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I. Introduction

The National Electric Company of Venezuela,
C.A.D.A.F.E., is sponsoring the development of this experiment
which represents Venezuela's first scientific experiment in
space. The experience can be classified as an educational one
which could add knowledge to the fundamental study of polymeric
membranes.

Presently, semi-permeable membranes are being
manufactured from several different kind of polymers all over the
world and specific applications have been identified in fluid
separation processes such as reverse osmosis, ultrafiltration and
electrodyalisis.

Although, the ultrastructure of asymetric and composite
membranes have been under intensive study, still there are many
questions about the factors affecting this structure and their
degree of correlation. Nevertheless, there is indication that the
entire morphological structure of polymeric membranes could be
affected by the differences in specific gravity between the cast
solution and the coagulation liquid, normally used in the
membranes preparation process.

» The casting of semi-permeable membranes in space might
help to identify the effect of gravity upon the structure of
these membranes.

It is important to recognize that the casting process
involves changes of states (liquid-gas, liquid-solid) and that in
a micro gravity environment, there will be a reduction on
buoyancy-driven natural convection and density gradients

ITI. Experiment Description
A schematic of the experiment concept is presented in

Figure 1 , along with the desired sequence. The experiment will
be conducted in one-half of a longitudinal cylinder (5 cubic
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feet) as shown by the sketch of figures 2 and 3. An engineering
layout of the experiment mechanism is presented in Figure 4. The
experiment will contain several solenoid valves, a motor, several
actuators, a roller mechanism, and a reservoir for both water and
the polymer solution to be cast. The payload has an active
heating subsystem. The plan to maintain the temperature
requirements of 0 to 10/30 degrees celsius is simply to allow
the ambient thermal conditions in the Orbiter bay to drive the
temperature down near 0 oC passively. If the temperature of the
payload drops below 0 oC, a thermostat will activate strip
heaters to elevate the temperature until 10 oC or 30 oC is
reached at which time another thermostat will de-activate the
heater.

The sequence after experiment activation is simply to
activate a valve to open the polymer solution dispenser and
simultaneously force the solution on to the roller device. The
roller device is then linearly translated to coat the flat plate
glass witha l0mil thickness of the polymer. Sixty seconds
after the linear traversal of the polymer dispenser has been
completed, the timer will activate a valve which will flush the
polymer with cold water (0-100C). The experiment is complete at
this time and will be de-integrated in the above condition. The
membrane casting experiment has an absolute limit of 30 oC.
Temperatures higher than this level will invalidate the
experiment.

III. Integration and Tests

The membrane casting apparatus will be flown in the
large 5 cubic feet cannister that corresponds to the GAS Payload
No. 559, reserved by the National Electric Company of Venezuela,
C.A.D.A.F.E. A secondary experiment of the Bio-processing
Research Center of the Philadelphia University Center will also
be integrated in the same cannister. This protein crystal growth
experiment will share with the membrane casting experiment the
large ITA standarized Experiment Module (ISEM) which has been
modified to provide maximum linear flat plate distance to
maximize the membrane yield as shown in Figure 5. Figure 5 also
shows a small volume allocated to payload 3. This space will
contain (if possible) photographic equipment to provide optical
data on the membranes and protein experiments.

The modified ISEM will be fabricated of standard
aircraft aluminun of the grade and quality shown in Figure 6, and
will be analyzed and tested to the launch shuttle environment as
is the standard ISEM. The modified design will have a structural
margin greater than 1.5 which will be verified by test.

The avionics package to support both experiments, will
consist of a power supply, recorder, programmer sequencer,
heaters and thermostats, and instrumentation (pressure,
temperature and accelerometers).
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The whole system with the experiments, structure and
avionics will be subject to acceleration, vibration and thermal-
vacuum tests and results will be reported at a latter time.The
acceleration and vibration tests will be as specified in
the July 1984 issue of the NASA GAS Handbook (page 57).

IV. Special Design Considerations

Special design considerations were taken in orderbto
ensure the construction of an apparatus which could handle, in a
successful way the fluids involved in this experiment.

One of the major design concerns was the elimination or
reduction of Air Bubbles in the surface of the membrane, at the
time when the casted membrane is submerged in water. The solution
to minimize bubble formation was to provide space for the water
to filter through two screen areas as shown in Figure 3.

Another important concern was that the fluids have to be
kept in a range of temperatures between 0 oC and 30 o€. According
to data available of the more likely internal temperatures to
be experienced by the GAS containers, temperatures below 0 oC
should be expected during the space mision. Therefore, heaters
were needed to ensure temperatures above this limit at all times.
The probability of high temperatures (above 30 oC) are only
expected some time after the landing of the Space Shuttle.
However, the payloadwill have been cold prior to entry (0 oC to
10 oC) and the thermo-time lag in conjuction with the air
conditioning equipment provided by NASA should eliminate this
risk of high temperatures.

V. Important Observations

The GAS program of NASA presents certain requirements and
limitations, some of which were important to recognize previous
to the development of this experiment:

l. Aminimum of 13 months is usually necessary for the completion
of all the documentation, safety procedures and integration of
the experiment.

2. It was necessary to ensure that the £luids involved in this
experiment could stand the minimum of two months specified by
NASA at the launching site, without losing chemical consistency
and without allowing organic growing.

3. The internal temperature profiles that the container will
probably experience were carefuly studied in order to ensure that
the experiment could be successfuly performed.

Consultations

The following organizations—-persons provided guidance,
recommendation and encouragement:.

43



Dr. Matsuura, Dr. Sourirajan

State University of New York
Dr. Israel Cabasso

Instrumentation Technology Associates
John Cassanto

NASA
Donna Miller, Michael Bowie, Orlando Gutierrez

NASA Goddard Space Flight Center
Clark Prouty, Charlie Campbell, George Kraft

Future Trepnds Corporation
Lucy Negron Evelyn, Aubrey Evelyn

Acknowledgements

The author would like to gratefully acknowledge:
The National Electric Company of Venezuela, C.A.D.A.F.E., for
sponsor ing this experiment which represents one of the first
contributions to space scientific research from a Latin American
country; The Philadelphia University Science Center, University
of Pennsylvania and Instrumentation Technology Associates for
providing the necessary testing equipment.

44



PAGE Is
QUALITY

ORIGINAL
OF POOR

HIANITAD TYNIANLIONOT T ainbiy 1d43ONOD LNIWIHIIXT "L aunbig
*350{d [[1M 2 PA[BA puR | IA[EA

- 2 judunaedwo) 03 ape pue 1 Judwisedwo) 03 PILIIISURLY U SRY JAjeM IDUQ. (€
*2 vawgredwoy 03 1 aalep ybnoayy

¥YIQ SL'61
of 01 pad40y 9q {{tm aie atiym ‘1 juaunsedwo) 03 Z aa|ep ybnouyy of 03
Pa3404 9q [|iM 423BM Ppue Uado 1M 2 PALBA PUR | IALRA SINUW U0 JALLY (2
*30R34NS 30[J UO Aue.qUIBW

N

Bupased *aaupeiuod O 30 volIN{0S sdwkjod 32403 |[M wAISAS PAZLANSSILd
ONIdIIASNOH
NOI1LATOS
3] NSSIHd
‘dN3L AT0d

WLl Wes ayl 3y "IIRJANS () SSOJOP JBULRIUCD Jwk|{0d dAOW | |IM JOIOW (T
SNI 52°82 _
v _ e L~ 4IWAT0d
M ——
W 0L ONIYdS
\g HINIVINOD
EENAZ
308

—
b

»1,. . .. A .... . 8
= 4" ERTEE
_ TNNTOA
! 7 INIWLIHVIWOI L INIWLHVIWOD
¢ m>,_i YINIVINGD
; | HINATOd
. o~
WALSAS
REYCE /
301
/ dWAL HIY

/

IsN1l 00°22
\‘_ anst B3 /H_im:m
: uIv 1914
JNNTOA L
aYOLAVd | o] e
321955384
0L DNIYdS LIATYA

@
. NOILYINHOd INVHIWINW

. [sN1l sniavy SI's

45



Water Volume
Compartment

8.75 RADIUS {INS)

/1/ | ~N
~
~
-~
e

22.00 {INS J

J/@\_

[
4

MAX.

| _PAYLOAD

[~ VOLUME

Polymer Dispensing
Compartment

Space for Water to
M _Fllter through Screen

] 28.25 INS
(REF)

ITA AVIONICS BAY

ot
5.88 INS 7
(REF) -
_‘.__._ Q - ™. i

— 19.75 DIA ——*
(REF)

Figure 3. IVAN VERA PAYLOAD CONCEPT IN THE MODIFIED
ITA EXPERIMENT MODULE
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Figure 4. EXPERIMENT MECHANISM
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Figure 5. PRIME PAYLOAD NO. 1
IVAN VERA EXPERIMENT

Experiment bays tailored to client requirements

Shuttle compatible for GAS program
STRUCTURE - 6061 T6 A1 anodized
Weight - 28 Ibs. {for 5FTS model)
Adjustable lateral support snubber design
Fasteners - Aerospace CRES stainless steel
Adjustable experiment deck height

User Experiment Bays accommodate

- Payload weight ~ 140 Ibs.

- Payload volume ~ 3.5FT3

o ITA Bay with Base-Line Avionics

e Power Supply
o Recorder
PR T A R At N e {Instrumentation
e Programmer/Sequencer

Figure 6. ITA STANDARDIZED EXPERIMENT
MODULE STRUCTURE CHARACTERISTICS
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