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SECTION I 
S U M M A R Y  

I -  The Hydro- John Waste Management System features psychological acceptability through 
unique and effective cleanliness and sanitation procedures. Manual manipulation of waste 
material or manual contact with the cleansing media is unnecessary with the Hydro-John 
concept, an advantage in zero gravity operations. The semi-automatic system is clean, 
simple to use, and is self-cleansing and sanitizing. It performs all the major functions 
required of a complete waste management system, i. e., collection and storage of human 
excrement and recovery of potable water, under conditions of both weightlessness and 
normal gravity. 

The engineering prototype w a s  evolved in several stages of development. Initially methods 
of fecal transportation and collection, i. e., slinger, augers and blenders, were tested 
with the pump-blender emerging as the superior method. An operatianal breadboard was  
then developed and tested and was the basis for the design of the fecal transportation 
element of the prototype system. Concurrently, laboratory tes ts  of disinfectants, water 
potability, ammonia control, bacterial control, and flush water contamination were 
conducted. 
were combined to form the foundation for design of the engineering prototype system. 

The engineering prototype provides an effective and sanitary waste management system 
for a 4 nian crew for a 14 day period. Also sufficient potable water is recovered from the 
! ; !o$cal wastes to equal the urine input to the system, thus contributing to a closed life 
suppor t system. Cabin atmospheric gas flows are used to aid the transportation of 
meraimiit ivasres {soiiris aiid liquids) z i i  for  d ry i rg  t!!e c ! ~ a ~ e ( !  areas nf the m y ,  

Special contamer configurations are utilized to provide liquid positioning in zero gravity. 

The test results along with previous waste management design experience 

1- 1/ 1-2 



SECTION II 

S Y S T E M  DESCRIPTION , 

1.0 Introduction 

Y 

V 

For future manned space flights, trade-offs of open versus  closed o r  partially closed life 
support systems should result in a lower total vehicle weight and power requirement. 
Ideally for extended missions, most of man's waste products, e,g., urine, wash water, 
perspiration and respiration water, carbon dioxide, feces, refuse, etc., will be processed 
to extract usable products. 

The Hydro-John concept makes a significant contribution to closed life support systems by 
providing for the reclamation of potable water from biological wastes and by providing an 
effective and sanitary waste management system. The system can be fully integrated 
with the man-vehicle complex, it has high crew acceptance and i t  provides effective 
sanitation. Specifically, the excreta is retained during the functional procedure, the body 
a rea  is cleansed, the collection and transport equipments are cleansed and sanitized, 
and solid waste residue is treated and stored. The above is accomplished in a semi- 
automatic mode of operanon. 

The engineering prototype system developed under contract NAS 9-1301 was designed with 
zero  gravity operational features. However, the still-pot w a s  designed for visual 
monitoring 
model since non-wettable surfaces could not be fully provided. Other performance factors 
w e ! .  rt-)t compromised. The prototype design was not optimized since the component 
par t s  a - c  ;1 c'ditly oversize and overweight. 

Figure 2- 1 i!lustrates the completed prototype. 

2.0 Basic Concept 

The basic Hydro-John concept is shown in the flow diagram Of Figure 2-2. The feces 
en ters  the hopper and is carried by air flow (for zero gravity operation) through a transport 
tube to the pump-blender section. On command, the rectal area is cleansed with warmed 
flush water and dried with warmed air. The flush water (along with urine) mixes with the 
feces in the pump-blender. The resulting slurry is pumped into a still-pot. The water in 
the still-pot is boiled at  reduced pressure and temperature; waste heat from the environ- 
mental control system provides the required evaporative heat. A space vacuum port vents 
non-condensables to provide pressure control. The resulting water vapor flow is divided 
SO that me majority is condensed and filtered through activated charcoal for reuse as 
flush water. The smaller portion of the vapor is heated to approximately 1800°F and 
passed through a platinum catalyst in the presence of a small amount of oxygen. The water 
impurities are thereby oxidized. The water vapor is then condensed to yield potable water. 

'Thus the zero gravity design was somewhat compromised in this laboratory 

- 1  

The prototype Hydro-John system is designed to collect, transport, process and store the 

waste excreta and urine from 4 nien during a 14 day simulated space vehicle mission. Also, 

L- 1 



Figure 2- 1. Hydxo-John System Prototvpe 
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1)lende;- whi!c t h e  pk,iip-bicnder is rotsted A I I  1 I ~ y - t r b t  (??cx-puzrqing) direction. 

4.2.  2 The reic-rscd pump-!,lend:-r .illc?ws little ci thc l q J i d  to escape to the stil 
thus aiding in tbc feces and liquid Meding  proveh?. 

4.2.3 The stiii-pot is also optmxi to the pumpblender at this time. 

4.2.4 After about !: second., cJf rc'i'ersi. 'olendirtg, the pump-Idendcr is reverted 
normal pumping rotation, m d  the stil!-pot receives the slurry mixture, 

the system is designed to reclaim approximately 12 pounds of potable water per  day from 
the biological waste. 
in the process as shown by the calculations in Table 3-1. 
performance parameters shown in Table 2- 1. 

The system will theoretically recover 99.6% of the water involved 
The system is designed to the 

4.0 Major System Functions 

Major functions provided by the prototype Hydro-John system a r e  described below. 
Reference to the system schematic, F igwe 2-3, will be helpful in following the discussion. 

4. 1 Feces and Urine Collection and Transfer 

The feces is excreted while the man is seated on the hopper. A flow of atmospheric gas 
is used to C Y N I V E ~  the feces through the transport tube to the pump-blender during zero . 

gravltv conditions. 
For i:licturitioi!. the urinal seals around the penis; a flow of cabin air along with the 
iiiiiki! Iiquia velocity conveys the urine to the urine reservoir. At ground check-out, 
gr;t-:i+y is the i~i'€?dOIlliLlTlt transport forve, the air  flow essentially cuntrol!ii?g odors and 
d:y;:ii, i i i lec ter i  hxiy areas. Since there will he at  least 2 to 3 urinations between each 
cl?fe.,dtion, u r i x  i F  stored in the urine reservoir until  a defecation occurs. It is then 
p u i ~ p i  -1 into t ! ; ~  punip-blender seLLtion to aid in the feeal-liquid blending pr0ces.s. This 
d~: ; lp  dl.-.o sl1evi.iie.i t3c ilecd of shutting dowi, i .  e., pressurizing the still-pot at each 
uriri=it :!>ri :LIA tv2l:Jatinr !.o !-e.;u::-.6* ioiling, with  a consequen: saving of vehicle atmosphere. 

4. - , ,  ~xt . !  1.riiie Xliving 3 u i  Storage 

This flow of a i r  also prevents release of odors into the vehicle cabin-. 

-pot, 

o the 

4.2.  5 Simultaneously with opeIration of 3:e p m p -  Idmder ,  tAight jets or flush water spray 
and cleanse the rectal area,  uliile two jets tangential tc, the cmnspmt tube cleanse the 
tube walls .  Approxiniately t w  :i ters of f l u s h  x i r e r  are used. 

4.2.6 A f t e r  an additional 15 ser_onds, the cleaiise and pump cycles stop and the still-pot 
i s  ciosea. 

4, 2.7 The urinal rinse p u s h  isittori su:itch is then  actuated, while the urinal is still 
attached, cleansi91c the penis and uriiia' with flush water. 
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Consequently, all the feces is blended with f i rs t  urine and then flush water and is pumped 
to the still-pot. The rectal  area, penis, urinal, transport tube, and pump-blender are 
cleansed with flush water. This process leaves the man and the system clean and 
sanitary; the man does not use to'ilet tissue. The subject remains seated until the warmed 
air flow dr ies  the rectal area,  a t  which time the man rises (removing the urinal), dons 
his  clothing, and resumes his duties. 

4.3 Flush Water Recovery 

Between each defecation, the s lurry in the still-pot is subjected to a low pressure by 
venting non-condensables and a small amount of water vapor to space vacuum. The water 
content is evaporated from the slurry, by the addition of waste heat from a heating coil, 
thus leaving the solid residue in the still-pot. The water vapor flow from the still-pot is 
divided such that 1.5 pounds of water vapor pe r  hour is diverted to the flush water 
condenser and 0.5 pounds per  hour is diverted to the potable water recovery portion of 
the system, i. e.,  pyrolysis unit and condenser. No pumps are requires to convey the 
water vapor from the still-pot to the ccndensers. The still-pot evaporates the water at  
approximately 120°F and 1.69 psia while the condensers operate a t  approximately 60°F 
and 0.26 psia. This pressure differential between the still-pot and condensers is 
sufficient to overcome the flow frictional losses for the given mass  transfer,  thuscausing 
the vapor to flow from still-pot to condensers. 

I 

The f lush  water condenser is also used as the flush water reservoir. Consequently, 
- .ter is pumped from the reservoir as required for the defecation and brimtion flush 
r : ,& ; c A s  the f lush water is pumped from the reservoir,  it is passed through an acti- 

provide xn acccpbhle rectal cleansing spray. A small quantity of ammonia (generated 
in the still-pot) is dissolved in the flush water. Initially a maximum concentration of 
under 5000 ppm was deemed a reasonable ammonia concentration. This amount of dis- 
solved ammonia was sbfficient for disinfecting purposes. Thus, a separate disinfectant 
supply was not required; since the system was self-sterilizing. However, later tests 
indicated that some skin irritation was encountered from this ammonia concentration. 
Subsequently a chemical reagent (Cu SO4) was added which successfully controlled the 
ammonia concentration and bacterial growth. 

~ a i e j  chA,c,J-ii i:iirL - -  L z - L  -------- --*---;- rrrlnrc. Q n A  -~1mrrnarl hi7 2 heatinu poi1 to 
-.J ------ --- \ \ 1 1 l C I 1  I C l I 1 U V C : J  W A g a l l l L  uUu10 U..U a~ V . U - L ~ - - -  

4.4  Potable Water Recovery 

The pyrolysis unit heats part  of the water vapor from the still-pot to approximately 1800°F 
in the presence of a platinum caglyst. This action promotes the oxidation of water vapor 
impurities. The oxidized impurities are only slightly water soluble and condensable at 
the temperature and pressure of the condenser. Consequently, most of the impurities 
are removed from the system by the condenser vacwm vent leaving only potable Water 
in the condenser, An air bleed in the still-pot adds approximately 90 standard cubic 
centimeters of air per minute to the water vapor flow. T h i s  small  bleed provides the 
required oxygen for deconiposition of the water impurities. 

2-7 ' 
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The potable water is removed from the condenser by a timed pump cycle. The water 
outlet is connected to the potable water storage reservoir of the simulated vehicle. 

5.0 System/Vehicle Integration 

The system is integrated into a simulated space vehicle such that several  Hydro-John 
System functions rely on vehicle equipment (see Figure 2-3). This reliance on vehicle 
integration will permit a minimal power, weight and size for a flight optimized Hydro- 
John System. Thus the vehicle liquid heat transport medium, pa r t  of the environmental 
control system, is used to provide: 

1. 

2. 

3. 

A heat source to the still-pot to evaporate the water from the fecal slurry. 

A heat source to warm the flush water and the rectal drying air flow. 

A heat sink to condense both the potable water and flush water. 

The vehicle environmental control system also provides a suction for cabiii air flow to 
transport the feces stool, urine, and flush water in a zero gravity environment. The 
vehicle environmental control system air filter is used to prevent odors from entering the 
cabin atmosphere. 

I 

2-8 
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SECTION 111 

S U B S Y S T E M  DESCRIPTION 

1.0 Hopper 

1.1 Seat 

The hopper sezt is designed to index the subject over the fecal transport tube opening, 
separate the gluteal fold, and provide a seal between the seat and the subject. See Figure 
2-1. The initial form of the seat was cast  in plaster from the rectal area of an 80th 
percentile subject. This cast was then used as the seat for a laboratory breadboard unit 
which w a s  successfully used by men in the 5th to 90th percentile size range. See Figure 
3- 1. 

The hopper seat is formed from fiberglas with a white gel coat surface to prevent any 
possible skin irritation from the fiberglas. Finally, several coats of white lacquer paint 
were sprayed on the seat surface. 

1.2 A i r  Heater 

The air heater consists of three spine finned aluminum heat exchanger tubes mounted in 
a fiberglas duct molded beneath the seat. See Figure 3-2, When the seated subject seals 
the transport tube opening, cabin air is drawn through the heat exchanger where the air 
is warmed by the space vehicle liquid heat transport loop. The warmed air enters the 
seat transport tube through eight small holes in the tube. See Figures 3-1 and 3-3. The air 
+ ~ . ' P s  xre angled so that all the air streams impinge on the rectal area and promote drying 

and feces trxisport. 

alter 51, clcmsing cycle. An air flow of 25 ft. 3 /min. appears adequate for rapid drying 
- 

1.3 An ultraviolet lamp is mounted in the hopper cover to provide an effective germicidal 
protection for the seat area. The 4 watt General Eiectric lamp generates a predominant 
wavelength of 2537 Angstroms. When the hopper cover is lifted, a hermetically sealed 
limit switch is activated and shuts off the germicidal lamp. 

1.4 Nozzles 

The water nozzles and the air indexing nozzles are incorporated in an annular Plexiglas 
section immediately below the seat. A common water manifold provides eight water jets 
which impinge on and cleanse the rectal area and two water jets tangential to the inner 
diameter to cleanse the transport tube. Also, a pressurized gas'manifold provides two 
gas  jets which impinge on the rectal area so that the subject may index htmself over the 
center of the transport tube. The gas pressure to the indexing jet is initially adjusted to 
a comfortable flow. 

2.0 Transport Tube 

The three inch internal diameter transport tube is a type 304 stainless steel flanged tube, 
coated internally with an approximately 0.001 inch thick layer of @ked Teflon. The 

3- 1 
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Figure 3- 1. Operational Labratory Breadboard 
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Teflon coat provides an essentially non-wettable surface which is easily cleaned by the 
water spray. A t  the base of the transport tube is a one inch diameter Teflon coated tube 
which is the outlet for the pump-blender section. See Figure 3-4. 

3.0 Pump-Blender 

The blender has four double edge blades, two blades sloping upward and two blades 
downward at approximately a 45 degree angle. See Figure 3-5. The blade edges are 
shaped so that as the blade cuts into the fecal solids, it also tends to pull the feces 
further into the blender. The blender blades are of type 304 stainless steel coated with 
approximately 0.001 inch t!ick baked Teflon iilm. 

The pump consists of four vertical blades which, when rotated, centrifugally pump- 
liquids. The rotor blades are of type 304 stainless steel coated with approximately 0.001 
inch thick baked Teflon film. The pump and blender a r e  mounted on a common shaft of 
type 304 stainless steel which is supported by two ball hearinzs. 

.A shaft seal isolates the bearings from the liquid being pumped. The bearirgr and seal 
are mounttfl i i ;  a plexiglas housing which also serves  as the base fcr the pun-p-blender. 
See Figure 3- . i  

I 

3. 1 A i r  Motor Drive 

The pump-blender is driven by a direct coupled air motor. The pump-blecdcr drive 
shaft is borcd to a “D” sfiape and the shaf t  oi the air motor is flattened and hse r t ed  into 
’.e pumpbiender shaft. Thus a direct couple is accomplished without the need for shaft 

k c  1 

! I (  ride:' sec.rll:::. 

. , - x i d  locking screws. The air motor is then mounted on the base of the pump- 
Th+? a i r  rrotor periorniance characteristicq Z I - P  g iven  in Figwe 3-6. 

This 1,s pocnd, Model lAhl, reversible air motor is manufactured by Gast Manufacturing 
Corp. and is equipped with an exhaust muffler. 

4.0 Urinal 

The urinal features an adjustable orifice and an internal water manifold with nozzles to 
cleanse the urinal and penis after micturition. See Figure 3-7. The urinal housing and 
water manifold are constructed of type 304 stainless steel and the removable cap and 
handles are constructed of anodized aluminum. Incorporated i n  each removable cap is a 
sliding seal to prevent water leakage, air vent holes to allow air to flow through the 
urinal (thus conveying the liquid in zero gravity), and a silicone rubber diaphragm. The 
diaphragm has a 3/4 inch diameter center hole which when stretched provides a larger 
hole over 1 1/2 inches in diameter. The diaphragm stretching action is accomplished by 
squeezing the handles which slide the cap over the urinal housing thus pulling and stretch- 
ing the diaphragm over the housing. See Figure 3-7 and Figure 3-8. Releasing the handle 
tension permits the diaphragm to gently seal round the penis. The urinal cap with 
diaphragm and seal a r e  removable so that each mm may have his cw:: d’,zph,ragm. ‘ Ikc 

flexible hoses are connected to the urinal; one provides a flow channel for the urine, 
flush water and air to the urine reservoir; the other line supplies the flush water to the 
urinal manifold. 
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5.0 Urine Rescrvoir 

The urine, urinal flush water and transport air from .the urinal enter through the top of the 
reservoir. The liquid adheres to the lower conical section of the reservoir while the air 
is separated and withdrawn from the top. See Figure 3-9. The reservoir has approximately 
250 cubic inch volume. In zero gravity environments, the liquid should conform to a 
minimum energy configuration in the conical section of the reservoir as shown in Figure 
3-10. The reservoir is constructed of type 304 stainless steel and is fabricated with a 
special furnace weld process. The base port of the reservoir is directly connected 'to a 
pump which removes the accuniulated liquid (urine and flush water) during the initial part  
of the defecation flush cycle. See Figure 3-9, 

5.1 Pump 

The gear type pump is constructed of Delrin plastic and a stainless steel shafts. This model 
3000 P N - 2  pump manufactured by The Planet Products Corp. was  modified with seals for 
internal vacuum service and a sprocket was niounted for chain drive. The pumps on the 

urine reservoir and fhish water condenser are interchangeable. The operational 
characteristics of the pum1- are given in Figufe 3-11, 

6.0 8-Way Valve 

The 8-way valve controls the fecal slurry l i w  to the still-pot, air flow through the still- 
pot, and water vapor flow from the still-pot. See Figure 3-12. The valve in the normal 
position permits the vapor from the still-pot to flow to the pyrolysis unit'and flush water 
c o  ::er. Also in this position the valve isolates the still-pot from the pump-blender 
dl:a 'D;J-p:ibst-s 2 ! c  a i r  f?c-.v frerr. the hopper. When the valve is activated during the f lush 
cycle, the valve oyer,s +o the pump-blender so that the fecal s lufry enters the still-pot. 
The activated valve also directs the air  flow into the still-pot and out through another 
port  in the 8-way valve, thus aiding the transportation of the s lurry into the still-pot. 
The gas-liquid phases are separated by wettable surfaces, a porous Teflon barrier and 
a heating coil which vaporizes the liquid water. At the same time, both the pyrolysis unit 
and flush water condenser are isolated from the still-pot by the activated valve. The 8- 
way valve has large orifice ports for minimum flow restriction. Construction is such that 
a vacuum tight seal is provided when each port is closed. 

The valve consists of a type 304.stainless s h e 1  gate which slides between Teflon seals. 
Each Teflon seal is pressed against the gate by an O-ring seal, See Figure 3-13. The 
valve housing is constructed of Plexiglas with a l d n e d  aluminum brackets. The gate 
is activated by a Model AV-R Tom Thumb piieumqic cylinder with a 2 inch stroke. A 

gas pressure of 100 psig is required to activate the valve. 

7.0 Still-Pot 

The still-pot receives i i~e  I'eca: s!ar:.y frcm t h e  pump-blender and supplies heat to 
vaporize the water. The resulting vapor flows to the pyrolysis unit and flush water con- 
denser. The fecal and urine solids remain in the still-pot. The still-pot has an effective 
volume of over 1100 cubic inches. The still-pot is constructed with a cylindrical Plexiglas 

3-11 



5- 
‘t  . -  

A I R  
* 

Figure 3-9. Urine Reservoir With F%!mp 

3-12 



\ V A P O R  

I .  

Figure 3-10. 3Iinimum Energy Configuration for Conical Containers 

3 -13 



1.2 

1 . 1  

I .@ 

0.9 

0.8 
a 
w 
3 0.7 
0 a 
W 
0.6 

0 
I: 

t- 
3 
Q z - 0.4 

0.5 

0.3 

0.2 

- 

0. I 

0.c 

20 

f 0 

00 

c 
90 

(3 . -  

€302 Y 

W a 
70 2 

m 
W 

60 E 
- 0  
50 5 

'1: 
c) 

a 

W 

4 Q  2 
a 

3Q5 
Q 

20 

I O  

0 

PUMP FLOW RATE ( G . R U f  

. 
Figure 3-11. pump Operational Characteristics (For Urine and Fluah WaterJ 

3-14 



, 

3- 15 



GAT E 

/-- 
ti 0-US I N G 

r t F i o N  S E A L  

3 - R I N G  S E A L  

d -- ORIFICE 

- - -ADJUSTING 

GUIDE . 

SCRE.W 

Figure 3-13. S-?Vay Valve Sectional View 

3 -16 



housing and removable top cover. Attached internally to the lid are a heating coil, a 
feces  separator,  and a liquid barrier. See Figure 3-14. 

- 1  
7.1 Heating Coil 

The heating coil, all of type 304 stainless steel construction consists of a 1/4 inch outside 
diameter tube with one inch diameter fins furnace welded 8 per inch along the tube. The 
heating coil has approximately 20 square feet of heat exchange surface area. 

7.2 Fecal Separator 

The fecal separator consists of a perforated type 304 stainless steel cylinder through 
which the liquid portion of the s lurry passes to cohtact the heating coil. The separator 
thus entraps the large fecal particles 0.156 inches or more in diameter and prevents 
them from curtailing the heat exchange efficiency of the heating coil. Fecal particles as 
large as 0.5 inches in diameter may  be found leaving the pump-blender. me separator 
cylinder also provides a structural column to support the still-pot ends when the vessel 
is subjected to low internal pressure. 

7. 3 Liquid Barrier 

The liquid barrier consists of a rigidporous Teflon membrane which permits the v a p o r  
from the still-pot to pass to the pyrolysis unit and flush water condenser but does not 
permit liquid to excape from the still-pot. However, during transient periods when 
ambient temperature liquids enter the still pot, a small  portion of the vapor may condense 
Lib r '-he barrier and form a pool of liquid on the f a r  side of the membrane. After 
s u I : i ~ i ~ r ~ t  opm-ation of the unit, the superheat of the vapor should re-evaporate this 
liquid. Howet er, i f  some liquid were conveyed to the pyrolysis unit, it would be 
revaporized in the pyrolysis heat exchanger Drior to entering the pyrolysis chamber. 
The condensation in the connecting line may al SO be minimized by the addition of insulation, 
The barr ier  should a s su re  that contaminated liquids do not escape the still-pot and enter 
other par ts  of the system. A stainless steel wool sponge prior to the membrane should 
remove sufficient solids so that the membrane is not contaminated during the 14 day 
mission. 

7.4 Air Bleed 

A small  air bleed of 30 cc pe r  minute is-metered into the top of the still-pot from the 
atmosphere through a needle valve. The oxygen in the air bleed is used to oxidize the 
water vapor impurities in the pyrolysis unit. In an actual vehicle with a pure oxygen 
(5 psia) atmosphere, only 6 cc per  minute is required. This amounts to approximately 
0.03 pound of oxygen per day. The vented gas is also saturated with water vapor, 
consequently approximately 0.188 pounds of water is lost per  day. . 

8.0 F!nw Cnntrn! V A v m  

The water vapor flow from the still-pot is divided so that 1.5 pounds per hour flows to 
the flush water condenser and 0.5 pounds pe r  hour flows to the pyrolysis unit. The vapor 
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Figure 3-14. Still-Pot and 8-Way Valve 
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flow rate is controlled by the pressure differential between the vapor in the still-pot, and 
in the condensers, and by the pressure drop in the connecting lines and equipment. 

The pyrolysis unit and potable water condenser induce more pressure drop to the  vapor 
flow than does the flush water condenser. Consequently, a flow restriction assures  the 
desired division of vapor flow. The flow restriction is a ball valve of Poly Vinyl Chloride 
construction having a 13/16 inch diameter orifice which is manually adjusted to provide 
the desired restriction. 

9.0 Flush Water Condenser 

The flush water condenser receives and condenses 1.5 pounds per hour of water vapor 
from the still-pot. The walls of the condenser are cooled by a flow of coolant liquid 
through a tube coil welded to the exterior of the condenser. The coolant removes thermal 
energy from the water vapor thus causing the vapor to condense. The condenser is 
constructed-of type 304 stainless steei which is fabricated with stainless steel welds. 
See Figure 3-15. The condenser has an internal volume of over 370 cubic inches and is 
of a cylindrical shape with a flat top and conical base. The entire condenser is encased 
with a 1/2 inch layer of polyurethane insulation; In a zero gravity environment, the 
condensed water should conform to a minimum energy configuration in the conical section 
of the condenser so that the liquid may be drawn off by a pump connected to the apex of the 
cone. 

- 1  
9.1 Pump 

Ti-! 
no; ? : t  3 :a 
reservoir  JIUI.;~. The ,lump is chain driven from a n  air motor model 2AM manulactored by 
the Gast Manufacturing Corp. The performance characteristics of the air motor a r e  given 
in Figure 3-16 and the pump performance characteristics are given in Figure 3-11. 

f ' r 1 4 ~  water pump removes water from the condenser; this liquid is Iorced through water 
:.r.&ing the urinal and hopper. The pump is interchangeable with the urine 

9.2 Level Indicator 

A flush water level indicator is used to determine if sufficient water remains in the condenser 
to  provide one flush. The indicator consists of a thermally activated switch which closes at  
approximately 80°F. 
thermoswitch is submerged in the chilled 40-€0°F water, thus the switch is open. As the 
water lele1 drops during the next flush cycle, the thermoswitch is exposed to the incoming 
water vapor at  100-120°F. Thus the switch closes and a r ed  light isenergized, warning that 
sufficient water is not ayailable for another flush. As more water condenses the water level 
rises and the thermoswitch opens, the red light is de-energized and another flush cycle may 
be initiated. The position of the thermoswitch is adjustable for different flush water levels. 
The level 'indicator i s  also usable in  a zero gravity environment since the water is retained 
in nearly the same position as in normal gravity by the conical shape of the Container. 

When sufficient water remains in the condenser for ofie f lush,  the 

10.0 Water Heater and Filter 

The water from the condenser is pumped through the spray nozzles and into direct  contact 
with the subject. consequently, for maximum comfort and acceptability, the. flush water 
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is heated to about 100°F. The heater coil is of type 304 stainless steel of similar 
construction as that of the heating coil in the still-pot. A small amount-of organics are 
carried in the vapor from the still-pot to the flush water condenser. These organics are 
removed by filtration through activated charcoal which is contained in the water heater. 
The warm temperature of the filter inhibits the adsorption ratk of the charcoal; however, 
sufficient material is available to negate the effect. Approximately 2 pounds of activated 
charcoal are contained in the filter. The heater and filter are contained in the same 
housing which is constructed of Plexiglas with screens at each water flow port to prevent 
the fine charcoal granuals from escaping the filter housing. See Figure 3-2. 

* 

11.0 Pyrolysis Unit 

Approximately 25% of the water vapor (0.5 lbs/hr) and a smallamount of oxygen from the 
Ftill-pOt enters the pyrolysis unit where it is heated to approximately 180OoF in the 
presence of a platinum catalyst. The water vapor  impurities are thereby oxidized to 
non-condensables and removed from the system through a vacuum vent in the potable water 
condenser. The heated vapor leaving the pyrolysis chamber is in counter-flow heat 
exchange contact with the cooler incoming vapor, thus the vapor  leaving the unit transfers 
heat to the vapor entering the unit. The heat exchange therefore reduces the energy lost 
Lx t!ic cxitirig vapor flow and subsequently reduces the power required by the pyrolysis 
Cllt. - 
lk? heat exchmger is conseryratively designed with an 81 percent effectiveqess and a 
lie ,+ c.xc,hange surtace area of 76 square Inches. The overall heat transfer coefficient 
is ? I' - a hr-f!  -F arid the additional heat required by the vapor entering the pyrolysis 
( 5 : j - ~ ~ : g - r  i ' ,  1 c' :ilctd t'7 37 watts. 

2 0  

The present unit I eqailires 7.5 amperes and 20 volts for a power requirement of 150 watts. 
The majority of the power is expended i n  radiation and conduction heat lost through the 
pyrolysis insulation jacket. The insulation jacket is a double wal l  annular shape which 
contains multi-layers of tantalum foil and "Fiberfrax" and is evacuated to less than 10- 
microns absolute pressure-to prevent convection heat loss. See Figure 3-17 for the cut- 
away assembly drawing. The pyrolysis unit is constructed of a special type 310 stainless 
steel which provides great strength even at the elevated operating temperature. Internal 
par ts  are constructed of ceramic material which is used to encapsulate and isolate the 
pyrolysis chamber. A platinum wire heater provides the t h e r m d  energy and a platinum 
gauze provides the catalyst for  the pyrolysis reaction. A chromel-alumel thermocouple is 
inserted in the pyrolysis chamber to monitor the operating temperature as shown in 
Figure 3-18. The overall power requirement for the unit may be reduced to 50 wat t s  by a 
more sophisticated insulating jacket produced by Linde Co. and an additional vapor heat 
exchanger surface area. Of the 50 watts  expended, 13 watts are for heat exchanger in- 
efficiencies, and the remainder is for insulating jacket losses. 

- 

12.0 Potable Water Condenser 

The potable water condenser receives k d  condenses 0.5 pounds per hour of water vapor 
f rom the pyrolysis unit. This condenser, although physically sd l le r ,  is of the same  
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construction as the flush water condenser. The condenser has an internal volume of over 
25 cubic inches and is of a conical shape with a flat top. The entire condenser is encased 
with a 1/2 inch layer of polyurethane insulation. , In a zero  gravity environment the 
condenser water should conform to a minimum energy configuration in the conical section 
of the condenser so that the liquid may be drawn off by a pump connected to the apex of the 
cone. See Figure 3-19. 

12.1 Potable Water Pump 

The potable water pump removes water from the condenser four t imes an hour for 
storage in an external potable water storage container. The piston type pump is constructed 
of Plexiglas with dual O-ring seals on the piston. ' The 1-5/8 inch diameter piston is 
powered by a model AV-R Tom Thumb pneumatic cylinder with a 2 inch stroke (same as 
used on the 8-way valve). 

13.0 Controls 

All controls are electrical or electro-pneumatic. 

13. 1 Control Panel 

The nlain control module is easily removed from the rear of the structure as shown in  
Figure 3-20. On this panel are mounted: 

a. 

b. 

c ,  

d. 

Three Reset Timers,  2 for the flush Cycle and 1 for the urinal rinse cycle. 

One Continuous Timer, for the flush water pump cycle. 

?air Relays, to isolate sections of the circuit which have dual functions. 

Two Latching Relays to provide push tutton control of the flush and urinal r inse 

A Ballast and Starter for the ultraviolet germicidal lamp. 

-- 

cycles. 
1 

e. 

A l l  these controls are operated by 115 VAC, 60 cycle current. 

13.2 Solenoid Valves 

There a r e  a total of ten solenoids activatedvalves fn the system, all of which utilize 115 
VAC, 60 cycle current. 

a. One 5-Way Gas Valve for controlling the rotation and Iceverse rotation of the 
pump-blender air motor. 

b. Two 4-Way Gas Valves for the operation of the 8-way valve pneumatic cylinder 
and the pyrolysis unit shut-off valve. 

Two 3-Way'Gas Valves €or the operation of the pneumatic cylinder utilized on the 
potable water pump. 

One i;i inch Griiice 2 - W q  Gzs Vz:ve for L%e cpest!n.r cf the f lush water pump 
a i r  motor. 

c. 

d. 
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Figure 3- 19. Potable Water Condenser 
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e.  Two 1/8 Inch Orifice 2-Way Gas Valves for the operation of the urine pump air 
motor and for the hopper indexing jet. 

f .  

g. 

One 3/16 Inch’ Orifice 2-Way Water Valve for the flush water jets. 

One 1/8 Inch Orifice 2-Way Water Valve for the urinal r inse water jets. 

13. 3 Pneumatic Valve 

There is one pneumatically operated ball valve in the system. This va3ve is constructed of 
Poly Vinyl Chloride and is used as the shut-off valve for water vapor flow to the pyrolysis - 
unit. 

13.4 Manual Valves 

There are seven  manually operated valves in the system, all of which are used as flow 
controls. 

a. Two Vacuum Vent control valves for the flush and potable condensers. 

b. 3 n e  A i r  Bleed valve for the control of air flow to the pyrolysis unit. 

c. One Pressurized Gas Control valve for flow control of the indexing jet. 

d, Two speed Control for the 8-way valve and the flush water pump air motor. 

e. One Heating Liquid Control for the water heater. 

1:- Check Valves 

. a t e l  _I L ,  

chect;  ~.;;ix;e& open when  tile water is removed but provide a vacuiiiii tight sez! %‘he.? L!e 
pumps nre uot operating. 

’? 7 o  1 ‘ieck valves used to isolate the flush and potable water condensers. The 

13.6 Pyrolysis Unit Controls 

Once the temperature in the pyrolysis unit is established, only one control function is 
required. This control is to isolate the pyrolysis unit from the still-pot during flushing, 
or during a possible unit o r  system power failure. The unit is isolated by a remotely 
controlled pneumatically activated normally-closed valve. This valve is open between 
flushing operations. When flushing is initiated, this valve is closed isolating the pyrolysis 
unit until the pressure in the still-pot is again reduced: then a pressure switch closes, and 
the valve is opened. The power to the pyrolysis unit retains an electrical control relay in 
a closed position. If the power fails, the relay opens and de-energizes the valve thus 
isolating the pyrolysis unit. The isolation of the pyrolysis unit prevents vapor surges  
during flushing and insures that the potable water is not contaminated i f  a power failure 
occurs. Also a drop in the pyrolysis chamber temperature of 80 - 100°F (possibly 
caused by a vapor surge) is sufficient to lower the resistance of the platinum heating coil 
so that the 8 ampere proieciioii f-ise xi2 melt, cz?Arii B pmver failure and the isolation 
of the pyrolysis unit. See Figure 3-21, (Schematic Electrical). 
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13.7 Electrical Controls 

The electrical controls a r e  standard push button and toggle type switches. The main 
controls a r e  protected with switch y a r d s  to prevent accidental activation. See Figure 3-2. 

14.0 Structure and Enclosure 

The structure is fabricated of aluminurn tubular and structural members welded Innto a 
rigid configuration. The exterior enclosure is constructed of anodized aluminum sheets, 
colored Textolite-ahminim panels, and anodized aluminum edgings. The hopper cover 
is constructed of aluminum, painted white, and is hinged from the rear of g e  hopper seat. 
The total enclosure is reniovable from the structure. 

A step is mounted on the front of the unit to simulate the actual vehicle floor level. See 
Figure 3-22. The step is constructed of a painted aluminum frame of welded construction. 
Fastened atop the frame is a 28 inch wide by 24 inch long aluminum tread plate to provide 
a ylntform for ready laboratory use of the Hydro-John System. A large platform is 
required for convenience considerations, see  Figure 3-23. 

15.0 %'eght and Power Break-Down 

The wtight znd p w e r  break-down, Table 3-1, of the prototype system is not representa- 
tiye of :q fl iFht prototype system. It is a result of program objectives which were to pro- 
vide :? ;;rototype systen1 having the desired performance characteristic and fncorporathg 
zero ;!.ra .vi? !  ; p r a t i n g  !'eatures. Minimum. weight, volume and power were considered 
h- .' c :r:iidir-y import-dice. 

Si.  h i . ' ' i l ' , a  

systern ;ib :;.*., )\. :- in  'J 

- I  

: 4 i * I < , ~ - , . ,  in  weight .nd power are envisioned for a flight type prototype 
- 5- . 
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Figure 3-22. Engineerilig Prototype C'i:it 
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A .  

9. 

C. 

0. 

E .  

F.  

G .  

H. 

I 

J 

IONS 

HUMAN SIZING DATA ON SEATED OPERATOR 

DIMENSION iF1 INCHES BY PER 

i 

EATILE 
K E Y  BODY DIMENSIONS 5TH 50 TH 95TH 

SITTING HEIGHT 33 .8  36.0 38 .O 

EYE. HEIGHT 29 4 31 . 5  33 .5  

SHOULDER HEIGHT 21 3 23.3 25. I 

SHOULDER-ELBOW LENGTH 13 2 14.3 15.4 - 
ELBOW REST HEIGHT 7 . 4  9 .  I 10 . a  
FOREARM-HAND LENGTH 1 7 . 6  18.9 20.2 
(FINGERS EXTENDED) 

BUTTOCK-KNEE LENGTH 21 9 23.6 25.4 

B U T T O C ~ L E G  LENGTH 39.4 4 2 . 7  46 I 

UNDER-KNEE HEIGHT 15 7 1 7 . 0  18 2 

KNEE HEIGHT 

H I P  BREADTH 
. 20 0 21 . ?  23.3 

1 2  7 13.9 15.4 

SHOULDER BREADTH 16 5 17 9 19.4 

D A T A  FROM WADC T R  52-321 

Mgu? 3-23. Human Si7 ig Data 
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QUANTITY 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

- 1  
1 
1 
2 
1 
1 
1 
2 
2 

' 7  
7 
3 
1 

2 
1 
1 
1 
1 
1 
1 

- 
? 

- 

TABLE 3-1. WEIGHT AND POWER DATA 

COMPONENT DRY WEIGHT 
(lbs.) . 

Fiberglas Seat (1 Duct 
Enclosure & Cover 
Structure 
Water Nozzles 
Transport Tube 
Pump Blender w/ Air Motor 
8-Way Valve w/ Cylinder 
Still-Pot 
Flush Water Condenser 
Pump w/'Air Motor 
Pyrolysis Unit 
Potable Water Condenser 
Pump w 'Cylinder 
Urinal 
Urine Reservoir 
Pump u'/ A i r  Motor 
Water Filter & Heater 
A i r  Heater 
Check Valves 
P. V. C. Pneumatic Valve 
1'. V. C. Hand Valve 
Hlender Control Valve 
4-Way Solenoid Valves 
3- Way Solenoid Valves 
2-Way Solenoid Valves 
Manual Valves 
Reset Time1 s 
Continuous Timer 
Relavs 
L itching Relays 
v . -  I . i a n p  
€%last R. Starter 
Transistorized helay Circuit 
N I l s C .  Fittingb 
hlisc. Tuhinc; 

5.0 
1:. 0 
25 .0  

1.0 
5.0 
-1.0 
4.0 

26.0 
10,o 
19.0 
17.0  
J0 0 
5.0 
2 . 0  
3.0 
7.0 
4.0 
1.0 
2.0 
4.0 
.1. 0 
7.0 
2 . 0  
0.6 
2 .5  
2 .0  
6.0 
1.0 
3,O 
1.5 ' 

0.2 
1.0 
0.2 
5.0 
si0 

Misc. Hardware 2.0 
*TEJJ lbs. 

POWER )Watts) GAS FLOW (Atm, 
CFM) 

-- -- 
-- 16 for 15 s e c  

150.0 Continuous -- -- -- 
0 .01  ** -- 

..- -- 
-- 10 for 5 s ec  

. 10.0 -- 
20.0 -- 
14.0  -- 
56,O -- 
10.5 -- 
5,O Continuous -- 

25.0 -- 
a. o -- 
4.0 Continuous -- 
5.0 -- 
5.0 . . -- 

-- -- 

* The weight will be reduced to approximately 60 pounds for a flight hardware unit. 
** Per Actuation. 

1. 

2. 

3. 

4. 

5. 

The average power requrre'ment is approximately 175 watts. 

The peak power 1.equirement ib approximately 260 watts for 20 seconds. 

The average ga5 flow requirement is approximately 3. 5 CFH. 

The peak gas flow requirement is approximately 26 CFM for 15 seconds. 

A i r  bleed loss thrcl vacuum vent: 

W A = R P  WA = pounds aiF lost per day 

R =. bleed r a t e  ft3/day 
p = gas derisiiy ;bs/:t3 

3 1 
R 

p 

= 30 STD c (  min x 1440 min.'daq x 28, 2oo cI 

= 0.08 I F ~ s , ' ~ . ~  for air at STP conditions 

,5 = 1. 53 ft /day 
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TABLE 3-1. (Cont'd) 
3 3 Therefore WA = 1.53 f t  /day  x 0.08 lbs/ft = 0.123 pounds air lost per day 

Water vapor loss thru vacuumvent: 

The water vapor saturates the exiting gas flow at the reduced pressure as a 
function of temperature. Assume that the dewpoint bf the gas is W°F for*a 
water vapor partial pressure of 0.18 psia thus the gas partial pressure is 0.07 psia 
for a total pressure of 0.25 psia. The air flow rate R of 1.53 ft /day expands 
14* or 210 times as it enters  the condenser. Consequently, the gas flow rate 

3 is 1.53 ft3/day x 210 o r  approximately 320 f t  /day. The density of the water 
vapor at the reduced pressure is approximately 

Therefore Ww = 320 ft3/day x lb/1700 ft3 = 0.188 pounds water lost per  day 

Air loss during ws tem flush: 

During the seven daily system flushes, the air which fills the still-put is lost 
when the still-pot pressure  is reduced for boiling. The internal free volume of 
the still-pot is approximately 1100 cubic inches, consequently 1100 in x 7 
flushes o r  7700 in (4.46 ft ) of air a re  lost per day. (Worst case). 

WA = 4.46 ft /day x 0.08 lb!ft3 = 0.357 pounds of air lost per  day 

6. 

3 

1 lb. 
1700 ft3 

7. 

3 
3 3 

3 

Total Gas Losses 0.123 lb/daY air 
0.188 lidday water 
0.357 lb/day air ' 

0.660 Ab/day 

The overall xz t e r  recovery efficiency of the 48 pounds of water processed 
per day is: . 

48 - 0.188 LOST = 99.6T efficient 

L 

48 

. 
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SECTION I V  

S Y S T E M  L A B O R A T O R Y  TEST PROCEDURE 

The following procedure is presented as guideline for laboratory operation of the Hydro- 
John enginee ring prototype. 

1.0 Auxiliary Test Equipment 

Several items are required to simulate the integration of the Hydro-John System into a 
space vehicle design. 
designs. Consequently, little or no penalty wi l l  be paid for their use in an  actual vehicle. ) 

(All  items listed are usua l ly  readilv available in projected vehicle 

1.1 
liquid in t h e  still-pot as well as to  warm cleansing water and the drying air during the  
flush-drv cycle. An 8 galloil water bath at,approximately 130°F will be suital)le for this 
purpose. The bath niay be heated by  1.5 KW electrical immersion heaters. Pumping at 
0.5 GPLI to the heat exchangers (by a positive displacement pumpsrated for a 50 psi pres- 
sure head! is required. i\ fiiiid differential prcssure gage, 0-30 psia range I $  requirrd to 
monitor t h e  prcssure drop through the system. 

A Hot Liquid Source is required to provide the heat necessary for evaporation of t h c  

1 .2  
A 4OoF : iater process cooler rated at more t5an 3000 PTU/hr wiI1 be suitable lor t h i s  
purpose. 
diiplacement pump rated for a 50 psi pressiiw head. A fluid difrerential prc'ssure KdLt', 

( J - J O  pGia range, -is required t o  monitor the prcssure drop throttgh the systen-. 

X Cold Liquid Source is required to cool ;he potahle and flush water coi1::ensing units. 

The cooled water is pumped at 0.5 ~ J P M  to the  heat exchangers by n positlit- 

1. ,7 .4 

I)oiling. 
ample f u r  this pa-pose. A l s o  a cold t rap is required in the vacuum suction line to preient 
water vapor from entering the vacuum pump. 

.tc'dU 1 .  Pur.): i -  re,iuu'c.ci t o  p r w d c  ikc 1s;. ?r:.c~nre for lwv tcmwrzture  :\.iter 
A p i n ; '  rated 3t 100 litersl'per minute a t  1000 microns absolute pressure is 

1.3 .1  
maintain the pyrolysis chamber shell a t  an approximately adiabatic condition, and to  
prevent oxidation of the thermal reflectors. 

A Vacuum Pump of low capacity and 10 micron ultimate vacuum is required to  

- 
1 . 4  
proper stool and water transportation and to  proride a drying a i r  s t ream after the f l u s h  
cycle. Approximately 25 CFM at 6.5 inches water gage is required. Also a filter of 
activated charcoal is required in the air flow to provide odor removal. A simple filter 
housing of Plexiglas may be fabricated in nearly any shop. If the Hydro-John system is 
integrated into a simulated vehicle environmental control system, the system ECS blower 
and odor control may be used for the above functions. 

1.5 
motors and pneumatic cylinders. The source should be regulated to  100 psig and provide 
a flow of at  least 40 standard cubic feet per minute. A high pressure gas flowmeter, 0-28 
SCFM. is required to  monitor the gas flow to  the hlr motors. 

A Suction Flower is required to pull air through the Hydro-John system to insure 

> 

A Shop Air Source or i)ressuri?el: environment gas is reguired to operate the air 
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1.6 
30 atmospheric cc of air per minute at  ambient condition is metered into the svstem via a 
flow meter . 

An A i r  Bleed to the still-pot provides the oxygen to the pyrolysis unit. A flow of 

1.7 
All power m a y  t>e supplied by one standard 15 amp, 115V, 60 cycle 1 phase circuit except 
for the blower ( i f  required) which may require a 200 volt, 3 phase, 400 cycle AC circuit. 
The 115 volt power can be reduced to the required pyrolysis unit voltage bv a transformer 
furnished with the Hydro-John System. A voltmeter and ammeter are required as 
support equipment for the pryolysis unit. 

2. 0 
will provide the bulk 01 empirical data for performance analysis. Consequently, 18 copper- 
constantan thermocouples in  the 30 to l E O ° F  range a r e  rtxquired to  monitor: 

Electrical Power Sources a r e  required to operate the t imers ,  solenoids, relays,  etc. 
' 

t 

Instrunientation - The absolute pressure and temperature at  various system stages 

t 

T 
1 

T2 

T3 

T4 

T5 

T6 

T, 

Tir g T9 

T10 

T l l  

T12 

TI3 

T14 

T15 
TI6 The distilled vapor prior to entering condensing chambers 1 

T17 
T18 Referenced to ice Nater 

The f lush  water condenser - coolant water inlet 

The flush water condenser - coolant water outlet 

The flush water condenser - condcnsed liquid 

The potable water condenser - coolant water inlet 

The potable water condenser - coolant water outlet 

The still-pot - heating water inlet 

The still-pot - heating water outlet 

T h e  stiii-pot - buiiiiig s lu r ry  

The air heater - heating water inlet 

The air heater - heating water outlet 

The air heating - air outlet 

The water heater - heating water  inlet 

The water heater - heating water outlet 

The water heater - flush water 

The pyrolyzed vapor prior to  entering condensing chamber 

A 1800OF chromel-alumel thermocouple TH is required in the pyrolysis section to monitor 
performance. See Table 4-1 for conversion of millivolts output to temperature. 

A u-AUU R I I C ~ O I I  Vaeririm G q e  is req9ked to monitor shell pressure of the pyrolysis unit. 

Also 3 laboratory type absolute pressure gages or 30 inch mercury manometers with water 
t raps  w i l l  be required to monitor: 

. - - ^ I  .*. 
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s 
b 

PI The still-pot distillation absolute pressure , 

P2 

P3 

The flush water condenser absolute pressure 

The potable water condenser absolute pressure 

3.0 Test Preparation 

Prior to actual use of the Hyctro-John System several functions or operations must be 
performed. These operations must be carried out in order presented, See Figure 4-1. 

3.1 
rear of the unit. - 
3. i. 1 
fittrntrs identified with red tags. 

Attach the interface connecting lines and cables to the fittings and attachments at the 

Attach the two 1/4 inch A N  tube fittingg from the hot liquid source to the bulkhead 

3.1.2 
fitiing,j identified with black tags, 

3 . 1 . 3  
A r o d  tag "VENT COND. VACUUM. " 

3 . 1 . 4  
d red tag "VACUUM VENT PYROLYSIS SHELL. '' 

Attach the two 1/4 inch AN t u b e  fittings from the cold liquid source to the bulkhead 

Attach the system vacuum pump to the 3:/8 inch "Swagelok" tube  fitting identified with 
Assure that the condensers vent valves are closed. 

Attach the pyrolysis shell vacuum pump to the 1/4 inch AN tube fitting identified by 

KOTE: 
she?:: '.* ti:'g cap. This is accomplished by spraying dry nitrogen at the fitting area. 

Provide a localized nitrogen atmosphere around the fitting during unsealing of the 

3. 1 . 5  
tng "BLOWER SUCTION. ' *  

Attach the blower air suction line to the 2 inch plastic fitting idenlified by a red 

3.1.6 
a red  tac; "INLET HJGH PRESS. GAS. " 

.4ttach :he pressurized gas scjurce to the 318 inch "Swagelok" tube fitting identified by 

3 . 1 . 7  
pot. 

Attach the  30 cc gas flowmeter to the 1/4 inch AN valved port on the top of the still- 
The port is identified by a r ed  tag "AIR BLEED VALVE. " 

3 . 1 . 8  
"PRESS. T A P  POTABLE COND. I t ,  "PRESS. TAP FLUSH COND. '' and "PRESS. TAP 

Attach three manometers to the 1/4 inch AN tube fittings identified by yellow tags 

STILL- POT. '. . 
3.1.9 
fitting identified by the yellow tag "OUTLET POTAULS WATER." 

Attach the external potable water reservoir to the 3/8 inch "Swagelok" bulkhead 

3.1.10 A s s u r e  that the pyrolysis unit power switch is OFF and the flow control valve is 
CLOSED. 

3.1.11 
VAC plug and the line f rom the  pyrolysis unit voltage regulator to the 20 VAC plug. Assure 

that the voltage regulator is set at  zero. 

Connect the electrical "quick couple" cqnnectors with the main power to  the 115 
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3.1.12 Attach the red tagged WICH TEk¶PERATURE THERMOCOUPLE" from the 
pyrolysis unit to a millivolt recorder by means of a special cable and plug connector. 

3.1.13 
reference an additional thermocouple to  an ice bath. 

Attach the seventeen thermocouples from the unit to a multi-point recorder. Also 

3.2 
the pyrolysis insulating shell should read 10 microns or  lower before applying power to  
the pyrolysis unit. This IOU. pressure in the shell must be maintained throughout the test  
and during heating and cooling of the pyrolysis unit. 

T u r n  on the vacuum pump to the pyrolysis shell. The vacuum pump pressure gage on ' 

3.3 
rear control console. 
the ci r iable  voltage regulator external to the unit. As the unit heats the heating coil elec- 
trical  res!stance increases so periodic increases in voltage are required until 20 volts a t  
7. 5 am!icres is attained. These values w i l l  correspond to  an internal temperature df 
approximateIv 180WF. Several hours are required to  establish the high operating temp- 
erature. Monitor on thermocouple TH. 

3. 4 

3.5 
of the Hydro-John System). 

Connect all electrical power lines. Turn on "PYROLYSIS UNIT POWER SWITCH'! on 
Power to  the pyrolysis unit is maintained a t  a 7.5 amp current by 

Adjust the regulated gas source t o  100 p i g .  , 

T u r n  on the air suction blower. Assure that the air filter is operational. (Not part  
. 

3, i. t ~ a l l y  fill  the still-pot with 16 pounds of water (approximately 8 liters). This 
water is ;?l.d;*kd into the hopper with the 8-way valve manually activated to the open position. 
Also manbally activnte the dump-blender a d  check the speed wih a j t i u b G S C s i ) n e  t k c h ~ r n -  

c-ter. The speed must exceed 3000 RPM. 

3.7 
is accomplished by pouring the water into the urinal. 

Pal tially fill the urine reservoir with 2 p u n d s  of water (a$proximatelv 1 liter). This 

3.8 
should be mairitained at the operational teniperature during pre-test preparation. 

Start the process cooler and the pump for The coolant liquid source. The process cooler 

3.9 
should be maintained at operational temperature during pre-test preparation. 

3.10 T u r n  on the vacuum p m p ,  the system condensers, and open the red tagged "FLUSH 
CONDENSER VACUUM VENT VALVE" and the "POTABLE CONDENSER VACUUM VENT 
VALVE" approximately 1/4 turn. As the pressure is lowered to  approximately 120 nim of 
Hg absolute pressure,  the flow control valve is opened automatically. 

Start the process heater and pump for the hot liquid source. The procesg heater 

I 

3. 11 

couple T6. 
Adjust.the hot liquid source flow to 0.5 gallons per minute and 130°F per thermo- 

3. 12 
coirple T4. 

Adjust the cold liquid source flow t o  0.5 gallons per minute and 40°F per the'rmo- 
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3.13 As soon as thermocouples T8 and T9 r e i i s t e r  120°F, adjust the pressure in the 
still-pot P1 to 87.4 mm Hg (1.69 psia) by the condenser vacuum vent valves. 

3.14 
while the potable water condenser P3 should read approximately 36 mm Hg. 

3.15 Allow the system to  stabilize. Observe boiling in still-pot. To  increase the boiling 
rate, the pressure P1 may be lowered slightly. 

3.16 
condensers. Determined by the temperature difference. 

The pressure in the flush water condenser P2 should read approximately 61 mm Hg 

> 

U s e  simple approximation formula to derive flow r a t e s  to the potable and flush water 

T5 - T4 = @ TA and T2 

= W pounds of water condensed per hour AT then - 
4 

or bT = 4W 

Adjust the vapor flow control valve such that the boiling continues and C TA = 2'F and 
b TB = 6'F. The total condenser coolant CI T should approximately equal the still-pot 
hot liquid bTC = T6 - T7. b TA + 4 TB : t TC 2 8'F for an evaporation rate  of 
2 lbs/hr. This water vapor flow is divided to  0.5 lbs/hr to the pyrolysis section and the 
potable water condenser and 1.5 Ibs/hr to the flush water condenser. 

XOTE: 
hea-ing f!uids, the formula wi l l  vary inversely as the specific heat Cp of the liquid varies 
frclm 1. 

There for e : 

If-heat transport liquids other than pure. water are used for the coolant and 

4 w  t T  = -  
cP 

3.17 
level indicator light wi l l  be automatically de-energized and the system is ready for a "wet 
run" operational check-out without the man. 

As soon as sufficient flush water is available in the flush water reservoir,  the low 

3.17.1 
System through one flush cycle by activatim the red tagged "FLUSH" push button switch on 
the control console. Assure that the pump-blender, the urine pump, the flush water pump 
and the 8-way valve are operational. Also a s su re  that the pyrolysis unit is isolated by 
momentarily disconnecting the 115 VAC connector piug. No noise should be heard from 
pneumatic activation since the normally closed valve should be closed. The speed of the 
8-way valve is regulated t o  open very slowly. 

3.17.2 When the system has returned to operational pressure again and sufficient water 
is available for flushing, another '*wet run'' is initiated using the hand as a seal over the 
hopper opening. The r ed  tagged "INDEXING JET" is activated by a push button switch on 

Cover the hopper opening with a sealed Plexiglas lid and operate the Hydro- John 

I 
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the control console. The gas  jet pressure m a y  be manually adjusted to  provide adequate 
pressure for physically sensing position. The "FLUSH" cycle is initiated with the subject's 
hand sensing the rate  of suction, as the still-pot is opened, and the temperature of the water 
jets. If either is excessive, adjustment to the speed control on the 8-way valve and heating 
liquid by-pass thru the water heater should be made and the test repeated. 

L 

3.17.3 
The r e d  tagged "URINAL RISE" push button switch on the control console is then activated 
with the thumb sensing water temperature and pressure. 

The subject's thumb is then inserted in-the u r ina l  and sealed by the diaphragm. 

3.17.4 
Permit time for all the water to  be evaporated from the still-pot and 6t0red in the flush 
water reservoir prior to initiating the maximum u s e  schedule as depicted bel?. 

After all "wet runs" prove satisfactory the system is ready for actual use. 

4.0 Performance Test 

4.1 Use Schedule 

The following schedule is the maximum possible use cycle to which the system should be. 
subjected. . 

USE SCHEDULE 

Normally, only tour defecations wil l  be excreted per day €or a four miin crew, however 
the system is designed for seven defecations. Notice that the system is designed for three 
defecations in the initial three hour period and the fourth defecation at  the seventh hour. 
Note that in ah actual normal use cycle that the defecation will be randomly scattered 
throughout the day. 

However, for the performance test, within the limits of human regularity, there should be 
a t  least four defecation and three "wet run" flush wash cycles performed throughout each 
d a y  at the given schedule. 

The normal amount of excreta for men adhering to a normal diet is greater than that 
amount of excreta for men adhering to space flight type diet. The system is designed for 
4 men excreting 4 ounces of feces per man day f o r  a period of 1 4  days. Cmsequently, if 
men adhering to  a normal diet use the system, only three men should use the system far 
the 14 day period or four men for a 1Oday period, The amount of feces m the still-pot 
may be v isua l ly  checked to determine how long the test may be continued. 

4.2 Operation and Use 

4.2 .1  

4.2.2 

Assure that the regulated gas source is set at  100 psig. 

A s s u r e  that the electrical power is "ON. I' 
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4.2.3 
glowing th is  indicates that only sufficient water for one f lush is remaining in the reservoir-. 
Consequently, after this use, the remaming personnel should be warned to wait until the 
light is off prior to use. The system will generally require at least three hmrs to refill 
the reservoir to t h e  use le!.el. 

Assure that the flush water low level indicator light is not glowing. If the light is 

4.2.4 Assure that the ultraviolet lamp is glowing. CAUTION: Do not look at the glowing 
ultraviolet iamp M9thout protective glasses, ' The glass used in conventional eveglasses 
affords adequate eye protection. However, care must be exercised that the ultraviolet 
energy does not enter the  eyes from the side nor is rellected into the eyes from the bach 
side of the glasses. The lamp is shut  off automatically as the hopper protecti:.e cover is 
lifted. 

4 . 2 . 5  Lift cover to expose hopper scrit. 

4.2. 6 Assure that the suction blower is operating. 

4.2.7 Remove trousers and underwear shotts.  - 1  

4.2.6 

4 . 2 . 9  
orifice directly over the seat opening. 

4 .2 .  IO Cas:c.n scat beIr. 

4. 2. 11 Rt.,!love urinal Irom front of seat. 

4. ?': . s ?,-uecze the uririal handle to increase urinal orifice size, 'insert, the penis, and 
I t.!,.;:s+t 1 :  (- I::; ::!:? !:<armit the urinal diaphragm to seai iiriniiid thc pni:. 

urinal di : i i , ! ! r ; ,p  i.30 1s rciii:l-::i)ie such that each man may have h i s  own diap5rag111 for 
mcreascd j a i 1 i i  izat ion. 

Sprti;id gluteal fold and sit  in comfortable position on hopper seat. 

Aictuate the "INDEXING .JET" switch xnd adjust physical position to center the rectal  

IL'mdc-1 that the 

4. 2.13 Urina!e: arid defecate. 
but may lean forw'ard if desired to facilitate the defecation process. 

Note that the subject normally should sit erect in the seat 

4.2.14 
unit. 

Actuate the "FLC'SH" switch to rinse the rectal  a rea  and f lush the Hydro-John 

4.2. 15 
inserted in the urinal. This provides a rinse of the penis !or added sanitation. 

Actuaie the "URl?;. lL RIXSE.' switch to wash the urinal while the penis is still 

4.2.16 Remain seated to 1:ormit t h t  circulatinr air flow to drv the rectal  area and penis. 
Personal preference wi l l  dictate the drying period, houever no discomfort was experienced 
by personnel who permitted the underclathing to absorb the small amount ot liquid remain- 
ing on the rectal  area. 

4.2. 17 

4.2.18 

Release the seat \ ) ~ * l t .  

Replace t hP  urirlal under the sent front. 
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4.2.19 Ri se  from the seat. During a performance test, 
cleanliness of the rectal  area. DO NOT PLACE TOILET 
HOPPER. 

4.2.20 Dress. 

use toilet tissue to  check the 
TISSUE IN TH5 HYDRO-JOHN 

4.2.21 

4.2.22 
comfort experienced, etc. 

5.0 System Shut Down 

After the tes t  plan is completed, the following operations must be used to shut-down the 
system in preparation for further testing. 

5.1 
iinrtiersion heaters may alsobe shut-off if  further testing is not envisioned. 

5.2 

NOTE: The low pressure in the pyrolysis shell must be maintained below 10 microns until 
the pyrolysis unit temperature approaches room temperature. 

Replace cover over hopper seat. 

Record significant data on cleanliness of rectal  area, the fit of the seat,  any dis- 

b 

Shut-off circulating pumps for heating and coolant water .  The process cooler and 

Turn-off vacuum pump to the condensing unit. 

5.3 Allow the still-pot and condensing units to bleed up to atmospheric pressure. 

5.4 
with a sealed plexiglas lid. 
s u : r ~ . ~ ~ t i  ivcles to cmpty the flssh-water condenser and the urine reservoir. 

Add 8 fluid ounces of disinfectant (Weladyne) to the hopper and cover the hopper hole 
Operate the Hydro-John system "FLUSH" switch through 

... . 

5.5 

5.6 

Actuate the "POTABLE PUMP" switch to empty the potable water condenser. 

Shut-off the regulated gas source and vent to atmospheric pressure. 

5.7 
See 5.2. 

Shut-off all  electrical  power except that to the pyrolysis unit shell vacuum pump. 

5.8 
lines. 

5.9 
and cleaning of the still-l>ot should be performed in an open area of a well ventilated room. 

5.10 Remove bolts from the etill-pot lid and vertically lift-off the lid. The entire heating 
coil section is also attached to the lid thus leaving only the still-pot plexiglas shell. 

Remove the still-pot f rom the unit by removing the mounting brackets and connecting 

- 1  

Don protective garments such as rubber gloves and apron. Preferably the disassembly. 

5.11 Support the still-pot core a few inches above the shell and r e m v e  the center cap 
from the perioraied cjiikidei. %,is is arrnrnplished by removing three small  screws from 
the perforated cylinder. The feces  in the perforated cylinder is then dropped into the 
still-pot shell. 
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5. 12 
to  catch the drippings from the core. 

5.13 
the still-pot shell. 

Shape a large funnel from heavy paper or plastic and insert  it in the still-pot shell 

Wash the core with a low pressure water source and permit the drippings to fall into 

5. 14 Empty the still-pot shell. 

5.15 Place a dilute disinfectant (Weladyne, Wescodyne, etc. in the shell and replace the 
core. 

5, 16 

allow to soak. 
He sure that the entire still-pot volume is filled with the disinfectant solution and 

5. 17 Repeat s teps  5. 9 through 5.14. 

5.18 
dichromate and allow to soak. 

If all  the feces is not removed, add a dilute solution of sulfuric acid and potassium 

D. 19 
the unit to d r y .  

Atter the stili-pot is sufficiently clean and disinfected, remove a l l  liquids and allow 

5.20 
not subject the still-pot to a low pressure unless the center perforated cylinder and cap 

Reassenible the cap into the perforated cylinder and reassemble the still-pot. 

5 .  L! 
contamina:r\i : v i C t ~  bar;-lei or stainless steel wool ir, the top interior of the still-pot. This 
is eas i ly  nccorq~lished w h t n  the unit is disassembled by removing the plexiglas nut and 
plate mside the top CJf the perforated cylmder. 

I t  . r s 6 r a l  test runs of the unit it may be necessary to remove and replace a 

5. 22 
charcoal flush water filter. 
the filter paper which retains the granules in the unit. 

While the still-pot is removed from the unit, also remove and refill the activated 
Place only coarse charcoal granules in the filter and replace 

5 . 2 3  
lines and connections are leak tight. 

Replace the filter and still-pot in preparation for further tests. Assure that all 

6.0 

Prior to  usage of the Hydro-John engineering prototype system in a p r e  oxygen atmosphere, 
two groups of components require servicing. 

Usage In a lOO? Oxygen Atmosphere 

6. 1 
not sealed in order to permit easier  timed cycle adjustment for the laboratory test phases. 

6. 2 '-r, solenoids and connecting lines must be cleaned 
for oxygen service. Lubrication . provided by, o.xygen atmosphere tolerant luhricants, 

i. e., phosphate ester type. 

The electrical latching relays and adjustable t imers  must be sealed. These itPms were 

The a i r  motors, pneumatic cy1 
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SECTION V 

S Y S T E M  OPTIMIZATION 

Commercially available components were used wherever possible; a conservative approach 
was taken throughout the system and individual component designs. 
minimum cost, the design and fabrication of a prototype system suitable for both demon- 
strating the feasibility of the Hydro-John concept and for obtaining, during laboratory 
testing, performance data and experience for continuing the further development of the 
concept. 

This permitted, a t  

1 

An estimate,  based on a resiew of the present design and experience gained during the 
program, has  k e n  made a s  to  the degree of redesign required to optimize the present 
svstem design. This is noted in Table 5-1  which illustrates the weight and power reduction 
and the degree of alteration required to provide a four man 14 day flight type system. 
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Seat and Enclosure 
Structure 
Pum -Blender 

w!'iir Motor 

TABLE 5-1. SYSTEM OPTIMIZATION 

Present System 

Electrical 
weight 
(Lbs. ) 

20 
25 
10 

8-Way Valve w/Clinder 4 

Still- Pot 26 
Flush Water Condenser 10 

Pyrolysis Unit 17 

Flush Water Pump 10 

Pohble Water Pump 5 

Urma: and Urine Reservoir 5 
Urine Pump 7 

R'a!er Filter &- Heater 4 
Air ;!eater 1 
C ~ n t r o l  Valves 20.1 
Vanual Valres 2 
Timers  7 
1J-V '.amp w/Controls 1.2 

Misc. Hardware and 16.7 
Cont ro l s  - 

' 195.0 

Power 
(watts) 

- - 
Air 

Operated 
A i r  

Operated - - 
Air 

150 

A i r  

A i r  

Operated 

Operated 

Operated 

- 

- - - - - 
9 Watts 

28 Watts 

Degree Of 
Alternation ** 

3 
3 

2-4 

2-4 

3 
2 
4 

2-4 

2 
2-4 

4 

Flight System * 

Weight 
(Lbs. ) 

3 .  
3 
3 

2 

10 
4 
2 

8 

1.5 

3 
1.5 

3 
1 
5 
2 
2 
t 
3 

60 lbs. 

Electrical 
Power 
(wat t4  

- 
Air  

Operated 
Air 

Operated 

15 0 Watts 

- - 
1 

50 Watts  
(Continuous) 

Air 
Operated 

Air 
Operated 

- 
- - 

35 Watts 

20 Watts 
6 W a t t s  

(continuous) 
20 Watts 

i t  1. The average power requirement wi l l  be approximately 75 watts. 
2. The peak power requirement w i l l  be approximately 240 watts for 20 seconds. 
3. The average gas flow requirement will be approximately 1.5 CFH. 
4. The peak gas flow requirement wil l  be approximately 10 CFM for 20 seconds. 

+ *  Degree of Alteration for Flight System 
1. Unchanged 
2. 
3. Major redesign 
4. 

Minor redesign, e.g., light welght material 

Replace with purchased flight hardware 
* * *  See Table 3-1  f o r  additional information on Present System 
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SECTION VI  

CONCLUSIONS 

The present engineering prototype was developed in several  stages of experinieIltation with 
fecal transport methods, a n  operational breadboard, and a seriei of laboratory tests. 
Included were tests of disinfectants, water potability, ammonia control, bacterial control, 
and flush water contamination. These tests formed the basis for the design of the prototype 
system which is clean, simple to use, self-cleansing and self-sanitizing. The system 
provides for collection and storage of human excrement and the recovery of potable water 
under normal gravity ronditions,plus the unit has design features which should permit use 
in zero gravity conditions. Significant improvement in these factors can be achieved. 
Redesign of the pryolvsis unit, using a superinsulation jacket, and additional vapor heaC 
exchange surface,will reduce the energy requirement from 300 watt hours t o  less than 100 
natt  hours per pound of potable water recovered. The overall average power will be 
reduced to less than 75 watts. Redesign of components and purchasing of flight type hardware 
w i l l  reduce the weight from 195 pounds to an estimated 60 pounds and reduce t h e  volume :rrrx 
12 cubic teet to less than 4 . 5  cubic feet, less solids storage. 

T h e  Hydro-John engineering prototype development was based on experimental dab. 
cessful results were achieved in laboratory tes t s  with a variety of subjects. Flight type 
prototype units using the developed principles will provide for future space missions a n  
acceptable waste management and water recoiery system, with moderate weieht, vOlU3ne 
and pouer requirements. 

suc- 

.. 
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APPENDIX A 

S Y S T E M  EVOLUTION 

This section depicts and discusses the evolution of the system in the various stages of 
designs which, for convenience, coincide with the several  program r'eporting periods. 
Since the system is fu l ly  described in previous sections of this report ,  the need and reason 
for certain specific i tems are readily evident. However, evolutionary changes a re  explored. 

Figure A-1 illustrates the basic system concept at the s ta r t  of the contract effort. The 
initial system concept, although unchanged in substance, has been modified in'certain 
a reas  to provide a more sophisticated design. 

Firs t  Report Period 

The only system change made in the f i rs t  reporting period was the placement of a by-pass 
circuit  from the urinal to  the still-pot. Thus only the required amount of potable water 
would he pyrolyzed. See Figure A-2. 

Second Reporting Period 

The major change t o  the system was the elimination of the fecal s lur ry  filter and storage 
unit and the use of a common still-pot for both urine and flush water., Several vendors of 
filtration components were asked to evaluate present and fu ture  filter techniques for this 
application. Without exception, very large package s izes  and weights were focnd to be 
required. Also filters tend to compromise the system by limiting the mission length to 
F c b i  i-:c:*: short missions or by requiring objectionable changing of filters. The revised 
s v s t e n ?  :ransported the fecal s lurry directly t o  the still-pot where the water is evaporated 
and reused. Also, the urine is mixed directly with the feces in the pump-blender, thus 
providinr: tilore liquid for mixing purposes. As a result of the above urine-fecal mixing, 
a portion of t h e  evaporated water vapor from the still-pot is passed through the pyrolysis 
unit to produce the required potable water while the remainder (about 7577) of the vapor is 
condensed and reused for flush water. Other additions to the system were an air heater-  
(to heat incoming air used for drying the rectal  area after the cleanse cycle) and a disin- 
fectant reservoir.  Addition of distinfectants to the flush water w a s  assumed to be a-require- 
ment at the outset of the program. However, data had not k e n  accumulated from vendors 
and esperimen?ation until this time. Ccrsequently, t b  first insights as to disinfectant 
reservoi r  size and location wererevealed in th i s  period. See Figure A-3. 

--__I_ 

Third Reporting Period 

Several minor system changes were made in this reporting period. 
-_ 

Shown in Figure A-4. 

1. A urine storage reservoir  and pump were added such that the urine is accumulated 
until a defecation requires  liquid for  flush. The addition of these two components 
reduced iite iium'beiT of siil:-p~t l c z d i ~ p  tc! equal the number of defecations, a 
significant reduction (from about 16 to 7 loadings). Consequently, more liquid is 
available for the flushing operation, the still-pot operation is interrupted a minimal 
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number of times, and air loss through the still-pot condenser vacuum vents is 
reduced to a minimum. 

2. A heating coil was added to the flush water reservoir to provide warmed cleansing 
water for spraying on the rectal  area. Tests indicated that this addition w a s  
well received by users of the laboratory model. 

3. An activated charcoal filter was added to the system to remove most of the 
organics from the flush water ,  thus reducing turbidity and odars. 

Fourth Reporting Period * 

Two major components were removed from the system during this period. The flush water 
coniicnser and rt.servoir were designed as a single container in which the water w a s  both 
c*on?i>med a r i d  stored. Also the disinfectant reservoir was eliminated since laboratory 
tes ts  indicated that ammonia produced in the still-pot and dissolved in the flush water was  
sufficient ttJ pre\ent viable bacteria from exiting in the flush ivater. This was  later 
c h a r l g 4 .  see 11. 14. Sihce the f l u s h  water condenser and reservoir u e r e  combined, heating 
t ' ( *? is  were added to the fi l ter  to  heat the flush water, See Fisure A-5. 

--- ____- 

Also in the fourth report period, the packaging anfiguration was solidified by NASA to the 
"uixh-r the seat" package configuration. 

l ' i t t$  - Rtporting Period 

-:%( f \ ' , h  and flnal report period flow diagram is unchanged from the previous period and is 
,'ls(.. .) i i  ' * !  : ;rl Ficure A-5. 

-_ 

- 
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APPENDIX B 

DEVELOPMENT A N D  S Y S T E M  EVALUATION TEST PROGRAMS 

Introduction 

In support of the Hydro-John program, a series of development tes ts  were initiated to  provide 
data for substantiation of existing and contemplated flush water recycle/recovery system 
and process designs, In general, the  test program was organized along the following lines: 

1. Evaluation of bactericidal/bacteriostatic compounds to  determine the material 
most suitable for the Hydro-John application. 

2. Determine contaminant build-up in the flush water recycle s t ream and a s ses s  the . 
irtipact of this build-up on overall system operation. 

3. Substantiate pyrolysis unit designs and capabilities. 

The tes ts  were generally designed t o  attain specific objectives with other pertinent data- 
evaluated as each became available. Subsequent tes ts  were then formulated to further 
a s s e s s  the implications of these  additional findings. 

Evaluation of Bactericides 

Preliminary screening of bactericidal agents resulted in compilation of the following list 
of materials to be used during the test program. 

.- * 

1. Li'escodvne (West Chemical Company) 
2. 
3. Zephli-an Chloride (Winthrop Laboratories) 
4. Silver Nitrate Solution 
5. Copper Sulfate Solution 

M ;lad:tne West Chemical Company) 

The materials listed were evaluated by  simulating various portions of the f lu sh  water 
recycle/recovery process. Results of chemical and bacteriological analyses were used to 
determine the performance characteristics of each of these materials. 

Tests  Performed . 

Preliminary system designs emphasized liquid-solid separation by filtration with subsequent 
vacuum distillation of the filtrate. To reflect this mode of operation, 4 l i ters of water (with 
make-up as required) was  processed through a typical flush water recycle operation con- 
sisting of the following steps: 

1. 
2. Addition of bactericide 
3. Filtration 
4. vacuum i ) i b ' i X a t i m  
5 .  Condensats recovery 

Slurry with feces (1 man day equivalent) 

-- 
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This process was repeated through two complete cycles with Wescodyne added (2 cc 
initially, 4 cc for second cycle) as the bactericide. 

Filtration of the fecal ' s lu r ry  was with a glass wool/No. 2 Whatman filter paper bed. Vacuum 
distillation was  performed a t  30 - 42OC and 30-50 mm Hg (absolute). One cycle was consid- 
ered complete when 70 percent of the water (i.e., 2800 cc) w a s  recovered. Water recovered 
following the second cycle had a strong odor and w a s  contaminated with bacteria as evidenced 
liy the summarized laboratory report  from Betz Labs, Inc. tables €3-1 and B-2. The chemical 
analyses shown indicate considerable organic contamination in the process sample. Com- 
parison with a control sample (i. e. , water and Wescodyne) indicate that chemical con- 
tamination w d s  caused by the waste materials and w a s  not a direct result  of the chemical 
:iddit ives. 

Chloride , ppm 9.5 27 

9 .4  -- ?ti 

Conductance, micromhos 80.0 210 

C .  0. D. 2105.0 250 - - 

TABLE; B-1 
CHEMICAL ANALYSIS OF FLUSH WATER 

I Points Analyzed Process Sample Control Sample 1 

I 

(48 hrs. incubation] 
Total No. oi Racteriajml of Agar ---rl,p 
Pr c*su rnpt ive te s t  (C olif or m Group) 

Volume of Sample 
10.0 ml 
1.0 mi '  
0.1 ml 

Most Probahle Number (M. P. N)* 
C on f ir mat or y Te s t 

(Brillant Green Lactose Bile) 
(E.M.B. Agar) 

0.01 nil 

Completed Test 
IA c t ose (positive) 
Gram -negative r odd (present) 
Spores (absent) 

I+ e s u m  pt ive Test  (Str e pt oc oc c i Group) 
Volume of Sample 

10.0 ml 
1.0 ml 
0 . i  mi 

Most Probable Number (M. P. N) c 

5/5 
5/5 
5/5 

5/5 , 

524 t 
P Positive 

5/5 
5/.5 
? / 5  
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It is obvious from the bacteriological analysis that the quantities of Wescodyne added were 
not sufficient to provide positive bacterial control in the simulated flush water recycle process. 

This preliminary evaluation coupled with a process design revision calling for evaporation 
of the water directly f rom the s lurry of feces, urine, and water led to performance of a 
se r i e s  of more sophisticated tests. 

The first  of these was  a 25 day test  of a laboratory system with periodic analyses of the 
recovered water performed to  evaluate the recycle process. The general procedure Followed 
during the test period was t o  blend feces (one man-day supply) with a portion of the flush 
water scheduled for use, to fi l l  the still-pot and then to flush the mixture in with the re- 
mainder of the flush water bactericide mix. Urine w a s  added in much the same manner. 
The still pot was operated continuously for a period of 25 days, with dai ly  tests performed ' 
to determine degree of bacterial contro! achieved. Based upon manufacturers recornmendationa 
a solution of Weladyne was used as a bactericide during this test. 
phosphoric acid additive to  provide increased stability over the Wescodyne previouslv used. 

The Weladyne has a 

At the conclusion of the test period the material balance for the system was a s  folloiss: 

Llapsed time, davs 25 
Feces input, man days  8 
Urine input, l i ters 13.7 
Water recycled, l i ters 15.3 
R't-lzdj-ne i n p u t ,  l i ters 0: 396 

'To ruintain the proper halance of materials a quantity of recovered water was discarded 
which w a s  i q l  i :  in :~o!t1mc to the urine added. All bacterial cultures obtained from t h t  

recovered water were necdtive. indicating positive bacterial control with the Weladyne. 

Detailed c1,emical and bacteriological analyses were performed on samples of water recoi.ered 
following t h e  14th and thc 24th day of the test. At these pointsin the test the material proc- 
essed w a s  as tollows: 

Elapsed time, days 14  24 
Feces input, man d a y s  6 8 
Urine input, l i ters ' 7.5 12 .2  
Water recycled, l i ters 11.0 14. a 
Weladyne input, l i ters 0.245 0.390 

Results of the analyses a r e  summarized in Table I3-3. These analyses were performed bv thc 
LaWall and Harrison Research Laboratories, a n  independent testing .laboratory. Maintchnanc.c, 
of bacterial control over the fu l l  test  period is clearly shown by the analysis. Reason for 
the decrease in ammonia concentration is not known. However, the free ammonia con- 
centration in water is susceptible to major change with temperature of, and pressure o..er, 
the water. 
skin irritation, the lower concentration may be marginal in that respect. 

At any rate  the hrgher concentration is unacceptable because of the potential for 
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Material Identification Test Number 

G1 G2 G3 
Elapsed time, d a y s  26 25 23 
Feces added, grams 631 63 1 380 
Urine added, nils 3,271 3,711 2,391 
Bactericide added, mls  64 64 61 
Water recovered, mls  8,705 8,545 3,625 

1 

TABLE 8-3. 

CHEMICAL AND BACTERIOLOGICAL ANALYSIS FLUSH WATER 
RECOVERY CYCLE 

(14 days) (24 days) 
Total Solids, ppm 149 130 

127 Dissolved Solids, ppm 142 
8 8 .  
61 Total ganics, 'ppm 

Free Ammonia as NH3,ppm 11,600 

Total Iodine as I, ppm 

*Analyses not performed 

* 
* Ash ,  P&m 

2,500 * 
* Phosphorous as P2O5, ppm 11 

1.48 

------ - -  ------ ------ 
Standard Plate Count, org. /ml 3 5 
Coliform Organisms 0 0 
Strepticoccus Organisms 0 0 

Y!ie ua te r  ohtairted following the 25th day was passed through the vapor pyrolysis unit and 
t i l t  m a t e l )  recovered a s  potable water. The analysis shown in Table B-3 is assumed to 
1 t wescwt the quality of the raw water supply which was pyrolyzed. Results of the pyrolysis 
are showr? in a later section of this report. 

Continuation of the test  program was performed in all glass systems running concurrently 
to further evaluate bactericides, and examine potential solutions to  problems associated 
with ammonia build-up. The tes t s  run in this series are identified by number, preceded 
bs thLi 12,:er G. 

1 
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ammonia from over the liquid (hence reduction of partial pressure) with subsequent off-gassing 
of ammonia from the liquid. Choice of bactericide seemed to have no effect upan rate  of 
build-up or eventual equilibrium point. 

CONTAMINANT BUILD-UP 

Tests  G4, G5, and G6 were designed to aid in identification of the major source of ammonia. 
The raw materlals added to  each test system were feces and urine, feces and water, and 
urine and water. Wescodyne was the bactericide used in all three tests. 'An additional 
change in system operation was the reduction of boiling temperature (90°F) and pressure 
(0.75-1.5 inches mercury). A s  shown in Figure B-4 ammonia concentrations appeared t o  
build up as before, addition of Wescodyne may have contributed to subsequent reduction of 
ammonia but test data a t  t h i s  point is inconclusive. Reduced temperature did not seem to  
ha\r. a major effect on quality of recovered water. Sampling of recovered water for bacteria 
s!iowed no growth. The implication here is that ammonia concentration in recovered water 
is sufficient to  provide bactericidal action. 

- 

C u r s o r y  examinations of metal sal ts  as bactericidal additives w a s  performed during short 
!erm (2-4 davs) tests. Indications were that either copper sulfate or silver nitrate provide 
5013:~  degree 01 hacterial control and possess definite advantages in reducing ammonia 
e; oiut ion from urine-feces slurries, and urine-water mixtures. A'mmonia concentrations were 
b v l n i r  5C0 ppm for the short test durations. (It appears that the salts were successful in 
f n r m x g  nietal-ammonium complexes which tie up the ammonia and/or urea molecules. ) 
-:I : I  I', AS with the previous tests,  data was inconclusive because of the limited scope of 
'ht! \AAIJA ;t;rm. 

. 

l' A PC)R PYROLYSTS 

In i t i a l  tests reilecting the system concept whereby urine is kept separate from the feces 
trdncportjrnanagement system, processed a 2 liter sample of urine containing 50 cc of 
"rcco\-ered flush water through the vapor pyrolvsis unit. " Flush water used was  obtained 
from the previous tes ts  (Table B-2) to simulate flush water hold-up in the urine transport 
system. The catalyst temperature during pyrolysis w a s  measured at  1200°C, with a still 
pot temperature of 47OC at 70 mm Hg (absolute). The water recovered during this test 
satisfied the U. S. Public Health Standards for chemical potability but showed positive 
resul ts  on presumptive tests for streptococci. The presence of bacteria was traced to a 
contaminated vent on the condensate collection tank. A duplicate run solved the bacteria 
problem, i. e. ,  no bacteria were found in the analyzed sample. Table B-k shows the 
chemical and the amended bacteriological report from Detz Labs, Inc. 

* 

A more stringent test of the pyrolysis unit operation was processing of a sample from the 
25 day tes t  (analysis of raw water shown in Table B-3, 24 days). This water w a s  passed 
L I I I O @  ~5.s pyro!gsis uzit 2nd t h e  unit effluent collected and analyzed by Betz Labs. Inc. 
The water quality met USPH Standards for all points tested. 
Table B-6. 

*L - 

The analysis is shown in 
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TABLE B-5. 

CHEMICAL AND BACTERIOLOGICAL ANALYSIS 

Phenol, ppm 0.0 
Odor None 
Color --- 
Total Phosphate, ppm 1.3 
Ortho Phosphate, ppm 1.3 

I Pyrolysis Sample (Urine and 50 cc Flush Water) 

Ammonia, ppm 
Carbon Dioxide, ppm 
P. Alkalinity, ppm 
M. Alkalinity, ppm 
Chloride, ppm 
Phosphate, Total, ppm 
Phosphate, Ortho, ppm 
PH 
Conductance 18*C, micromohos 

Phenol, ppm 
Nitrite, ppm 
Nitrate, ppm 
Odor 
Color Units 
Turbidity, ppm 

(corrected), micromohos 

7.5 
0.0 
16.0 
36.0 
2.0 
0.5 
0.5 
9.0 
40.0 
3.5 
0.000 
0.00 
0.03 
None 
1.0 
0.5 

- - - - - - - - - - - - - - - - - - - - - -  
Period of Incubation 

Racter iological 24 hours 48 hours 
Total count per ml. at 24 hours 
Presumptive Tes ts ,  Coliform 

195 

10 ml. 0/5 0/5  
1 ml. 0/5 

0. 1 ml. 0/5 
MPN 0 

f E're.sumptive tes?3, Streptococci 
i 10 ml. 0 /5  0/5 

1 ml. 0/5 
9/5 n i - 1  v. I U 1 L .  

M PN 0 i ___---I - - 

TABLE B-6. 

PITROLYZEP SAMPLE 
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The undetectable amounts of nitrate present indicate the hig6 efficiency of amnionia oxidation in 
the pyrolysis chamber. The relatively low phosphates show the phosphoric acid stabilizer 
in the Weladyne does not add a n y  particular problem t o  the water recovery cycle. The 
bacteriological analysis indicated the water sample to  he potable. These tes t s  provide 
strong evidence of the pyrolysis units' capability to satisfy overall process requirements. 

Svstem Evaluation 

The design of the system was based on the resul ts  of the devebpment tes t  program and 
previously designed systems of a similar nature. When system fabrication was completed, 
a system evaluation tes t  program was initiated to confirm the operational parameters. The 
evaluation tests were carried out a s  set  forth in Section N System Laboratory Test Pro- 
cedure. The evaluation tes t s  were conducted during a four week period, but several systeni 
alterations caused system shut-downs. Consequently, t o  provide thc harshest  test  of the 
pyrolysis units' capability to produce potable water f rom metabolic wastes, R water sanipk- 
was collected -from the pyroivsis unit during the last test  day. The water sample source &<is 
from a mixture of up t o  four week old feces a r d  urine. The analysis w a s  performed by an 
independent laboratory, .ktz Laboratories, Iqr. and the resul ts  a r e  given in Table B-7. 

*. 

T A R i E  B-7. 
CHEMICAL AND BACTEPlOIBGICAL ANALYSIS 

PYROLYZED SAMPLE ( F x m  Evaluation Test)  

Chemical 

Arfinionia, ppm 
Alkalinitv. ppni 
p FI 0. I 

'3 itcific Conduct; Mmhos  2.5 L!. hit r i te ,  ppm 
Nitrate, ppm 0.0 
Pnenol, ppb 0.0 
Odor None 

r r l  

0.19 

--_-_-I -------------- 
Bacteriological Period of Incubation 

24 hours 48 hours 
Total count per ml. at 24 hours 
Presumptive, Coliform 

26 

O/' 5 
0's 1.0 ml. 

0. 1 ml. o/ 5 
K P N  0 

10.0 ml. 0; 5 
1.0 ml. o/ 5 
0.1 ml. 0,'s 
M PN 0 

10.0 ml. 0/5 

Presumptir e Tests ,  Streptococci 

From the several  analysis points, the sample is adjusted potable in accordance with the 
standards estabhshed for the points by the U. S Public Health Service Drinking Water 
Standards. Thus the design concept of the pyrolysis unit is proven and the high quality of 
the recovered water is eseniplifie?. 

I 



APPENDIX C 

P A R T S  L I S T  

COMPONENT 

Germicidal Lamp 

Hopper 

Pump-Blender 

P-Way Valve 

Still-Pot 

Pyrolysis Unit 

PARTS DESCRIPTION 

U-V Lamp 
Ballast 
Starter 
Hermetic Switch 
Cover 
Seat 
A i r  and Water Nozzle 
A i r  Heater 
Assembly 
Transport Tu be 
Blender Blade 
Pump Blade Rotor 
Shaft 
Seal 
Dear ings 
Snap Ring 
R e  taine r 
Motor Mount 
Air Motor 
Control Valve 
A sse nib ly 
Gate 
Housing 
Manifold 
Teflon Seals 
O-Ring Seals 
Channe 1 
Guide Rail 
Bracket 
Ak Cylinder 
Control Valve 
Assembly 
Housing 
Heating Coil 
Separator 
Top Cover 
Nut 
Sleeve 
O-Ring Seal 
Cover 
Fitting 
0-Ring Seal 

Flow Control Valve Assembly 
Flush Water Condenser Assembly 

Pump 
Sprocket 
Motor Mount 
Air M d o r  
Sprocket 
Chain 
Check Valve 
Control Valve 
Shut-Off Valve 
Control Valve 

Insulation Socket 
Housing 
Cap Housing 
Flange Housing 

. Assembly 

VENDOR NO. o r  GE DWG.NO. 

GE G4T4/1 

Micro lHS3 
Custom 
689E675 
113C8503 
Custom 
103C 41 39 
1 O X  4 140 
1 13 €32805 
13382606 
13382604 
Victor No. 65780 

Waldes  No. 5100-78 
133B2603 
133 82607 

Versa &4323 

13382492 
103C1134 
13392496 
133B2497 
Parkcr 2-220 
133 B2494 
133 S249fj 
13382493 
Tom T h t m b  Yo. A\’-R-1 1 F\:2 
ASCO No. 834511 
825D216 
103C.i 130 
1 03C 4 147 
133B2755 
103C4128 

133B2624 
Parker 2-272 
13382491 
133 82489 
Parker No. 2-114 
Jamesbury D88TT 
825D220 
Planet 3 OOOPN- 2 
Boston K2572 
103C4144 

Gast Boston M?i 2548 
Boston No. 25 
Hoke 585 
Skinner RZDB2200 
Jamesbury D88TT-ST20 
ASCO No. 834511 

103C4127 
11382601 
113B2487 
103C 2426 

GE 58C827-60 
CE FS-5 

nmcNo. 204-s 

GaSt Mf ,. CO. lAbl-h”RV35 

8 2 5 ~ 2 1 3  

133~2498 

. CO. 2AM-FCC-1 

m f r n + n n  a n 9  aha Old u-’fvr) 
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COMPONENT 

, 

Water Filter S Heater 

Urinal 

Urine Reservoir 

Support S t r  uc t u r  e 
Enclosure 
Electrical  Contr ol  

Flush W a t e r  Level Indicator 
Flush Water Control Valve 
Urinal Rinse Control Valve 
Indexing Jet Control Valve , 

PARTS LIST (Continued) 

PARTS DESCRIPTION 

Heat Exchanger 
Ceramic Dome 
Ceramic Spool 
Ceramic Spacers 
O-Ring Seal 

O-Ring Seal 
' Condenser 
Pump 
Control Valve 
Air Cylinder 
Check Valve 
As se mblv 

O-Ring Seal 

Heating coil 

O-Rinn Seal 
Cap 

Fitting- 
O-Ring Seal 
Filter -Paper 
Filter Screen 
Assembly 
Housing 
Handle 
Sleeve 

Retainer 
Diaphragm 
Seal 
Assembly 
Pump 
Sprxket 
Motor Mount 
Support 
A i r  Motor 

Control Valve 
Assembly 

Schematic 
Hermetic Relay 
Latching Relay 
Reset Timer 
Continuous Timer 

Cap 

?g?t 

VENDOR NO. or GE DWG. NO. 

103C4125 
133 B2477 
13 3 B2479 

Parker  2-118 
Parker  2-140 
Parker 2-154 
103C4133 
Custom 
Skinner B3DA9150 i 

Tom Thumb No. AV-R-1 1/8 x 2 
Hoke 585 
103C4129 
133B2774 
133B3773 
Parker No. 2-240 
133C8502 
133B2489 
Parker No. 2-114 
Fischer 9-873 
133 B2750 
103C4 141 
13382609 
133 B2618 
133 B2610 
133 8261 1' . 
13382612 
133B2614 
Victor No. 65780 
103C4143 
Planet 3000 PN-2 
R&nn K2572 
103C4145 
103C4144 

Boston K2510 
Boston No. 25 
Skinner CZDA1092 
6893676 
Custom 

Ohmite DOSHX-40 I' 
Ohmite GPRLETRX-7T 
Cramer 440p 
Industrial 14-116 
Fenwals Inc. 67021-0 
ASCO 826230 
ASCO 82626 
Skinner C2DA1092 

1 

133 B2478-80 

Cast Mfg. CO. 1AM-MV39 
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APPENDtX D 

PROBLEM A R E A S  

The Hydro-John System was evolved in several  gtages (See Appendix A) and the design was 
based on a series of development tests (See Appendix B). However, several  system a reas  
have exceeded power, weight and size expectations. Also, the. reliabdity of the componect.; 
has  not been firmly established. In addition the chemical reaction between thc w i n e  and 
feces in the still-pot is not fully understood as far  as gas production rates and subsequent 
gas removal are concerned. These problem areas are further disciissed in the following 
sect ions. 

Pyrolysis Unit Power Requirements 

The power required for  the pyrolysis unit has exceeded expectation dce to  increased 
thermal losses through the insulating jacket. The jacket is used to isolate the i8OO"F 
pyrolysis chamber by use of an evacuated annu!us of multi-layer tantalum foil thermal 
reflectors and Fiberfrax fibers. (See Section 111-11.0) During oneration of the unit, 2 

vacuum pump is u.tilized to  continuously maintain the jacket anniiiiis 'KL a low prcssurk. 
This is necessary to prevent convection currents in the enveloped m i i u l u s  and C.0 pre'. f iit 

oxidation of thc thermal ref1ector.s. However, a gradual degradation of the t i ~ r r n a l  r e - ' -  

flector may result over several  operation periods, thus more power will be corlsumed I>-: 
the pyrolysis rjrocess. 

Linde Compar,v has proposed to fabricate a nic.ri3 sophisticated superinsulatiol: jacket. 
This jacket with multi-layers of copper and qliartz would be hermetically sealed at an ' 

ultra-low internal pressure with getters to remove trace molecu!es. The pyrolysis u n i t  
power requirement would thus be reduced from 150 watts to  50 watts by the superinsulation 
jacket and additional vapor heat exchange surface area. The unit is assured of at least 
two (2)  years of operation at  this low thermal leakage value. 

-- -- 

Blender Blade Failure 

T h e  engineering prototype blender blade (See Section III-3.0) has alwavs functioned properly 
in the llmited number of operations during system check-out. However, one failure w a s  
encountered with a similar design (less Teflon coating) late in the laboratory breadboard 
test phase. This failure occurred xhen a quarter pound slug of dog food (used for fec6.c 
siniulntion during demonstrations) adhered to the top of the blender blade and consequentl-. 
rotated with the blade and was not blended. This failure w a s  investigated and attributed to  
a n  abnormal slow rotation of the blade as a major cause. Also the flat surface of the sliir 
and the sticking surface of the blade were poss'ibly contributing factors. Failure of the  
prototype blender blade has not and should not occur. However, a canted blad? surface 
would appear to  offer some advantage over the present design. 

The mixing of t h e  urine and feces in the still-pot results in the generation of ammonia and 
organic gases. These gases join with the vapor flow and dissolve in the reusable flush 
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liquid when condensed. The majority of the organics are removed by an activated char- 

coal filter, however, only a small  amount of the ammonia is removed by the process. 
Consequently, when the flush water is sprayed through the hopper nozzles during a flush- 
ing operation, small  quantities of ammonia may escape from the solution and contaminate 
the cabin atmosphere. There is no provision in the prototype system to remove or con- 
t rol  the ammonia which may be liberated to the cabin atmosphere. Additional studies 
and laboratory tests have shown that a chemical sorbent "AmberlySt" will provide con- 
trol of the ammonia in the cabin air if  i t  presents a problem. 
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