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THE ENPU - A MICROGRAVITY FLUID SCITKCFES FACILITY

R. Monti, Techno System Dev. - Neples - ITALY
1.G. Napolitano, member, Fluid Physice Expert Group, ESA

ABSTRACT

®he KDPU (Pubtle Drops and Particles in liquid
rmatrices Unit) i & second generstion Microgravity
Fluid Sclence Facility which 1e now being
considered for an FSA Phase A study. The paper
describes its design philosophy, its sclentific
objectives and its desim gpels. The prescribed
desigr. gomls are based on the exploitation of the
past experience and on the users requirements (as
derived from the pertiment literature end frem FSA
calls for Pxperiments).

The first level objectives sllow the experimental
gtudles of:

- Dynerice of Solidification Fronts

- Interaction between intrusions and

so-idificetion Fronts.
mhe IDPU 4is besically made up hy a mmber of
Modules which include:

a) Service Module,
diammostics, controls
preelaberation and display
b; Teat Modules, for each class of experiments
c) Ancillery Fodules, for a more sccurate and/or
for an intersctive experiment conduct.

providing the stimuli,
and data acquisition,

1. GRWESYS AT BACKGROUND

Phase 1 of FSA's Microgrevity Programme, epproved
at the erd of 1981, included, upon the
recormendation of the Itelian Delepation,
provisions for the developrent, up 0 Phese-A
Btudies, of & second generation {fiuld facllity
which, &s proposed and edvocated by the senior
enther (Ref. 1)}, wes broadly referred to as
Microgravity Fluld Sciences leboratory (IFSL).

As & fTirst implementation step toward this end st
the bepinning of 1982, the Executive set up, with
the approval of ESA's Material Sclences Working
Group (MSWG), en "ad hoc" temporary Fluid Sciences
Fxpert Croup coordinated bty L.G. Napcliteno and
comprising I. Da Riva (Spain), J.J. Dordein
{France), J. Siekmsn (West Germeny) and J.
Vreeburg (Metherlande}. Main tasks of this Group
were: to characterize the future needs of
microgravity user's commnity in the field of
Fluld sclences, to translate them into sclentific
objectives, to identify requirements for Phase A
ptudies.

In defining the work +tasks of the CGroup the
following statements were made.

It is recognimed that future needs of =
Microgravity Fluld Sclence lavoratory (MFSL)
pertain to two perallel  interacting tut
putonomous, fields of sectivity: 1) Basic ; 2)
Oriented Microgravity Fluid Sciences (MGFS).

Basic MOFS refers to eny experiment of fundamental
Released to ALAA Lo publish In sll forms.

nature that is not necessarily relasted to any
epplicetion nor to eny other fields of

microgravity eclences.

Oriented MGFS  considers btesic fluld dynemic
phenomena  which influence material science and for
1ife science experiments or epece processing.
Oriented MOFS mctivities should mainly consist of
cleerer yet relevant model experiments sble to: 2)
clerify the phenomenology, b) quantify the
effecta, c¢) produce deslgn date and/or empirical
relations to be of direct and immediate use M5 and
L3 experiments or in space process.

At ite first meeting,
the (roup:

8) Fsteblished  the following philoscphy of
approach for the MFOL

held on February B, 1682,

-Identification of & mumber of candidate units
characterized by means of the sclentific areas
covered

~Promotion of coherent actions appropriate to each
such area ;

=Promotion of é.ra:lle] actions in the framework of
the {FSA)Technology Programme

-Procurement of gystem studies to evaluate
optional trade—off between the two extreme
facility development conceptusl approaches: 1)
milti-purpose facility, 2) dedicated facilities.

b) Assessed that the best solution lies somewhere
between the ebove two extremes and should consist
of e cluster of wunits, compatible with different
platforms, providing the necessary services to
dediceted packages with sufficient elasticity.

¢) Identified the following Unit areas (in their
order of priority):

~liquid Matrices with second phase imtrusion
=Combustion

«Critice]l Point Phenomena

=Flowing Systems

d) Decided that, for each Unit area the
methodology schematically shown in figure 1 should
be followed.

In accordance with that methodology L.G.
Hepolitano prepared the report on the FDPU which
was gubsequently discussed and approved by the
Group and resulted in the recommendation for a
corresponding Phase 4 study. The Apency  then
assigmed to Techno System the task of developing,
on the bYesis of this report, the further analysis
leading tc eond neceseary for the technical
specification of a pre-Phose A study. The Group
monitored this study and reviewed and comented
the corresponding final report. At rresent two
pre-phase A perallel studies are belng performed
by two industrial groups.



corsLLbILES - he  oackground  docurent  for? Techro
Bystep's study are @ven in the Avpendix. %he mein
body of the paper summerizes the resultc of the
study hy Techno System.

2. CONCEPTUAL APPROACH

The conceptusl approach to and characterize tion of
the desien of a second-generation Micrcoravity
Fluid Sciences multi-user facility eimed at the
Btudy ©f Bubbles, Drope and Particles éynamics
(BDPU) | have been pursued bty eoing thréfigh the
following somewhat interrelated steps (Fig.2).

) - Identification of Design Goals

P - Elaboration of the Design Phylosophy thit: best
meets the Gomls

3 - Selection of the Seientific Objectives

4 - Translation of the Sclentific Objectivee-into
engineering requirements.

Reswlts from the first three gteps of the ealysis
contribute to the definition of the BEDFU scenario
Within vhich the fourth step is carried out.

The most relevant criteria for the identifucation
bf the Design Goals are: 1) exploitation «T st
experierces (learning curve process); 2) meeting
users' requirements (Fig. 2).

At the ' present time, experience with thé first
neration facility, +the Fluid Physice sHdodule
FPM), |has not yet covered all the relevant
Etages.
The exparience eccrued during the prelbnipary
phases of  the FPM operation (mainly: crew
ralning, ground tests, flight simudation) £d the
process : of definition of its improvements JIFPM)
- Le however alresdy sufficient to deduce msaful
+ informations. These have been uee ] : for
| establishing guidelines and/or for settina grals
o be attalned with the second &neration
facility,
User's ' requirements have been desumed from a
1 tumber of sources among which the most impbrtant
gre, besides the pertinent literature, the wwrk of
the M.FiS.F. expert group and the results o :the
: Fecent Call for Experiments for the DI nissio 1.
|
"

he criticel evaluation of these two categorzes of
inputs" has led to the identification of the rain
Pesign Goals ligted in Fig. 2. -Their
: fdentification contributes to the resolutron of
&1; prcblem  posed by the trede-bff butween
ti-purpose and dedicated facilities.
he best . Design Phylosophy that can be conceived
0 meet the identified goels and that provimea an
| bptimized solution to the alterzative
© mti-purpose/dedicated facilities is an exdended
hee of lthe MODULARITY CONCEPT. In additicn the
; todu.]arity introduced at the functionsl level can
y e further exploited #or configuration, operation
: g\-ﬁ Procurement purposes.
. ctional modularity is achieved by foresseing
; Four types of modules:

+ Service Module {FM)
1 + Test Molules (M)

L

« Optional Modules {(OM)

The Service Module is the enserble of subsystems
necessary to provide stimuli, diafmoetics,
conircls and data rensgenent and to set up a "test
volume", It interfaces the space-borne platform on
one side and the test modules on the other side.
The Test Modules are modules desifmed to perform
classes of experiments in Eiven subdiscirlines,
are placed in the test wvolume and use the
"services" provided by the Service Fodule to which
they are rhysically connected during the
experiment. They are sub—discipline dependent and
interchangeable. )

The Ancillary Modules are those auxiliary modules
wvhich might be necessary for the conduct of some
experiments and are not physically connected
either to the 84 or to the Tv.

The Optional Modules ere rodules desimed for
uprating the performance and/or the wtilizetion of
the 8 and are to be considered as add-on modules.
The fuctions] modularity represents the optiral
corpronise  between multi-purpese and  ded icated
facilities by preservines the Test features of both
elternatives while minimizing the shorteormings of
each ane (Fig. 3).
Configuration modularity
concepta:

hinges on two min

1) definition of “minimum" (Zevel 1) and "maxirmum®
(Level 2) facility configurations;

2} eraduality of the facility evolution from the
Level 1 to the Level 2.

Level 1 configuration has the rinimur defree of
ecphistication, versatility and Texibility that
must  be required f¥oh a second generation facility
and is dedicated to a first set of subdisciplines.
At this level, to day technology (hard erd soft)
iz employed tut previsions for later incorporation
of near-term developrents resulting from on-going
ISA  studies and/or for uprating the system to the
Level 2 must te foreseen.

Subsequent evolutions of the starting (Level 1)
confipuration may interest: Scientific Objectives
{possibility of accomodating experiments 1in new
sub-disciplines); system cepabilities {e.r. new
types of stimdi); system perfomances (e.r.
improved diasmostic cepablilities of the facility
with respect to parareters ranre, measurement
gccuracy, epace and time resolutions); gystem
utilization (e.g. the operationsl rodularity,
discussed later on).

The evolutionary Procesa from starting to target
configurations tekes place ¢radually and is
implemented by successively developing and adding
end/or replacing the necessary medules.

The conceptual layout of the HOPU Facility in its
two extreme levels is shown in Fig. 4. S0lid amd
dashed 1lines denote, respectively, level 1 and
Level 2 configurations. When both 8011d and dashed
lines mre used, the element belongs to  both
levels.

Operational modularity (Fig. 3) refers to the
process of improving, in m modular fashion, the
"efficiency" and "rellability" of the facility
utilization by the myload specialist. The
"handling qualities” of the apparatus end  the
degree of real time man-interaction with the
on-going experiments are important qualifying
elements for microsravity space borne facil 1ties,
The facility must s8llow, elready at the Level 1, a



by the P3 or the PI than afforded by the present
generation.
At the Level 2 the control capability is to be
uprated by providing the vpossibllity of
interactive control of +the experiment by man (be
it the payload speciallst onboard or the principal
investigator on the pround), the decisions taken
during the execution of the experiment being besed
not on qualitetive infomation sbout its outcome
tut on quantitative Iinformation provided by the
display of eprropriate resl}-time preelaborated
data.

Procurement Modularity costitutes a further
exploitation of the modular approach. BSuch an
approach indeed mekes it easier (costwise) to
involve in the development of the facility Member
States {(which may want to develop an Optional
Fodwle 1o suit some specific requirements of their
experiments).

The Scientific Objectives have been classed,
consistently with the Design Phylosophy oatlined
above, intc twc levels.

Those of Level 1 are for immediate implementation.
Those of level 2 are for gradual subsequent
implenentaticon.

The Scientific Objectives selected are:

Level 1

Dynamic of intrusions (mubbles, drops, =olid
particles) in icuid matrices; Dynamies of
Solidification Fronts; Interaction between
intrusions and solidification fronts

Ilevel 2

Dynamics of intrusions (new stimuli);:Fluid

Dynamies of Jevitated Samples; Fluid Dynamics of
Sclution CGrowth; TFluid Dynamics of Life Science
Fxperiments; Fluid Dynamics of Flectropheresis.

Typicel instances of problems falling within these
Secientific Objectives are given in Tabs. I.

The manner in which the Belentifie Objectives
influence the facility's confipuration at the two
Jevels and the requisites of the main several
sursysters (Disgnostics, Stiruli, Deta Mansgenent,
Controls) ie surmarized in Table III.

3. SCIENTIFIC ORJECTIVIS

According to the %basic phylosorhy hinging on
modular approach outlined in the Introduction, the
Cclentific Objective of the EDPU can grouped in
two categories (Table 111).

1) Scientifie Objectives t¢ be attained by the
first version of the FDPU, (Level 1)

2) Scientific Cbjectives 1o be etteined in
subsesuent evolutionary wversion of the X'PU,
(level 2).

The future attainstility of Level 2 objectives is
to be tasken into mccount in the initial desiym of
the MPU in the sense that it should be possible
to attain them without substantiel chanpes of the
basic facility, by simply replacine and/or adding
a rurber of modules {test modules, diagnostic,
electronic modules end so on).

The rationsde behind the cholce of Ievel 1
Objectives 1is <that the scietificelly more welid
and aprropriate avenue tovards substantial
progresses in microgravity science passes through

FIUMLICLTHT L experinmentis.  Lnis would allow
detailed fliuid dynemic investigations of those
processes which cannot be easily controlled or
studlied 1in materlel processing farilities because
of the liquid employed (e.g- not tresperent,
contaminable by tracers, chemically sctive) or
because of the prohibitive thermofluidynamic
conéitions {high temperatures, high pressures} or
because of the <typlcal conditions existing in
typical furnaces {not acceseible by disgnoetic
equipment, or exhibiting small dimensions).

This criterion, together with conslderations
related to engineering femsibllity with today's
technolory lead to the identification of level 1
cbjectives as {see also Teb. I):

1) PBubble, drop and particle dynamics in liquid
matrices with non uniform tempereture and
concentrations fieldas.

2) Formation and dynamice of solidification front.
The interest is meinly in the effect of
temperature and concentration distributions on the
solidification front's shape and motion, in the
convective motion induced bv the non planar front
edvancement, in effect of the volume changes (due
to the 1liguid-solid phase change), in the liguid
motion induced by dentrite growing in melts.

3) Interaction between intrusions (of any of the
above type) and (advancing) solidification front.
level 1 objectives call for the possibility of
creating a rmumber of specific conditions within
liguid zones contained in different test modules.
Sume of these conditions include:

a} creatine solidification fronts of different
shapes and advancing with different wvelocities in
fully confined and unconfined zone configurations.

b) creating and/or inserting bubbles, and drops
at preassismed positions and/or positioning so0lid
particles in a liquid matrix.

c) creating liquid-gas interfaces of
preassigned shepe mnd liquid-liguid interfares
between two immiscible liquida.

d) creating order or randomly positioned drops,
bubbles or =0lid partiles in liquid matrices.

e) similtaneous creation of interfaces {or
solidification front), and dispersed drops,
bubbles end s0lid particles in liquid matrices.

4, HOPU MAIN REQUIRRMFNTS
The following points will be addressed:

. Flexibility and Versatility

. Built-in capabilities for improvemente and/or
extension of scientific domains

. Optimized exploitation of the presence of man on
board

+ Accessibility

-+ Reliability

Flexibility and Versatility

Flexibility is the ebility to carry out given
classes of experiments in & comperatively ample
ranse of the parameters involved.

Versatility is the ability to carry out several
different classes of experiments.

Poth features appear to be essential requirements
for newly desipned microgravity facilities. Any
attempt to enlarge the scientific domains of
utilization of 1 facility that not includes these
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the Facility.

As 8 consequence the use of the Facillty 1is
restricted to m very narrow scientific camunity.
Absence of flexibility may mlsc ranifest in a much
too strong interference between experiments, which
in turn increases the risk of failure for some
experiments and/or lemds to time-wise inefficient
utllization of the facility.

APcuo v VEDY DO UTlIlzZAaticon a

Built-in capabilities for improvement

One important lesson learned with the firat
generation microgravity facilities 1s that
near-term improvements of e facility should be
accounted for right from the beginning and that
capabilities for this improvements should be tuilt
in the facility &t its conception stage. Failure
to cooply with these requirements will hemper any
future evolutionary development of the facility
itself.

In the epecific instance of the REDPU facility
improvements may pertain to:

» extensicn of the classes of experiments to

te performed (corfined 1liquids, solidification
front, Tloating zones, electrophoresis,
hydrelysis)

« extension of +the range and the mumber of
gtimdi  (meximum +temperature, electric fields,
acoustic fields, rajistion heating)

« extension of the rances, accuracy amd mumber
of the rparameters to be measured (fluid velocity,
temperature, electric fields, etc.)

« 1mprovement in the depree of sophistication
of the date acquisition mystem (microprocessor
alded experiments, data preelsberation
capabllities)

. improvement
experiment control
relevant experiment
conduct of the experiment)

+ possibility of utilizing the PI on gound in
real time.

in the P3 operations ard
(monitoring and display of the
paraneters, interactive

The "built~ir improvement capabilities"
requirement for the BDPU facilities leads to the
identification of twe  confipuration levels
(starting level ard near-term tarpet level) and is
to be Implemented via the modular approach.

Man on board

Marned missions imply, by definition, a proper
utilization of the man on board (or more generally
of the man 1in the loop, be he the PS on board or
the PI himself on ground). A rational wtilization
of the ren sheuld teke edvantege of his ability to
meke the right decision at the ripht moment ard,
at the sare time, should try to spare him most of
the time-consuming routine procedures which can be
better performed by eutormatized devices.

Greater end more efficient man involvement pesses
necessarily through his res)] time ewareness of the
experiment in evolution. The PS (end, to scme
extent, the PI) chowld thus be provided with
real-time informatfon both on quelitative and
quantitative results. -

Pullfilwent of this requirement (ty means of
eppropriate monitoring and display equipments)

e LAY A

Al A

Accessibility

The BFDU must have a Pood  accessibility. The
requirement is B0 obvious, that need not be
further elaborated wpon. Mo fluid rhysicist would
ever conceive to perform his experiment inside an
inaccessible locked cabinet. Ficrogravity fluid
physicist had to accept this in other Mg
Facilities because no other cholce wms offered to
them. There is no remson, however, that this
continues to be 1o, even considering the otvious
room Jimitations proper of Srecelab one of the
safety espects envolved in the Facility operation.

Reliability

This is another requirement that must be Flven
adecuate coneideration risht from the beginning in
the conception stase of the facility.

Poth the past experience with firet-feneration
Tacilities =end obvious corsiderations related to
the ever increasing costs of experiments failures
evidence the importance of rel iability.

Greater concern should be devoted to it by: 1)

including reliability enong the facility
requirenents; 2) reguestins that its value and
techniques of improvement be analysed 1in al)

aspects and implications.

5. BDPU DESIGN CRITERIA

Az mentioned in the Introduction, main elements of
the Facility are: 1) m service medule providing a
test wolume and containing the equirment needed to
eenerate etimli, to perform the disgnostics and
to accomplish the data menspemert; 2) test modules
that are placed 1in the test volume, provided ty
the service module, use its services and are
deaigned to perform the experiments in fiven
classes of suhdisciplines; 3 ancillary modules
that provide the suxiliary functions needed for
specific experiments; 4) optional modules needed
to uprate (in the level 2 configuration) the
performances of the facility or to provide other
classes  of stimuii. Malti-zide sccess to the
facility is necessary: for the proper setting of
the test modules, for changing them when soing
from one experiment +to another, for allowing a
rumber of operations to be rerformed by the PS on
the spot {e.p. injection of liguids, introduction
of bubbles and/or positioning intrusions at Flven
points in the test module, setting of all the
optical diagnostics). A possible way to provide
proper accescibility while still complving with
the space limitation typical of the Spaceleb
niseions, 18 to confine the FPDU in a rack drawer
but to perform the experiment in the "open drawer"
condition. This wouwld ¥ield mecessibility from at
Jeast four sides.

The volume left arpty when piling the FPDU out of
the rack (storege position of the FPRU) can be
conveniently utilized by the illuminaticn ard the
visualization optical paths. This solution will
certainly relax many of the optical instrument
desipgn compromises  which rmst be made when
realizing very compect optical systems.

Test modules ere trasparent boxes placed in the



1) Use injection systems {for gms and liquids) for
creating inclusions in a liouid matrix. These
systems must be operated on the spot (just prior
to sterting the microgravity exveriments) and

appear feasible ordy for relatively simple
configurations.
2) use low melting points suhstances which are

trasparent in the ligquid phase and melt at few
decrees gsbove embient (say, for instance, between
35 : 55 C) with 1limited heat addition. These
substances, topether with the possibility of
heating and cooling the test module .ot the HDPU
test site or in a separate equipment, enciliary
module), would meke 1t poosible to establish on
ground, at amblent temperature, most the
conditions listed in Tab. I.

For example  s0lid matrices with yrearranged
liquid, ems and se0lid particles inclusdons (emsy
to manufacture on ground) will provids starting
conditions fer the experiments 1isted in Tab. I
once the solid matrix has been melted.
colidification fronts, on the cther hand, can be
estatlished by coolings the liquid matrix and the
motion of the front can be poverned by controlling
the heet exchange between the liquid amd the
azbient.

3) Use of couples of liguids that are partially
miscitle at arbient temperature to etudy directly
the miscibility sep problems or as a method of
creating dispersed ligquid drops in & 1liquid
matrix. Control of temperature and tomperature
gradients will give the possibility of creazing
drops of different sizes and to study ecralescence
phencmena in non uniform temperature fields.

Once the initial conditions have been es:zablished,
the dynanic evolution must be cont-olled by
cutside stimuli.
Heat +transfer from and 1o the arblent is one of
the post  impertant factor in MS  aimulation
experiments. For instance space distri-ution and
time evolution of heat transfer control the time
evolution of shape end position of the
sclidification fronts.

Conduction from heated (Joule) or cooled (Peltier)
80lid wall regions will be the preferred hest
transfer mechanisms; the +time evolution of the
temperature field in the liquid conteined in the
test module will depend on the thermal Jroperties
of the wall material and of the contained
Bubstance and on the heat sources end/or heat sink
povwer time characteristics.

All  the stimili are to be driven by eleciric power
and their time profiles are to be programmed by
Dicroprocessors: P

« heat input (Jouwle heating)

. heat output (Peltier cooling)

+ ¢€lectric power comnectors
electromagnetic levitators
boxes)

« electric potential

(for acoustic or
contained in test

The test wvolume 1is served by both teckeround and
8lit illuminetion systems which may be oriente¢ in
different ways by changing mirrors amd  ascurce
position. Cne or two laser beams are usec as light
sources. A thermogrefic equipment show' d look af
the surface of the test box or insice the box
(through IR windows} from different axes according
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experiments where the accuracy for shape and/or
position can be less then the one needed in
rhyslco-chemical experiments {(l.e. it can be of
the order of 1 m); at the same time zooming
capability may upgrade the accuracy to values of
0.3 . The employed TV aystems should be
compatitle with recording, transmitting and
displaying facilities alreedy existing on boerd.
The test volume is linked to the data acquisition
systens for ell the diapnostic  instrurents
provided by the PI or located inside the tests
modale (e.g. thermocouples, pressure pickups,
thermistors) via electric cables inputting the
recording eystem. The eccond generation facilitles
shoild provide wmore flexible patterns for the
coniuct end control of the experiments. The PI
should be glven the possibility of including in
the procedures a rumber of decision meking points
at shich the PS 18 called to act.

Thiz flexibility of control is rerticularly needed

in &ll “exploratory" experiments for which the
resitts are, by definition, wnpredictable.
Provisions must then be given for meking decisions
i.2. cheosing emong several options) tesed on

real time evaluation of quantitative outcomes of
the experiments.

The availability of decision zeking capabilities
will also help in the solution of problems posed
by reduction of the time resources for the
experiment run, by the occurrence o unexpected
events and by the meeting of minimum success
crizeria.

Different dmtan preelaboration cepabilities should
be mavailable on board, together with suitable
display equipments, already at the Ievel 1
coriguration.

Prowisions for ,increasing the sophistication of
interactive software and hardware at the Level 2
conciguration should also be included. Al
aubsystens requirements are mumarized and/or
identified in more detail in the Tab. III-1.

6. CONCLUSIONS

The recent sactivities of the Scientific Comunity
in the fleld of Micropravity indicate that meny
fluid physics  phenomena are comon to meny
disciplines and play & very dominant role in most
of the Microgravity experiments. This scenaric has
suggested to ESA to perform & feasibility study of
a Fluldynaric Facility which must simulate,
utilizing the typicel TFluid Physies tools
(methodologies, hardware, software), a murber of
besic phenomena  occurring in  Material, 1life,
Engineering Sciences and Space Processing. The
BDPU has thus being conceived and studied, at its
the preliminary phose, as a Facllity that would
enetle to understand tesic fluldynamic phenomena
occerring in e large mrber of experiments
performed in a Microgravity Favironment.
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APPENDIX A

(Excerpte from a document prepared by L. 3.
Kapolitano and Subsequently discussed and approved
by ESA's Fluld Sciences Expert Group)

PROPOSAL FUR A RIASE-A STUDY OF A
MICROGRAVITY FLUID SCIENCE UNIT

potential candidates for Materials Fiuig Bclences
Facilities (MFSF). fThe first such unit which hes
been  identified could be called "Bubble,Dropa and
Particles in Liquid Matrices Unit® (BDPU). It 1a
recommended that FSp performes a feasibility study
on thls wnit. For thig purpose the follcwing
document provides:

1. The tesic mhilosophy, the description of the
aime, the objectives, the overall structure and
requiremente of the experimental wunit.

2. The sclentific tackground and research areas
covered bty the unit,

PHILOSOPHY,  DESCRIPTION OF  ATh3,
OBJECTIVES, OVERALL STRUCTURE AND REQUIREMENTS aF
THE EXPERIMENTAL UNIT

ollows:
Investigntion of Hydrostatics, and Thermodynarics
of Bubbles, Drops and Particles and Liquid

Matrices (Bubble, Drop, and Particle Unit, EDPUJ.
The new element, having no counterpart in eny of
the existing or Flanned fecilities for eltner
Bounding Rockete or Space Platforma ias the
presence of a Non Homogeneous ldquid Matrix erd of
I-L interfaces. The large variety of materisls and
sclences mreas, which can  berefit from
experiments done in the IDPY, 18 detalled in the
next Paragraph.

Broadly gpepking the Unit sheuld consist of a
container filled with pure lquid mixture or with
two (or more) imiscible liquids wherein one can
inject and position &ll ¥inds of inclusions Buch
85 bubbles, drops or solid particles.

Several nor-uniformities can be imposed
{temperature Zadients, electrie fields, acoustic
fields, rotation fields), liquid-liquid interfaces
can  be pre=ent, eolidification fronts can  he
generated and controlled. The main charascteriatica
of the Unit cen be gouped 1in four items: The
Matrix, The Inclusions, The Imposed Conditions,

© Temperature

V. RS EIRDRNLE and/or
Teatures are listed below:

a} LIQUID MATRICES

Geometry and Dimeng fons; Simple quid, 1iquid
mixtures, eutectic mixtures; 0 or mre
immiscible ligquide; Tow fusion Hauids; Mo

three-layered 1liquids (two I-L interfaces); Iiquid
£as8 - liquid systems,

b) INCLUSIONS
Bubbles (gms, vapours); Dropes (immiscible with
respect matrix}); Inverted bubbles

to
(Jiquid—gas—]iquid); Solid particles.

c) IMPOSED PARAMETERS .
&radients; Fleetric flelds; Acoustic
fields; Rotations (entire unlt or central shaft)

REMARK: One of
be heated and
sufficient for the
solidification front.

the tases of the container should
the other cocled

d) MEASUREMENTS
Visualisation: Pressure; Temperature {surface -
tulk ﬁuids; Heetric field; Vej oclties;

Densities; On~board Irocessing.

2. SCIFNTIFIC  BACKGROUID AD RESFARCH ARFAS
COVIRFD BY THE UNIT

The study of the behaviour of tubbles, drops and
particles in liguid-matrices, tesides the interest
in its own right, has great relevance in a larpe
varlety of problems, experiments and process in
different fields of materisl and life sclences, An
imdicative list  of phenomens that could be
investgated with such a unit is:

2.1) SINGIE BUEBLFS (R IROPS

Hidrostatics; Thermodynanics; Surface phenotena;
Motion  induced by such cases as: non-uniform
temperature distribution 1in honmogeneous liquid
matrices, acoustic fields, electrie fields,
rotation; Motion within the tubble or drops
induced by surface nor-unifoermities; Surfactants
migration; Hucleation; Secondary effects op
Brownien motion.

2.2) MULTIPLE BURFLES (R DROPS

Collective motion; Interaction;
Clustering; Space distributions and
evolution; All ahove
liquid thernal,
non-uniformities.

2.3) SOLID PARTICLES

Collective motion; Interaction; Clustering; Space
distributions ang their time evolution; All above
addition of ®ulk lquid thermal,
compoeitional, electric pressure non~uniformities;
Floccu.lation; RNucleation.

Coalescence;
their time
with the addition of bulk
corpositional ang electrical

2.4) INTERACTION WITH INTERFACES

a) Inert interfaces: Influence of inmterface
curvature; Influence of rotating shaft; Interface
interference.

Non-inert interface: Development of
sclidification front; Influence on bubble motion;
Influence of slze and distribution of bubbles or
drope on the motion of solidification fronts.

2.5) MISCELLANEOUS



influenced by the presence of tubtle or
heterogeneous  irmiscible drops or perticles;
Statics and dynamics of inverse tubbles; Boillng
heat transfer; Miscibility emp, eutectlc mixture,
their interaction and influence with bubble or
second phase mrticles.

Many more research areas can be readily listed. It
i however believed that the ebove ones are
sufficiently indicative of both the types of
research and the range of different topics that
can be analysed in m properly conceived Unit.

The ebove problems areas are of interest in the

fellowing processes: Unidirectional
solidification; Foams (recular or metallic);
Composite raterials; Miscibility F:\:H

Degassification and wventing 1in zero-g; 3Bubble
manegement, during melting or soldification, by
means of temperature, or electric fields, or by
means of sample rotation; Nendritic solidification
in presence of vapour bubbles; Eubble trapping at
solidification front; Bubble formation and
comlescence in boiling and hydrolisis; Convective
"stirring” action due to butble migration; Glass
refining; Suspension flocculatlons.
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DESIGN PHYLOSOPHY
MODULARITY CONCEPRT

. CONFIGURATICNS  (SYSTEM LEvELD) .
o Lever 1 (menimum)
» LEVEL 2 (MEDIUM TENM TARGET)

v GRADUAL ImPLCMENTATION OF IXTERMEDIATE
EUNCLLONS CONFLGURATIONS BETWEEN LEviLs 1 axp 2
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Fig. 3
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