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SUMMARY AND CONCLUSIONS

The development of the water vapor diffusion technigue has been
centered on its aéplication to reclaim potable water from wastewater on-
board spacecraft on missions of extended duration. This report examines
another apg}ication of the technique whereby the permeated water vapor is
vented to space vacuum to alleviate on-board waste storage and provi@e
supplemental cocooling. Such an application is highly suitable for space-
craft on rmissions of short duration, such as the Space Shuttle.

To distinguish between the two applications, this report will refexr
to the water-reclaiming system as the VD-WR ox Vappr Diffusion - Water
Reclamation and the heat-rejecting system as the VD-HR or Vapor 5iffusion—
Heat Rejection.

The work reported herein was performed under contract #MAS2-7681 with
NASA-Ames Research Center. It deals primarily with the VD-HR as it
applies to the Space Shutitle., 2 stack configuration was gelected, designed
anc“i.' fabricated. 3An asymmetric cellulose acetate membrane, used in
reverse osmosis application was selected. A special spacer was designed
to enhance mixing and promeote mass transfer, A skid-mount unit was
assembled from components used in tﬁe bench unit although no attempt
was made to render it flight-suitable.

The operatihg conditions of the VD-HR were examined and defined.

No chemical pretreatment or particulate prefiltration of the wastewalterx
charge is required. &An evaporator temperature of 333-347°K (145—1650F)
is recommended. The actual operating temperature is expected to be
defined by the accessible on-board heat source, most likely the cooling
loop from the fuel cells, and the rate of over-board wventing and
supplemental cooling desired.

" A heating~fluid loop is recommended to effect heat exchange between
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the on-board heat source and the evaporator compartments of the sfack.
Two magnetic drive pumps would be used to continuously recirculate the
heating-£1uid and the charge at 0.25m/sec (0.83ft/sec) and 0.3m/sec
{0.99ft/sec), respectively. These pumps represent the only moving
parts of the system. The electrical energy reguired. to operate them,
estimated as 24.4 watts, represents the bulk of the energy reguirement
of the system.

A 60-day continuous test was carried out. Operating parameters
were deliberately wvaried throughout to subject the system to extreme
conditions. The membranes, @hich are expected to be ?he weakest com-
ponents of the system, perform very well throughout the test. No membrane

rupture and no unusual Flux decay was cbserved.s

In additidn, a tentative design for a flight-suitable VD-HR unit
was made. Estimation of the weight and volume penalties of such a unit
was obtained and compared with on-board waste storage. The comparison is fa-
voEable even without any attempt to incorporate flight-worthy components.

The recovery of part or all of the water for ﬁn—board reuse
involves a different design. Its feasibility has been demonstrated by
various investigators, notably Hamilton Standard Division of United
Aircraft Corporation, now United Technologies. A design by Ionics, Inc.

of such a VD-WR unit is presented in the Appendix of this report.

The technological development in this area may include the following:

Phase I Development, design and fabrication of preprototype for
extended tests.

Phase II Design and fabrication of prototype mission kit for the
Space Shuttle on special missions.

Phase ILI Incorporation of unit into the permanent Space Shuttle

- Systems.

Phase IV Development, design and fabrication of alternative watex

o reclaiming subsystem.

Phase V Deslgn and fabrication of prototype for complete water
reclamation for Space Station. -

2
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Ii.

INTRODUCTION

During space missions of extended duration limitations of launch
weight and on-board storage volume preclude the carrving of potable
water to meet drinking and sanitation needs of the astronauts. A closed
system for the recovery of potable water from spacecraft wastewater
(human urins and washwater) is, thersefors, required.

Several systems for the reclamation of potable water from waste-
water have been successiully demonstrated. The various distillation
technigques have proved to be the most successful of these systems from
the standpoint of economy and efficiency. The Vapor Diffusion-Water
Reclamation System (VD-WR) is essentially a vacuum distillation technique

employing a selective polymeric film as a liguid-vapor phase separator.

"Its development is primarily the work of Hamilton Standard and of Ionics,

Incorporated.,
Hamilton Standaxd built a laboratory prototype under contract

#NAS1-5312 for NASA-Langley Research Center in 1966, and made several

opfiimization studies and improvements in a subsequent coptract, #NAS1l-7170,

but several problems were left unsolved and several components exhibited
marginal performance.
Subseguent e¢fforts to improve upon these components led to the work

performed under the present contract #MAS2-7651.



ITI.

THE VD-WR TECHNOLOGY

1. Principle

The principle of the Vapor Diffusion-Water Reclamation (VD-WR)

Technique is illustrated in Figure 1. A charge is introduced into the

_evaporator comparitment and heated to a temperature T;. Evaporabtion

occurs, the vapor diffuses through.the gap and is condensed at the con-
densexr compartment maintained at Ty, below its saturation temperature.
Two phase separators prevent the mixing of the 1iéuid and the vapor as
shown-in the diagram., The temperature gradient, (T less Tj3) maiﬂ—
tains a vapor partial pressure gradient across the diffusion gap and
this is the driving force in the system,

At steady state, heat is continuously supplied to the evaporator
and removed from the condenser. Charge constituents with low vapor pres-
gures, such as watexr; are preferentially removed f£rom the charge and
collected as the condensate. The exact mechanism involved in the VD-WR
is complex and varies with the particular.design. The diffusion rate
of the vapor through the gas gap is usually the most difficult to
control. Effectively it becomes the overall rate-~determining factor.

The evaporation xaté may be improved by reducing the pressure
using a vacuum pump ér an aspirator. However, condensing the water
vapor at low pressures is a problem. In addition, such a component
will increase weight and power penalties. The tapping of space vacuum
has not been successfully demonstrated and will lead to permanent losses
of water vapcor to outer space, .

Higher seiectivity of the system for walter is achiewved by the

selection of a hydrophilic semi-permeable membrane as the charge-—vapor

‘phase separator. The membrane selectively retains waste solutes,

certain organics and all microorganisms and passes essentially pure

water, The results under Ionics Contrack #NAS2-7651 showed that maﬁy
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commercially available membranes for reverse OSMOSiS application
perform satisfactorily in terms of water flux and selectivity.

The introduction of the semipermeable membrane changes the mechanism
of the process.‘ Charge constituents selectively dissolve into the
membrane.. Enaporation occurs within the membrane and the vapoxr
diffuses through the.remaining portion of the membrane in a direction
away from the charge. When sufficient agitation exists at the charge—
membrane interface to minimize the resistance of boundary layers'to ma.a s
transport, and when the impedance of the gas gap is minimized, the
vapor diffusion rate through the membfane becomes the overall-réte-—
limiting factor.

Various polymer films or diaphragms have also been succegsfully
used as phase separators. Such films act as microfilters. Their
rerformance is a function of the awverage pore size and the number of
pores per unit area., However, when the overall porosity is sufficiently
high as to render them attractive for VD-WR application, any applied vacuum
will exceed their bubble point resulting in ?he passage of appreciable charge
contaminants. This is facilitated by the presence of surface-actiwve

constituents such as soap or detergent.

2. The HSD Unit

A VD-WR unit was designed and fabricated by Hamilton Standard
Division of United Aircrafi in 1965. The unit was coriginal in its use
of a porous plate condenser which also acted as a vapor-distillate
phase separator to achieve gravity insensitivity.A It successfully
produced 0.64Kg (1.4 1bs) of water per hour. After treatment with
activated charcoal the product-water met potability standards of the
USPHS and the SSB of MAS. The system also comparea favorably to several
other systems~~distillation with pyrolysis, air evaporation, vapoxr

compression distillation, reverse osmosis, and electrodialysis--ranking



first in fixed weight, third in expendable weights, third in energy
requirement, and second in complexity. 3 subsequent contract led to
several improvements, including a higher processing rate--1,lkg/hr
(2.42 1b/ﬁr).

Several components within the system exhibited marginal performance.
Their improvement became the cbjective of the present program, Contract
#NAS2-7651, At the center of the problem was the prevention of possible
urea decomposition.

The initial approach called for lowering evaporxator temperature
and the addition of chromic acid to the urine charge to minimize urea
decompositioﬂ into ammonia. However, if the evaporator temperature is
lowered, a significant decrease in the processing rate will occur,
entailing a corresponding increase in overall hardware volume and weight
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necedsitating a longexr operation time. The chemical pretreatment
raises the requirement for expendables, decreasing system effectiveness

as mission duration increases. It also reduces membrane life and restricts
thes choice of membranes to those that are compatible with chromic acid.

In addition, data on the interference by urea decomposition in the VD-WR
are conflicting. Early work under the present contract, NAS2-7551

noted that HSD and other proponents of urine pretreatment did not publish
actual measurements of such decomposition nor its subseguent interference.
It was discovered that at elevated temperatures urea decomposition wasg
actually guite low due to the overall buffering action of urine components,
as well as the inactivation of the enzyme urease. It was alsc noted
that with the proéer éelection of membrane, ammonia permeation can be
minimized. The ammonia formed in the evaporator eventually edquilibrated
‘with the urine charge. The traces of organics and ammonia that permeated

the membrane are vented to space vacuum together with the watexr vapor.



The HSD unit suffered from other problems, namely:

(i} the difficulty in maintaining a gap gas pressure above
cabin pressure because of gas diffusion into the charge;

{ii) +the contamination of the distillate water due to the forma-
tion of water channels connecting the condenser to the
mémbrane;

(iii) the marginal performance of the cellophané and polyvinyl
chloride membranes in terms of thelr life and structural
integrity; and

(iv} +the overall handling complications because of the delicate
manner in which the components are held together.

In addition, the HSD unit was not gravity insensitive. The

published flux depends on natural convection within the gas gap. In
zero gravity envivomment the actual fiux will be much lower unless Lorced

convection is applied to enhance mixing.



Iv.

VD-HR FOR THE SPACE SHUTTLE

The Shuttle Orbiter carries the fuel cells that use cryogenically
stored hydrogen and oxygen reactants to provide electrical power,
Potable water is a by-product of this energy generation system, and,
together, with a limited amount of pre-lawnch storage water, form the
total water supply for the astronauts during the relatively short
missions. This water supply will be used to meet the metabolic and
rersonal hygiene nseds of the astronauts as well as the housekeeaping
and spacecraft cooling needs; but it may not ke enocugh. In addition,
the wastewater genexated must be stored on~board. Even if space
contamination is not a consideration, overboard dumping of wastewater
with solid entraimment will sericusly interfere with various spacecraft
systems and experiments, such as, optics, star sighting, ete. On-board
wastewater storage presents o second mejor prabl‘m for the Oxbiter.

Finally, the Orbiter may redquire supplemental cooling during periods
of active payload deployment. The present design calls for a watex-
loop to remove excess heat from the crew cabin and various cabin avionics.
A cabin heat interchanger transfers this heat to a Freon loop which also
circnlates through the fuel cells, the payloads and the aft avionics,
bringing the total excess heat to the baseline radiatdrs where it is
radiated into space.

The VD~-HR can be used to solve these problems. At least nine-

ty per cent of the water in the waste may be removed via vapor diffusion

" through membrane phase-separator which selectively retains low vapor

. pressure constituents. This recovered water contains volatile organics

and may be passed through charcoal filter cartridges to render it
guitable for human usage. The excess recovered water is simply vented
to space vacuum., The direct venting of watexr vapor and volatile organics

is permissible because the various baseline systems (such as water flash



evaporation and feces inactivation) already dump water vapor and volatile
organics. They are also not expected to seriously interfere with space-
craft instruments and experiments. In addition, the VD-HR, through the
evaporation of water (and volatile organics), will consume the excess héat
of the Frecn loép, effectively providing supplemertal cooling.

Thus, the VD-HR is tailored to meet the special needs of missions
of short duration where it is wmot necessary to reclaim the treated
water. While the omission of a condensing-collecting~post~treating sub-
system will mean less engineering complications for the VD-HR than the
VD-WR, the interfacing with space vacuum entails complications that

reduire further studies.
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V. WORK STATEMENT

The work performed under the contract is presented in the

paragraphs under six different tasks:
Task 1 Conversion to Stack Configuration
Task 2 Waterxr Fluxrstudies
Task 3 Distillate Quality Studies
Task 4 Membrane Life Studies
Task 5 Additional Studies
A, Soap/Detexgent Studies

B. Material Balance Studies

Task 6 Fabrication and testing of the Skid-Mount Unit

1l
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Task 1 Conversion to Stack Configuration

The previous work involving the system was performed on a plate-~
and-frame device consisting of one membrane separating a charge compart-
ment from a vacuum compartment as shown in Figure 2. Although it was
satisfactory feor carrving out membrané comparison studies and process
variable studies, its bulky construction renders it unsuitable for scale~
up operations. On the other hand; a stack configuration has the advantage
of being compact and flexible.

B permeation cell is Fformed by stacking together pieces of plastic
cukt-outs, titanium sheets and a titanium frame as showy in Figure 3. The
rermeation cells are,in turn, stacked together to form a VDR stack. The
capacity of the stack is readily changed by removing—or_ad&iné‘pefg%ation
cellis to the stack. The flow characteristics of the vario;s streams are
varied by using plastic cut-outs of different thickness and design.

The stack configuration was also chosen because of its similarity
with the plate-and-frame device and because Ionics has wide experienéa
wigp such a design. Similarity with the plate—and-frame device allows
a smooth and guick conversion to the stack design and maintainsg the
relevance of previous data.

The first stack constructed is shown in Figure 4. The wastewaterx
charge is introduced into the stack at ambient temperature usigg a
magnetic drive pump. It enters the inlet part of the stack and flows
along the plastic cut-outs and returns to the charge reservoir for
continuous recirculation until waste treatment is completed. Heated
water from a constant temperature ﬁath, maintained at 348°K (165°F) is
recirculated through the stack in the same way ,

Within the stack heat transfer occurs from the heating fluid c;mpartment
through cénducfive titanium sheets to the adjacent charge compart-

ment. Direct heéting of the wastewater with an electric heater is

L2
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avoided for several reasons. Local heating may cause the generation of
gaseous material due to urea decomposition and local boiling. These gases
may interfere with system operation. Indirect heating takes place over a
laréer surface area and hence requires a lower temperature. At the same,
time indirect heating .allows for easg adaptation to on-board cooling loop
from fuel cells, payloads and other spacecraft systems. Such an adaption
will conserve the usage of valuable on-board electric power while
providing supplemental spacecraft cooling. It is especially useful

during missiong of high payload deployment and as a back-up cooling unit.

The charge constituents first dissolve into the membrane
selectively depending on the molecular size, shape and chemical
properties of the particular charge constituents., At low charge
velocities, this process is severely affected by the boundary layer
resistance to mass trangfer
by turbulent flow, the rate determining step is the diffusion of the

vapor through the membrane.

@ Phe heated wastewater evaporates through the membrane phase separator
and is removed from the stack by a vacuum pump. 3 cold-water condensex
is used to condense the vapors‘in order to monitor the permeation rate
and the condensate guality. In an on-board unit both the wvacuum pump
and the condenser-collector components will be omitted. The permeated
vapor is simply vented, through a series of safety and control valves,
teo space vacuum.

A five day continuous run was carried out. As shown in Figure 5,
the water flux behaves in a similar mamner to the corresponding flux in
a plate-~and-frame device, Several problems were cencountered during this
initial test run, such as the leakage of the charge out of the stack and
into the vacuum compartments. External leakage is prevented by the

uniform clamping pressure on the stack. This is achieved by
16



2
Flux, kg/m -hr

o D

10

\ . .

O D A A A
\

O—0o—©o0—0

g |— (l.O.'Lb/ftz—-hr)

Zl Stack data

(O Plate-and-frame
data
Charge=wastewatex
Temp.=333"K (145°F
Charge Flow=.f029m/min.

|
0 50 - 100

Operating Time, Hours

Figure 5. WATER FLUX AS A FUNCTION OF
QPERATING TIME

17



tightening the nut and bolt assemblies with a constant torque following
a predetermined sequence, -

Internal leakage to the vacuum compartments occcurs around the inilet
and outlet region of the charge compartments at the membrane-gasket
_interface, Sealing reguires minor design changes invoelving metal iﬁ-
sexts to support the membrane. Although a complete seal was eventually
achieved, this region requires further studies bécause system failure is
probably most likely to occur here, ‘

The required size of a VDR stack to meet the waste treatment
associated with a four-man crew is a 4-cell stack., Based on a combined
wastewater of 3.3kg (7.3 1lbs) per man-day, and 90% water removal, the total
amount of daily waste rejection is 11.9kg (26.1 1b). BAssuming a conserva-
tive estimated average flux of 4.0kg/m2-hr, (0.80 lb/hr—ftz) and an
average operating day of 18 hours, the total membrane area required to
reject the daily waste is 0.169m2 (1.62ft2). B four-cell stack has an
effective membrane area of 0.176m2 (1,91f£2) or 16% in excess of the
tr%thent requirement. Such a four-cell stack was next constructed.

Figure 6 shows the components of the stack and the flow schemes
of the charge and heating-fluid leocops. Figure 7 is a schematic diagram
of the entire test system. A p¥eliminary tést was carried out. Flux
data collected behaved similarly to the corvesponding data cbtained from

the one-cell stack. A complete seal was achieved using similar technigues.

A higher capacity charge pump was obtained for the four-cell stack.

18
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Task 2 Water Flux Studies

A, The Charge/Evaporator Temperatures

The driving force within the VD-WR system is the water vapor pressuxre
gradient established by the evaporator and condenser temperature difference.
The higher vapor pressure region is described by the evaporator character—
istics —— the charge temperatuve, the charge flow-rate aﬁd the charge
cpmposition. The lower vapor prassure region is described by the condenser
temperature.

Water flux is particularly sensitive to the charge or evaporalox
temperature, Various investigators have shown that the relationship
ig of the Arrhenius type, il.e. the natural logarithm of water flux varies
inversely as the absolute tempera?ure of the evaporator. Figure 8 shows

-this relationship based on actual data. Temperature is alsc an important

operatling paraﬁeter in that it can be readily conitrollied to vary the
rate of over-board venting and on-board cocling.

Increasing the evaporator temperature leads to a significant increase
invwater £lux and an increase in the cooling capacity of the unit. A high
flux means a decrease in the reduirement for membrane surface area, and,
hence, a decrease in system weight and volume penalties., High evaporator
temperature is also desirable for pasteurization purposes.

The original HSD unit called for lowering of the evaporator temp-
erature and chemical pretreatment of the urine charge to deter urea
decomposition into ammonia. The decomposition might intexfere with the
process. Earlier work performed undexr this contract and the related con-
t;acﬁ by Gulf South.Research Institute showed that urea decomposition
in the absence of pretreatment at high temperatures was not severe
because of the buffering action of urine components and the inactivation

of the enzyme urease.
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The maximum temperature for the evaporator is prcobably restricted
by the temperature level of accessible on-board heat source. It is
expected that the Freon cooling loop 'from the fuel cells can provide
sufficient heat at a temperalure of333-347°K (145-165°F). &n efficient
heat exchange component can probably maintain the evaporator temperature
_in the 331-341°% (140—1550F) rénge for VDR application.

In-stack heat-exchange between the heating-fluid and the charge
depends on the minimization of the major resistance to heat transfer
which lies in the fluid films, the relatively stagnant boundary layexs
formed at both surfaces-of the conductive metal plate. Turbulent flow
within the charge compartment is required to minimize the effects of
concentration polarization at the charge-membrane interface. Turbulent
flow within the heating fluid compartments needed investigation.
Experiments showed that a heating-~fluid velocity of 0.25m/sec (0.83ft/sec)
corresponding toc a Reynolds Number of 2080 was sufficient to maintain
an evaporator temperature of 331-341°%% (lgO—lSSOF). This assumed that
water was the heating-fluid and flat titanium plates were used as the
conpductive media, and that the on~board heat source was at a tempesrature
of 333-347°x (145—1650F) and of sufficient £low. The actual heating
capacity of the on-board heat source is notknown at this time. Tt is
desirable to incorporate an electric heater into £he system to provide
additional heat energy when required so that the performance of the VDR
is not completely dependent on the heat source.

B. Charge Flow Rate

In any selective mass transfer system a boundary layer effect exists
at the liguid-membrane inferfacg. This layer has a disproportionately
high concentration of low-permeability constituents and is relatively
stagnant: It represents resistance to mass transfer from the bulk
solution te the membrane. The thickness of the boundary layer can be

decreased by promoting turbulent flow at the interface.
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The plot of water flux as a function of charge velocity is shown in
Figure 9. TFlux varies as the 0.42 power of the velocity up to a velocity
of 0.l8m/sec (0.60ft/sec) beyond which increments in velocity lead to
progressively smaller increments in flux. BAbove a velocity of O;30m/sec
(.99ft/sec) any increase in charge velocity has negligible effect on
watér flux. A charge velocity of 0.30m/sec (.99ft/sec) was selected as
the desired charge velocity.

It was experimentally determined that water flux is also a function
of the thickness of the charge.spacer and the spacer design. A decrease
in spacer thickness leads to an increase in pressure drop. A few spacer
designs were investigated., Mixing appears to be maximum using a design
as shown in Figure 10. This is based on the cbservation of flux behavior
as well as the deposition of precipitate on the membrane surface as charge
velocity is decreased, The-final selection is a three-ply laminate with
bridges on every ply to enhance mixing. The bridges on each ply are
off-set so as to permit flow through the spacer., With this particular
spacer design and a charge velocity of 0.30m/sec (.99Fft/sec) éhe desired
flux was obtained. A plot of water flux as a Ffunction of charge flow
using this new spacer design is shown in Figure 11.

C. Membrane Selection

The driving force in the VD-WR system is the water vapor pressure
gradient established between tﬁe hot evapcorator and the cold condenserx.
Diffusion through the gap is impeded by the presence of noncondensables
and the boundary layexr. Occasional purging of noncondensables and the
creation of forced convection (natural convection being impossible under
gero-gravity environment) are essential to avoid flux decay. The use of
a vacuum pump (or space‘vacuum) as a mechanical means of vapbr removal is
very effective‘in that the impedance to diffusion is practically éliminated.

At high vacuum, Low vapor pressure charge constituents that permeate the
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membrane are immeéiately avaporated. The major resistance to mass transfer
appears to be the-charge-membrane intexface. (See previous section on the
variation of watexr flux with charge flow rate). At high charge flow rates,
this boun@ary layer is minimized and the vapor diffusion through the
membrane becomes the rate determining factor. This diffusion rate is

a function of charge temperature and composition and is characteristic

of a particular membrane. Since the charge composition is an independent
variable and the charge temperature is defined by the temperature of the
on~board heat scurce, the selection of the membrane phase-separator is a
very important task,

Ideally, the membrane should be highly permeable to water vapor and
nonpermeablé to wastewater solutes. It should have a minimum thickness
and yet high strength and integrity to minimize the possibility of -
membrane rupture.

Several membrane selection studies have been conducted by various
investigatoxrs over the vears. The resulits from the early work performed
undex NA5277651 showed that wmany commercially available membranes for
reverse osmosis application perform satisfactorily in terﬁs of water flux
and selectivity.

The best candidate is a celluleose acetate asymmetric membrane
commercially produced by Envirogenics System Company of El Monte,
California for reverse osmosis application. This membrane is also
available cast on a polypropylene cloth to improve membrane strength
and integrity. This membrane is recommended for application in the
system, It has withstood several extended tests satisfactorily. The
major problem associated with this membrane is its requirement of_wet
storage.

D, Distillate Pressure

The impedance to vapor diffusion can be eliminated by using a vacuum
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pump (or space vaéuum) to mechanically remove permeated vapors. However,
ultra high vacuum (such as space vacuum) will cause instantaneous
evaporation and freezing of the water vapor. This may physically plug
up valves and pipes. As such, it is desirable to contxol the rate of
over~-board venting,

The effects of opsrating vacuum on the water flux of the VDR
warrant investigation. An experiment was conducted to study this.
Figure 12 is a plot of water flux as a function of distillate absoclute
pressure, The latter wés controlled by bleeding air through a needle
valve at different rates. As noted from the plot, over the range of
2-13.5 megapascal (0.58-4.2 inches of mercury) the impedance to vapor
diffusicn is eliminated and the wvapor diffusion through the gap is not
the rate determining factor, confirming previous observations.

Above 13l5 wmegapascals (4.2 inch Ig) the water fiux drops rapidly -
with increasing distillate pressure because of the accompanying increase
in impedance to diffusion. At an absolute pressure of 21,3 megapascals
(694 in Hg) the flux is negligible. The total impedance to diffusion
becomes the controlling factor.

The range that is most applicable to the VD-HR because of the ultra
high vacuum of outer space is the 0-2 megapascal range shown in the
Figure. Although ultra high vacuum is not achievable by means of the
vacuum pump, it can be noted that within this small pressure range,
flux increasés with decreasing pressure (increasing vacuum). The
actual flux in ultra high vacuum is, therefore, not known, neither

is the extent of any adverse effects.
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Tasgk 3 Distillate Quality Studies

Although the permeated water need not meet potability standards for
VD-HR application, it was desirable to monitor the guality of the distillate
for several reascns. Permeated solutes may plug up the membrane surface,
_and the piping and valves that comnect the vacuum compartments to
space vacuum, The permeated solutes may interfere with spacecraft
instruments and experiments, It may become necessary to recovexr a
rortion of the permeated water for reuse if the on—boérd water supply
_from the fuel cells becomes inadequate for astronaut usage,

During the various tests the permeated condensables were routinely
collected to monitor product watex quality. It is noted that the highly
volatile constituentswere collected in the condensate only to the extent
of their scolubility in water at the condensate temperature, Some
volatile noncondensableswere lost in the vacuum pump trap and were not
recovered for assay purposes because of the difficulty in the entrapment
and recovery of these constituents. Furtﬁermore, they are mostly
vo%atile organics and the spacecraft baseline systems, such as the
feces inactivation unit, already vent volatile organics and their
interference with instruments and experiments is expected to be
neéliqible.

Table I shows the typlcal range of the contaminants present in the
condensate samples and compares them to the potablility standard of the
United States Public Health Service. Post~treatment with activated
charcoal and ion exchange resin will be needed to remove the residual
organics and'aﬁmonia respectively, if it becomes necessary to recovexr
the water to mzet the astronauvts requirements. In the case of overboand
venting, the residual materials may interferg with spacecraft aguipment
and experiments or they may plug up the piping and val;es connecting the
system to space ;acuum. However, these are outside the scope of theé

present program.
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TABLE I: COMPARISON OF PRODUCT WATER CONTAMINATION

WITH ESTABLISHED POTABILITY STANDARDS

(The samples have not been post-treated with charcoal or ion-exchange resin,}

SSD-NAS USPHS WHO
Sample Limits , Limits Limits
Cotaminants {ma/ 2. (mag/ L) (mey/ 0.) {mg/4)

Total Solids 250~300 1000 500 500
Total Nitrogen 80~130 NS NS NS
Ammonia Nitrogen 60-90 NS NS Né
c. 0, D. 150-250 200 NS NS
pH 8-9.5 NS 6.5-8.5 7-8.5
IAS 5--10 NS NS NS
Sodium 1l0-30 200 200 NS
Potassium 5-10 1co loo NS
Calcium 5-15 NS ﬁS 75
Magnesium 5-15 150 120 50
Zinc 0 NS 5 5.
Iron 0 NS 0.3 0.3
Copper 0 3.0 1.0 1.0
Chloride 20-40 450 250 200
Sulfate 5-~10 250 ‘ 250 200
Phosphate 5-10 150 100 NS
Turbidity 7* NS 1# 5%
Odox 5trong, Obnoxious NS 3% NS

#Turbidity units
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Task 4 Membrane Life Studies

The 1life and structural integrity of the membrane phase-separatoxr
is a most crucial factor in any VD-WR process. Membrane fallure
represents a most important mode of system failure, in terms of its
seriousness and its likelihood of occurrence, It usvally causes

interruption of the whole process and may call foxr actual repair worlk.

Several prolonged tests have been conducted to investigate the
modes of membrane failure. Although the cellulose acetate membrans is
susceptible to hydrolysis and rupture under extreme conditions, such-
failure was not observed. In these tests, the membrane was subjected
to widely varied cperating conditions that are not exéected to occur
in normal VD-HR application, such as, abrupt changes in charge composition
and temperatures and repeated switching of the charge pump and vacuum
pump from an "eoff" positon to a "highYposition.

However, membrane fouling was usually observed. Previous data
has indicated that the accompanying flusx d;cline was more severe at
elevated temperatures, high solute concentrations, and low charge

-

velocities for a given menbrane; and was more severe for highly
hydrophilic membranes., Moxre significantly, the rate of flux decline
was observed to decrease with operation time -~ membrane became stabilized
after the initial hundred hours.

Figure 13 summarizes a 60-day continuous test performed under the

contract. The top section of the graph shows the water flux and’the

bottom section shows the changes in some of the operating conditions,
namely, the charge concentraticn and the charge temperature. The charge
velocity, pH level and the distillate pressure were also deliberately

altered from time to time. The purpose for this variation in operating
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conditions is two fold -~ to obtain additional flux data as a function
of the particular independent variable and to subiject the membrane to
unusually strenucus operating conditions. No membrane rupture was
cbsexrved throughout the test.

Figure 14 shows the prodﬁct quality in tefms of total residue,
total chemical oxidation demand, and total ammonia nitrogen under the
same operating conditions, As can be noted from Pigures 13 and 14, the
flux and product gquality became stabilized after the initial decling.
All data in this report is based on such a stabilized flux.

The same membranes were used in subsegquent tests includinq another
20~day continuous run. The same stability in water flux and product

gquality was cobserved,
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Task 5 Additional Studies

e

A. Soap/Detergent Studies

Although the comparison study of scaps and detergents was not
included in the original program plan, the need arose during the coure
of using the soap recommended by NASA, namely Olive Leaf of Palmetto

'as manufactured by Rochester Germicide Coxp. During testing ﬁéing a
combined urine-washwater charge, severe flux decay was observed., AL the
game time, the turbidity of the charge and the condensate also increased.
Further investigation showed that the soap became hydrolyzed leaving a dark
yellow oily slime on the membrane surface and a white precipitate in the
wastewater charge. It was confirmed later that the scap became destabilized
at the 330-341°% (140-155°F) temperature range at pH levels below 6.5.

The precipitate and slime formation occcurred only at charge soclute weight
fraction excesding 0.20. Since this condition is unavoidable,in Vapor
Diffussion operation, a different socap is needed.

A total of 18 different ligquid Soaps‘and detergents were obtained
from their respective manufacturers, Their propsrties are shown in
Ta;le II. In addition, their.stability in the presence of concentrated
wastewater (0.25 solute weight fraction) was examined by refluxing the
soap-wastewater mixture at 330-341% (140—1550F) for a period of 48
hours, Since these were all ccémercial hand scaps, their compatibility
with the human skin was assumed.

out of the 18 socaps and detergents, two candidates were selected
as the most stable ones and tested in a five-day continuous run in
the test unit. - No excessive foaming, precipitation, clouding
of the condensate or any othexr adverse effect was noted at any
time. A subsequent sixty-day continuous test usiqg one of these
detexgents, £ﬁe Sulframin 1260 Slurry by Witco Chemical Corpora—'
tion, confirms the suitability of the detergent for VDR application.

The main ingredient of this formulation is sodium dodecyl benzene



8¢

Table II. Soaps/Detergent Studies

Active Surfactants ) ADDITIVES
Wame Manufacturer % Solids Type Emollient Perfume Dye pH _ Stability*

1. Palmetto - Rochester Germ. Co. 20 X, coconut cils yes yes yes 10.0 P,H

2. Royal Crest Rochester Gexrm. Co. 20 K, coconut olls . yes yes yes 9.9 P,H

3. Miranol JEM Miranol Chem. Co. Bmphoteric no no yes 10,3 s

4. Opal Lemon 540 Murphy-Fheenix Co. 15-40 ¥, coconut oils yes yes ves 10,6 s

5. Coco-~Castile S & E Chem. Co. . 15-40 X, coconut oils 9.2 P,H

6. Germa Medica Huntington Labs, Inc,. 40 X, vegetable oils a lot yes yes 9.3 S

7. Ligua San C Huntington Labs, Inc. a0 X, vegetable oils Little yes ves 9.4 N,T.

8. Blandite Lestexr Labs, Inc. 30 Na, coconut oil ves yes ves 9.0 E

9. Amazon 15 Tric Chem. Works, Inc. 15 WNa, wvegaetable oil yes yes ves 9.6 P
10. Coco-Castile RTU Essential Chem. Corp. 1540 K, coconut oil yes ves yes 9.5 P
11, Ever Kleer Essential Chem. Corp. 40 K, coconut oil yes yes 1o.1 N.T.
12, Antiseptic Essential Chem. Corp. 20 X, coconut oil ves yves yes 9.8 N.T.
13. Miranol C2M Miranol Chem. Corp. 40 Amphotexic no no yes 8.2 5
14, Essanee i S & E Chem. Co. 15~40 N.K. yes ves yes 8.2 E
15. Sulframin 1260 Witco Chem. Corp. 40 Na,dodecyl sulfonate yes no yes 7.0 S
16. Basic H Shaklee Products 15 N.X, no no ves 6.0 S
17. Neutrafoam S & E Chem. Co. 15-40 N.K. ves no yes 6.8 P,H
18. Emulso Emulso Corp. is Na, alkyl benzene yes yes yes 6.5 3

sulfonate

N.K. = not known, manufacturer would not disclose.

*Stability refers to the stability of a 1:5 dilution of the soap in water added to an equal amount of a 40% NaCl-
10% urea solution. The solution is refluxed at 1659F for 48 hours. =precipitation occurs; H=sscap appears -to hydrolyze
into an oily material, usually f£luiffy in texture; S=stable, .il.e. no change; E=emulsification appears to have occured-no
o1id formed, but an oil phase appears at the bottom; N.T.=not tested. -



sulfonate which may be assayed by the methylene blue indophenol method
for anionic surfactants,

The other candidate found suitable foxr VDR application is Miranol
.JEM, a product of Miranol Chemical Company of which the main constituent
is an amphoteric imidazoline sulfonate,

B. Material Balance in the Unit

An experiment was designed to investigate the matexrial balance in the
unit. The main reason for performing this is that previous data showed
that nonvolatile species such as sodium chloride and urea permeated the
membranes., These species might build up on the vapor-side of the
membrane and lower the overall f£lux or plug up the lines and valves
on this side of the membrane. In actuval experiments the pexrformance
of the VD-WR as a whole has never been seriously interrupted. Howeverx,
on disassembliﬂg the unit, solutes were actually observed to have
accvmulated on the vapor-side of the membrane surface. It was concluded
that a build-~up of permeated nonvolatiles occurred initially; but the
membrane soon reached~steady state at a nonvolatile concentration below
saturation at which back diffusion would transport nonvolatiles back to
the charge. Thus the system Qas tested 50 days without serious inter-
ference, both in terms of flux and dist}llate guality.

‘ The system was charged with a 12-liter batch of human urine. The
volume'and amounts of the various major components were measured. The
charge subsystem was carefully enclosed to prevent any loss due to
evaporation or spillage. The unit was run continuously and the distillate
was collected in two 8-liter flasks and the volatileswere entrappad in a
sexries of cold traps containing boric acid solution at below 25°F
(maintéined with a NaCl~ice mixture), the exact volume and é&ncentration
of the acid sclution having been premeasured. After about 10-liters of

the liguid had been removed from the charge, the system was shut off and
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the amount and contents of the charge, distillate and the boric-acid-trap
solution were all carefully measured and shown in Table III.
From Table III a few observatlions may be made:

(2) About 88% of the permeated water was condensed, 1.e. the
flux values reported in this and the previous report were
lower than the actual by some 12%;

(b) Some 6% of the NaCl was probably entrapped in the membrane
interstices, the vapor-side of the wembrane surface, and/
or the vacuum chamber fabric:

(e} Amount of urea in the charge had dropped by 16.5% partly
due to entrapment as suggested in (b) and partly due to
previously reported cbservation that some urea was
converted to NH HCO_ and (NH, ).CO, and is no longer

detectable by Lthe uXea assay? 23

(d} Because of (c) a discrepancy in the level of ammonia
nitrogen is noted. Although appreciable amounts of
ammonia N parmeated the membranes and were absorbed by the
acid traps, some ammonia N was generated in the charge
due to urea decomposition., There is, thus, an overall
gain in the total ammonia W.

(¢} Overall, about 8% of the total nonvolatiles permeated
through the membrane most of which was entrapped as
suggested in (b); and

(£} Volatiles also permeated through the membranes; and some
of these are trapped by the boric acid solution, notably
ammonia, the remainder being removed from the system by
the vacuum pump.
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TABLE IIIl: MATERIAL BALANCE EXFERIMENT

Inmitial Final % Change (loss)
1. Mass Balance (gm)
Charge 12.20 1.93
Distillate 0 8.14
Acid-traps 1.00 1.57
Total 13,20 11.64 (12.3)
2. WNaCl Balance (gm)
Charge ) 103.2 96 .4 (6.59)
Distillate 0 0.49 -
Acid traps 0 0
Total 103.2 96.89 {6.06)
3., Urea Baiance (gm)
Charge 234.6 196.0 (16.5)
Distillate 0 1.08 -
Acid traps 0 0.08 -
N Total 234.6 197.16 (15.9)
4, Ammonia N (gm)
Charge 17.8 15.3 (14.0)
bistillate 0 0.72
Acid traps o 4,84
Total 17.8 20.86 + 17.2
5. Total Nonvolatiles (gm)
Charge 398.3 365.8 (8.16)
Distillate 0 2.14
. Acid traps 0 17.3
Total 375.24 (5.79)

4%

398.3



Task 6 Fabrication and Testing of the Skid-Mount Unit

In the course of contract #N382~7651 several improvements were made
on the HSD unit. In addition, VD-HR concept is a significant departuxe
from the basic VD-WR unit built by HSD. In order to allow further tests
tobe conaucted:in this area outside of Ionics, Incorporated, a skid-
mount unit was designed and fabricated as shown in Figure 15.

The skid-mount unit is essentially the same as the bench‘unit
except for the replacement of glass components and plastic tubings of the
latter with suitable stainless steel compcnents and tuobings. In order to
maintain cost at a minimum, no attempt has been made to decrease the size
and weight of the components used. The components have been located
farther apart than they needed to be to allow easy access and flexibility
for modification. Any work to make the unit £light suitable is outside

the scopz of the présent program which is investigatory in nature,

For clearer presentation, the system is divided into three sub-
systems - the main loop or the charge loop, the heating léop and the
water recovery loop.- as shown in Figures 16, 17 and 18 respectively.
In a flight-suitable unit the heating loop will be replaced with the
on-board Freon loop and the water recovery loop will be replaced by

the interfacing connection to space vacuum.

As shown in Figure 16, the charge is pumped from its resexrvoir
through.a filter cartridge, which may be bypassed depending on the exper-
iment involved, through a control valve and through the charge spacers
wthin the stack and returned to the reservoir and continuously circulated
wntil batch treatment is completed. Charge flow rate and pressure are
shown on the display panel. Temperature indicators at the stack show the
charge inlet and outlet temperatures.

Figure 17 shows the heating-£luid loop consistiﬁg of a constant
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Figure 15. Back View of The Skid-Mount Unit
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temperature bath equipped with a float that allows the in-flow of tap
water to weplenish any water loss due to evaporation. The heating~fluid
pump recirculates the hot .watexr through a control valve, the heating-fluid
spacers in the stack and the temperature bath. Heating-fluid flow is,
a159 shown in the display panel. Temperature iﬁdicators at the stack

show the heating~fluid inlet and outle£ temperétures.

Figure 18 shows how the permeated wakter vapor is constantly being
removed from the stack. A vacuum pump removes the water vapor which
passes through a tap-water-cooled condenser and is collected in a
reservoir by gravity. A molecular seive trap located between the pump
and the collector prevents the back flow of oil into the collector and
reduces water vapor contamination of the vacuum oil. The distillate
pressure is displayed in the panel. The subsystem is needed to collect
the digtillate sc that its flux and guality can be monitored, whenever
necessary.

The total system was assembled and tested with a combined washwater
urine charge for 14 days continuously. Fresh wastewater is added
periodically and distillate is removed at the same time. The data col-
lected is shown in Figure 19. At the end of the l4th day 94% of the water
had been removed from the wastewater representing the total washwater
urine output of a crew of 4 astronauts. The operating conditions are

listed below:

Charge flow = .0029m3/min (0.75 g.p.m.)

Charge inlet temperature 330°k (135°F)

Charge outlet temperature 3319K (137°F)

Charge pressure 41 megapascal (6psi)
Heating-fluid flow .0038m3/min (1.00 g.p.m.)
Heating~fluid inlet temp. 341°9K (1550F)

Heating-£fluid outlet temp. 331°PK (140°8)

Disgtillate absolute pressure = 1.,1-2,1l{megapascal .02 to .04 psi)

I

it

Pretreatment or prefiltration = none

Soap/detergent used = Witco Chemical Company, Sulframin
1260 slurry .

Membrane area = 0'.176m2 (L.sl ft2)
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TABLE IV: SUMMARY OF ACCEPTANCE TEST DATA FOR SKID~-MOUNL UNIT

Total Charge Total Amount .Average

Time Volume Total . Volume Water Point Cumulative
Elapsed Charged# Res%dué - Permggtgd Re@oved ) ) Flgn** Flyx
{(days) (10 m %) (%, /w) - {10 m ) (% by vol) Hkg/m: —hr) {(kg/m ~hr)

1 3¢ 2.8 15 50 10.7 11.4
2 45 4.4 28 62 9.2 10.6
33 58 5.9 39 . 67 7.9 9.9
4 . 69 7.2 49 : 71 7.5 9.8
5 79 8.6 57 72 5.9 9.1
6 - a7 9.8 64 .74 5.4, 8.7
7 . . 24 11.2 71 76 5.2 8.3
8 100 12.9 76.5 - 76.5 5.0 8.0
9 100 id.4 8lL.5 8l.5 4,5 7.6
10 100 16.7 86 86 3.7 7.5
11 100 24.8 20 90 - 3.2 .“7,1
12 ® loo 30.7 93.5 93.5 2.7 7.1
13 100 39.2 95.5 95.5 1.8 6.7
14 100#*%* 44,5 . 96 96 ) 1;8 o

N.B. *Charged with 3.4 urine-washwater combined waste up to 30 x 10_6m3 {30-

liters ) wark daily for the first eight days. No charge added after
eighth day.

**Flux taken each morning before adding fresh charge.

¥+ *Sygtem shut off overnight due to insufficient charge.
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SYSTEM EVALUATION

A. System Design

The operating parameters for a VD~HR system have been defined in the
previous section, Several improvements over the HSD unit have bheen
incoxrporated into a nonflight-~worthy skid-mount unit. To meet flight
worthiness, the various components on the unit will have to belr;pl;céd
with lighter and smaller components without sacrificing system reliability
and safety. Components will alsc have to be repositioned to minimize
occupied space. Electrically bperated valvas, sensors and switches are
necded to minimize in-flight handling of the system by the astronauts,

The heating-£fluid loop will be replaced by the required interfacing with
on-board cooling leop. The condensing-collection subsystem and the
vacuum trap and vacuum pump wWill be replaced by the interfacing connec—
tion with space wvacuum.

In addition, spare parts may be added in-line to reduce on-board
replacement of failing components and increase system reliability.

Fifure 19 is an example of a VDR design for continuous, automatic opera-
tion. The wastewater is collected in a separate waste collecticn system
and stored in a spring-loaded collapsible reservoir. When a particular
volpme is exceeded, a switch activates solenoid valve Svl and the
wastewater is squeezed into the batch treatment xeservoir until it is
filled. &t this point anothexr switch activates the three-way solenoid
valves SVl and'sz such that the wastewater charge is continuously
circulated around the loop SVl—sz—CRP. At the same time the heating-
‘fluid pump is activated to bring the on-boarxd excess heat to the VD-WR
stack where heat exchange coccurs through conductive metal plates, SV3
is then activated and the distillate compartments are connected to
space vacuum,

To increase system reliabil;ty spare permeation cells may he adaed
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to the VDR stack and connected to the primary cells. Wastewater charge

is recircunlated only through the primary cells, altheugh the heating-fluid
may be recirculated through all the cells, Likewise, only primary cells
-are connected to space vacuum, Such‘a stack will require extermal
manifolds equippedwith solenoid valves and sensors, .If malfunction occurs
leading to condensate contamination, the sensor will shut off tﬂe solenoid
valve in the relevant wvacuum compartment, as well as the charge inlet
solencid valves belonging to the same cell. This, in turn, sends a

gignal to the control panel and the chaxrge and condemnsate solenoid valves
of a spare cell will be activated and it will become part of the primary
stack. 8ix spare cells may be included in the stack to form a 10-cell
stack. The actual number of cells needed depends on the desireé level

of reliability and will have to be empirically determined.

The individual cell is sguipped with its own sensor and solenoid
valves. These sensors and valves should prevent any leaked charge from
reaching SV3. Additional sensors and valves may be added depending on
thg desired reliability and safety standard.

If no malfunction occurs, waste treatment will continue until the
solute weight fraction of the charge reaches 0.40, a level corresponding

to 95 percent water removal efficiency. At this point, the conductivity

sensoxr CS5: shuts off valves Svl and SV3 and diverts the flow through SV

1 2

such that the waste concentrate is pumped to the sclid waste treatment

system, When this is completed SV_ is shut off, SV. is activated and

2 1

the next batch of wastewater is introduced and treakted.
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B, System Efficiency

The efficiency of the VD-WR system for treating human urine has
been repeatedly demonstrated. Long duration tests included HSD's S54-day
uninterrupted test in 1966 in which 95 percent of the water was recovered;
a shorter test with prefiltration wherxe 98 percent of the water was
recovexed; several 15-30 day tests by Gulf South and Bmicon Company
in which 92% of the water was recovered; and the l5-day test under this
program in which 94% of the water was recovered. The system can readily
recover 93% of the water from wastewater, a level required for a
completely ciosed—loop water system. This represents a
20-fold volume reduction and a 15-fold weight reduction of the on-board
wastewater.

C. 8ystem Weight and Volume Penalties

The weight and ocoupied space of a VD-HR prototype are not known, bukt
they can be estimated from known, commercially available components.
Table V lists the weights and volumes of presently obtainable non—flight‘com—
popents. These represent the mpaximum values. Actual values for an onmboafd unit
will be significantly less. Component weight and volume reduction can be
achieved by; a) conducting a comprehensive search of commercially available
items, b} stripping the items of all nonessential parts and, ©) incorpora-
tion of special components made avallable by space technolegy.

Trom Table V, the maximum system weight is caleculated to be 64.7kg
(1421Db) fixea weight, No expendable will be needed. The system
occupied space is similarly calculated to be 0.678m3(4l40 in3). Taking
into account wasted space between sSome components, the VDR unit is
expected to fit into a box of 0.36m x 0.36m x 0.76m (14in x l4in x 30in).
With the application of the aforementioned reduction techniques these
values can be decreased by an estimated 30%.

COmparison-of these values with the on-board waste storage may be

made. Assuming dn average crew of four astronauts, the daily amount of
53



of urine produced is 0.006m3 {1.58 gal) and the daily amount of washwatex
is 0.008m3 (2.11 gal). For an average mission duration of 14 days, the
total wastewater produced is 0.196m3 (51.8 gal). The corresponding
weight is 225kg (4961b). The application of VDR can reduce these values
to a maximum of 0.0Q98m3(2.59ga1) and 12.2kg-{26-.91b). Adding these. to
the estimated maximum weight and volume penalties of the VDR, the values
hecome 0.108m3 (285gal) and 76.%kg (1691b), respectively. These compare
favorably with the weight and volume penalties of on-board storage ——
45% space savings and 66% weight savings even if the wéight and volume of
the storage tank is ignored.

The calculations above refer to the re-entry weight and volume savings.
The affect of the.VD—HR on launch weight is different. (Launch volume is
unaffected because cabin space must be provided foxr storing the waste-
water that will be produced thxough the course of the mission.) At
launching, the VD—HR.will provide supplemental cooling resulting in a savings
if waste storage is intended. Whether such an additional weight is
acgeptable may depend on various other factors not known to this investig-
ator. The VDR will provide supplemental cooling resulting in a savings
of baseline radiator weight which may be siénificant. Additional weight
from waste storage at re-entry requires additional fuel which is carried
within the shuttle. This difference may also be significant, In addition,
the accumulation of waste within the cabin may take up valuable space‘
which may not be acceptable.

The contribution of the VD-HR unit will increase the advancement
in the technology involved. It will also become more significant if
crew size or mission duration are increased since any increase in
the weight and volume penalties will ke only a fraction of the corre-

sponding increase in waste storage weight and voluma penalties.



D. Energy Requirement

The energy requirement of the VD-HR is equal to the pumping energy
required to operate the charge pump, the heating fluid pump‘and the
conductivity sensors and solenoid valves. Based on a charge flow of
0.0029m%min (.75gpm) and a heating—f;uid fi?w of .0039 (1.0gpm), agd_,.
corresponding pressure drops of 55 megapascal (8 psi) and 4l megapascal
(6 psi), respectively; the total theoretical energy required to opsrate
the pumps is 14.6 watts. Assuming a pump efficiency of 60% this becomes
24 .4 . watts, The energy required for the instruments is estimated as

10 watts. The total power consumption of the VD-HR is then 34.4 watts.
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TABLE V SYSTEM FIXED WEIGHT AND VOLUME ENALTIES

{(These are Non Flight Components)

SYSTEM COMPONENTS NUMEER WEEDED MAXIMUM WEIGHT MAXIMU@3VOLQME
{include spares) g {1} m xl0 ~ (in )
1. Treatment Reservo%r 2 - 9.1 (20) 12,00 (732)
2. Charée Pump 2 ?,0 (i;) - 3:65 (éZé}l
3. Hot-fluid Pump i 2.5 - {5.5) .84 (112}
4, Hot-fluid Tank 1 i.0 (2.2) 0.82 (50)
5. -Permeation Cell 10 22.1 (48) 35.4 (2160}
6. Stack Frame 1 2.27  (5.0) 0.16 (10)
7. Charge Manifold 1 5.0 (11 0.98 (60)
8. Vacuum Manifold 1 3.3 (7.3) 0.74 (45)
9. Valves 3 .73 (1.6) 1.31 (80)
10, Sensors ) 3 1.5 (3.3) 1.64 (100)
Ll . Skid Frame 1 5.2 ) (11} 3.93 (240}
12. Panel 1 2.0 (4.4) 3.28 (200)
13. Piping & Fittings - 2.3 (5.1) 0.49 (30)
Ll4. Cent¥al Relay 1 2.73 (6.0} 1,57 (96)

TCTAL

4.7 (142)
Kg (1b)

O.§78 (4149)
m {in )




VII,

RECOMMENDATIONS FOR FUTURE STUDIES -

l. Defining the need for the VD-HR

The feasibility of the VD-HR for Shuttle Application has been examined.
All indications are that the system is feasible, The immediate area for
future studies lies -in the examination of Shuttle Systems to define more
exactly the extent of the need or advantage of a waste-allevidtion and
supplemental cooling wnit, Advantages of the VD-HR as opposed £o alternative
means, of waste-alleviation and provision of supplemental cooling should be
examined through a study of the alternative means.

2. Feasibility Studies

It is concluded, in this report, that the feasibility of the VD-HR
lies in thelinterface with on-board heat scurce and with space vacuum.
Future studies should examine these interfaces in detail, Sufficlent
confidence in the feasibility of such interfaces must preceds the
fabrication of a prototype.

3. Preprctotype Design Studies

Material selection and component selection have been largely ignoxed
in the present program. In preparation for a prototypz, a survey of
existing commercially available components should be made with emphasis
on minimum weight, volume and energy penalties and on maximum life,
reliability and safety. Wherever feasible and necessary, the components
should be stripped of nonessential parts or suitably modified. The
design of a preprototype should be made based on these components,

4. Water .Reclamation Loop

The alternative of reclaiming paxt or all of the treated water for
reuse may be needed. This could be an end in itself or it could be a

step towards a complete water reclamation system for use during missions
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of extended duration. The design of this loop is outlined in the Appendix.
ITts development is another important area for future work.,

5. Design and Fabrication of Prototype

Eventually, the design and fabrication of the prototype VD-HR with or

without the alternative water reclamation loop should be performed. It

may be egually important to develop, design and fabricate a VO-WR with no
provision for over-beoard venting vhere the sole application is a completely

independent water reclamation system.
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VIITI. APPENDIX

An Alternative Locp for Water Reclamation



VII-WR For Water Reclamation

It may be desirable to recover the watex separated from the waste-
water for on-board usage. The answer lies in the original VD-WR concept.

Figure 21 is a schematic diagram of such a gystem designed by Tonics, Inc.

Briefly, the VD-WR stack calls for the substitution of the vacoum
compartments of the VD-HR stack with porous plate condensers. Figure 22 is
a diagram of such a stack consisting of four normally operating cells and
six spare cells.

As seen in Figure 22, cells #1 through #4 f£form the normal stack.

The urine charge ig recirculated only through these cells. Each cell

is equipped with a conductivity sensor in the condensate line. If a
malfunction cccurs leading to condensate contamination, the sensor will
be activated and the solencid wvalves in the condensate. as well as the
charge lines belonging to the same cell, will be shut off., This, in
turn, sends a signal to the control panel‘and the next ceil, in this case
ce£1 #5, will be included in the new treatment stack by activating the
charge and condensate solenoid valves of cell #5,

The condenser is formed by imbedding a cooling coil inside a sandwich
of two porous plates of suitable porosity. This has been successfully
demonstrated by HSD. The portion of the plates not expoéed to the diffus-—
ing vapor is covered by a nonporous metal to form a condensing chamber as
shown in Figure 23, Water condenses at the cold porous plate and is held
within by surface tension. 2 recirculating fan promotes forced convention
in the gap to réduce boundary layer resistance to vapor diffusion and
affectively moves the wvapor by mixing from the membrane to the condenser.

The accumulation of noncondensables inside the vapor gap is prevented by
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means of a cabin vent through which the noncondensablesg, some ammonia
and certain volatile organics diffuse.

The condensate in the porous plate is removed through wicks.
Conductivity sensors constantly monitor thé quality of the product water
leaving tﬁe condeﬁéer. F:) conductivity'réaaing exceeding 1450 pmho/cm,
app%oximately equivalent to a scodium chloride i;vel of 1000 ppmw, indicates
cell malfunction. When such a level is detected, a signal is sent to the
central control panel which shuts off a solenoid valve a short distance
downstream and the charge inlet valve of the malfunction cell, and switches
on the correspgnding valves of the next spare cell. This system of
installed spares effectively changes permeation cells without requiring
actual on~board maintenance by the astrenauts.

The condensate from all functioning cells is combined and picked up
by wicking. The wick is contained in_flexible tubing and the assembly is
passed through a tubing punp with an off-centered rotating cam. The pump
pushes the condensate through post-treatment canisters, through a check
valve, into a spring-loaded collapsible reservoir. 5An in-line accumulator
dampens thé surging effect of the pump, and together with the wick, minimizes
any unusually large transient, negative pressure effect on the porous-plate
condensers. This effectively prevents gaseous material from being sucked

into the condensing assembly.
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