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SECTION I
INTRODUCTION AND SUMMARY

GENERAL

The Intermediate Water Recovery System (IWRS) is intended to be used for

the collection, storage, and processing of urine, wash water, and humidity

condensate from a crew of three aboard a spacecraft. Potable product water

extracted from these three waste-water sources can be stored in the IWRS tanks

or returned directly to the spacecraft water supply. The IWRS is automatically

operated and is instrumented for continuous monitoring.

BACKGROUND

Background information pertaining to previous phases of the IWRS develop-

ment program is briefly summarized below.

Design and development of the IWRS was i n i t i a l l y conducted as an Independent

Research and Development program beginning in 1967. The pilot plant b u i l t and

tested under this program demonstrated that high-quality, bacteria-free water

can be produced by a flash-evaporation, vapor-compression, vapor-pyrolysis

process and that at least 95-percent water recovery can be attained.

The program was continued under Task A of NASA Contract MAS 9-8460, which

led to the development of hardware approaches for the phase separator and

heater-condenser and the selection of system control techniques. The Task A

phase of the development program was followed by a preliminary design of the

entire IWRS under Task B of the same contract. Concurrently, further develop-

ment of components for, and testing of, the waste water .processing portion of

the IWRS was carried out under NASA Contract NAS 9-9981. Tests performed on

the upgraded breadboard system in this phase of the program demonstrated the

capability of the processing system to produce high-quality water from urine

using the hardware approaches and semi-batch fluid inventory control methods

that had been developed. The breadboard system tests were useful in providing

a clearer understanding of system operational peculiarities and in identifying

further component design requirements.

AIRESEARCH MANUFACTURING COMPANY 7-2'-890 I
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It was apparent from problems encountered during system testing that some

breadboard system components required further development to allow system-level

testing to be performed for longer periods without breakdown and to improve

system efficiency. AiResearch recommendations for component improvements and

further areas of investigation led to the program phase covered in this report.

SCOPE OF CURRENT PROGRAM

The current program for development of a breadboard water recovery system

is an extension of work conducted under NASA Contracts NAS 9-8460 and NAS 9-9981

The scope of the work concerns redesigning the phase separator, modifying the

vapor compressor and control system, integrating these components into an

improved breadboard system, and performing a long-term test on the system using

automatic controls and logic circuitry for unattended operation and automatic

shutdown in case of a malfunction.

I n i t i a l plans were to perform a 120-day breadboard water recovery system

test with urine. This test, started on 25 April 1972, was aborted on 10 June

after 340.5 hr of operation during which the system was shut down several times,

either manually or automatically, because of various problems with the phase

separator and pyrolysis reactor then in use. The breadboard system was

refurbished in an attempt to correct the problems encountered in the aborted

test. With the modifications made and the plumbing simplified, the refurbished

IWRS was operated without total system shutdown for a 30-day test period with

urine (starting on 21 October and ending on 20 November 1972).

SUMMARY OF TEST RESULTS

The system produced clear, sterile water during the entire test period.

Results of the 30-day test showed that 350 Ib of product water was recovered

from the 363 Ib of water available in the 380 Ib of urine processed during the

test. The percent of product water recovered from the water available in the

urine was 96.4. Ammonia content in the product water was within acceptable

limits for the first 20 days of the system operation, but was excessive during

the remaining 10 days. Seme minor hardware problems that occurred were

corrected by shutting down only the affected part of the system.

AIRESEARCH MANUFACTURING COMPANY 72-8901.
Torrance. California '
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SECTION 2

COMPONENT DEVELOPMENT AND MODIFICATIONS

GENERAL

The major activity performed in upgrading the previous breadboard IWRS

for the 120-day test was the design and development of an entirely new phase

separator. The new separator, although basically similar in design to the

unit previously tested, contained several important improvements intended to

minimize or eliminate past deficiencies: Oval tubes and splash plates were

used to minimize the plume effect of the pitot brine pickup; the inner bowl

configuration was changed to improve brine pickup and level sensing character-

istics; most important, a magnetic coupling was incorporated between the drive

motor and the inner bowl to eliminate the air leakage problem inherent in the

previous rotary seal.

Fluid inventory control for the semi-batch water recovery process was

simplified and refined so that the IWRS could be operated more efficiently.

The bearings of the existing compressor and its motor were replaced with pre-

cision bearings and preloaded to increase operating life. Because of the

long-term testing planned for the current program, automatic shutdown sequence

logic circuitry were developed for the system. An automatic shutdown sequence

was incorporated to reduce the need for failure monitoring by test personnel.

For the 30-day test, the system was modified so that the automatic shutdown

sequence would be initiated only if brine loop pressure, sensed by a pressure

switch located downstream of the heater-condenser at P , was too low.

AIRESEARCH MANUFACTURING COMPANY 72-8901
Toirance. California ' ' ° 'w ')
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PHASE SEPARATOR MODIFICATIONS

Background

The preceding breadboard separator tests established that the basic design

approach, using the rotating bowl and pitot brine pickup, was sound, but that

further development was necessary to reduce l i q u i d entrainment, eliminate seal-

ing problems, and reduce mechanical and frictional power losses.

Scope of Current Program

As a result of the operating difficulties encountered in the previous

program, it was decided to completely redesign the phase separator. Figure

2-1 shows a cross section of the new unit. Figures 2-2 and 2-3B show the

separator components prior to assembly. Improved features incorporated in the

new unit are described below:

(a) The carbon seal was replaced with a magnetic coupling between the

drive motor and the rotating bowl, thus preventing air leakage into

the separator and reducing motor power usage.

(b) The bowl diameter was increased to linearize the response of the

necleonic level sensing device. Also, with the total capacity of the

separator increased, the unit could operate at a lower brine density

during most of the cycle. Liquid levels are shown on Figure 2-4.

(c) The inlet line diameter was increased and an integral flow swirler

was added to reduce the spray produced by the high-velocity addition

of flashing urine and to partially separate the steam from the urine.

The slower moving swirling flow was directed against the conical

rotating end wall of the separator. Steam passing through the

rotating conical diffusion demistor reduced the l i q u i d carry-over

from the bowl into the vapor loop. Vapor condensation was reduced

by wrapping a flexible strip heater around the outside separator

shell to .keep its temperature above the saturation point.

AIRESEARCH MANUFACTURING COMPANY
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Figure 2-1. Phase Separator Cross-Sectional Diagram

AIRESEARCH MANUFACTURING COMPANY
Torrance, California 72-8901

Page 2-3



ROTATING
INNER
BOWL

t

VAPOR PICKUP

i
FIXED OUTER SHELI 71316-7

Figure 2-2. Disassembled Separator
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A. ASSEMBLED SEPARATOR

F-I 4834

C. SEPARATOR CHECKOUT SETUP

B. SEPARATOR COMPONENTS

Figure 2-3. Phase Separator
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(d) The radial position of the pitot pickup was extended to increase

brine pump outlet pressure and thus increase the brine flow rate.

The projected cross section of the pitot tube was decreased and its

hydrodynamic shape was improved by adding a downstream fairing to

reduce drag. A splash plate was placed on the pitot tube stem to

reduce spray and "rooster tailing."

(e) The bearing opposite the motor end was a conventional 440-C sealed

bearing lubricated with Krytox; a Hastelloy bearing was used on the

magnetic coupling side. The separator was driven by a commercial

I/8-horsepower dc motor from the AiResearch Space Laboratory.

Separator Checkout

After fabrication was completed, the phase separator was checked for func-

tional integrity and performance evaluation. The setup is shown on Figure

2-3(c). All checks were run with water. No water s p i l l into the stationary

casing was observed under normal operation up to 2020 rpm. No specific measure-

ment of entrained l i q u i d was made.

Pitot pump performance at separator speeds of 1850 rpm and 2020 rpm is

shown in Figures 2-5 and 2-6 for various water levels in the separator.

Performance results indicated that a significant increase in brine flow rate

could be obtained over the previous design.

Minimum l i q u i d working level also was determined. The pitot tube

remained covered with 200 cc of water in the separator when operating at 90-

percent operating speed. No further checkout was conducted on the phase

separator prior to installation in the breadboard test setup.
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FLUID INVENTORY CONTROL SYSTEM MODIFICATIONS

Background

The function of the f l u i d inventory control system is to determine level

and density of the fluid present in the separator assembly, compare these

inputs with preset levels, and open or close solenoid valves as necessary for

semi-batch continuous operation of the IWRS. Minor problems with the fluid

inventory control were encountered in the previous program. The density

sensor count rate was found to be dependent on the phase separator l i q u i d

level, whereas the minimum level for accurate density measurement was between

400 and 500 cc. This led to the decision to investigate whether low-level

density measurement was necessary to system operation.

Scope of Current Program

Figure 2-7 shows the operational sequence of the fluid inventory control

system developed for the planned 120-day test in terms of brine density and

brine level in the phase separator. This sequence was developed to assure

(1) brine dump at a 50-percent concentration for high recovery efficiency and

(2) brine processing at low concentration for high processing rates. A

typical material balance is presented in Table 2-1.

The plot of Figure 2-7 represents a complete cycle under typical operating

conditions. Starting with a separator content of 1500 cc and a brine solids

content of 14 percent (Point A), the level sensor maintains a constant level

in the separator by addition of urine as water is evaporated from the brine

loop. The level remains constant until a brine concentration of 25 percent

is reached (Point B). At this point, the density is sensed and this measure-

ment is employed to stop the urine feed. Evaporation continues to take place

in the brine loop; since no urine is added, the brine concentration increases

at an accelerated rate and the level of the brine in the phase separator drops.

The level sensor monitors the separator content. When a level corresponding to

a separator content of 600 cc is reached (Point C), the brine concentration

w i l l be 50 percent. The level controller then opens the brine loop dump valve

and a portion of the brine (400 cc) is drained from the loop. When the separa-

tor brine content reaches 200 cc, as measured by the level sensor, the brine

AIRESEARCH MANUFACTURING COMPANY 72 ~890 I
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Figure 2-7. Fluid Inventory Control Cycle

AIRESEARCH MANUFACTURING COMPANY
Torrance. Cali lorma 72-8901

Page 2-11



TABLE 2-1
MATERIAL BALANCE

Start Cycle (Point A of Figure l)

Urine Addi t ion (A-B)

Subtotal

Evaporation (A-B)

Evaporation (B-C)

Subtotal

Dump (C-D)

Urine Add! tion (D-A)

Fluid Inventory, Grams

Li quid

1457.06

4700.64

6157.70

4823. 19

900. 1 1

5723.30

248.8

1270.46

So] ids

239. 54

195.86

435.4

«

--

—

248.8

52.94

Total

1696.6

4896.5

6593. 1

--

--

--

497.6

1323.4
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dump valve closes and the l i q u i d loop is replenished with urine until the

separator content is again 1500 cc (Point A). As before, the brine concentra-

tion at this point is 14 percent and the cycle is repeated.

As in the previous breadboard system test, the level and density of the

fluid is sensed by Geiger-Muel1er tubes located on the separator assembly.

These tubes sense gamma rays emitted by radioactive sources located opposite

the Geiger tubes. The radiation from each source to the corresponding detector

must pass through a portion of the fluid in the separator. The reduction in

radiation intensity resulting from attenuation in the fluid is a measure of

fluid level or density. The Geiger tubes produce large pulses when excited by

gamma radiation. The pulse train from each tube is then converted to pulses

of uniform amplitude by the input pulse conditioning circuits.

The conditioned pulses from the Geiger tubes are applied to pulse totali-

zers, which count the pulses for a fixed time interval. At the end of the

sample period, the number stored in the totalizer is compared with preset l i m i t s

by a di g i t a l comparator. The output of the digital comparator drives indicator

lamps and provides logic signals to the valve logic panel. In the valve logic

panel, the density and level information is routed to preprogrammed comparators.

The output of the programmed level comparator is compared to density information

and turns on valve drivers, which open or close feed and dump solenoid valves

to achieve control action. Manual feed and dump switches are also incorporated

in the valve logic panel. A functional block diagram of this system is shown

in Figure 2-8. To provide the accuracy necessary for high water recovery

efficiency, both the density and level count rates are integrated over a 60-

second period.

Limit overrides which count over a 2- to 3-second interval are used to

prevent overfill of the bowl and to obviate dumping brine into the vapor loop.

To achieve this function, a portion of the control system developed under the

previous program was used. In this case, the pulses are integrated to produce

an analog level proportional to pulse rate. This analog level is then compared

to high and low set points by analog comparators. The outputs of these compara-

tors are connected to lamp drivers and buffer stages. The lamps give a visual

AIRESEARCH MANUFACTURING COMPANY 72-8901
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indication of fluid level, while the buffers deliver logic signals to the

valve logic panel. In the valve logic panel, this fluid level information is

compared with preprogrammed action data. The output of this comparison is

routed to valve drivers, which open or close solenoid valves to achieve con-

trol action.
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VAPOR COMPRESSOR MODIFICATIONS

Background

Breadboard testing during the previous program indicated that the vapor

compressor motor, which was designed for use in another application, was being

operated beyond its design capabilities. As a result, a decision was made to

use a motor specifically designed for the vapor compressor in order to perform

the 120-day breadboard system test without the operational limitations pre-

viously encountered.

Scope of Current Program

The vapor compressor was disassembled after the preceeding breadboard

test and the compressor bearings were carefully inspected for evidence of wear.

The bearings were found to be in excellent condition. Very slight discolora-

tion was noted, but no signs of wear were evident.

The compressor motor also was disassembled and checked thoroughly to

determine the exact cause of motor bearing failure in the previous series of

tests. Examination of the bearing installation indicated that inadequate

clearance between the bearing outer race and the mounting had been provided and

that the bearings had been installed with inadequate preload. These two fac-

tors served to severely l i m i t motor life.

It was originally planned to use a higher powered motor for the compressor,

but on the basis of the bearing failure analysis it was decided to rework the

bearing housing and install precision-type bearings. To establish confidence

in the life of the modified motor, a 10-day endurance test with inlet air at

1.0 psia was planned. Endurance testing of the motor and compressor was

initiated early in November 1971. The old bearings were reinstalled because

new bearings could not be delivered on time. After 61 hours of continuous

operation, the compressor stopped operating. Post-test inspection revealed

that the outer race of the compressor bearing at the magnetic coupling end had

been rubbing against its housing. (The outer race is designed to rotate.)

This action resulted in excessive wear of the softer housing material. The

entire rotating assembly shifted laterally, until the compressor wheels hit the

stationary casings, causing the compressor to stop. Motor performance was

entirely satisfactory during the test.

AIRESEARCH MANUFACTURING COMPANY 7O_OQn i
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The compressor bearing housing was re-machined and a type 440C stainless-

steel ring insert was pressed into the housing where the wear had occurred.

The ring was fabricated of the same material as the bearing outer race. The

compressor and motor were then reassembled and testing with air was resumed.

The following conditions were maintained constant throughout the remainder

of the compressor component test:

Compressor inlet pressure I.01 psia

Compressor inlet flow 6.4 cfm

Compressor pressure ratio 1.32

Compressor power 151 watts

Compressor housing temperature I54°F

Motor housing temperature I I I ° F

A performance test with air at 1.0 psia inlet pressure was also conducted.

Test results showed that the compressor had the same performance characteristics

as obtained in previous breadboard testing (see Figure 2-9).

The endurance test was terminated after the compressor had run continuously

for an additional 190 hours, with one voluntary interruption over a weekend.

New bearings then were installed and the compressor was considered ready for

use in the 120-day breadboard system test.
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AUTOMATIC MONITORING SYSTEM DEVELOPMENT

Background

Because of the short-term nature of previous breadboard system level test-

ing, monitoring of system parameters was performed manually with continuous

surveillance by laboratory test personnel. For the 120-day continuous test

planned for the current phase of system level testing, it was decided to add

an automatic monitoring system so that (l) the test could be conducted with

minimum attention from laboratory personnel and (2) the test could be shut down

automatically in a predetermined sequence in case of a critical malfunction.

Scope of Current Program

1. General

The design and development of an automatic control system for use in long-

term breadboard system level testing was predicated on the guideline that auto-

matic shutdown would be initiated only when a failure w i l l result in brine

spillage or brine loop flow interruption. System shutdown for other types of

failures would be initiated manually after observation of a given set of recorded

parameters for an indication of improper system operation. This balance of

automatic and manual shutdown procedures was designed to allow the system to

operate continuously as much as possible.

Automatic shutdown requirements were based on results of the failure modes

and effects analysis shown in Table 2-2. The automatic shutdown system moni-

tored selected IWRS parameters for high and low limits and provided a predeter-

mined shutdown sequence if these limits were not met. The system, which is

shown schematically in Figure 2-10, consisted of an analog signal conditioner/

l i m i t comparator and an automatic shutdown sequencer.

2. Analog Signal Conditioner/Limit Comparator

The analog signal conditioner/limit comparator comprises the following

components: four strain gauge pressure transducers with bridge balance units,

one temperature reference junction for the appropriate material, two 24-vdc

relays, and one 24-channel stamper recorder with mechanical high and low

1 i m i t swi tches.

AIRESEARCH MANUFACTURING COMPANY 72-8901, ReV ,

Page 2-19
Torranc



CO
I-H
CO

CO
I-
o

CM LJJ
I U.

CM U.

m a
< o

o
4-J cn
TJ C

U 4-1
— in
3 ID
cr t-

OL 0)
3

4-1 C

O 4-1
4- C
4- O
LU O

(D
in

E C
(D O
4-1 Q.
in in
>~ (D

CO O£

co
V .-
I- 4-J
3 O

._ [ i
ID <U

U. Q

4-1
O

4-
4-
LU

g
4-1
in>^

CO

<D
TJ
O

ID

3
^~
•—ID
U.

TJ
C
ID

L.
O
4-J
ID

(D
Q.
V
in

L. 4-1
•— in
(D <U
Q. 4-J

C£ V-

c

0̂
TJ
4-1
3
f~

in
o
4-1
3

"*

4-1
•_

E

r—

Q-
E TJ
ID 11)

TJ
1_ 0)
o ID
4J O
0 X
z ID

Q) (U
Q. in i-
E ID 3
(D (U in
1- 0 ID
O 0) 1-
4j -O Q.

E •- O-
in O

C 4-J O

ID

i/) O C
(D »- —
< 0 — i -
J_ 3 -Q
0 cr
C V C

hH 1. •—

i- cn
0 C
4-1 —cn (o TJ

c i- c
— (D —in Q. -O
3 (D
(D in O
U 4-1

0)
(D C/) (U
1- ID 3
3 (1) TJ

~ 0 E
TO <D Q-

LL. TJ 1-

TJ
C
(D
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The conditioner/comparator operates as follows: The strain gauge pressure

transducers receive their excitation signals from a dc power supply. The out-

put signals from these transducers enter the bridge balance units, where an

offset voltage is added to the signal. This offset dc output signal is then

routed to the input of the recorder, which has two l i m i t switches, mechani-

cally mounted at the 10-percent and 90-percent-ful1-seale points. If the

input signal drives the recorder pen above the 90-percent l i m i t or below the

10-percent limit, these switches w i l l close, starting the shutdown sequencer

unit. Each parameter is given zero and span values, which cause the recorder

indicator to fall between the 10-percent and 90-percent limits when the corres-

ponding parameter is operating in its normal ranges. Thus, if the value of the

parameter falls below or rises above its normal operating range, the automatic

shutdown sequencer is started. By using a multichannel recorder, a large number

of parameters are monitored for go/no-go limits and are recorded to provide

test failure data for analysis.

3. Automatic Shutdown Sequencer

The automatic shutdown sequencer receives the signals from the low and

high l i m i t switches and provides a preset, timed sequence of events necessary

to safely shut down the breadboard IWRS. This sequencer consists of the

following components: a motor driven timer, two electromechanical time delay

relays, a latching relay, and a rotary stepping switch.

When a signal is received from either of the l i m i t switches, the latching

relay (RL2) closes and is latched closed. The "Trip" light is then on and the

timer starts to run. When the timer switch closes, the rotary stepping

relay steps one position, causing the compressor inlet valve (V4) to close.

On the next timer switch closure, the rotary stepping relay again advances

one position, this time turning off compressor power. On the next timer switch

closure, 24-vdc power to the urine feed and dump valves is turned off. As a

result, the feed valve (V6) closes and the dump valve (V2) opens.

AIRESEARCH MANUFACTURING COMPANY 72~890I
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The flush water valve (V7) then opens, the timer turns off, and the

time delay relay (TDl) is pulled in. After TDI closes, valve V2 is closed and

TD2 is pulled in. After TD2 closes, valve V2 is opened and TDI is pulled in.

After TDI closes, valve V2 closes, and TD2 is pulled in. After TD2 closes,

valve V2 opens, and TDI is pulled in. After TDI closes, valve V2 closes and

separator power is turned off. This concludes the automatic shutdown sequence

To reset the system, the "Step/Home" button is depressed, causing the

stepper relay to advance to position 25. The "Reset" button is then pressed,

unlatching relay RL2 and turning off the "Trip" light. The Step/Home switch

is then pressed once more, advancing the rotary switch to the "0" or "Home"

position. The Home light then comes on, indicating that the system is ready

for the next out-of-limit condition.
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SECTION 3

BREADBOARD SYSTEM TESTING

GENERAL

A 120-day breadboard-level system test was originally planned for this

phase of the IWRS development program. After the system was upgraded as

described in Section 2, it was checked for air leakage and instrumentation

calibration. This was followed by shakedown runs with d i s t i l l e d water to

bring the system into proper operating order.

The planned 120-day test was aborted after 47 days (340.5 hours of opera-

tion) because of recurring shutdowns due to a variety of malfunctions. After

being modified and refurbished, the breadboard system was operated

over a 30-day period. Results of these tests are discussed in detail in this

section.

Both tests were conducted in general accord with the IWRS test plan out-

lined in AiResearch Report 71-8046, previously submitted to NASA. The primary

purpose of the test plan was to determine the long term operational and perform-

ance characteristics of the system under laboratory conditions.
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ABORTED 120-DAY BREADBOARD SYSTEM TEST

Breadboard System Buildup and Shakedown Testing

All breadboard components available from the previous program were care-

fully examined prior to system buildup into the test setup shown schematically

on Figure 3-1. The pH meter and conductivity sensor, used for continuous

monitoring of water quality and overall system performance, were replaced with

new hardware. The pyrolysis reactor was rebuilt with the same type of rhodium-

plated stainless-steel screen catalyst. The breadboard system is shown in

various stages in Figures 3-2 through 3-4.

The redesigned phase separator was assembled and leak-checked, as were all

other major components, prior to installation in the assembly. After all iso-

lation valves were shut off, the combined brine loop and vapor loop assembly was

checked for air leakage from ambient by evacuating the assembly to 0.5 psia and

monitoring pressure buildup. A very low leakage rate of 6 x 10 Ib/hr was

obtained. Pressure, temperature, and miscellaneous instruments were then

installed in the setup. Prior to the shakedown runs, the complete system was

checked to assure that air leakage into the system was minimized.

Initial shakedown runs were conducted with water to check system functions

and the instrumentation installation. After about five hours of intermittent

operation, the phase separator began to malfunction. Severe vibration was

encountered at design speed with the separator bowl full of water. Vibration

was less evident when the separator was operated at lower speeds, as well as when

lower water levels were used.

Separator vibration apparently was caused by bearing misalignment due to

the drag of the water on the pitot tube. This load, in turn, imposed a severe

load on the inner race of the lower bearing and tended to rotate it around its

diameter.

During the shakedown runs, the automatic shutdown system was triggered

intentionally by reducing separator speed. The shutdown sequence operated as

planned. Further checkout of the automatic shutdown system was performed during

the water calibration tests.
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F-I 4836

Figure 3-2. Breadboard System Test Setup
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Figure 3-3. Liquid Holding Tanks and Scales
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As a result of the separator vibration problem, the upper bearing assembly

was redesigned and the separator reworked. In the new configuration, the bear-

ing was mounted directly on the outer casing and the inner race supported the

rotating bowl. This arrangement permitted more accurate alignment of the bowl

and bearings during assembly. Also, the fluid transfer tube no longer was

needed for bearing support.

After rework was completed, the separator was assembled and reinstalled

in the breadboard test setup. Further vibration problems experienced were

attributed to the separator mounting method. A new mounting arrangement was

designed and fabricated, enabling the separator to be rigidly attached to the

laboratory floor. Even so, vibration was encountered at the design speed with

about 400 cc of water in the separator, necessitating a change in the fluid

inventory control cycle.

After rechecking the calibration of the instrumentation, the system was

operated with water until thermal and fluid balances were achieved and system

operating parameters had stabilized.

Testing of the brine loop with water was conducted as part of the prelimi-

nary system checkout to obtain flow performance data for predicting flow rates

in the brine loop from pressure readouts at PI and P2. Test results are

plotted on Figure 3-5.

The level controller was adjusted to set a maximum system water f i l l of

1600 cc, dump at 700 cc, and then refill at 300 cc. The system was sterilized

and then operated with water to recheck the thermal balance and level controller

operation. Two problems with the separatoi—excessive brine loop carryover and

ina b i l i t y to draw water from the system--were experienced. The problems were

solved by sealing an air leak at the soft solder joint of the separator brine

return tube. The automatic shutdown system was checked out and found to oper-

ate in a satisfactory manner. Sterilization was accomplished by passing live

steam through the vapor loop for a period of two hours. The product water

collection tanks were sterilized separately in an autoclave. Samples of the

product water were tested and found to be sterile.

The system was run with urine for 15 days to calibrate the brine density

sensor. A 1.3 percent by weight urine pretreatment solution, manufactured by

AIRESEARCH MANUFACTURING COMPANY 72-8901,
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Chemtric, Incorporated, was added to the stored urine used in the test for the

purpose of controlling microbe growth and ammonia generation. Calibration

problems with the 1evel/density control electronics and leakage in a condenser

joint were encountered. After recalibrating the controls and silver soldering

the leaky joint, system checkout was completed. Sterilization of the potable

water section after condenser repair was accomplished on 24 April 1972.

Breadboard System Testing With Urine

Urine was introduced into the system on 25 Apri l 1972. The system pro-

duced good quality water, but had to be shut down manually after 78.5 hours of

operation due to high air leakage and presence of product water odor.

Product water samples taken before shutdown and immediately after shutdown

were shipped to NASA for chemical analysis. Results of the analysis are

presented in Table 3-1. As indicated in the table, all three samples contained

ammonia (as N2) in excess of the 3 ppm maximum limit.

Examination of the system after shutdown showed that air leaked again

at the soft solder joint of the separator brine return tube. The solder was

removed and the outlet and return tubes were welded.

On 5 May 1972, testing with urine was resumed. The test continued for 72

hours, at which point the system again was manually shut down because of

excessive leakage and odor in the product water. Leakage this time was caused

by a fracture on the bottom of the separator. The fracture was welded and the

separator bottom remachined.

After repair, the system was restarted with urine on 16 May 1972. A water

sample was taken and sent to NASA for analysis. After 107 hours of operation,

the system was shut down automatically when the shutoff point of the pyrolysis

reactor temperature controller malfunctioned and turned off power to the heater.

After the controller was reset and the system cleaned out, testing with

urine was resumed on 22 May 1972. The system produced good quality water

i n i t i a l l y , but was shut down manually after 27 hours of operation when odor

was present in the product water and the water pH factor and conductivity

reached 9.2 and 55K ohms, respectively.

AIRESEARCH MANUFACTURING COMPANY -,, QO(. , „ ..
lonance Cali fornia I C.~Q?\J \ ) 1x6 V .

Page 3-9



TABLE 3-1

NASA WATER ANALYSIS
Sample Identification: Product Water From Urine Water Recovery System

Source:
AiResearch

ANALYSIS

pH

Resistivity (Megohm— cm at
25 deg C)

Total Solids, ppm

Organic Carbon, ppm

Inorganic Carbon, ppm

Cadmium as Cd, ppm

+ftChromium as Cr , ppm

Copper as Cu, ppm

Iron as Fe, ppm

Lead as Pb, ppm

Magnesium as Mg, ppm

Manganese as Mn, ppm

Mercury as Hg, ppm

Nickel as Ni, ppm

Potassium as K, ppm

Silver as Ag, ppm

Sodium as Na, ppm

Zinc as Zn, ppm

Ammonia as N, ppm

Flouride as F", ppm

Nitrate as NOs", ppm

Sulfate as SO/j'^, ppm

Date Sample Taken

SPECIFICATION LIMITS

6-8

Ref. only

500

100

Ref. only

0.01

0.05

1 .00

0.3

0.05

Ref. only

0.05

0.005

0.05

Ref. only

0.05

Ref. only

5.0

3.0

2.0

TBD

450

4-26-72 4-27-72 4-28-72

ANALYSIS RESULTS

0.46

0.033

26.6

9.0

7.0

0.05

<O.OI

<0.05

<0.l

<0.5

0.34

<0.05

<0.05

<0.05

1 .6

<0.05

0.19

O.OI

4.5

0.56

0.18

4,0

8 .18

0.008

4.0

1 .5

94.0

O.OI

<O.OI

0.10

<0.l

<0.5

SO. 01

<0.05

<0.005

<0.5

0.41

<0.05

0.09

O.05

12.5

0.60

0.36

15.5

8.70

0.006

61 .4

15.0

210

O.OI

O.OI

0.12

O.I

O.5

£0.01

O.05

0.005

O.5

0.17

O.05

O.OI

O.04

45

0.58

0.48

19.5

AIRESEARCH MANUFACTURING COMPANY
lonance CaMorma 72-8901
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The test was restarted with urine on 24 May 1972 and continued for 13

hours, at which point the system was automatically shut down due to excessive

vapor circuit pressure. Examination of the system revealed that the outer

shell of the pyrolysis reactor had imploded. The disassembled reactor is

shown on Figure 3-6. Inspection of the rhodium-plated screens used as the

catalyst showed that some were badly corroded. Photomicrographs of the screens

are presented in Figure 3-7. New screens would take 3 to 4 weeks to fabricate;

therefore, this catalyst was replaced with a readily available catalyst made

of 0.5 percent ruthenium on alumina pellets.

After repairs were completed, the system was restarted with urine on 4

June 1972 and ran for 3.25 hours before shut down due to malfunctioning of the

controller. The system was found to be completely saturated with urine as a

result of a bad solder joint in the l i q u i d level control circuit.

System cleanup, repair, and checkout were performed before restarting with

urine on 9 June 1972. After 39.75 hours of operation, automatic shutdown

occurred as a result of excessive air leakage into the system, which, in turn,

caused the system to produce poor quality water with a urine odor. Leakage

was traced to a faulty compressor inlet valve.

The breadboard system test was discontinued on 10 June 1972, after 340.5

hours of operating time were accumulated. After being cleaned and flushed,

the system was dismantled and critical components inspected. The disassembled

vapor compressor is shown on Figure 3-8.

AIRESEARCH MANUFACTURING COMPANY 7?-8QO I
lor.ance Cal.lorn.a ' fc O7U I
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INLET END

F-17191

OUTLET END

Figure 3-7. Catalyst Substrate Screen
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30-DAY REFURBISHED BREADBOARD SYSTEM TEST

Background

During contract negotiations for development of the Wash Water Recovery

System (WWRS) under NASA Contract MAS 9-13026, AiResearch agreed to conduct a

30-day IWRS breadboard-level test, with the system modified and refurbished to

avoid the repeated shutdowns encountered in the aborted 120-day breadboard

system test. The main objective of the test was to expose the rotating machinery

in the brine and vapor loops to long-term operation. Contract MAS 9-11996 was

extended until completion of the 30-day test. The basic modifications made to

the breadboard setup prior to initiating the 30-day test are described below.

Component Modifications

1. Phase Separator Modifications

The basic modification to the phase separator involved the bearings; a

cross-section of the modified separator is shown in Figure 3-9. The lower

bearing arrangement was changed to m i n i m i z e the severe vibration problem en-

countered during previous testing. The existing inner bow] and bottom plate

were used with s l i g h t modifications. Other refinements, shown in Figures 3-10

and 3-11, included slingers on both bearings to reduce corrosion and a reworked

Teflon sleeve to decrease carryover.

2. Control System Modifications

The t r i p signal of the automatic shutdown system was removed from the 24-

channel Brown stamper recorder. All critical parameters were monitored continu-

ously on an 8-channel continuous recorder and a 24-channel stamper recorder. Figures

3-12 and 3-13 show the parameters. The IWRS could be shut down automatically

by pressing the "Manual Trip" button on the "Automatic Shutdown" panel of the

control console. In addition, a pressure switch was installed in the brine

loop at PI. When the brine pressure dropped below a predetermined value, V6

was closed, stopping urine feed. This prevented overfilling the separator.

Since system operation was to be monitored around the clock by test tech-

nicians, manual adjustments could be made to controls whenever measured para-

meters fell outside normal operating l i m i t s . If trouble shooting indicated a

c r i t i c a l component malfunction, the system could be shut down manually to the

extent considered necessary to correct the malfunction. All other components

in the system would continue to operate while the malfunction was investigated.

AIRESEARCH MANUFACTURING COMPANY 72-8901 ReV.
Torrance CaMotrna J
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Figure 3-10. Lower-Separator Casing Assembly

AIRESEARCH MANUFACTURING COMPANY
Torrance Cal.torma 72-8901
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Figure 3-11. Separator Rotor Assembly

AIRESEARCH MANUFACTURING COMPANY
Torrance Cali lOrnia 72-8901
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Figure 3-12. Continuously Recorded Pressure Parameters
(Pulse Feeding Urine into Separator)

AIRESEARCH MANUFACTURING COMPANY
lonance. CahlOfma 72-8901. Rev,
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3. Vapor Compressor Refurbishment

The vapor compressor was disassembled, cleaned, and reassembled with new

precision-type bearings, properly preloaded. No modifications were made to

the un i t.

4. Pyrolysis Reactor Modifications

A new pyrolysis reactor was fabricated, using a s i m i l a r rhodium-plated

screen catalyst bed to that in the previous reactor. Refinements were made in

assembling and spacing the screens to increase reactor efficiency. As depicted

in Figure 3-14, 50 screens were packed in 5 sets. Six coarse-mesh screens were

used to separate the sets of fine-mesh screens.

5. Brine Density

A new in-line brine density sensor was fabricated to avoid the sensitivity

problem encountered with the previously-used sensor, which was located on the

phase separator. The new sensor was located immediately downstream of the phase

separator brine outlet port. The nucleonic source and detector were placed on

the flat sides of the cavity shell, shown in Figure 3-15,, and were covered by

a lead shield.

6. System Test Setup

Unnecessary equipment and lines used in the previous breadboard arrange-

ment wereeliminated to minimize pressure losses. Photographs of the

30-day breadboard system arrangement and identification of the major compon-

ents are presented in Figures 3-16 and 3-17. A closeup view of the instrumen-

tation and control panels is shown in Figure 3-18. Locations of pressure

transducers and temperature thermocouples placed at various points in the

system test setup are shown in Figures 3-19 through 3-25.

Major components and lines in the refurbished breadboard system were therm-

ally insulated to reduce heat losses and assist in maintaining proper heat bal-

ance where required. The areas where thermal insulation was applied are shown

in Figures 3-26 through 3-29. For more accurate analysis of the product water,

a sampling valve (see Figure 3-21) was installed in the cyclic accumulator dis-

charge li n e in place of the i n - l i n e pH and conductivity sensors.

AIRESEARCH MANUFACTURING COMPANY -,„ QQn ,
lofrance. Cal.lorn.a / C. ~ 0 7<J \
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(1/2 SCALE)

THERMOCOUPLE

CRES SCREEN--24-MESH,
0.024-WIRE (44.2$ OPEN),
50 PIECES, RHODIUM-
PLATED

CRES SCREEN--4-MESH,
0.047-WIRE,
6 PIECES

CRES TUBING--2.375 DIA

CRES ROD

CRES -8 MS FITTING,
2 PLACES

VAPOR INLET

Figure 3-14. Pyrolysis Reactor Construction
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MATERIAL: TYPE-304 CRES SHEF.T, 0.020 THICK

Figure 3-15. Density Sensor Cavity Shell
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SYSTEM AUTOMATI
CONTROL CENTER

RECORDER CONSOLE

DENSITY SENSOR

CAVITY

PYROLYTIC
REACTOR
HEATER

PYROLYTI
REACTOR

PYROLYTIC REACTOR
TEMPERATURE INDICATOR

BRINE DUMP
COLLECTOR

BRINE DUMP
SCALE

EMERGENCY
DUMP TANK

72374-31

Figure 3-16. Test Setup
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SYSTEM AUTOMATIC
CONTROL CONSOLE I

31

f, PRESSURE
I ALARM SWITCH

INSTRUMENTATION
RECORDER CONSOLES

PRESSURE
CONTROL
(PANEL

PYROLYTIC
REACTOR
HEATER

COMPRESSOR
WATTMETER

VAPOR
SOLENOID

VACUUM SOURCE
FREEZE-OUT
CHAMBER COMPRESSOR

CONDENSER
CARRY-OVER
COLLECTOR SFPARATO

SPEED

CONTROLSEPARATOR
CARRY-OVER
COLLECTOR

PHASE
SEPARATOR

Figure 3-17. IWRS Test Setup
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i.LEVEL INDICATORS

DENSITY DUMP ADJUST23-? DENSITY ADJUST

V»« !!»» -, f~ . , LtvlL

• t t t 0
fiAfWAL COt'fRCi .

tl" "^ wffw*1'5 — 0

CUISTV

• t 0

PYROLYTIC REACTOR
HEATER CONTROL

m INDICATOR

72257-2

Figure 3-18. Control Console
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SYSTEM VACUUI
SOURCE PORT

SEPARATOR
BRINE OUTLET

72374-34

Figure 3-19. IWRS Test Setup
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LEVEL SENSOR

VAPOR
OUTLET
DUCT

TOP BEARING
TEMPERATURE=T6

TOP TEMPERATURE
T3

WALL TEMPERATURE
T I 2

SEPARATOR
MOTOR

72374-6

Figure 3-20. IWRS Test Setup
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VACUUM'BYPASS VALVE

CONDENSER WATER
OUTLET TEMP = T8

CONDENSER WATER
OUTLET PRESSURE = P8

PRODUCT WATER
SAMPLING VALVE

CYCLIC ACCUMULATOR

72374-7

Figure 3-21. IWRS Test Setup
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SEPARATOR BRINF
RETURN PRESSURE
= P2

1 DENSITY
SENSOR
CAVITY

CONDENSER TOP

SEPARATOR BRINE
OUTLET PRESSURE
= PI

CONDENSER
VACUUM BYPASS
VALVEPOTABLE WATER

PRESSURE = P8

CYCLIC
ACCUMULATOR.

72374-9

Figure 3-22. IWRS Test Setup
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VAPOR AUTOMATIC
SHUTOFF SOLENOID

COMPRESSOR EXHAUST
PRESSURE = P5

COMPRESSOR
PRESSURE RISE
= AP-4

COMPRESSOR EXHAUST
TEMP = T5

COMPRESSOR BEARING
= TIO

72374-10

Figure 3-23. Vortex Compressor
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CONDENSER VAPOR INLET
PRESSURE = P7

DENSITY SENSOR

DENSITY CAVITY

CONDENSER VAPOR INLET

72374-13

Figure 3-24. Density Sensor Cavity

AIRESEARCH MANUFACTURING COMPANY 72-8901
Page 3-32



iS-VAPOR COOLER
HEAT EXCHANGER

PYROLYTIC
TEMPERATURE
INDICATOR

PYROLYTIC
HEATING COILS

PYROLYTIC HEATER
CONTROL THERMOCOUPLE

02 SUPPLY FLOWMETER

Figure 3-25. Pyrolysis Reactor and Heater
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URINE
SUPPLY
STORAGE

t
,DENSITY

SENSOR • «KJ

POTABLE
WATER
STORAGE

^CONDENSER

YCLIC
ACCUMULATOR' j SEPARATOR^ I

72257-3

Figure 3-26. IWRS Overall Test Setup
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PRESSURE
CONTROL
PANEL

RECORDER CONSOLE

SYSTEM CONTROL CONSOLE

y
CYCLIC ACCUtTuLATOR

PYROLYTIC
HEATER

SUPPLY
FLOWMETER

SEPARATOR
CARRYOVER
COLLECTOR

COMPRESSOR
SPEED CONTROL

72257-1

Figure 3-27. IWRS Overall Test Setup
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PYROLYTIC HEATER?
INDICATOR

BRINE DUMP
COLLECTOR

72257-5

Figure 3-28. IWRS Overall Test Setup
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DENSITY
SENSOR

CONDENSER

OVERBOARD
VACUUM
SOURCE
CONDENSER

FLASH
VALVE

VACUUM SOURCE
CONDENSER
COLLECTOR

SEPARATOR
CARRYOVER
COLLECTOR

Figure 3-29. IWRS Overall Test Setup
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30-Day Test With Urine

System checkout in accordance with procedures used for previous tests was
completed 18 October 1972. The separator urine level sensor response was
determined for system control calibration; the sensor calibration curve is
shown on Figure 3-30. After system checkout was completed, the system was
sterilized by autoclaving the vapor and water loop downstream of the pyrolysis
reactor and started up with deionized water. Switchover from deionized water
to urine occurred at 0010 hour on 21 October 1972. Urine used for the test
was i n i t i a l l y pretreated with 1.3 percent Chemtric solution.

The i n i t i a l brine loop flow rate was 195 Ib/hr. The flow rate thereafter
was dependent on the extent of salt buildup in the loop. During the first
system cycle, density sensor response to various urine-brine concentrations
was recorded to calibrate the control system. The density sensor calibration
curve is shown on Figure 3-31. Typical system performance for the first cycle
is shown on Figure 3-32.

Product water samples were taken for microbiological analysis. One sample
for baseline data was taken prior to initiation of urine into the system. The
second sample was taken 16 hours after the start of system operation with urine,
No microorganisms were found in the product water (see appendix to this report),
Daily samples of product water were checked for odor. The percentages and
accumulative total of urine feed and product water recovered from the urine
feed are plotted on Figure 3-33.

A total of 26 water recovery cycles were performed on the IWRS in the
30-day test period. Performance data for each cycle is shown on Table 3-2.
Cycles II and 15 were aborted to flush the brine loop with water. Cycle 17
was aborted to reset the fluid density control.

The time to complete a cycle ranged from 16-1/2 to 61 hours. With the
system properly calibrated and running smoothly, the time to complete a cycle
averaged 27 hours. Cycle I, which was started with residual water in the brine
loop, as a result of switching from water to urine, was the longest cycle. The
two other long cycles (12 and 16) also were started with residual water in the
brine loop, as a result of flushing to remove salt deposits. Cycle 22, which
was shortened because of improper setting of the density control, which caused
premature dumping, was the shortest cycle. Other pertinent test results are
summarized below.

Daily Product Water Average Flow Rate 0.32 to 0.90 Ib/hr (0.48 avg)

Solids Content of Dumped Brine 31 to 64 percent (50 avg)

Separator Speed (First 14 cycles) 960 to 1120 rpm

Separator Speed (Last 10 cycles) 1490 to 1715 rpm

Compressor Inlet Pressure 0.6 to 0.8 psia

AIRESEARCH MANUFACTURING COMPANY 72-8901, ReV . I
Torrance Cahlofnia "
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The water production rate for the first cycle was 0.51 Ib/hr at a phase

separator speed of 1020 rpm. The separator was designed to operate at 2200 rpm,

but during system checkout, separator speeds above 1125 rpm caused fluctuations

in brine outlet pressure (Pt) and brine return pressure (P2), indicating some

disturbance around the pitot tube. Higher separator speeds produced a "rooster tai l "

effect on the pitot tube which could cause excessive turbulence w i t h i n the separ-

ator bowl, which, in turn, would result in brine carryover into the vapor loop.

The product water from the first cycle had a m i l d musty odor. After the

water was left in an open container for about 15 minutes, the odor was gone.

Apparently, the odor was caused by a reaction of the stored urine with the

Chemtric urine pretreatment solution; the same odor occurred when this solution

was mixed with deionized water and then heated. The specified dose of the

additive, 1.3 percent by weight of urine, was used i n i t i a l l y and then reduced

to 0.78 percent on the fourth day of testing. On the fifth day, the product

water had a slightly milder odor. The percent of additive was reduced to 0.65

percent and then further reduced until none was added.

On 2 November 1972, after brine loop AT (T2-TI) dropped to 2°F, the flash

valve was opened to allow a higher brine flowrate. It was also noted that the

separator speed had decreased to 960 rpm. The motor control was adjusted to

1125 rpm, after which the brine in the loop was dumped manually to abort the

cycle.

On 3 November 1972, after the system had operated for 317 hours, compres-

sor speed dropped suddenly and became unstable. Power required to run the

compressor increased markedly. The laboratory motor used to drive the compres-

sor was shut off after becoming noisy. The motor was repaired by replacing the

bearing (magnetic end). Gas cooling for the bearing was also provided. An

analysis of the bearing removed from the motor is given in Figure 3-34.

The system was put back in operation after seven hours of compressor down

time. After the system operated for five hours, a noticeable increase in

brine loop AP (PI-P2) occurred. The urine brine was dumped and the loop was

flushed with water. The system was back in operation after one hour of down time.

By 0900 hours on 6 November 1972, the system had operated continuously

for 387 hours and was producing water at an average rate of 0.58 Ib/hr. Meter

readings showed that the compressor and separator had been operating for 498

hours and 698 hours, respectively.
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Figure 3-34. Motor Bearing Ana lys is
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The brine loopAP again increased noticeably on 8 November 1972. After

removing the brine, the loop was flushed with water and nitrogen gas to clean

out the solids buildup.

Measurement of brine density on 10 November 1972 showed that the solids

concentration at brine dump had reached 61 percent, as compared with the design

point of 50 percent. The density sensor calibration was checked and control

settings were readjusted in an attempt to establish the desired 50-percent

brine dump level. Product water on II November 1972 had an ammonia odor.

On 12 November 1972, the pyrolysis reactor heat controller malfunctioned.

The heater was shut off and temperature dropped from 850° to 400°F before the

control could be reset. Product water odor on that day and the next day

was not as strong as that noted on I I November, but was somewhat stronger

than the previous musty odor. By 0900 hours on 13 November 1972, the

system had run for 561 hours, with an average water production rate of

0.58 Ib/hr.

Product water samples were taken on 23 and 25 October and on 3, 8, 16,

and 19 November for NASA chemical analysis. Results of the analyses for these

samples and for the separator overboard water sample taken at the end of the

30-day test are shown on Table 3-3. For the first 20 days of test, the ammonia

content was within acceptable limits. During the remaining 10 days, the ammonia

content was excessive, indicating that the pyrolysis reactor was no longer

effective.

On 16 November 1972, urine would not feed into the separator. After

removing a small solids deposit from the fitting on the urine feed line at

the brine loop, urine feed into the separator was resumed.

The 30-day urine test was completed on 20 November 1972 after the system

had been in operation for 720 hours. Compressor and separator system test

run times were 727.4 hours and 722 hours, respectively.

Before the test setup was dismantled, trouble shooting was conducted, us ing

a laboratory-type condenser attached to the pyrolysis reactor outlet, to deter-

mine the cause of the high ammonia content in the product water. The same

amount of ammonia was found in the product water as in the separator overboard

water, which did not pass through the pyrolysis reactor. This comparison

proved that the high ammonia content in the product water was caused by failure

of the pyrolysis reactor.
72-8901, Rev. I
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TABLE 3-3

NASA WATER ANALYSIS DURING 30-DAY TEST

Sample Identification: product Water from Urine Water Recovery System

Sou rce:Ai Research

ANALYSIS

pH

Resistivity (Megohm-
cm at 25 deg C)

Total Solids, ppm

Organic Carbon, ppm

Inorganic Carbon, ppm

Cadmium as Cd, ppm

Chromium as Cr , ppr

Copper as Cu, ppm

Iron as Fe, ppm

Lead as Pb, ppm

Magnesium as Mg, ppm

Manganese as Mn, ppm

Mercury as Hg, ppm

Nickel as Ni, ppm

Potassium as K, ppm

Silver as Ag, ppm

Sodium as Na, ppm

Zinc as Zn, ppm

Ammonia as N, ppm

Flouride as F", ppm

Nitrate as NOs", ppm

Sulfate as SO^, ppm

ilorides as Cl~, ppm

Nc
Date

Hour1

LIMIT

6-8

.Ref.
on ly

500

100

Ref.
only

0.01

i 0.05

1 .00

0.3

0.05

Ref.
only

0.05

1 .005

0.05
Ret.
only

0.05
Ref.
only

5.0

3.0

2.0

TBD

450

450

1172-1

IO-?3-7?
63

1 172-2
IO-?5-7?
1 1 1

1 17?- 10

1 I--*-??
327

ANALYSIS

6.4.9

0.02

94.5

38.0

8.5

0.03

<0.005

<0.05

<0.2

<0.5

1 .1

<0.05

--

<0.5

0.35

<0.05

7.6

<O.OI

3.0

0.14

<0.05

7.0

--

6.71

0.025

56.5

36.0

6.0

0.08

O.005

<0.05

<0.2

<0.5

0.075

<0.05

—

<0.5

0.40

<0.05

3.3

<O.OI

3.0

0.18

<0.05

8.4

. --

7.13

0.015

50.5

42.0

16.5

SO. 01

O.005

<0.05

<0.2

<0.5

<O.OI

<0.05

— •

<0.5

0.40

O.05

2.2

<O.OI

2.5

<0.05

—

12

—

I27?--";
1 1 -R.79

450
RESULTS

7.07

<O.OI

74.0

23.0

40.0

SO. 01

—

<0.5

<0.2

<0.5

<O.OI

<0.05

—

<0.5

0.40

<0.05

2.6

0.03

3.0

0.30 '

—

—

—

]?T)-L

1 1 _ IA_-70

639

9.03

<O.OI

1 13.7

100

525

SO. 01

—

0.08

<0.2

<0.5

<O.OI

<0.05

—

<0.5

0.50

0.20

5.9

0.03

480

0.15

—

—

--

177?-^

1 1-19-7?
71 1

9 .17

O.OI

82.6

125

1 100

SO. 01

—

0.08

<0.2

<0.5

<O.OI

<0.05

—

<0.05

0.75

0.10

2.6

0.08

1325

0.35

—

—

«

SEPARAT
OVERBO
WATER
SAMPLE

5.94 •

--

--

500

1150

—

--

--

—

--

—

—

—

--

—

--

--

--

650

~

--

--

1600
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Post-Test Examination and Analysis

After the 30-day run was completed, the breadboard system was dismantled

for inspection. All major components were disassembled and carefully examined

for evidence of damage or deterioration such as corrosion and wear and for the

presence of solids deposits or entrapped brine. Observations made during this

post-test examination are discussed below.

I. Phase Separator

The disassembled phase separator is shown in Figure 3-35. Detail parts

are shown in Figures 3-36 through 3-42. Upon disassembly, approximately 10 cc

of urine brine was found on the bottom plate of the outer bowl; no brine was

found on the outside of the inner bowl. The magnetic coupling cover was moist

and smelled of urine.

The presence of urine on the bottom plate of the outer bowl appeared to be

an indication that misting or foaming (or both) occurring in the inner bowl during

the test. In all probability, the antifoam used in the urine pretreatment solu-

tion was not transported to the brine loop in sufficient quantities to reduce

foaming. Tests have indicated that this antifoam does not remain in solution

at room temperature. Other antifoams are available that w i l l remain in solu-

tion and, therefore, w i l l be more effective as a foam inhibitor in the separator

than the antifoam used during the test.

A buildup of salt deposits was observed on all internal parts of the unit.

The largest buildup was found on the inner periphery of the rotating bowl,

above the pitot brine pickup point (see Figure 3-36). The inside of the pitot

tube outlet, shown in Figure 3-37, also had a buildup; however, no salt deposit

was found in the pitot brine pickup (see Figure 3-38). The upper part of the

rotating bowl had salt deposits caked on the outside of the spool (see Figure

3-39). No evidence of salt was found inside the spool.

Examination of the two separator bearings after 868.5 hours of operation

showed that the top bearing was in excellent condition and the bottom bearing

had some superficial corrosion pitting, both externally and internally. Further

details are described in the bearing analysis, Figure 3-43.
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0-RING SEAL

72374-37

Figure 3-36. Lower Half of Bowl—Phase Separator

AIRESEARCH MANUFACTURING COMPANY
Torrance. California 72-8901

Page 3-51



BRINE SOLIDS DEPOSI

BRINE OUTLET PORT

Figure 3-37. Separator Brine Outlet Tube
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72374-1

Figure 3-38. Separator Brine Pitot Tube
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,

,72374-3

Figure 3-39. Phase Separator Brine Inlet Tube
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INNER BOWL
LOWER SECTION

INNER BOWL
UPPER SECTION

BRINE OUTLET PORT

PITOT
PICKUP

•BRINE RETURN PORT

Figure 3-40. Phase Separator Inner Bowl--Disassembled

72374-19
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INNER PORTION
OF SPOOL

Figure 3-41. Phase Separator Inner Bowl Spool

72374-42
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72374-16

Figure 3-42. Separator Driven (inner) Magnet
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OPERATING DATA
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Figure 3-43. Separator Bearing Analysis
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2. Vapor Compressor

No evidence of wear or corrosion was found on any of the compressor

components. Seme urine brine deposits were observed on the first stage housing

channel, as shown in Figure 3-44, indicating that some urine was present in

the vapor loop. Other parts of the compressor were in excellent condition
(see Figure 3-45).

Examination of the two compressor bearings after 909.5 hours of operation

showed that both bearings were in good condition, but that the lubricant had

deteriorated somewhat. Further details are described in the bearing analysis,

Figure 3-46.

3. Pyrolysis Reactor

The pyrolysis reactor was disassembled for inspection by cutting off both

ends of the welded case. The disassembled reactor is shown on Figure 3-47.

Photographs of the catalyst bed and screens are shown on Figures 3-48 through

3-50.

Visual examination of the catalyst bed showed that all plating was gone

from the screen discs at the vapor inlet (hot) side. Surfaces of the exposed

stainless wire appeared to have undergone high temperature oxidation. The

rhodium plating on the screen discs at the vapor exhaust (cold) side was

intact.

Spectographic analysis of the inlet screen discs showed them to be covered

with a black deposit, which was largely copper and rhodium. Some nickel also

was present.

Microscopic examination of the discs at various locations in the stack

showed severe oxidation on the vapor inlet side, and progressively less oxida-

tion toward the exhaust side. The last disc in the stack appeared to be in

good condition, but was coated with an organic residue that analysis showed to

be oxides of rhodium and copper from the inlet side discs.
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COMPRESSOR EXHAUST PQR.1

SECOND STAGE-BUCKETS

72374-21

Figure 3-45. Vortex Compressor

AIRESEARCH MANUFACTURING COMPANY
Torrgnce Caliiorn.a

72-8901
Page 3-61



OPERATING DATA

HOURS

3.QOOO

B E A R I N G R E P O R T l*72l'2OX-

U N I T

P/N

S/N

B E A R I N G

DIST.

R.O. -ZAOO-250132.- 20 -O

NO. I M A G N E T B E A R I N G

I N K E R R I N G

U6HT L-OAU TRACK

SfTlALL

S P A R A T O R

FAINT

RUB SPOTS,

O.K.
BALLS

o

OUTER R I N G

UCHT LOAt> TRACK.

HO. II OUTER B E A R I N G

I N N E R R I N G SEPARATOR

Ob

POCKET ^Ufe SPOTS.

BALLS

O.K.

OUTER RING

LI6HT LOAD TRACK

CONCLUSIONS:'
THE HAb NO

C O N O I T . I O N

BALANCE

LMOS

A L I G N M E N T
LUB^ ICATICf i

i i O N . . _
THE BEARiNC RlMC ', BAL.L AN-b SEPARA

TOR SURFACES ARE IN COO& CO«V £>IT/0 A/. THE
NO NOTICEABLE WEAPi OR 2>ISC0i-0}?AT-'<?A/

oVei? HALF THE CREASE IU EACH
MAS TURWE& BROWN AlOt> ITS CONSi^TEWCy

TMAAJ TWAT OF /OEW/ CREASe. IT I'.
FEUT THAT THE WALF LIFE OF CREASE KA£,

PEACHED ANd -THE.
HOURS

/3-^f -72.
DATE

ARE.
Llf=E.

B E A R I N G C O Q P . 0 1 N A 7 0 R

Figure 3-46. Compressor Bearing Analysis
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RHODIUM CATALYST
PRESENT--COVERED
WITH SALT DEPOSITS

VAPOR
EXHAUST
END-*-

RHODIUM CATALYST
GONE

RHODIUM-PLATED
SCREENS

SPACER SCREENS

SCREEN
SUPPORT
ROD-

VAPOR FLOW DIRECTION

Figure 3-48. Catalyst Bed
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SCREEN SUPPORT ROD-

CATALYTIC SCREENS
VAPOR INLET END

Figure 3-49. Inlet End of Catalyst Bed

72374-15
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SCREEN SUPPORT ROD
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Figure 3-50. Outlet End of Catalyst Bed
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The probable cause of the rhodium plating breakdown was the use of stain-

less steel as a base material. Before plating, the stainless steel base was

etched to remove the oxide coating formed by passivation. It then was plated

with copper and nickel before the rhodium plating was applied.

In operation, the catalyst bed was exposed to heat, water vapor, and

ammonia in an oxygen deficient atmosphere. In the absence of sufficient oxygen

to form its own protective coating, the stainless steel wire suffered extensive

high-temperature oxidation, which resulted in flaking of the rhodium plating.

New materials being considered for the catalyst bed are discussed later

in this report, when recommendations are given for additional areas of inves-

tigation based on results of this contractual effort.

4. Heater-Condenser

Examination of heater-condenser parts after disassembly showed that those

parts exposed to vapor (see Figure 3-51) were in good condition. No signs of

corrosion could be found in the weld areas where the brine and vapor tubes

penetrated the housing. As shown on Figures 3-52 through 3-57, salt deposits

appeared in all brine loop lines and fittings.

The porous metal "air trap' plates located in the center of the circular

plate (see Figure 3-58) appeared to be in good condition. One of the plates

was placed in a test fixture and submerged in d i s t i l l e d water. With nitrogen

gas at 0.8 psig applied to the inlet side, flow through the plate was 0.636

Ib/hr, indicating that performance degradation had occurred. The internal

portions of the condenser were swabbed for microbiological analysis, the

results of which are presented in an appendix to this report. Rhodium and

copper powders from the catalyst bed of the pyrolysis reactor were found on

the first glass-fiber pad of the condenser.

5. Cyclic Accumulator

Examination of working parts of the cyclic accumulator after disassembly

showed no signs of corrosion or wear. The internal surfaces of the unit after

test are shown on Figure 3-59. These surfaces were swabbed for microbiological

analysis, the results of which are presented in the appendix to this report.
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POROUS METAL
"AIRTRAP" PLATFS

72374-23

Figure 3-51. Condenser—Disassembled
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72374-24

Figure 3-52. Condenser
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BRINE SOLIDS DEPOSIT

91*' " " • • " «,'••- J6».-%»̂ *w ,-.̂*'̂M

Figure 3-54. Condenser Brine Loop Inlet Fitting
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72374-27

Figure 3-55. Flash Valve Outlet Port

AIRESEARCH MANUFACTURING COMPANY
Torrance. Califom-a 72-8901

Page 3-72



00
CM

I
sj
r-
K~!
CM

u
0)
4-1
1/1
3

c
TO

CU

-C
U1
(TJ

0)

CD

m
i

K)

3
01

AIRESEARCH MANUFACTURING COMPANY
Torrance. California 72-8901

Page 3-73



72374-29

Figure 3-57. Separator Interface Adaptor
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72374-30

Figure 3-58. Flash Valve Inlet Port
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Figure 3-59. Cyc l ic Accumulator—Disassembled

72374-36
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CONCLUSIONS AND RECOMMENDATIONS

Results of the 30-day IWRS breadboard test demonstrated that 96.4 percent

of the water available in the processed urine could be recovered and that

clear, sterile water could be produced. Breadboard hardware deficiencies

were similar to those encountered when the same components were used during

previous system tests.

Brine loop performance was below expectations because of salt buildup

inside the heater condenser brine tube. A major improvement in brine loop

performance can be made by installing a small l i q u i d pump in the loop to obtain

higher brine flow rates and thus reduce salt buildup. Characteristics inherent

in the design necessitated operating the phase separator at rotational speeds

considerably lower than required to obtain suitable brine loop flow rates.

Although phase separation of brine and vapor was more effective than in pre-

vious tests, some brine carryover did occur, which could have been caused by

misting or foaming (or both) in the separator inner bowl. Investigation has

indicated that foaming can be effectively prevented by adding an organo-

modified antifoam, such as Union Carbide L-7001, to the urine feed tank. At

temperatures below 31.5C (88.7°F), this antifoam w i l l stay in solution with

the urine and, therefore, can be transported from the feed tank to the separa-

tor bowl. In contrast, most of the antifoam used in the pretreatment solution

for the current series of tests probably remained on the surface of the urine

in the feed tank.

The corrosion problem with the lower bearing of the separator can be

eliminated by using a preloaded, 440-C precision bearing. The same corrosion-

resistant steel was used for the vapor compressor bearings, which were found

to be in good condition after 1000 hr of operation and were capable of 1000

hr more life. Such bearings are long-lead time items, obtained on special

order, and, as such, were not available for use in time for the 30-day test.
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Vapor loop performance was below expected goals. New porous plate air

trap assemblies are needed in the heatei—condenser to obtain higher water

production rates. Degradation of the pyrolysis reactor was noted as the test

progressed, as evidenced by the excessive ammonia content found in the product

water during the last 10 days of test.

An extensive study program is needed to optimize the design of the pyrolysis

reactor. In view of the breakdown of the stainless steel substrate in the

present design, testing of new catalyst substrates, such as platinum-rhodium

and gold, should be performed. Platinum-rhodium wire with 13 percent rhodium

is commercially available as a thermocouple wire.

The vapor compressor operated satisfactorily during the test. Examination

of the bearings after test indicated that the compressor was capable of operat-

ing an additional 1000 hours. Some bearing problems were encountered with the

laboratory motor used to drive the compressor. These problems can be resolved

by adequately cooling the magnetic-end bearing.

The fluid inventory control system functioned normally throughout the

test, but required periodic calibration of the brine level and density settings

to optimize IWRS performance. For more efficient operation during long-term

testing, it is recommended that adjustable temperature controllers be added to

the control system, as required to maintain an optimum thermal balance.
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INTERMEDIATE WATER RECOVERY SYSTEM
MICROBIOLOGICAL ANALYSIS

INTRODUCTION

The production of organoleptically acceptable water supplies from urine

aboard spacecraft requires a system designed to provide a microbiologically

free potable water supply. The purpose of this part of the test program was to

analyze the product water produced in the Intermediate Water Recovery System

for the presence of any contaminating microorganisms.

The following sections w i l l present the methodologies used to sample the

product water, urine feed, and brine; the results of the studies performed;

and the conclusions reached as to the current efficiency of the IWRS for

iproducing a potable sterile water supply.

METHODS

Col lection of Urine

Urine was obtained from among employees of AiResearch Manufacturing

Company. Urine was collected in five gallon polyethylene or polypropylene

containers and refrigerated until used. Individuals donating urine were

screened only on the bases of current urinary tract problems (infection) and

whether currently under antibiotic therapy. Donors answering in the affirma-

tive to either of these two questions were disqualified.

Since it was felt desirable to keep the growth of the microorganisms to

a minimum in the urine feed, treatment of the urine prior to use in the water

recovery system was carried out. The urine was treated with I.3-percent-by-

weight of a mixture of water (20 percent), Biopal (67 percent), antifoam (3.62

percent), and sulfuric acid (9.38 percent).

Sterilization of the Water Recovery System

Only the water recovery side of the system was sterilized; i.e., from the

pyrolytic reactor to the product water collection tank. Prior to the aborted

120-day test, sterilization was accomplished by passing live steam through the

system for a period of two to three hours. The product water collection tanks

were sterilized separately in the autoclave. For the 30-day test, the water

recovery side of the system was also sterilized in the autoclave.

AIRESEARCH MANUFACTURING COMPANY -,- QQr. ,
Tonance California ' £.~O7\J I

Page A-I



After sterilization was complete, water was aseptically collected in

sterile one-liter flasks and tested for sterility using Millipore filters as

described below.

Microbiological Analysis

1. Urine Feed

Urine was obtained from the urine feed tank for the purposes of quantita-

tion and identification of microorganisms present. Quantitation was performed

by making 10-fold dilutions of the urine feed in sterile water blanks, pipetting

1.0 ml of the desired dilution into a petri dish, and adding melted Trypic Soy

agar. All dilutions plated were done in duplicate and the counts averaged.

Incubation was at 35°C for 48 hours, at which time colony counts were made.

Urine was also inoculated onto blood agar, eosin-methylene blue agar and

Sabouraud dextrose agar. Microorganisms isolated on these media were identi-

fied using standard techniques.

2. Product Water

At each sampling period, two liters of water were obtained by syphoning

water out of the potable water storage tank into two one-1iter sterile flasks.

The water was then passed through 0.45u, mil l i p o r e filters (I liter water per

filter). The filters were then placed on Tryptic Soy agar; one plate was

incubated aerobically and the other anaerobically. An aerobiasis was obtained

using the BBL Gas Pak system. All plates were incubated for 72 hours at 35°C

and inspected for growth at 24 hours. When it was possible to obtain only one

liter of water, only the aerobic plate was done.

3. Identi fication

Identification of isolated microorganisms was performed using standard

techniques such as microscopic and colonial morphology, the use of differential

and selective media, biochemical tests, and, when necessary, serological

procedures.

AIRESEARCH MANUFACTURING COMPANY 79-OOn I
Torrance Calilorn.a '6 O»U I

Page A-2



4. Media

The medium used for quantitation was Trypic Soy agar. For isolation of

gram positive and negative bacteria (from urine and brine samples), phenylethyl

alcohol agar with 5.0 percent sheep blood added and eosin methylene blue were

used, respectively. Blood agar (Trypic Soy agar base with 5.0 percent sheep

blood) was used as a general medium. Mannitol salt agar was used for the

isolation of coagulase positive Staphylococci. For the isolation of fungi,

Sabouraud dextrose agar was used. Additional selective and/or differential

media were used when the occasion demanded it.

RESULTS

Due to mechanical problems encountered during the test program, the study

was divided into two parts; therefore, this part of the report discusses the

aborted 120-day test and the 30-day test separately.

The Aborted 120-Day Test

Due to constant mechanical problems and shutdown of the system it was not

possible to obtain consistent data. Table A-l shows the results obtained from

five samples of product water taken over a two-month period.

TABLE A-l

NUMBERS AND KINDS OF MICROORGANISMS
ISOLATED FROM PRODUCT WATER

Sample Date
No. Taken

1 4/27

2 4/28

3 5/6

4 5/18

5 6/10

Total
Aerobic

Per Liter

16

1

0

10

1. No attempt at identif ication
isolated on the anaerobic pi

2. TNTC = too numerous to count
3. ND = not done.

Total '
Anaerobic
Per Liter

0

5

0

1

10

was made on
ates.

Organi sms
Isolated

Fl avobacter ium,
Xanthcmonas

Xanthomonas

Fl avobacter ium,
Xanthomonas,
Pseudomonas sp.

ND3

any organism
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Water samples taken prior to the start of the program were sterile; the

last such sample taken was two days prior to the actual start of the test.

The data in Table A-l show relatively low counts of bacteria in the product,

with Flavobacterium and Xanthomonas being the predominant organisms isolated.

No fungi were isolated in any of the five water samples tested.

Four samples of urine feed were obtained during this period of time.

Total microbial counts were consistently low, showing less than 100 organisms

per ml of urine feed. The last sample of urine feed was taken at the same

time as product water sample number 5. The microbial counts in the urine feed

were greater than 10 organisms per ml. The organisms isolated from the urine

feed were those commonly expected in urine and consisted of the following:

Enterobacter aerogenes, Enterobacter 1iquifaciens, Escherichia coli, Proteus

m i r a b i l i s , P. vulgaris, P. rettegeri, Pseudomonas aeruginosa and Enterococci

(Group D Streptococci). No isolations of Flavobacterium, Xanthomonas or

species of Pseudomonas other than aeruginosa were made. Among the fungi, only

Candida albicans was isolated.

Two brine samples were obtained, both samples containing approximately

30 percent solids. Total counts on both samples were greater than 10 organisms

per ml brine. Identification of organisms isolated from the brine showed the

first brine sample to contain only Enterococci; the second brine sample con-

tained P. vulgaris, P. mirabilis, and P. rettgeri. No fungi were isolated.

The 30-Day Test

During this phase of testing, six samples of product water and one sample

of brine concentrate were obtained. Results of the microbiological analysis

of the product water are given in Table A-2.
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TABLE A-2

NUMBERS AND KINDS OF ORGANISMS ISOLATED FROM
PRODUCT WATER DURING THE 30-DAY TEST

Sample
No.

1

2

3

4

5

6

Date
Taken

10/23

10/30

1 1/4

1 1/15

1 1/15

1 1/19

Site

Tank

Tank

Tank

Cycl ic
Accumul ator

Cycl ic
Accumulator

Cycl ic
Accumul ator

Total
Aerobic

Per Liter

28 4

0

TNTC2'4

84

254

0

Total '
Anaerobi c
Per Liter

24

0

NO3

ND

ND

ND

Organi sms
Isolated

Flavobacter ium,
Xanthomonas

ND

ND

Fl avobacterium,
Pseudcmonas sp.

1. No attempt at identification was made on any organism isolated on the
anaerobic plates.

2. TNTC = too numerous to count. Attempts to pull this sample of water
through the filter were unsuccessful as only about 150 ml of water would
pull through before the filter clogged. Thus, four filters were used
for a total sample of approximately 600 ml. Each filter was TNTC. See
text below.

3. ND = not done.
4. Presence of microorganisms was due to contamination on the sampling valve.

Product water sample number 3 (Table A-2), when taken, appeared somewhat

turbid. Upon filtration, only about 150 ml of water pulled through the filter,

at which time the filter clogged. Microscopic examination of a filter showed

the filter to be clogged with cotton fibers and a gelatinous type of material.

The presence of these contaminants in the product water cannot be explained;

however, due to the large numbers of microorganisms present, it was felt that

some individual inadvertently contaminated the holding tank. It was therefore

decided to collect product water directly from the cyclic accumulator. Samples

4, 5, and 6 were all collected from the cyclic accumulator. As shown in Table

A-2, samples 4 and 5 contained low numbers of bacteria subsequently identified

as members of the genera Flavobacterium and Pseudomonas. Since it was possible
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that the lines hooked up to the cyclic accumulator and the tip of the collec-

tion system might be contaminated, it was decided to first drain about 50 ml

of water prior to collection of the water sample. This procedure yielded a

sterile water sample (sample number 6).

After completion of the 30-day run, both the cyclic accumulator and the

condenser were sampled directly for the presence of microorganisms. Water

s t i l l remaining in the cyclic accumulator was sampled and found sterile. The

condenser was taken apart and sampled with sterile prewetted cotton swabs.

All such samples were found to be sterile when sterility tested in Thio-

glycollate medium.

One brine sample was obtained. The solids content was at 55 percent. No

microorganisms were isolated.

CONCLUSIONS

Although microorganisms were isolated from the product water on numerous

occasions, the organisms isolated (members of the genera Flavobacterium,

Xanthcmonas and Pseudomonas) indicate external contamination rather than an

i n a b i l i t y of the system to produce sterile water. Identification of bacteria

isolated from the urine feed and brine did not reveal any of the above organisms

isolated from the product water. Although such organisms may occasionally be

found in urine and have, in rare instances, been implicated in urinary tract

infections, their absence in the urine feed and brine concentrate and their

continued isolation from the product water suggests contamination of the

delivery system downstream of the reactor. These non-fermentative gram nega-

tive rods isolated from the product water are commonly found in water and soil

and are frequently found in sink traps and rubber hoses attached to faucets

and from a wide variety of sources in the human. Their presence in the product

water was probably due to contamination of the stainless steel tubing used to

siphon of the water, as well as the tip of the delivery system used to obtain

the water sample. When water was first drained prior to obtaining a water

sample, the water was found to be sterile.
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The two instances where large numbers of organisms were found in the

potable water supply (sample number 5, Table A-l; sample number 3, Table A-2)

can be accounted for. In the first instance, the pyrolytic reactor had broken

down and the system as a whole was malfunctioning, allowing microorganisms to

gain entry to the delivery side of the system. In the second case, the finding

of cotton fibers in the product water indicated some inadvertent mishandling

of the potable water storage tank.

The contamination of the siphon tubing and delivery tip was probably due

to constant manipulation to obtain water samples for chemical anslysis or to

bleed off excess water. Greater care could have been taken ,to avoid contami-

nating these surfaces.

The culturing of the cyclic accumulator and the condenser after comple-

tion of the 30-day test showed no organisms to be present in either of these

component parts, thus indicating a sterile water supply being produced by the

vacuum distillation process.

Brine concentrate samples containing 30-percent solids were heavily

contaminated with bacteria; however, the brine sample with a solids content

of 55 percent was sterile, even after dilution. Bacteria do not grow well

at low levels of water activity, a situation which would be true of both the

30 and 55 percent samples. In the latter, it is possible that the accumulation

of toxic products exerted a bactericidal effect.
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