids as receptors for
pathegenic bacteria

Vestibular Systems

Human Moter Control System

Human Brain Information Processing

Life Science Summary Page 5

bescription
Woutd propose to see how microgravity affects
infectivity by pethogenic bacteria - e.g.
increased aercsol formation or effect on surface
achesion of bacteria. Other aspects of
infertility are effects of gravity on immme
system ond selective effects of reduced oxygen
tension.

Col laboration with br. Robert Peterka on normal
and abnormal vestibular function. Goal is to be
able to predict susceptibility to motion sickness
by studies of reflexes, motion perception and
sensory selection abilities.

Will study aimed arm movements in humens under
exposure to low gravity to gain insight into
mechanisms of gravity compensation by human motor
control system, to study mechanisms of edaptation
and to desian space activities that take into
account the limitations of human zero-g
performance.

Effect of gravity on variation in circedian
rhythym, vigilence, arousal, alertness and
optimum levels of performance.

Effects of gravity on developing nervous system.
Would send Live fish (salmon) eggs into space to
evaluate sffects on an embryonic vertebrate
nervous system.

NOTE: a * indicates infrastructure required.

Duration

g~ Llevel

<.0001

Facilities

atm cont

Size

Hotes

Need data downlink. Some
work can be done in the
KC-135.

Rough estimates.




Neurclogy cont'd
Investigataor

26. Prof. Max S. Cynader
Dept. of Opthamology
U. of British Columbia
2550 Hillow Street
Yancouver, B.C. V52 N9
Bus. (604) B7S5-4353
Res.

27. Dr. Alinda friedman
Dept. of Psychology
U. of Alberta
Edmonton, Alta T6G 2E9
Bus. (403} 492-5216
Resg.

28. Dr. T. Hara
Dept. of Fisheries and Dceans
FreshWater Inst.
501 University Crescent
Winnipeg, Man R3T 2N5
Bus. (204) $83-5010
Res. (204) 488-3028

29. Mr. Lawrence R. Harris
Dept. of Psychology
York University
North York, Ontario
Bus. {416) 736-2100 x &6108
Res,

30. or. Sylvaine Lafortune
pept, of Physialegy
U. of Manitoba
77D Bannatyne Ave.
Winnipeg, Men R3E OW3
Bus. (204) 7B7-3227
Res. {204) B31-0461

Visual and vestibular Systems

Visual and vestibular Systems

Olfactory Receptor Sites

Visual and Vestibular Systems

Brainstem Yelocity Storage
Mechanism

Life Science Swmary Page &

Description

Mechanises by which visual and vestibular systems
adapt to microgravity. Examination of the
neurochemistry of prolonged exposure to
microgravity. Establishment of part of brain
that became active under microgravity and studies
of adaptation of visual and vestibular syatems.

Cognitive psychology with emphasis on visual
cognition. Results show that visual system may
use data from vestibular system in mekinmg
decisions about objects in different plares.
Relevance to how pesple cope with a perceptual
ervirorment in which they have conflicting
vestibular cues.

Odor recognition won interaction of
\ow-molecular wefght argsnic c with
receptor cell membrenes. To reach receptor site,
the odorous compounds most diffuse freely through
macis layers. If odorant flow due to
concentration gradient is suppressed in a reduced
gravity ervironment, the result could be the
eventual loss of the sense of smell.

How different senses are combined to inform the
reflex and perceptunl systems about head
movements. Interactions between the semicircular
canals and the otoliths of the westibular

system. The canals detect angular rotstions of
the head, otoliths detect linear accelerations,
the most common of which is gravity. Studies will
contribute to effects of living without gravity
where otoliths are much less active.

Heve shown that humen, velocity storage mechanism
is ototith organic dependent. Alterations in
otolith organ functioh are thought to be involved
in spece motion sickness so interaction between
velocity storage mechanism and otolith organ
activity should atso be altered in space.
Significant for space adaptation.

NOTE: a *

buration

indicates

g-level

infrastructure required.

Facilities

display

system

Testing over periods
wWithin & hours possible.




Life Science Summary Page 7

NOTE: a * indicates infrastructure required.
Neurology cont’d

Investigator Subject Description Duration g-level Facilities Size

Notes
31. br. thristine MacKentie Human Motor Control System Goal directed human Limb movements, particularly
Faculty of Applied Health arm and hand in reaching, grasping ard
Science manipulating. Wants to examine efforts of
U.of Waterico microgravity on goal-directed aiming movementa in
waterloo, Ont. NZL 361 humans..
Bus. {519} BB5-1211 x 2612
Res. (519} 8B5-4493
32. Prof. Colin Maclieod Cognitive Processes Wuman attention, memory and intsllectual skills
Div. of Life Sciences sre copnitive processes that may be influenced by
U. of Toronto space envirorment, particularly over long term.
Searborough, Compus Has expertise for testing.
Scarborough, Ont  MIC 1A&
Bus. {416) 287-T43%
Res. (416) 498-5598
33. br. John Woulfe Neural piasticity in space Reduced gravity would be used to investigate hr fdays® data rec Buration ambiguity
Neuroanatomy Leb. aspects of neural plasticity. For example, ftuid Llong atm cont* related to determining
Montreal Neurological Inst. hoheostasis s interrelated to blood pressure, thermal * the time course of the
3801 University St. hydrostatic pressure, hormonel regulation and special experiment.
Montreal, PO H3A 264 neural integration. Changes in gravity would be ather Radioactivity involved.
Bus. (514) 398-1913 expected to irduce alterations in the Wants to parform
Res. (514) 286-7830 physiological substrates thot mediate fluid experiment over o range
homesstasis and blood pressure. of gravity.
Skeletal Muscles and Bones .
34. Mr. P. Fremont Malecular Structure of Skeletal Want to deterpine how sensitive the cytoskeletal
pr. P.A. Rogers and Cardiac Muscle structure of the muscule cell is to reduced
Laval University Hospital gravity environments. Failure of the
Research Center, 5-750 cytoskeletal system of the muscle wall to
2705 Blwd. Laurier maintain its integrity may tead to atrophy.
sainte-foy, Que. GIV 462
Bus. {41B) &54-2733
Res. (418) 527-B053
£82-2146
35, Dr. Michael J. Plyley Skeletal Muscle Atrophy Uses hind Leg suspension in rats as a model of collaboration with
Exercise Sciences microgravity ervironment. To test the Rhodes, # 36.
U of Toronte effectiveness of » unileteral
320 Kuronm Street electrically-induced, isometric, strength
Torohto, Ont M35 1A1 training regimen in emelicrating muscle atrophy.
Bus, (416) 9VB-B563
Res. (&416) B4AY-TT96




skeletal Muscles and Bones cont'd

Investigator

34. Dr. Wayne Rhodes
Rhodes and Assoc. Inc
177 Jermy Wren Wey
Willowdale, Ont.

Bus. (415) 494-2816
Res. (416} 497-0275

37. Prof. Colin Anderson
Dept. of Pathology
). of Western Ontario
London, Ontaric
Bus. (519) 679-2111 x 6357
Res. (519) 652-6135

18. Dr. P. Brazeau

Center de recherche de Lhopital

de Notre Deme
Montreal, GQue

39. Dr. Marc D. Grympas
Samuel Lumenfeld Res. Enst.
Hount Sinai Hospital
600 Univarsity Ave. Room 984
Toronto, Ont. M5G 1X5
Bus. (416) 584-4464
Res.

40. Dr. Walter Herzog
Faculty of Physical Ed.
U. of Calgary
Calgary, Alta T2 1H4
Bug. (403) 220-3438
Res. (403) 289-5088

Exercise and Depletion of Bone
Minerals and Muscle Atrophy

Gravitarional Bone Loss

Hormonal control of bone calcium

Bone formation and calcium

deposition

Measurement of muscle forces

Life Science Summary Page 8

Description

To investigate the menner in which certain types

of exercise, the frequency and tength of time all
contribute to reduction in bone mineral depletion
and muscle atrophy. Research will be designed to

determine most efficient approach.

Has exgertise in bone biology that could be
availeble on o consulting basis for any project
involving gravitational bone loss.

Has found that growth hormone or & stimutant of
growth hormone have good possibilities for
preventing osteoporesis under conditions of
microgravity.

How much bone is formed and how much mineral
deposited during spaceflight. Propose to
supplement food pf rats in a biosatellite with
stable (non-radipactive) calcium f&. Upon return
bones will be analysed to determine amount of
mineral deposited.

Have planned en acute animal experiment to test
if pressures can be related to mumcular forces,
if this relation is location dependent in a given
muscle ard 1f the relation is specific muscle
dependent.

NOTE: a * indicates infrastructure required.

buration
long *
long *

g-level

Facilities

cont sys*
data rec*
video

atm cont*
thermal *

special *

atm cont
thermal
special
hardt ing
(animals)

Main expense is
supplement.

Does not require
micregravity to conduct
experiments, Long term
goal iz to develop a
theoretical model which
permfts cuantification of
individual muscle forces
in human movement,




Skeletal Muscles ard Bones cont’d
Investigator

41. Dr. bavid A. Hood
Biol. Dept.
York University
4700 Keele Street
North York, Ontario M3J 1P3
Bus. (616 T36-2100 n 66640

42. br. Michael I. Lindinger
School of Human Biotogy
Lt of Guelph
Guelph, Ontaric N16 2wl
Bus. (519) B24-4120 x 3225
Res. (519) 763-2783

43. Dr. J. Gavin Reid
School of Physical and Health
Education
Queen’s University
Kngston, Ont. X7 3W6
. (613) 545-2666
Res. (613) 544-2306

&4_ Dr. C. Frank, Dept of Surgery
Dr. N. Shrive, Dept.of Civil Eng
U. of Calgary
3330 Hospital Dr. NW
taigary, Alta T2N 4N1
Bus. (4U3) 220-6881
Res. (4033 242-9047

45. Peter Wing {Payload Developer)
Lark Susak
U. of British Columbia
&423 University Hospital
Shaughnessy Site
4500 Qak Street
vancouver, B.C. V&H 3N1
Bus. (&04) 875-2790
Res. (6041 420-3829

skeletal and Cardiac Muscles

Muscle ion homeostasis in
Microgravity

Exercise and Module Design
for Microgravity

Bone nrd Joint Atrophy

Spinal Chenges in Microgravity

tife Stience Summary Page ¢

Description

How manmalian skeletal muscles adapt to chronic
contractible sctivity and/or inactivity. How
does cardiac muscle adspt to chronic pressure
overload during growth and in adult. Looking at
blood flow and mitochondrial content.

Will follow time course of changes in uuscle icn
compasition in the presence or absence of an
exercise regimen in microgravity. Absence of

full gravity i known to cause varistion in blood
and plasma volume and compositfon which in turn
affect jon composition of muscles.

Focus on design, construction and evaluation of
exercise programs and devices for optimum
maintenance of physical work in microgravity.

Have |nvestigated effects of loading on
maturation, healing and transplantation of bone,
certilage and ligaments. Gravity-free
enviromment would serve as a Prero control" in
which loading could be controlled more
effectively.

Propese to continue and expand studies scheduled
for [ML-1 (Back Pain in Astronauts) and [ML-2
(spinal chenges in Microgravity). Includes
pressure response and stereo photography of
responses to isometric exercise, sinus arrythymia
and ultrascund.

NOTE: a * indicates

<.000T"

infrastructure required.

Facilities

Size

Space flight microgravity
levels.

Any microgravity Level
appropriate at this
time. Durstion minimum &

boes not require
microgravity during
initial stages.
Desirable later.

Sta!ion would be
appropriate.
Qualification testing to
meet NASA requirements.




Skeletal Muscles and Bones cont’d
Investigator
44. Dr. Mark Tarnopolsky
McMaster U. Medical Center
1200 Main Street West, Rm 3v42
Hamilton, Ont LBN 325
Bus. (416} 521-210D0 x 5644
Res.

47. pr. Richard Wessersug
bept. of Anatomy
balhousie U.

Halifax, NS B3H 4HT
Bus (902)494-2244
Res. (PO2)A43-4227

48. Dr. J.D. MacDougall
Department of Physical Education
& Department of Medicine
McMaster University
1280 Main Street West
hamilton, Ont. LBS &K1
Bus. (416) 525-4647
Res.

49. Dr. Istvan Berczi
Dept. of Immunology
Faculty of Medicine
U. of Manitoba
795 Mchermot Averoe
Winnipeg, Man R3E W3
Bus. {204) 788-6320
Res. (204) B7E-3586

Subject

Muscle protein synthesis

Amphibian Development

Effects of exercise on hunan
muscle

Microgravity and Neurohormonal
Immmoregulation

Life Science Summary Page 10

Description

Studies of efficacy of dietary protein intake,
and knee extension, isometric exercise upon
quadr-icep muscle protein synthesis; experiments
could be done on earth and in microgravity for
comparative results.

Proposes to fertilize frog eggs in space and
expmine tadpales {returned to earth) to assess
normality. Lung development may be diminished
because lungs will not play & role in .
Wiil compare mineralization of bones of tadpoles
raised through metamorphosis in zero-g with
control enimals.

The effects of training and detraining on
structural snd functional characteristics of
skeletal muscle; the effects of physical activity
and inactivity on bone mineralization,

Propase that altered secretion or bioactivity of
adrenocorticotropic hormone (ACTH), growth
hormone (GHY snd prolectin (PRE) are invalved in
deterioration of immune system and of hemopoiesis
during weightlessness. Want to confirm by rat
experiments.

NOTE: & *

Duration

50. Dr. Richard E. Brown
Psychalogy Dept.
Dalhousie U.

Halifax, NS B3M 4J1
Bus,. (902) 494-383%
Res. (902} 494-3647

Behavioral Neroscience

Effects of micregravity on olfactory capabilities
of humans snd animals and on changes in
uitrasonic vocalizetions of animals in
microgravity.

indicates infrastructure required.

Facilities

g-level

Human experiment.
Dietary intake.

100-200 bux.
Minimal disturbance.

Effect of microgravity on
the endocrine and immune
systems is to be
investigated.
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NOYVE: » * indicates infrastructure required.
Physiology cont’d

Investigator Subject Description Durstion g-level Facilities Size Notes
51. Dr. Bruce John Crawford Starfish Morphogenesis Starfish. embryos are smell, simply organized and long = cont sys* | Du;a;:%;r-\-;;;;l-‘;i-;;;;-;;“
Dept. of Anatomy clear, making it easy to observe disturbances atm cont* a week, Any microgravity
2177 Wesbrook Mall during developnent. Propose to study effects of special * will suffice.
Vancouver, BC V4T 1W5 microgravity on early morphogenesis.

Bus. (804) 228-6568
Res. (&04) 2249110

52. Dr. Elizabeth Dean Lardicrespiratory System Has been using bed rest to simulate a weightless
School of Rehabilitation environent and has been Looking at effects on
Medicine lung function and cardiac hemodynamics.

2211 Wesbrook Mall
vancouver, BC v&6T WS
Bus. (604) 22B-7398

Res.

53. br. Jeff Edelson Respiratory System Has been evaluating alveoler epithelfal function
St. Michael‘s Hespital in the context of acute lung injury. Would be
218 - 318 Shuter Straet irterested in small animal models, in evaluating
Teronto Ont. M5B A& changes in lung function, cell distribution and
Bus. (416) 864-5918 surfactent pool sizes in animals following
Res. (416) 489-3195 EXpOSUre to microgravity.

S54. Dr. lan P. Howard Human Performance Behavioral, physiological, compatationsl or
(15 col Laborators) biophysical study of sensory, sensorimotor, and
Human Performance in Space Lab perceptual systems,

103 Farquharson Bldg.
York University
North York, Ontario
Bus. (§16) T36-3659
Res. (416) BE%-0157

55. Prof. Richard L. Hughson Cardiovascular Systems Cardiovascular sdaptations to microgravity and 25 sec * | 0001 * | data rec* Pilot work can be done in
Dept. of Kinesiaology response to re-exposure to gravitational field. hr/days* | <.0001* KC-135.
U. of Waterloo Techniques include non-invasive measurements of tong ¥
waterloo, Ont. N2L 3G1 oxygen uptake, blood pressure, cardiac output,
Bus. (519) 885-1211 x 2156 bleod flow and analysis of bloed components.

Res. (519) BB3-1947




Physialogy cont’d
Investigator
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Deseription

NOTE: 8 * indicates infrastructure required.

g- level

Facilities

56. br. K.W. Johnson
Toronto General Hospital
U. of Toronto
200 Elizabeth St. ¥ Eaton

Room 217
Toronto, Ontario M5G 2C4
Bus. (415) 340-3552
Res. (416) 221-4B848

57. Prof De Meir Kryger
U. of Manitoba
St. Boniface Hospital Res. Inst
451 Tache
Winnipeg, Man R2H 2A6
Bus. {204) 237-2760
Res. (204} 831-1414

58. Dr. Emile Levy
Centre de Recherche
Hopital Sainte-Justine
3175 Ch. Cote Ste-Catherine
Montreal, P.Q
Bus (514) 345-4426
Res (314) T44-1923

59. Prof. Harvey Moldofsky
U. of Teronte, Center for
Chronobiology
bept. of Psychiatry, The Toronto
Hospital, Toronto-Western Div.
399 Bathurst St.
Toronto, Ont. M3T 258
Bus. (416) 3&9-5109
Res. (416} 369-4964
60. Dr. D.C.F. Muir
McMaster University
4200 Main Street West
Hamilton, Ont
Bus (416) 525-9140 x 2333
Rres. {416) &4B-6B39

Colteboration with R. Bondar

Sleep and Sleep Disorders

Blood Lipids

Sleep-Wake Physiology

Pulmonary Physiology

No description supplied.

Does gravity per se have an effect on sleep? Do
astronauts have microsieeps during periods when
they should be alert? Working on siniature
gsystems for coliection of sleep data. Need to
develop high speed transmission because of
massive amounts of data.

To examine the effects of microgravity on the
composition and concentration of lipids in
circulating blood. Evaluation of the composition
of lipoproteins and their metabolism.

Propose to evatuate the effect of space flight on
sleep-wake physiology, ismune functions (e.g.
plasma, interleukin) and the physical and mental
well-being (fatigue and sleepiness) of man,

Would Like to study pulmonary physiolegy at low
gravity with perticular interest in deposition of
aeresols in the lung on prolomged space flights.

Duration
long
long *

<.0001*

special

Sleep structure studies

wold Last between 7 days
wd 3-4 months.

Pecple in space. Has
budget for time isolation
system on earth. For
humans and small animals.

Aircraft not suiteble,
Uncertain sbout
facilities and
microgravity level.




Physiology cont’d
Ervestigator

&1, Prof. D. Regan
Co-Director, Human Performance
in Space Lab, ISTS
Dept. of Psychology, BSB
York University
4700 Keele Street
North York, Ontario M3J 1P3
Bus. (416} 736-5627

62. Dr. Peter Suedfeld
Dept. of Psychology
U. of 8ritizsh Columbia
2136 West Mall
Vancouver, BC V6T Y7
Bus. {604} 228-5713

63. Dr. Robert Thirsk
Cansdian Space Agency
NRCC
Bldg. M-50, Ottswa, Ontario
K1A ORS
Bus. (613) %93-1051

Psychophysiology

Cardicvascular System
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Deseription

Proposes to measure functional loss in eye by
Light scattered within the eye, Will messure &
months before, immediately before, immediately
after and 6 months after a space mission to see
if eye damage occured.

Interest in psychological and psychophysiological
aspect of space flight such as stimylus
restriction, monotony, isolation, confinement,
privacy, territoriality and group development.

To measure venous compliance, or tonpe, of the
veins in the leg, before, during and after the
misgion to see whether it changes during space
flight. To evaluate and design anti-gravity suits
to counter adverse cardiovescular effects.

NOTE:
Duration

hr felays*
lohg *

a * indicates

64. Pr. Terese Tr'lTperbuch
Dept. of Physioloay
Melill University
3455 Drummond Street
Montreal, PQ N3G 1Y6
Bus. (514) 198-433%
Res. (514) 4B4-0372

55. Prof. Dougles Watt
Aerospace Medical Res, Unit
McGill University
3555 Drummend Street
Montreal, PQ H3G 1Y5
Bus (514) 398-6025
Res (514) 595-3584

Respiratory System

Ten topics

Distribution of alveolar ventilation and
pulmenary blood flow on gravity so the
ventilation/perfusion ratio and therefore oxygen
uptake may differ in space from that at sea
level. Study short and long-term effects of
reduced gravity on respiration.

vestibulo-spinal; control of gaze;
vigual-vestibular; muscle mechanics;
proprioception; locomotor control; postular
control; toctile acuity; teste end smell; space
matian sickness.

infrastructure required.
Facilities  Size

data rec”

Notes

¥isual tests to be
performed on grourd
before flight,
immedistely after and at
3 month intervals
thereafter.

Can use any microgravity.

Wants repeated records of
1 minute tests.
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Investigator
Metals/alloys
1. Prof. Richard Harris
Dr. Martin Grant
Department of Physics
McGill University
Ernest Rutherford Physics Bldy
3500 Univerzity Street
Montreal, Quebet

H3A 278
Bus. (514) 398-6322

or. H. Henein

606 Chemical-Mineral Bldg.
University of Alberta
Edmonton, Alberta

1566 26&

Bus. (403) 492-7304

Res. {403) 988-9684

Dr. W. J. 0. Shaw

Dept of Mechenical Engineering
University of Calgary

calgary, Alberta

T20 1

Bug. (403) 220-5801

Res. (403) 288-7562

Prof. J. K. 5. Wan
Department of Chemistry
Queen’s University
Kingston, Ontario

K71, 3N&

Bus. (613) 545-2627
Res. (613) 389-1965

5. Prof. Z. Altounian
MeGill iniversity
3500 University Street
Montreal, OQueber

W3 278

Bus. (514) 398-6535
Res.
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Subject

Won-equi Librium processes and non-
conventional materials.

Relationship between cooling rate
and the solidified microstructure
of metals ard alloys.

Solutions of hydrocarbons, carbon,
oxygen and oxides in an aluminum
matrix.

Microweve catalytic processes in &
microgravity environment.

Studies of rapidiy solidified
materials.

bescription

Study of the process by which an unstable super-
cooled Lliquid solidifies by the release of Latent
heat at the liguid-solid interface; study of the
non-linear shapes of solidification frents in
rone-refined alloys; experimental work is
supported by a theoretical group.

Investigations are undertaken within the recently
formed Centre for the Physics of Materials.

Study of high cooling rate regimes with high
degrees of undercooling using atomization
technigues; droplets of controlled size are
candidates for study in Space.

Particle diameters are about 100 microns, and
cooling rates of up to 1000K/s are expected to be
achieved, exceeding by 2 orders of magnitude the
unidirectional cooling rates for ingets.

Microgravity studies could [ead to a better
understending of processes occurring due to
mechanical alloying of materials; possible
development of new materials.

Vork on electrochemical corrosion in microgravity
to study surface phenomena.

Study of the distribution of "metal perticles® in
fluids using a microwave catalytic technique for
material and chemical reactions and processing;
microaravity may proyvide the envirorment for the
wjdesl™ enperiments in which the small metal
partictes can be freely suspended/distributed

in a fluid.

Study of the formation and crystalifzation of
metallic ylasses in microgravity; possible to
avoid heterogenecus nuckeation and thus lead to
the formation of metallic glesses with high
resistance to crystallization; will use
containerless technigue.

NOTE: a * indicates infrastructure required.

Facilities

furnace *
data rec*
thermal *

microwave
(provided
by user)®
viden

Size

1 cuft =

1-2 cuft

Duration g-level
minutes* T
hrfdays* | 0001 *
min * | .0001 *
hr/days <0001
~20 sec* | 0001 ¥
minutes

Investigators are
thecreticians and
simulators;
experimentalists in the
Centre may well be
interested in experiments
in microgravity.

Wants to discuss his
ideas with someone who
has experience working in
microgravity.

User would provide
microsave system, sealed
samplesy all chemical
analyses could be done
o earth.

Experfment per sample
would Last only a few
mirstes.

Exact microgravity
reguired cannot be
defined at present.




Investigator
Cerammslﬁlass cont'd

6. Dr. Alain Pierre
Dept of Metallurgical Eng.
University of Alberta
Edmonton, Alberta
T2G 266
Bus. (403) 492-2232
Res. (403) 435-95%%

7. Prof. Cetin Aktik
Department of Applied Sciences
University of Sherbrooke
2500 boulevard Sherbrooke
Sherbrooke, Quebec
JIK 2R1
Bus. (81%9) 821-7784
Res, (819) 565-43%8

8. Prof. Michael Cocivera
Department of Chemistry
University of Guelph
Guelph, Ontario
N16 2w
Bus. (519) 420-3960
Res. (519) 821-2613

¥. Prof. Steen Dennefacer
Department of Physics
University of Wirnipeg
515 Portage Ave.
Winnipeg, Manitoba
R3E 2E9
Bus. (204) TB&-9754
Res.

10. Prof. Sadek Dost
Dept of Mechanical Enginesring
University of Victoria
Victoria, B.C.
VBM 2v2
Bus. (604) 721-B2%8
Res. (604) 721-1894
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Synthesis of homogeneous A
multicomponent colloidal ceramic

gels.,

Radiation damage in semiconductor
devices induced by high and
medium energy particles.

Electrodeposition of thin film
semiconductor materials for
fabrication of photovoltaic and
detector grade devices,

Compatison of terrestrially-grown
semiconductor meterials with
materials grown in space.

uathemancal modelling and
computer simulation of crystal
growth from the liguid phase
under microgravity conditions.

Description

Use of the sol-gel process to synthesire super-
conductor materials not obtainable by conventionat
ceramic processing; use of microgravity may over-
come problems encountered when some cations
precipitate or gel separately; could leed to
materials with superior critical current.

The investigator expects to make mary types of
devices with different semiconducting materials
with the object of studying the process of
degredation resulting from radiation; the most
resistant device will be determined.

Electrodeposition of thin films requires very
Little material to fabricate detector grade
materials; large areas can be covered. Electro-
sctive materials dominate the electrochemical
process; purification of source materisls is not
stringent. This advantage should be more evident
in the absence of convection in micregravity.

Pesitron annihilation spectroscopy is used to
fwestigate point defects and other structural
defects in semiconductor materials - silicon and
GaAs. It is Ernﬁosed to compare space-produced
materials wit ose grown terrestriatly.

Licuid phase epitaxy (LPE} growth of silicon; low
temperature solution growth of triglycine
sulphate crystals; LPEE growth of GaAs.
Mathematical modelling and computer simdlation

of crystal growing in space (combined with
experiment) may provide information for future
space experiments on the effect of convection, the
time required to grow a desired crystal, and the
optimal temperature program.

NOTE: a * indicates infrastructure required,
Facilities Size

Duration g-level
hr/days .5-.01
minutes .00D%
~20 sec* | .5-.01*
mirutes a0l
hr/days <. 0001
hrfdays* | 0001
hrfdays* | .0801*
long <0001

furnace *
thermal *

furnace®
cont sys™
data rec*
thermal *
videa




Investigator
Semiconductor Studies cont’/d
11. Prof. 5. M. Farugue

bDept of Electrical Engineering
Concordia University

1455 de Maisonneuve Blwd.
Montreal, Quebec

H3G M8

Bus.
Res. (514) &30-77458

Prof. Herry E. Ruda

Dept of Metallurgy and
Materials Science

University of Toronte

184 College Street

Toronto, Ontario

M35 A4

Bus. (416) 97B-4556

Res.,

Liguids/Catalysia

13. Mr, Jen-Shih Cheng
Dept of Engineering Physics
MeMaster University
Hemi Lton, Ontaria
L85 M1
Bus, (418) 525-9140
Res,. (416} 387-3315

Mat

Subject

Investigation into the
vulnerability of semiconductors
and YSLI circuits to radiation.

Study of MBE emd Laser processing
of electronic materials in space.

Study of droplets and bubbles in
microgravity.

erials Summary Page 3

Description

Radiations in space are a concern for sateilites,
plenetary. travel and deep space porbes. Design of
radiation hardened devices requires a knowledge of
space-vulnerebility. Crystal defects may be
reduced by growth in microgravity.

processing of electronic materials in micro-
gravity using MBE and laser processing.

The study of the behaviour of suspensions
{droplets and bubbles) in gas-liguid two-phase
systems is important for the understanding of the
production of existing and new materials in
microgravity. When buoyant effects are reduced by
several orders of magnitude, bubbles will undergo
motion due to m rumber of mechanisms, Motion can
be controlled by electric fields. Studies in
microgravity can clarify effects of fields.,

NOTE: a * indicates infrastructure required.

Notes

"other” required facility
not specified.

M. J. P. Dodelet
INRS-Energie

1630 Montee Ste-Julie
C.p. 1020

Varennes, Quebec

S3X 152

Bus. (514) 4&8-TT42
Res. (514) 649-6247

Prof. Utrich J. Krull
Department of Chemistry
Erindate C

University of Toronto

3359 wisstsoauga Road North
Mississauga, Ontaric

L5L 1C6

Bus. {(414) B2B-5437

Res. (416) B20-3574

Application of a non-roble metal
to the reduction of onygen in a
fuel cell.

Pregaration of monolayers of

surfactants at interfeces where
molecules are closely packed and
order controlled with precision.

The study deals with the investigation of non-
noble metal catalysts for the reduction of oxygen
in fuel cetla. 1t is related to space through

the use of fuel cells in space vehicles. The
study would deal with the correlation of catalytic
properties with structure.

Controk of the distribution of mixed phases at a
microscopic level and of the density and spatial
orientation of functional groups at the surface of
a monolaysr at a moleculer levet; space may
provide opportunity to develop and investigate
monc layers of greater regularity and “perfection”
than can be achieved in the laboratoery.

Studies directed toward monolayers at air-water
interfaces and self-assembly of molecules onto a
surface by covslent attachment.

puration g-tevel Facilities Size
long 00001 furnace > 1 cuft

cont sys

data rec*

video

thermat *

other *
S5+«1 * | .01 * | furnace 1 cuft *
15-25 * | .0001 * | cont ays > 1 cuft
minutes* | < .0001 | data ree
hr/days
long
15-25 * 1 .01 * | furnace 1 cuft *
minutes 0001 cont sys >* 1 cuft
hr/days date rec*

thermal
minutes* | 0001 * | cont sys* | 1 cuft *
hrfdays video

thermal *

Role of microgravity not
specified,

video highly desirabte;

>1 cuft if wideo aveilable
Reaction times tong for
molecular assembly on
surface to grow film wio
defects.




Envestigator
Liquids/Catalysis cont’d

. Dr. Francois Quiron
INRS-Energie
1650 Montee Ste-Julie

43% 1
Bus. (514) 468-7781
Res. (514) 374-2085

Mr. bouglas Ruth

Dept of Mechanical Enginering
University of Manitoba
Winnipeg, Manitoba

R3T 2N2

Bus. (204) 474-9B03

M. Jean-Marie Gagne
Ecole Polytechnique
C.P. 4079 Suce. A
Montreal, Quebec

Bus. (514) 340-4732
Res. (514) 655-5752
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Subject

Micregravity verification of
ground level simulation of the
surface properties of
dispersions in a microgravity
envirorment.

Study of flow in parous medis in
microgravity.

Dptical laser ond millimeter wave
techniques for in situ study of
liquids and crystaltization in
microgravity.

Description

Verification in microgravity of results cbtained
on Earth on the preparation of materials involving
the dispersion of a Liguid or solid phase into a
suspending Liguid. Most results would be obtained
throuch ground level simulation of microgrevity
and only a few experiments would be performed in
space.

Study of capitlary flow problems in » gravity-
free environment.

The first objective is to bring to bear the
expertise of the grouwp to develop instruments to
measure the properties of liguids and
crystallization in selution in nicrogravitr. The
second objective is to grow crystats from liquids
with properties difficult or impesaible to obtain
on Earth. Materiats of interest relate to non-
linear optics ard biology-

WOTE: a ™ indicates infrastructure required.

Duration

Concerned mostly with
Earth-bound experiments.

wWoutd like 16 cuft - but
ne reasons givent

Primarily interested in
instrument development.

19. Prof. Le H. Dao
INRS-Eneraie
1450 Montee Ste-Jdulie

Bus. {514) 468-7744
Res. (514) 449-2432

- M, Masahiro Kawa] i

Dept of Chemical Engineering
and Applied Chemistry

University of Toronto
Toronto, Ontario
M55 1A%
Bus. (416) 978-3064
Res. (418) 233-9420

Study of porous solids showing
cepillary excharge phenomena.

Investigation of two-phase flow
ard boilingfcordensation heat
transfer in microgravity.

Study of materials having a hi-porous structure
and oceurring in a solid or flexible form. The
experiment has two perts, preparation of materials
and measurement of heat flow. Experiments in
microgravity would follow these on Earth.

Study of phase separation between gas and liguid
in the absence of gravity, where other forces
control the processes. This leads to the study of
two-phase flow behaviour and heat trensfer in
anticipation of the development of hardware for
use in microgravity making use of these

phenonena.

Note: Currently involved in the space program.

g-level  Facilities Size
-ooot * 1 ocuft™
. 0001
01  * | data rec* | » 1 cuft*
Muiieh] thermal *

videa *

other

Experiments in
microgravity to come
later.

May recpiire sxternal
venting.




Investigator
Heat Flow/Transfer cont’d

21. Mr. valke Valkovy
ENRS-Energie
1650 Montee Ste-Julie
C.P. 1020
Varennes, Quebec
43X 152
Bus. {514} &568-7739
Res, (514) 670-9332

Dr. Harold Davis

Department of Physics
University of British Columbia
6224 Agricultural Road
Vancouver B.C.

V6T 206

Bus. (604) 223-2961

Res. (604) 224-6%44

pr. John Feddes

Dept Agricultural Engineering
University of Alberta
Edwonton, Alberta

766 2H1

Bus,. (403} 492-0105

Res. [403) 4BT-264B
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Subject

Effect of microgravity on
transport phepocmena ih change of
phase and biphase flow;
Capillary flow in porous solids;
thermochemical heat storage to
control space squipment.

Motion isolation mounte.

Fibre optic Lighting system for
horticultural crop production.

Description

1. Effect of microgravity on evaporation and
tohdensation of ammonia.

Capillary transport phenomena in porous

solid materials,

Study of a thermochemical storage apparatus

in microgravity conditions,

Materials, porous solids with capilliary

exchange phenomena.

?glé'a‘boration with Bjarni Tryggvason in KC-135
ight,

Interest is in developing systems which could
provide experiments with improved "microgravity™
by isolating the experiment from the environment.

Grientation of fresnel lens at end of fibre cable
determines wave length of transmitted Llight.
Optimum wave lengths to promote growth can be
selected. Temperature and amount of Light can be
control led.

NOTE: a * irdlicates

infrastructure reguired,

Duration g-level Facilities Size
minutes .aao data rec* | < 1 cuft®
} videg
minutes .0007 * | data rec* | < 1 cuft*
hr/days <.0001 data rec* | » 1 cuft
thermal *
minutes 0001 * | data rec* | < 1 cuft*
25 sec * coht sys* | 1 cuft *
data rec*
video
Long cont * | > 1 cuft"
thermal *
data rec
ather

Freshel lens must be
directed toward sun by a
control system.

Prof. Esam M.A, Hussein

pDept of Mechanical Engineering
University of New Brunswick
P.D.Box 6400

Fredericton, N.B.

EZR 5A3

Bus. {506) 453-4513

Res. (505) 459-T849

. Prof. W.G. Richarz
Dept of Mechanical and
Aeronhsutical Engineering
Carleton University
Dttawa, Ontario
K15 586
Bus, (613) 7BB-5685
Res, (613) 249-3361

Development of devices to
measure twa-phase (boiling and
condensation) flow in micro-
aravity.

Study of noise control in a menned
space envirorment.

There is 8 percaived need for devices that measure
the volume distribution of phases (boiling and
condensation) as well as the interfacial area.
Better measurements will lead to the development
of improved two-phase flow space systems.

Acousticel emergy is not dissipated in space
vehicles due to Light-weight constructioen.
incident on structures can induce tevels of
acceleration up to 0,001 g. The effects of
sccelerations of this magnitude require study.

Soursd




Investigator
Structure/Damage

26, Prof. Andreas Mandelis
Dept of Mechanical Engineering
University of Toronto
5 King’s College Road
Teoronto, Dntaric
M55 1A4
Bus. (416} 97B-5106
Res. (416) 694-2735

27. Praf. Andrew Ng
bepartment of Physics
University of 8ritish Cotumbia
6224 Agricultural Road
Vancouver, B.C.
V6T 2A6
Bus. (504) 228-3191
Res,

28. Prof. Robert H. Prince
Department of Physics
York Lniversity
4700 Keele Street
North York, Ontario
M3J 1P3
Bus. (416) T36-524%
Res.

29. Dr. Cho W.5. To
Dept of Mechanical Engineering
University of Western Ontario
London, Ontarie
N&B 589
Bus. (%197 6re-2111-8311
Res. {5197 657-1809
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Photothermal monitoring of
destructive reactions at surfaces
exposed to space envirorments.

Effect of hypervelocity impact on
structurat and coating materials
for the international space
station,

Investigation of spacecraft-
environment interactions in low
earth orbit.

Bifurcation analysis and
reliability studies of space
station models.

Description

The rate of deterioration of coatings used on
space vehicles will be measured using a8 variety of
sensors, Work wifl start in the laboratory,
similating the deterioration experienced in space.
betection is effected on the metal (inside) of
the shell snd will employ piezoelectric, pyre-
electric, loser probe, and interferometric
BENBOrs.

The Laboratory has developed a hypervelocity
{mpact facility for study of materisls under
extreme conditions. The fecility comprises a two-
stage light-gas gun fmcorporating a 3-m Long,50-mm
bore pump tube and a 3-m long, 20-mm bore Launch
tube. This facility can be used to explore
materials research pertinent to space station
applications.

Development of instrumentation and technigues to
ﬁtemim incident atomic onygen and local energy
uKes.

Note: investigator active in space now.

Study of higher codimension bifurcations and non-
Linear stebility of finite dimensionzl nonlinear
space structures and the global properties of
bifurcations in parameter space., Reliabjlity
investigation will concentrate on one specific
space station model excited by varfous forces.

NOTE: a * indicates infrastructure required.

Duration

§-Level

Facilities

Size

1 euft

Notes

Experiment to be repeated
st regular intervals;
each experiment lasts 1
hour.

PI states that he can
work under any
microgravity conditions)

Work will be done on
Earth,

Theoretical .
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Electronic & Electro-Optical Materials

Investigator

Br. E. Normsh
Canadian Astronautics Ltd,

Dr. Ted Bryskicwicz
MPE Technologies

3.

‘Dave Beattie

SED Systems
Praject Manager

Brent Bollong
Johnson-Matthey Ltd.
Principal Investigator

Dr. A. Fuh
Dr. 0. Caporaletti
ORTECH International

5.

Dr. Kim Fjeldsted
Crystar Research Inc.

Floating-zone semiconductor
facility for microgravity,

Experiments on the crystaal
arcwth of GaAs(In) by LPEE in
microgravity.

A hrugra- for the production of
larye area CMT.

Study of ligquid erystal-polymer
mixtures in a microgravity
environment .

Experimental microgravity fiux
erystal growth.

Microgravity Update Page 1

Deseription

puring this final phase of the contract to develop a float-zone furnace for refining of semiconductor materials, CAL
Will integrate and test the final grourd-based configuration of this sephisticated furnace consisting of a toroidal
elliptic mirror using & ceramic heating filament as a heat source, B traversing mechonism for the heater, ard an
acoustic ultra-sonic detector for determining the float rone length as well as the shape of the solidification front.
Feedback from the ultra-sonic detector to the operation of the furnace will be completed during this phase to result in
a fully-sutomated, state-of-the-art furnace. Johnson-Matthey hes provided CAL u‘i’m high purity Germanium rods for
further float-zoning, mnd characterization of these rods has indicated that although zone refining did achieve
promising results, handling procedures for the crystals caused serious problems. Three best sffort samples were

sent to Aptec for fabrication into gamma-ray detectors.

CAL is considering taking out a licence from NRC to pursue ground-based tor space-based) merkets for this equipment.
During phase [1, MPB developed a prototype version of CHAMPS. CHAMPS ia a modular Get-Away-Special for the Space
Shuttle, and provides power, dsta acquisition, snd thermal control, so the experimenter has to supply only the furnace
care {or otliner experiment). Prof. D. Walsh, McGill will be providing the LPEE (Liguid-Fhase Electro-Epitaxy) equipment
for the payload.

Phase 11] covered the testing of the prototype CHANPS, and the development of g flight version, as well ae its flight
as & GET Away Special on the Shuttle. The experimentt unit is being developed by McGill University, with WPB
assistance, and consists of cells for growing Gallium Arsenide by LPEE.

Phase I¥ will

form the final testing of the hardware which will be shipped to Kernedy Space Center.

-Following the initial successful experiment to produce Cadmium Mercury Tetluride (CMT) on the Swedish MASER rocket in
1987, the next stage is to produce large-diameter CMT crystals. CMT is produced in an ampoule under high internal
pressure, In order to produce large diameter samples, yet stitl maintain ampoule integrity, the pressure external to
the anpoule will have to be increased ms the pressure inside the le changes. Phase 18 is the development of
critical technologies for a method of sensing the pressure inside the ampaule,

In Phase 1, ORTECH studied the feasibility of utilizing m Low-gravity environment to process a neW electro-opticel
meterial with improved characteristics for use in liquid crystal displays. The key material is a nematic tiquid
crystal dispersed s microdroplets in a polymer matrix. A reduced gravity environment and @ good control of the
polymer’s curing rate appear to offer optimum process conditions for the liguid crystsl-polymer mixtures.

In Phase [, ground-based studies were focused on finding & mixing process that can speed up the polymer’s curing
rate without affecting the opto-electronic characteristics. These studies will be continued in a fol Low-on phase in
FY 20/91.

Beta Barium Borate (BBO) §s a non-linear electro-optical material. When a laser impinges on B8O, the frequency of the
output beem contains harmonics of the input beam. This fregueney-doubling or tripling capability can be used to
generate lasers in the ultraviolet region of the spectrum, by impinging a red leser onto & BBO crystal. In Phase I,
completed in December 1989, Crystar modified one of their furnaces and grew a crystal of BBO, using flux crystal growth.
(A flux is a solvent.) Phase I] will delineate the effects of gravity-driven convection on the quality of B30, and will
also cover the conceptual design of microgravity hardware. Mathematical medeiling of the heat transfer and fluid flow
of B8O crystal growth will also be dene.




3.2 Crystal Growth and Solidification

Investigator

1. Jim Ramsden
Thermazone Engineering

Prof. Reg Smith
Queen’s tniversity

2. Prof. R.M. Smith
Queen’s University

3. Prof. M.C. Chaturvedi
br. K. Tandon
br. J.R, Cahoom
University of Manitoba

ko Dr. dineJdun Xu
McGill University

Subject

A study for the development of &
compact gradient freeze furnace
for controlled growth of high
quality crystals.

Influence of microgravity on the
microstructure and properties of
eutectics and peritectics.

bevelopment of ipment and
technique to st solidification
in microgravity.

Interfacial wave theory for
dendritic structure of crystal
arowth.
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Description
Thesmazone is designing and building en eight-zone, large-diameter version of the QUESTS furnace, for use in controlled
growth of crystals. In a six-month study contract ending in 1987, Thermazone designed ard constructed a protoytpe,
which allows the temperature gradient to be precisely controlled and varied by computer. The furnace will handle
samples with dismeter 25 mm, and Length up to 250 mn, at temperatures of up to 1250 degrees C.

Under the Phase 11 contract, Thermazone is completing the design of the ground-based furnace amd control system.

The Menganese-Bismuth alloy system has a ferromagnetic phase that hes useful magnetic properties. Solidification under
microgravity by other researchers has achieved small rods with enhanced magretic properties, Significant benefit in
understending and control could be obtained by further microgravity studies, in particular, freszing eutectic snd near-
eutectic senples at amall growth rates. The preceding phages were concerned with ground-based studies of eutectic

and near-eutectic alloys. The Phase 11 investigations aim at the achievement of the following cbjectives:
determination of the phase equitibria in the Bi-Mn-X and Bi-Mn-X-¥ alloy systems and determination of the compositions
and phases (X and ¥ are metals such as Ni, Cu, Sh, T, Zn): determination of the manner in which the microstructural
features arise fn the above eutectic and near-eutectic alloys in the range of 0.1 to 700 emth;  preparatfon of eutectic
samples for microgravity studies; and design of a KC-135 experiment to study the growth of the optimm eutectic in a
reduced gravity environment.

The effect of microgravity or absence of convective mixing in liquid alloys is being investipated to determine the
extent of inverse segrepation present in the derdrites in the solified ingat. In Phase [, two furmaces and chill
apparatus were used to produce uni-directional solidified ingots of A/-5%Cu in & ground-based study. In Phase 11 the
effact of gravity on segregation in the ALfCu and Pb/Sn alloye under unidirect [anal sol idification in the direction of
the g-vector and opposite to it is investigated both on the ground and o the KC-135. In preparation for a sounding
rocket experiment on the influence of high g on the sagregation and microstructure of the altoy ingots and on the
crucible assembly is investigated using a centrifuge built for this purpose. Feagibility of melting and segregation
of the ingot during the rocket flight microgravity period is alsa investignted.

The aim of this study is to establish the interfacial wave theory to demonstrate the essence and origin of the side-
branching structure of derdrite growth from a pure melt. Specific objectives of the Phase [ work are: establishment of
the mathematical model for solidification from the pure mekt and confirmation of the wave mechanism fdentified by the
interfacial wave theory in terms of mmerical solutions; determination and computation of the global model solutions and
eigenvalues for the perturbed state of dendrite growth; and verification of mamerical results by comparisen with
available experimental data,

It §s expected that the same approach can be spplied to more gereral solidification systems such as solidicifation from
binary alloy systems and solidificatien with fluid motien.




3.3 Glasses and Ceramics

Investigator
1. Dr. E. Prasad
B.M. Hi-Tech

2. Carmon Rucker
AASTRA Aerospace

3. Or. B.H. Fox
ORTECH International

Subcontrector: COM DEV Ltd,

4. Ms. Lydia Luckevich
ORTELH International

Subject

Microgravity processing of
materinte for infra-red optics
and sensors.

Performance of exploratory
experiments for ceramic
processing in space.

Fabrication of novel high
performance megnetic ceramics by
rapid solidification under
microgravity.

High performance ceramic powder
spheres and ball bearings by the
sol-gel chemical process.
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Description
The objective of this program is to develop a range of flucrozirconate glasses that can be used for various
electro-opticel devices, including low-loss fibre optics.

Phase 11 ran from October 1986 to March 1988, and systematically investigated the glass-forming region of the
fluorozirconate system, as well as characterized the glasses. Preliminary design work was done on & new type of
serodynanic levitator, 80 that containerless processing mey be done in one-g, to identify further the appropriate
materials for study in microgravity. In addition, a glass processing furnace was developed for uze on the XC-135, and
was flown in March 1983 in a company-funded experiment.

Phase 111 covered additional ground-based experiemntal work to isprove the quality of the glass materiais through
control of crystallization and purity of the starting materials. Further desian work was done on the aerodynanic
levitator. A glass processing experiment was flown on the KC-135 mircraft in Dctober 1988, and an sutomated furnace
system Was developed for an experiment which was flown on the 7-33 aircraft in Narch 1989.

Phase IV covers microgravity investigation of the kinetics of phase separation and crystallizstion of flourozirconate
glasses. This includes completion of an eutomated glass processing furnace, for low gravity experiments to be performed
on the T-33. Technology will be developed to purify the materiats and thus produce glasses with lower transmission

lesses. The purified materials will be used to produce optical quality bulk optics 1 em thick and 20-30 mm dismeter.

In addition a preliminary deaign report on a glass fibre drawing system and process harcware for & rocket experiment
will be completed.

In Phase PI, AASTRA was investigating sol-gel processing of two materials:

- Silicon Carbide Refnforced Alumina, and

= 2irconia Toughened Alumina,
Ground based experiments were performed, and an apparatus was developed for flight on the NRC T-33 microgravity
eircraft. A preliminary flight was done to check out the interfece with the F-33 computer system, and additional
flights were done in Februsry 1932 to do sol-gel processing.

In Phase [1B, MSTRA is continuing to investigate the sol-gel processing of two materails, Alumina/Silicon Carbide and
Abumina/Zirconia Composites. In addition, AASTRA is exploring the advantages of microgravity processing in bioceramics.
In particular, this will focus on a new porous zirconia merogel for bone implants. In total six T-33 flights are
scheduled in thiz phase.

DRTECH International is investigating the production of a high quality glass-ceramic with a magnetically-active primary
crystalline phase. The ceramics would be used in millimeter-wave communication devices, and other advanced
applications.

In e six-month Phase I contract ending July 1987, a preliminary experimental study identified starting material
compasitions feasible for microgravity fabrication trials. Conceptuail hardware designs for rapid solidification
techniques were completed for parabolic aircraft experiments, and initial contacts with interested Canadian
industries were made.

Phase 11 entajls a comprehensive study of the fabrication and characterization of the new magretic ceramic materials.
The preparation, implememtation and snalysis of a set of experiments on a KC-135 flight will be done, and further
agsessment of commercialization opportunities will be carried out.

ORTECH is using & new Sol-gel technique for producing cersmic microspheres in microgravity, which will, hopefully,
enable them to achieve uniform size end larger size relative to the one-g process. The final ball-bearirgs would have
strategic applications in industrial use {1.e., high-temperature gas turhbine engines, diesel engines, etc). In Phase 1
which ended July 1987, harduare was developed and an experiment was flown on the KC-135 in February 1987, producing
ytterium elumirum oxide spheres vp to 2 mm in dismeter (1000 times larger than those produced at 1g)}. A surprising
result wes that the Larger spheres were hollow in the center, as the sol in the center did hot fully resct. An
additional KC-135 flight was done in Octeber 1987, at ORTECH expense. The major emphasis of Phase E1 was the
preparation for March/89 and February/90 KC-135 experiments of an optimat structural cersmic composition and the
develapment of methods for producing both salid spheres (for use as ball bearings) and hollow spheres (for transducer
applicatians).




3.3 Glasses and Ceramics cont’d

Investigator
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Deseription

5. Prof. G.P. Joharf
McHaster University

6. Dr. F. Taheri A
Advanced Materiels Engineering
Centre

1. Prof. Walter Duley
University of Waterloo

1. Prof. F. Weinberg
uUniversity of British Columbin

2. Dr. Neil Cemeron
Frank Taylor

Fiberglass Canads lnc.

Sucleation, crystal growth and
Lliguid/liguid phase separation
studies Tn inorganic glasses,
glassy-metals and polymers.

Finite element analyticel
techniques for ceramic production
in microgravity - a hypoelastic

Development of a lager materials
processing system for
microgravity zpplications.

Study of the generation,
movement and interaction of gas
bubbtes in liquid metals

- Phase 11.

Polymer foem cell growth in
microgravity.

The objective of this progrem is to study the crystallization and Liquid/Liquid phase separation in molten glass. In
Phase 1, material systems were selected for study on earth and in microgravity, end & conceptual design was devel

for microgravity experiments. In Phase [I, a crystallization apparatus (CRYSTI) has been developed for a March/&%
KC-135 flight. Ground as well as airborpe zero-g experiments were done on the nucleation and crystallization of
Fe-Ni-B glassy-metal slloys, Barium-Borste glasses, and amorphous polymers. In Phase 111, work continued on the
following tasks: improvement on the design and the capabilities of crystallization apparatus; crystallization and phase
separation experiments in microgravity environment aboard the KC-135 aircraft (February/90 flight); analysis of the
microstructure of the materials by X-ray diffraction, and cptical and electron microscopy; and Literature review on
Reyleigh-Benard convection formalism end on thermel diffusion refevant to microgravity studies.

The principal goal of this project is to develop the finite elememt methodology for the analysis of-residual stress
patterns formed in both terrestrial and space slip cast ceremics. To achieve this goal, the follwing tasks are being
undettaken: the collection of material property data for finite element analysis, the modelling of actual sintered
ceramics bodies, the finite element analysis based on a hypoelastic model, and the evaluation of results.

Phase 11(a} of this contract was streamlined in order to allow for further XC-135% fLights using the original York
University equipment that had been fntegrated and updated by MPB. The contract has three key players: - MPB (Design,
Development and Integration of LAMPS) - York University (Experimental Laser Work in Microgravity) - National Optics
Institute (Laser Imaging Evaluations). The equipment flew on the Feb 1990 KC-135 flight, and the results using the 25¢
laser were successful. The dynamics of laser-induced keyhold bubble structure in water were investigated. In addition
Laser melting/quenching of metallic alloys was examined. Negotiations have begun with NASA in order to fly a 100W
Laser on the KC-135 in November 1990. The basis for the equipment is the CHANPS module, developed by MPB for McGitil
University, for studying Liquid Phase Electro-Epitary of Gallium Arsenide in microgravity. MNational Optics Institute
will use laser holography to measure the physical deformation and modulation of the refractive index of materials
during their fluid states as well as being able to provide information on the fluid state itself. An interesting
aspect Will be the non-contact mapping of Marangoni flows at gas-liquid interfaces.

In Phase 1, an apparatus was desighed and fabricated to study the generation, movement and interaction of gas bubbles
in liguid metals, and tests were done for argon gas flowing through a PbSn eutectuc melt. In Phese 1I, mathematical
medels were developed to simulate the free and forced convective flow and heat transfer in melts, The behaviour of gas
bubbles, Liquid droplets and solid particles in various liquida was physically examined. An spparatus has been
designed and built for a KE-135 flight in March/B%. The KC-135 hardware includes m flow-visualization experiment, to
examine the formation and movement of bubbles in zero-g. A T-33 aircraft flight wes also plarned in order to test a
method for moving bubbles through a liquid in zerc-g. In Phase II1 the following tasks were undertaken; snalysis of
date from the MarchsB9 KC-135 flight; grourd experiments related to the separation, sticking and interaction of
bubbles; redesign and rebuilding of the KC-135 apparatus for the February/90 flight; experiments on generation of
bubbles by chemical means; mathematical simulation of gas bubble release and transport; 7-33 flight experiments
(March/89 and July/89) with an experimental bubble transport epparatus comstructed in previous phase; analysis of T-33
flight experiments; and design and building of a new version of bubble transport apparatus for the February/90 KC-135
flight experiment.
The hypothesis being tested is that the microgravity condition will permit polymeric foams to be made which have
isotropic cell structure and uniform density, provided other parameters such as dynamic viscosity and temperature are
appropriately controlled. The project aim s to produce such a polymeric foam with a view to:

1. further elucidating theories of both heat transfer and mechanical performance for rigid fosm insulations;

2. validating theories regarding polymer foam cell formation;

3. exploring the potential which the zero-g condition may lend to the creation of new cetlulsr materials, and

identifying potential for eventual commercial opportunities in this area.

A foam producing epparatus will be flown on the Novembers90 KC-135 flights.



3.6 Other Materials Science

Investigater

i. Dr. 5. Das Gupta
Electrafuels Manufacturing

Comparry
Prof. 8. Alcock
university of Toronto

SPAR, SED Systems

2. Dr. Ramen Sood
Ceramics Kingston Inc,

3. Dr. V.E. Merchant
The Alberta Laser Applications
Science & Engineering Research
Institute

4. Prof. R.J. Slobodrian
Leval University

%. Prof. R.J. Slobodrian
Laval University

Particle growth in microgravity.

The role of gravity and
gravity-driven convection in the
formation of silicon
carbjdessilicon nitride whiskers.

Weld pool dynamics in a
Zero-gravity, rero-atmosphere
environment .

Etude de L/ implantation fonique
pour des couches protectrice des
materieux pour \‘usape dans

L' espace.

Etude d’'accelerometres de
precision et des aggregats
fractals en microgravite.
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Description

The objective of thiz preject is to elucidate further the theory and mechsnisms of Ostusld Ripening (particle
coarsening) of dispersed phase systems, with the aim of furnishing veluable data to support the development of a high
dersity Li-Al/FeS battery. Batteries of this type operate at e temperature around 400 degress C and & special
isothermal heat-pipe furnace has besn developed. Isothermelity of +/- 0.05 degrees C at 800 degrees C has been
obtained over the length of the furnace,

The on-geing contract covering Phase 111 continues the ground-based ex:erimntatim as well a3 the development of
hardware for a rocket flight scheduled for the Fall of 1991, This rocket paylead wiil consist of a ol ti-sample
furnace for studying Ostwald Ripening and Metsl Matrix Composites,
Silicon-carbide whiskers are used to improve the mechanical strength of ceramics, metals and polymers. In this
project, Cersmics Kingston :lans to grow SiC whiskers in microgravity, in order to understand better the role gravity
plays in whisker growth. The application is for the improvement of Ceramlcs Kingston’s proprietary process
ground-based production of a prototype 1800 degree C, control Led-atmosphere furnace.
production of a Photoflight 1800 degree €, controlied-atmosphere furnace.

This is a fundemental study of the welding process; in particular the spplication end extension of the technology of
Laser welding to operations fn a vacuum and Low-gravity erwiromment. Phase | invelved laberatory experiments for
gathering of fundomental knowledge on the behaviour of the molten pool created by the action of a Loger bean incident
on a metal. The difference between the behaviour of » motten metal in a Laboratory atmosphere and & vacuum atmosphers,
ard the effect of the direction of the gravity vector on the melten pool, wes exsmined. Phase Il work encompasses the
following tasks: mumerical modelling of the heat flow resulting from welding involying three dimensional versus time
calculation of the hest flow using finite element technigques; modification of the experimental ap?arntt.ls tonstructed in
previous phase to provide gas shielding for welding of alloys sensitive to atmospheric contamination and to incrense
the vacuum capabilities; determination of comparative welding parameters for titanfum and titanium alloy Ti6A14Y;
investigation of depletion of elements in welds of alloys consisting of elements with various vepour pressures; and
conceptual deaign of & vacuum chamber for the LAMPS {Laser Apperatus for Materials Processing in Space} facility being
developed by MPB Technologies Etd. .

[n Phase I, m study wes done for a method of megnetically shielding the Space Station from charged particles from the
Sun and galactic origins. A second part of the contract involved u systematic study of jon implantation, and its
effects on hardening of surface layers of materiala, in order to protect Space Station structural components from the
effect of bombardment from galactic particles.

Phase 11 was corcerred with the

Phase 11 consisted of two parts: (1} e study of an orbital eccelerator to treat the surfaces of the Space Station, and
make 1t more resistant to rdvent by micrometeorites, and (2) the continuation of experiments for bombardment and
ionic implantation for hardeneing the surface layers of materials.

This project addresses two subjects: the study of fractal aggregates which can be fully investigated only in the
microgravity enviromment, and the study of precision accelerometers for the measurement of g levels during the
performance of experiments in a low gravity environment.

The Phase | objectives of the fractal aggregates study mre: theoretical investigations related to mathematical
modelling of fractal aggregates, the interpretation of their physical constants, the development of techniques for
initial expto;:tory ground-based end flight experiments, and the development of software for the analysis of
experimenta ta.

The Phase | objectives of the precision accelerometers study are: the erftical assessment of existing instruments and
their construction principles, the preparation of s comprehensive analytical description for these, the critical
enalysis of the existing metheds for calibretion of these fnstruments, and the investigation of slgorithms for the
real-time extraction of relevant information on acceleration. The results of this study would form the bagis for a
future design and construction of an accelerometer best suited for the flight experiments on fractal aggregates.




3.7 Biotechnology

Investigator

Subject
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Description

1. Mr. wah Kung
AASTRA Aerospace

2. Dr. Jacgues LapoThie
Dr. Paul Roy
Laval University

1. Prof. l.1. Inculet
Prof. J.M. Floryan
University of Westesn Ontario

2. Prof. D.E. Brooks
university of British Columbin

Protein crystallization in
microgravity.

cristallisation en microgravite
de proteins qui Tntergissent evec
des scides nucleiques.

A study of the dynamics of
droplet break-up.

Structure of a flocculated
polystyrene latex under constant
shear in a microgravity
enviromment.

This short phese of the contract was te ensble AASTRA to concentrate upon an ares of technology which resded
development in order to assist protein crystal growers on the ground and in space, using existing space herdware from
collaborative partners (e.g. Charles Bugg from the USA}. The Company focussed on "remote nucleation detection® as
being the strategic technology to pursue. This nucleation detection equipment will, hopefully, piggy-back on existing
space hardware from NASA end the USSR and, at the same time, be evailable for update when AASTRA get the go-shead to

In the Phase | the initial investigetion was conducted concerning the two main objectives of the project:

(1) To obtain crystels of GLURS (a monomeric enzyme whose primary structure is known) alone and in complex with
tRMALGI((U) from Escherichis Coli, in sufficient quantity to study the structure with X-ray diffraction.

(2) To clone from the coding gene for Beta-Lactamase ONA-1 in & vector permitting the overproduction of this enzyme.
Construction of coding mutants for the cysteine in place of the normal amine acid, for several positions in this
gene.

In Phase I1 the work continued on the crystallization of the glutamyl-tRNA synthetase (GLuRS) from Escherichia Coli, on
the crystallization of the PaeR7 endonuclesse and methylese, and on the crystallization of the OXA-1 and TEM-1 Beta-
lactamases. A collaboration with AASTRA Aerospace for the development of protein crystallization hardware was also
initiated in this phase.

The dynamics of the droplet break-up process urder the influence of an electric field is being studied. Applications
inciude electrostatic painting, and electrostatic egricultural spraying both from the air and on the ground. In Phase
1, hardware was developed for the KC-135 aircraft. The apparatus generates water drops, pulls them spart with an
electrostatic field, and photographe the process with a very fiigh-speed movie comera. Zero-g aliows the droplet
break-up mechanism to be studied without dominant g-effects present. In Phase 11, the harduare was flown on the
Cctober/B8 and March/89 KC-135 flights. The flight experiments revealed that the droplet extends along the direction
of the electric field, forms Taylor cones at the elongeted ends and starts to eject several very small droplets from
the cone tips, before the entire mass breaks up in two or three droplets. The wathemstical anelysis end computer

simalation successfully reproduce the wvarious stages of the deformation process up to the formation of the Taylor
cone. Beyond the Taylor cone formation, the phenomena are not completely understood, and will require further
fundamental snalysis and development of new algerithms capable of handling the interface deformations at that stage.

This is a study of the flow properties of dispersions of Letex spheres in aqueous media. When the dispersion undergoes
simplte shear flow in a concentric cylinder device, under certain circumstances a remarkable ordering effect can sccur.
Visible apgregates form and arrange themselves in m regular, two-dimensional, roughly rectangular lsttice, which
gradually degrades as the aggregates sediment. The goal is to study and characterize this new phencmena, with space
experiments if pecessary. 1n Phase I a simple shearing device was constructed, which was used to demonstrate that the
ordering effect was not an ertifact caused by the imperfection of the spparatus, and to confirm that the ordering is
senaitive to the magnitude of the inter-particle forces. In Phase [I the work continued on the design, construction
and testing of a versatile second-generation shearing device including a thermostated enclosure, microscope, video
cemera and frame grabber. This phase should complete the initial gualitative assessment of conditions which lead to
shear-induced structuring in polystyrene latex suspensions.




3.8 Fluid Physics cont'd

3. Prof, C, Ward
University of Toronto

h. Prof. N, Salcudean
University of British
Columbia

5. Or. Pierre Lenglois
Dr. Eric Harvey 3
L’ Institut National d’Opticque

5. Prof. X.5. Rezkaklah
University of Saskatchawan

7. Prof. A.J. Saber
Concordia University

Subject

ab iphased rotating
fluid systems subjected to
variable gravitational forces.

Mathematical similation of gas
bubble transport in moving
ligquids in low gravity
envyironments.

Etude preliminaire pour
L*elaboration d*un systeme
d'analyse optique des fluides en
microgravite.

Investigetion of the surface
tension influence on the
hydrodynamics and heat transfer
behaviour in two-phase flow using
a weightless enwvironment.

Preliminary definition of
experiments and procedures for
terrestrial and space examination
of flame structure.
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Descriptien

The Phase I concerned the study of the factors controlling the phase stability and mass transfer between phases of
rotating fluids thet are subjected to different gravitational fields. The two-phase system examined is a bubble
immersed in e rotating Liguid-gas solution. A method was developed for predicting the ilibrium gsize of the bubble.
in Phase 11, the apparatus wes built and tested on ground. The experimental results co;?;med the predicted
theoretical behavior of bubble. In June 1990, the apparatus will be flown on the KC-135.

In this phase, a mathematical model to simulate gas bubble trajectories in moving Ligquid in Low gravity environments
wiil be developed. The work will be relevant to ges bubble removal in low gravity gless meking.

This contract hes been rolled into the LAMPS contract with MPB Technologies to provide laser holographic imagery for
laser materials processing in space.

The general obhjective of this project is a systematic study in microgravity heat-transfer and hydrodynamics in
two-phase flow. The specific objective of Phase 1 is to sasess the previous experimental facflities and to design a
hardware test apparatus that could accurately measure the conwvective-heat-liquid-gas flow under microgravity
conditions. The envisaged three major subsystems of the apperatus are: a thermal control system, a fluid management

system and a data acquisition system. In this phase it is also intended to actompkish the design of atl components and
the selection of materials and instrumentation.

The objective of this project s to examine the structure of flames in space and compare the results with that
predicted and observed on Earth. The Phase I concerns the preliminary definition of the experiments and procedures
required to achieve the objective. The tasks to be performed are: compilation of information sbout observation of -
flame structures, collection of information on space hardware, review of spece hardware, selection of & fuel/oxidiser
combination that lends itself to the fnvestigation, preparation of Burke-Schumann ard Shvab-Zel’Dovich models for
computer analysis, and the design of m combustor and optical systems for imaging of mixing flows.




Additional Current Centracts

Investigator Description
1. Prof. Sadik Dost Study of the mathematical The obJective is to develop a mathematical model to predict the process of crystal growth from liquid p}-w;; _ unde ; ———————
University of Victoria modelling and computer simulation microgravity conditions. The first phase (first six months) of the propasal will be devoted to the study of the
of crystal growth from 1iguid mathematical modelling of the following growth processes: --- Liquid Phase Electro-Epitaxy (LPEE} for Gaks, ---Liguid
phase under microgravity Phase Epitaxy (LPE) for Siticon, --- Growth of Triglycine Sulphate Crystals from an Agueous Solution.
conditions.
2. Prof. Jesko A. von Windheim Electrochemical grosth of thin
Prof. Wichael Cocivera film semiconductors in a
University of Guelph microgravity emvirorment.

The objective s to study the nucleation of electrochemically grown CdSe as & basis for research on etectrochemical
deposition of semiconductors under microgravity corditions. CdSe nucleation sites form within 25 ssconds, end growth
initiation and deposition time are well controlled. Consequently this process is a good candidate for experimentation
in the microgravity window cbtained in parabolic flight.

The objective is to study the physical mechanisms which govern the rewetting phenomena and to use the microgravity
enviromment to elucidate the roles of various forces acting on the interface which affect the stability of the
interface ared couse vapour film collapse.

3. Prof. M. Kawaji Rewetting of hot surfaces under
University of Toronto microgravity.
Mr. B.M. Antar
Unjversity of Tehnessee Space
Institute
4. Dr. Toomas Kilp studies on the mechanisms of
ORTECH International microporous assymetric membrane
formation under rero gravity
conditions - Phase 1.

This prupusal. cutlines a Phase 1 study desloned to examine membrone formetion under terrestrial conditions in order to
highlight those procese parameters and experimental conditions which will allow proper design of subsequent studiss to
be carried out §n microgravity environments. The latter are expected to improve our knowledge of membrane fromation
mechanisma which could be used to modify earth based processes as well as providing spin-off benefits in other
roh-directly related areas.

L*objectif est d’engager dans un domaine de recherche ou le but uitime de les travaux serait d’analyser et d’cbserver
la fusion et L’'stomisation par laser de materiawx en condition de micregravite.

5. FProf. Jean-Merie Gogne Fusion et atomisation par laser
Ecole Polytechnique de materiaux en condition de
microgravite dashs un eysteme LTS,
MPB Technologies I[nc.
&. Prof. J.H. Lee Microgravity combustion of dust
Prof. R. Knystautas clouds.
MeGill University

The purpose of the investigation is to implement exploratory and development activty on the experimental capability to
measure basic dust combustion parameters in a microgravity environment. The foremost task fs to optimize the dust
dispersion and suspension techn;zue. The suspension of dust by electric field has been studied by Colver and its
feasibility has been demonstrat

7. Mr. Neilt Stover

Mova Scotis Research
Foundation Corporation

Disintegration of liquid and
slurry Ligaments and drops under
microgravity conditions.

The oblectives of the project are to generate and exemine the disintegration of Ligaments and droplets of non-Newtonian
Liquids and slurries under a microgravity envirorment. The disintegrations will be visually examined to quantify the

rheclogical and surface tension effects.




