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ABSTRACT 

The objective of Grumman's Manned Space Systems Habitability 

IRdD project is to develop guidelines and design criteria for 

Space Station habitat modules by focusing in three related func- 

tional disciplines: human factors, internal architecture, and 

crew support. Specific obj ectives for the crew support systems 

study are to identify the advanced technology development needs 

for crew support systems which can satisfy the long-duration 

mission and high crew productivity needs of Space Station, and 

which efficiently interface with the Habitation module systems, 
and to develop advanced design concepts for selected systems 

which will complement development efforts undertaken by NASA. 

This report addresses the development of requirements in the 

areas of waste collection, personal hygiene, low pressure stor- 

age of fresh fruits and vegetables, food preparation, clothes 

washing and drying, trash management, and internal contamination 
control. Initial identification of key technology development 

needs and approaches, as well as preliminary concept formula- 

tions, are discussed. 
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1 - INTRODUCTXON 
This is the final report planned for the Crew-Support Systems 

Study conducted within Grumman's Manned Space Systems 

Habitability IR&D project (described 'in Ref 1). 

The overall objective of the Manned Space Systems Habitability 

project has been to develop guidelines and design criteria for 

Space Station habitat modules by focusing on the three related 
functional disciplines; human factors, internal architecture, 

and crew support. 

This report deals specifically with the Crew Support discipline. 

Human Factors and Habitability treated in separate reports. 

C W  SUPPORT SYSTEM STUDY OBJECTIVES 

The crew support contribution to. this project was completed in 

September 1986. The 'tasks performed included: 

Investigation and assessment of crew support technology. 

throughout NASA, subcontractors, and others in the field 
to determine status and develop requirements 

Estab1ishment of L n i t i a l  requirements based on module 

design needs and limitations for comparison with devel- 
oping crew support systems 

Selection of those specific areas where active interfac- 
ing and/or development assistance in a team effort prom- 

ises a useful contribution to Space Station design 

To advance the state of the art technology in these 

specific areas where possible and report. 



This r e p o r t  addresses the areas of waste collection, personal 

hygiene, and law pressure storage of fresh fru5ts and vegeta- 

b l e s .  Basic information re lated to food preparation and clothes 
washing and drying technology is included. The areas of trash 
management and contamination con t ro l  are addressed in this 

report. However much ongoing work and study is needed in these 
areas. 



2 - SUMMARY 

A system study addressing the functional performance, and 

interface requirements for Space Station habitability was. 

conducted. The purpose of this study is to identify key 

technological approaches and alternative subsystem concepts . to 

advance crew support systems state of the art. 

Subcontractors who have contributed to our studies are: 

Bell and Trotti 

- Personal hygiene design studies and mockup fabrica- 

tion 

Fairchild Republic Corporation (FRC) 

- waste management (Fecal, Urine, Trash) design studies 

General Electric Houston (GEH) 

- waste  management design analysis and trade studies 

- washer systems design analysis and trade studies 

- food system design analysis and trade studies 
- galley/wardroom subsystems design and Houston mockup 

fabrication 

Hamilton Standard Corporation (HSC) 
- Waste collection/compaction (fecal) and urine collec- 

tion design-information 

Warner, Burns, Toan and Lunde 

- Habitation module design studies and mockup fabrica- 

tion 

Whitmore Enterprises 

- Fecal waste collector/compactor sub.system and mockup 
fabricat ion.  

Systems studies of waste collection and personal hygiene systems 

have been conducted to better understand the equipment and its 

impact on the Space Station. 



Investigation of low pressure storage of fresh fruits and 

vegetables was accomplished by Literature review and 

consultation with experts, 

Study of basic information related to food preparation p l u s  

clothes washing and drying technology was i n i t i a t e d .  

Evaluation of crew gallery activities were conducted in Bethpage 

and Houston mockups. Additional galley wardroom arrangements 

have been identified for investigation. 



3 - WASTE COLLECTION SYSTEM 

This section addresses the problem of collecting, processing, 
and s t o r i n g  human waste on-board the Space Station. 

Human waste will consist of fecal matter in varying degrees of 
solidity, liquid urine, vomitus, and female menses, Management 

of this w a s t e  material remains one of the more difficult problems 
confronting the space vehicle designer. The total process in- 
cludes provisions for the act of elimination, processing the 

waste materials for storage, temporary on-orbit storage, and 

ultimate disposition. 

The successful design must involve the user in the process of 
eliminating waste material in a manner that is esthetically ac- 

ceptable, sanitary, and provides control for odors and vapors. 
Nominal operation of the design m u s t  not require the user to 

handle or manually process the waste  material in any way. Other 
functional and operational requirements deal with rendering the 
waste matter b i o l o g i c a l l y  inert, and the removal and transporta- 

tion of the storage container. 

Included in this section are the w a s t e  collection concepts that 

have been defined by the General E l e c t r i c  Co, -Houston, Fair- 
child Republic Corp., Whitmore Enterprises - San Antonio, and 
United Technologies, Hamilton Standard Division, under G m a n ' s  
direction. 

A special working group examined the existing waste collection 
system requirements and derived additional requirements based on 
ongoing trade studies and other analysis being performed, The 
results of these activities will provide a set of criteria by 



which the various concepts can be compared and evaluated. This 

c r i t i c a l  review of the systems presently being designed leads to 

a more complete understanding of the equipment performance char- 
acteristics and the overall habitat design requirements. 

TabLe 3-1 summarizes Waste Collection methodology (objectives) , 
drivers, issues and technology development. 

Table 3-1 Waste Collection 

METHODOLOGY 

IDENTIFY & DEFINE FIEQMTS 
FORMULATE CONCEPTS 
ESTABLISH CONCEPT SELECTlON CRITERIA 
PERFORM BASELINE SELECTION OF CONCEPTS 
DEFINE INTERFACES 
POSTULATE EQUIPMENT OEF IMLT ION a SIZING 
DEFINE POWER, LOGISTIC. MAINTENANCE REQMfS 

+ PREPARE SPECIFICAT ION 

KEY DRWERS 
WEIGHT. VOLUME. POWER MIN~MIZATION 

SAFETY: O W R  & BACTEfllAL CONTAMINATION 
PERFORMANCE: EASE OF USE. WASTE TRANSWFIT, If PROCESSING 
COST 

ISSUES & CONCERFJS 

SELE<TTIVE BIOMEDICAL SAMPLING 
CREW ACCEPTANCE 
WASTE CONTAINMENT & nABIL IZATION 
ODOR & BACTERIAL CONTROL 
NOISE CONTROL 
FECAL. BOLUS SEPARATION . 
STORAGE AVAILABILITY 
VENTING OF STORED MATERIAL 
REPAIR CL MAlNf ENANCE 
BACKUP PROVISIONS 

+ DEGREE OF AUTOMAtlON 

TECHNOLOGY OEVELOPMEUT 

PR WENT TECH LEVEL - 5 - 7 - TESTED IN SPACE BUT S I L L  UNSATISFACTORY 
w KEY TECH ISSUE = FECAL COLLECT1ON. FECAL STABILIZATION 

R86L57&022 

3.1 GE SEPARATE U R I N A L  

The GE Separate Urinal is similar to flight-qualified systems 
previously used, or presently in use, aboard the Space Shuttle, 
The systems axe designed for ease of use in a zero-G environment, 

These systems are strictly for use with liquid waste  products ,  



incorporating various transport methodologies. The selected 

system is a separate urine system which utilizes air flow for 

the transport and.'separation mechanism. Air and urine are drawn 

into the transport hose, and then into the fan separator.. Urine 
is separated out and flows into a storage tank, while air is 

filtered and returned to the cabin. See Fig. 3-1. 

------  
I I 

HUMAN FACTORS 

TRANSPORT 
HOSE RETAINER 

FAN SEPARATOR 

( BALLAST AIR - 
ODORlBACTERlA 

I RETURN AIR 

RB6-157&02, 

Fig. 3.1 GE Sapuoh Urinai 

The concept of s.eparate urinals is based on the premise that 

crewmembers will be located in diverse areas of the Space Sta- 
tion, presenting the need for several urinal stations. Extensive 

testing af new urine cups has resulted in improvement to the 



basic spaceflight proven system, This concept rnodularizes the 
urinal, and through slide rail mounting, provides accessibility 
for repair and recessed mounting for maximizing stowage. Accor- 
dingly, envelope dimensions within the habitability area are 

minimized. 

DESCRIPTION 
Liquid/Gas Separation - An improved version of the fan 
separator, providing greater air flow with shortened 

tubing pathways enhances urine c o l l e c t i o n  and separa- 

tion. ALI component parts are removable in-flight and 
replaceable as subassemblies. A simplified control sys- 
tem is ut i l i zed  as no redundancy is required 

a Odor/Bacteria Control - Odor/Bacteria Control is accom- 
plished through the use of an improved long-life f i l t e r  
assembly. To further enhance this design, the filter is 
removable by opening a f r o n t  panel. The filter external 
dimensions have been slightly increased t o  provide opti- 
mum air flow, with no f i l ter  degradation - 

Crew Restraint - In addition to the spring-loaded crew- 
member foot restraint, the transport hose con ta ins  a 
memory retaining wire which allows it to remain in a 
crewmember s e t  position. AdditionaL grasp handles are 
provided to aid in zero4 stabilization 

Redundancy - Serviceability is emphasized in this con- 
cept and is combined with long-life components. No re- 
dundant systems are required in each unit, Redundancy 
is provided through multiple units 

a Operation - Operation of the Space Station urinal is 

similar to the combined commode/urfnal except it is an 

individual urine system. Controls consist of an ON-OFF 
switch for the fan separator and air flow indicators to 



assess pre-filter and odor/bacteria filter degradation. 

Operational life expectancy of component parts is dis- 

cussed in the technical data 

Envelope - Envelope dimensions are based on current con- 
figuration WCS components and the space required for 

optimum operation. Human factors are imposed based on 
orbital flight experience and anthropometric data. 

DETAILED DATA 

System Name: GE Separate Urinal 
Peak Power Requirements: , 0 . 3 5  kW 
Power Requirements (kWR/year): 

30 Min/Day x 0.35 kW x 1/60 x 365 days x 8 CM = 511 kW 
Hr /year 

where CM - crewmember 
Weight: 25 kG 
Volume : 

Height (meters) 1.0 

Length (meters ) 0.76 

Width (meters) 1.0 

T o t a l  0.76 cu meters 

This concept (Fig. 3-21 utilizes current shuttle technology in 
combination w i ~ h  design improvements dictated by crewmember com- 
ments and extensive testing. It is an integrated system which 

is based on proven components and techniques, Proposed enhance- 

ments include increased capac i ty ,  con ta ine r i za t ion ,  and odor/ 

bacter ia l  filtration. Performance improvements include air 
drying and assembly replacement of critical components. 



COMMODE SEAT 
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Fig 3-2 GE CommadelUrind 

DESCRIPTION 
a Capacity - Additional capacity.can be derived by enlarg- 

ing the shuttle commode container within the proposed 

envelope. Compaction methodology wi th in  rhe holding 

tank is presently under evaluation. When available, re- 

sults may be appl icable  t o  Space Station 

a Containerization - A b a s i c  requirement for conta iner iza-  
tion of w a s t e  products is that the container must be 

nonpenneable to microbes. In order to effectively pro- 
vide microbial protection and facilitate crew servicing, 

a nonwoven, hydrophobic, soft bag system is proposed. 

This concept o f fe r s  ease of removal and h a n d l i n g  when 

incorporated within the improved commode rank design 

Redundancy - Redundancy i s  provided within the commode/ 
urinal unit for comfort and convenience of crewmembers. 

These are dual fanlseparator u n i t s  which can be operated 
singularly or in parallel to provide comode/urinal a i r  
f l a w .  These fan separator units are identical and re- 

placeable in space by crewmembers. 



A s i n g l e  u r i n a l  hose i s  provided w i t h  t he  conrmode/urinal 
u n i t  which provides redundancy i n  t h a t  i t  can be p1ugge.d 

t n t o  receptac les  which are i n t e r n a l l y  plumbed t o  e i t h e r  

of t h e  fan separa tors .  Therefore,  i f  a problem exists 
wi th  one separa to r ,  t he  o the r  can be se lec ted  by connect- 
ing t o  the a l t e r n a t e  receptac le .  Redundancy i s  provided 
f o r  u r i n a l  cups i n  that each crewmember has h i s  own i n -  

dividual u n i t  with a spare provided should it be needed. 

The commode waste c o l l e c t o r  i s  a replaceable  u n i t  which 

provides microbial i n t e g r i t y  during the removal cycle. 

The commode waste c o l l e c t o r  i s  replaced p e r i o d i c a l l y  a s  

the need e x i s t s  f o r  more capaci ty .  Dual odor /bac te r i a l  

f i l t e r s  are provided. The secondary filter i s  i n  the 
air discharge from each fan/separator which p r o t e c t s  the 

crew from noxious odors and provides backup f o r  the p r i -  
mary commode bac te r i a  f i l t e r s  

a Operation - Operation of t h e  WMS commode/urinal i s  s i m -  
i l a r  t o  the  present  S h u t t l e  WCS, except f o r  s impl i f i ca -  

t i o n  and the removable bag container .  Since a i r  drying 
i s  utilized, t h e  valving is greatly s impl i f ied  and ce r -  
t a i n  switching can be el iminated.  Fecal  air drying w i t h  

a s m a l l  air fan  which operates  continuously i s  provided, 

eliminating overboard vacuum venting. Containerizat ion 

i s  accomplished by a removable bag. I n  operat ion the  
bag container  would be capped on top and bottom when 
removed. The e n t i r e  conta iner  would then be placed i n t o  
a compactor and a replacement i n s t a l l e d  i n t o  t h e  com- 
mode. The u r i n e  system i s  'enhanced by newly-designed 

ind iv idua l  cups which provide optimum a i r  f low,  separa- 

' t i o n ,  and last drop co l l ec t ion .  



DETAILED DATA 

System Name: GE Commode/Urinal 
Peak Power Requirements (kW): 0 . 5 0 5  
Fan Separator = 0 . 3 1 2  peak (kW) 
Power Requirements (kW/year) : 2037 

Volume: 0.8 cu m 

weight: 91.0 kG 

The Shuttle WCS weight is 62 kG. Certain components such as the 
fan separator,  basic tank, piping, valves, and motors will re- 
quire manufacture from stainless steel to increase reliability 
and e l iminate  corrosion. A further weight increase i s  due to 
addition of the drying blower motor with integrated system com- 
ponents, and an increased capacity odor/bacteria filter assembly. 

FRC COMMODE/URINAL 

The Fai rch i ld  Republic Company (FRC) , subcontractor to Grurmnan 
in this effort, has provided in-depth information on their Space- 
Station Waste Management System design. 

The FRC commode/urinal uses a modified Skylab commode seat and a 

20 CFM air flow rate to direct the bolus into the chamber. After 

defecation, a piston removes the feces from the chamber, com- 
pacting it and leaving the collecting chamber relatively "clean" 
for the next use. Waste stabilization is primarily by drying - 
a process depended upon by a l l  proposed Waste Collection Systems. 
Urine collection is achieved by a i r  j e t s  i n  the personalized 

urinal. The urine-air mixture is processed by a centrifugal 

separator. Odor and bacterial filters separate the wastes from 

the cabin atmo,sphere. 
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DETAILED DATA: 
F " 

System Name: Fairchild Commode/Urinal 
Peak Power Requirements (kW): 0.225 

Fan Separator = 0.03 peak (kW) 

Power Requirements (kWH/year): TBD 
volume: 16.3 ft3 
Weight: 193.5 lb. 

3 . 4  WHITMORE COMMODE 

Whitmore Enterprises' colmnode is limited to feca l  collection 

only, It is similar in design t o  the FRC unir. The major d i f -  , 

ference is that the Whitmore unit adds a paper wiper to the pis- 
ton, thus enhancing the piston's ability to c l e a ~  the c o l l e c t i n g  
chamber and leaves the piston head "clean". The wiper remains 

with the removed feces after the removal/compaction process, 

apparently assisting the fecal  drying procedure. (Fig. 3 - 4 ) .  
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Fig. 36 Whitmore Commode 

DETAILED DATA : 

System Name: Whitmore Cornode 
Peak Power Requirements (kW): 0 . 3 3  
Power Requirements (kWA/year): TBD 

Volume: 9 . 4  f t  3 

Weight: 60 lb. 

3.5 HSC COMMODE/URINAL 

The Hamilton Standard Commode/Utinal incorporates a hydrophobic 

bag i n t o  their system. Airflow will entrain the bolus into a 

cy l inder  lined by the bag. Then, either manually or automatical- 

ly, a lid is placed onto the  bag, The cylinder i s  then rotated 
so that a piston can compact the bag t o  the bottom o f  the canis- 
ter. The clean cylinder is then restored, with a new bag, to 

i t s  or ig ina l  pos i t ion  ( F i g .  3-51. 
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DETAILEX) DATA: 

System Name: Hamilton Standard Commode/Urinal 

Peak Power Requirements (kW): 0 . 4 6 0  
Fan Separator = 0.36 peak (kW) 
Power Requirements (kWH/ year) : TBD 

Volume: 5 0 . 5  ft 3 

Weight: 193.5 lb. 

3 . 6  WASTE COLLECTION TASK TIMELINE 

A systems study of Waste Collection Systems was conducted to 

better understand the equipment and its impact on the Space Sta- 
tion. A block diagram of  the "Process Flowt1 is presented below 
together with the cumulative times and time intervals for each 

process s t e p .  In Fig, 3 - 6 ,  a l l  activities of each process step 
are broken down to permit d e t a i l e d  examination. The interfaces 
and support equipment assoc ia t ed  with each activity, as well as 
trades and issues, are listed. The logistics supply/resupply 

( e . g . ,  power, water, e t c )  are then tabulated  by quantity and 
duration (Fig. 3-7). 
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Fig. 3-7 Waste Collector Derived Loglsiiel Parameters 
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4 - PERSONAL HYGIENE SYSTEM 

The personal hygiene system aboard the  Space Station will 

provide the means for all crewmembers to conduct body cleansing 

and grooming activities in a reasonably comfortable and private 
manner for the mission duration of 90 days. The personal 

hygiene system will be equipped to provide crewmembers with 

the facilities for whole and partial body cleansing, shaving, 

oral hygiene, vomit collection, feminine hygiene, and other 

grooming activities. 

A systems study of each of the subsystems of the Personal 
Hygiene System was conducted in a similar manner to that 

discussed for the Waste Collection System: a block diagram of 

the,."process flow" was created and interval and cumulative times 
were estimated' for each process step. All activities of each 

process step were then examined in derail. The interfaces and 
support equipment associated with each activity as well as 

trades and issues were ILsted. Logistics parameters (e ,g . ,  

power, water, etc) were derived from this flow analysis .  The 

logistic parameters w e r e  tabulated by quantity and duration. 

To avoid repetition, only the block diagram of the shower proc- 

ess flow is presented here. However, the derived logistics 

parameters f o r  each of the subsections of the Personal Hygiene 
System (shower, handwash, shaving, etc) are shown in Fig. 4-1 
through 4-6 ., 

Some concepts of whole body bathing that have been studied are 

shown in Fig. 4-7. 

Grumman's preliminary evaluation of the existing concepts has 

resulted in the tentative selection of the "rotating vacuum 



squeegee" concept (Table 4-11 .  Tentative selections of other 
Personal Hygiene concepts are shown in Table 4 - 2 .  

In addition to deriving Logistics parameters and selecting 

tentative concepts for the mechanical subsystems, Grumman is 

also involved in constructing and evaluating full scale models 

of the functional architecture. At Grumman's Bethpage facility, 
the configuration was constructed as shown i n  Fig. 4-8A.  Bell 

and Trotti Inc assisted Grumman i n  t h i s  effort by constructing 
the handwashers, the storage compartments, and the shower, which 

shows the rotating squeegee and a sliding door entrance. This 
facility contains a representation of the Hamilton Standard 

Waste Collector. 

At the G m a n  Houston facility, Whitmore Enterprises has 

furnished Grumman a mockup of their waste collector. Grumman Ls 

a l s o  i n  the process of obtaining a mockup of  the Hamilton 
Standard waste collector. These waste c o l l e c t o r s  are to b e  
installed Ln the proposed habitation mockup in Houston. 
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Fig. 4-18 Shower Derived Logistics Parameters 
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Fig. 4-3 Shaving Derived Logistiw Parameters 
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Fig. 4-8B Architectural Study (Side View) 

85TH PERCENTILE MALE 

\\ 

y 
1 HANDWASHES COMMODE SHOWER 

R881580416G 
GRUMMAN 

M.W. 754B - 1120 lm ca.t - 1 0  

UIa tlLLTCIIDVPE160ILL mtDL CIIPum1 

OVEUUL C W I G I I I A T l D I . O U L D  VR15S 

SCALE. I l l O l H  I WlE t 7---a6 
E M .  Y .  Z 4 C C A W I I I I  1 bPPU&VM+ 



MIRRORS 

- : 126.00 -- 

.AWE CPLICIIIII- M l G l t a  C D P L D I S M I  

RB&1580016Q O W R U  C O W T l t L Z I A T l D I - Q U D  IWSS 
GRUMMAN StUE' l l l 0 l H  I O A t E l  7-79-a4 

€ 1  . I f 1  1 A F M O Y L L I  

Fig. 4-8C Arctritsctural Study (Front View) 



5 - LOW PRESSURE STORAGE 

Until now, the astronaut diet, although meeting nutritional 

requirements and being reasonably palatable, has lacked the 

variety and interest that can only  be provided by the 

availability of a broad range of fresh foods . This has been of 
relatively minor importance for the short duration of most space 
flights, but the desire to provide a more diversified and normal 
diet increases with the need to sustain a high crew morale for 
the longer flight time of the Space Station. It is difficult to 
preserve many fresh fruits and vegetables by "normal" means for 
extended periods.  However, a food preservat ion system based on 
Low Pressure Storage (LPS) principles can preserve many 

"nonfreezab'Le" fresh foods well beyond the abilities of normal 
refrigeration. Moreover LPS, in combination with other food 
preservation technologies such as those discussed below, may 

be capable of extending the shelf life of fresh food even 

further. 

During 1985 Grumman conducted an exrensive food preservation 

literature search augmented by a series of interviews with ex- 

perts. The results of this program are discussed below. 

Low Pressure Storage consists of placing the commodity in an 

environment in which pressure, air temperature, and humidity are 
precisely controlled. In addition, the rate at which the air in 
the storage environment is changed is c l o s e l y  regulated.  Each 
of these four factors a c t s  both individually and in combination 
with the other three to provide an excellent environment for the 
storage of perishable agr icu l tura l  products. No gas other than 
air need be supplied in a LPS system, whereas in modified atmos- 
phere and controlled- atmosphere storage, ather gases are usu- 
ally required. 



The total pressure within the LPS chamber is important since the 
oxygen level is directly proportional to that pressure. For 

example, if a chamber is operated at one-half an atmosphere 

rather than at normal atmospheric pressure (760 uurt Hg), the par- 
tial pressure of oxygen is likewise approximately one-half nor- 
mal. However, at lower chamber pressures the partial pressure 

of water vapor makes up a larger percentage of the total pres- 

sure and must be considered in calculating the percent oxygen. 
For example, at 10 mm Hg and 30°F, there are 4.4 rmn Hg of water 
vepor and 5.6 mm Hg of air. The oxygen level is only 21% of 5.6 
(= 1.18 mm Hg) or 11.8% of the total pressure. This lower oxy- 

gen content has a profound effect on the respiratton rate of 
agricultural products during storage, thus slowing the aging 
process. Spoilage is also reduced as a result of the effects of 
lower oxygen tension on the growth rate of spoilage bacteria. 

It is not desirable however, to reduce the oxygen level to zero, 
Below a certain oxygen partial pressure, the metabolic processes 
change to anaerobic - thus encouraging fermentation of the 

commodities. Nor is it desirable to reduce the oxygen level by 
simply replacing it with another gas. As discussed below, lower 
oxygen partial pressures are best achieved by reducing the total 
pressure in order to achieve high gas diffusion and gas exchange 

rates through the surface openings of the commodities, 

The effect of temperature control at atmospheric pressure on the 
storage life of agricultural products has been extensively 
studied and is well documented. Respiration is a function of 
temperature and it is usually desirable to store the commodity 
at a point just above that temperature at which cold damage 
might occur. The same is true of LPS. However, LPS systems use 
cold walls to trap heat and do not rely on conventional convec- 
t i v e  cooling systems. In the latter, air is forced over freon 
coils which are at least 5" colder than the food temperature. 
This conventional arrangement has several undesirable results. 

Water vapor is condensed on the coil surface making it difficult 



t o  maintain a high r e l a t i v e  humidity a t  the temperature p reva i l -  

i n g  i n  the s torage  area .  For c o i l  temperatures below 3S0F, the 

c o i l  needs a d e f r o s t  cycle dur ing  which the storage temperature 

increases ,  There i s  also a tendency f o r  the product which i s  

c lose  t o  the p o i n t  of  discharge of a i r  from t h e  c o i l  surface t o  
be cooled beLow the "set" temperature. LPS systems use "cold 
plates" r a t h e r  than freon c o i l s .  Heat evolved from the product 
i s  transferred t o  t h e  inner skin of the  conta iner .  A glycol- 

water mixture f lowing through c o i l s  welded t o  the  inner  s k i n  

removes this heat as w e l l  a s  heat which enters the container 

from the outs ide .  The coolant  transfers the hea t  t o  a heat 

exchanger loca ted  externally. Wa t h e  "cold p l a t e "  method, the 

temperature i s  uniform through0 he cold-storage area and i s  
constant  through t he  storage period. 

One fea tu re  of  LPS s to rage  which i s  f requent ly  overlooked i s  the 
r o l e  which it plays i n  "out-gassing" the product. All perish-  

Hbles produce carbon dioxide and consume oxygen so that  carbon 
dioxide escapes and atmospheric oxygen e n t e r s  the  commodity. 

O t h e r g a s e s  and volatile substances which have an adverse e f f e c t  
on storage l i f e  a re  also produced. Table 5-1 l i s t s  the  most 
important of these vapors and ind ica tes  t h e  e f f e c t s  which they 

have on "keeping quality." Since these  gases a r e  present  a t  

much higher concentrat ions within t h e  commodity than i n  the  a i r  
around i t ,  they a r e  forced out  across t h e  concentrat ion gradi-  

e n t .  Usually these  gases move out through air-filled pores 

located i n  t he  surface of the product. The r a t e  a t  which gas i s  

moved out depends on the following f a c t o r s :  

The Magnitude of the  Concentration Gradient - The concen- 
t r a t i o n  gradient  may be increased by removing the  nox- 

ious gases accumulating around the commodity. This  i s  

accomplished in LPS systems by the v e n t i l a t i n g  e f f e c t  of 

providing a cons tant  supply of f r e s h  a i r  ( a t  l o w  pres-  

sure) t o  the chamber 



Tabte 5-1 Volatiles & Their E f f m  

* The Cross-sectional Area o f  Available Pores - The t o t a l  

V O U T  l LE  

CARBON DIOXIDE 

ETHYLENE 

ACETALDEHYDE 
ETHYL ALCOHOL 

FARNESENE 

OFF - ODORS 

cross-sectional area of the pores a v a i l a b l e  for  gas ex- 
change may' sometimes be increased by increasing the rel- 
ative humidity in the storage area, When w a t e r  enters 
cells at the surface of fruit the cells assume a more 

spherical shape, thereby causing the a i r  spaces between 

them to enlarge sufficiently to increase the pore area 
available for gas movement. For example, the pore area 
o f  an apple  pee l  has been reported to approximately 

double when the relative humidity is increased from 75% 
to 95% (Fockens and Meffert, 1972). The humidification 
equipment inherent in the LPS system can provide this 

high humidity level, whereas conventional refrigeration 
limits the highest humidification which can be obtained 
- the colder coils condense much of the water in the 

warm air flowing through them, and therefore the system 
usually cannot maintain a relat ive  humidity higher than 
802. The cold-plate  technique used in LPS chambers 

ellminates cold spots ,  making humidity levels approach- 
i n g  100% possible - thus easily assuring attainment of 
the d e s i r e d  90 to 95Z range 
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a Gas Mobi l i ty  - O r  the ease which gases  move through the 

a i r  contained i n  t h e  po re s .  Since a t  low pressure there 

are fewer gas molecules per cubic f o o t ,  each molecule 

moves a greater d i s t a n c e  before  c o l l i d i n g  w i t h  another. 

Thei r  mob i l i t y  i s  therefore g r e a t e r ,  allowing the gas 

molecules t o  diffuse more r e a d i l y  through sur face  

openings. 

It i s  p a r t i c u l a r l y  impor tan t  t o  remove the  internal and external 

concen t r a t i on  of these undesirable g a s e s .  Not on ly  do they 

damage t he  stored commodities, b u t  some ( e . g . ,  ethylene) a c t  as 

ripening hormones. LPS removes these gases by the means 

discussed  earlier: low pressure, ventilation, and high 

humidity. 

The m i n i m u m  LPS longevity (per present knowledge) and the 

maximum longevity in ordinary refrigeration of some fruits and 

vegetables are presen ted  i n  Table 5-2. It should be pointed  out 
that the listed l ongev i ty  of the LPS s to red  foods  i s  the minimum 

known and not n e c e s s a r i l y  the maximum. A conc i se  definition of  
t h e  term "longevity" i s  elusive because i t  i n c o r p o r a t e s  human 
taste, op in ion ,  and pre fe rence .  Hence, although there is room 
for disagreement ,  the values listed under "ordinary r e f r i g e r -  
ation" i n  Table 5-2 are  Grunmtan's estimate of t ha t  point a t  
which a commodity's p a l a t i b i l i t y ,  texture and v i s u a l  appeal a r e  

s t i l l  c l o s e  t o  peak and have not as yet quite begun a steep 

d e c l i n e ,  By c o n t r a s t ,  the meaning of "longevity" a s  used f o r  

LPS i s  slightly d i f f e r e n t .  I t  i s  used t o  mean 'that point of  

f r e shness  that a prudent and somewhat demanding b u y e r  would 

accep t  without ques t ion  a t  t h e  t ime of  purchase,' (freshness a t  

delivery t o  the consumer marketplace.) Therefore  t h e r e  is an 

a d d i t i o n a l  s to rage  life expectancy a f t e r  LPS s t o r a g e  - an ad- 

d i t i o n a l  b r i e f  per iod  a t  normal r e f r i g e r a t i o n .  Grumman expe r i -  

ence i n d i c a t e s  that t h i s  " b r i e f  period" i s  u s u a l l y  ha l f  or Less 

than half the values l i s t e d  under " o r d i n a r y  refrigeration'' i n  
Table 5-2. 



table 5.2 Storage Time in Days 

It is expected that the LPS longevity of some commodities will 
extend to the order of 90 days - thereby roughly coinciding with 
the Space S t a t i o n  resupply cycle, It is also expected chat the 

longevity of most comadit ies  will fall short of this goal, It 
is f o r  this reason that there is a need to investigate the 

feasibility of supplementing LPS technology with other 

technologies to  further extend f x e s h e s s  and s h e l f  life. Some 

processes which require investigation are refrigeration at 

harvest, prechiLling prLor to permanent storage, hot and c o l d  
d i p s ,  and various forms of irradiation. These processes are 

discussed below. 

Refrigeration at harvest is a technique that has been used for 

some years now. It definitely seems worth investigation. One 

of the most effective preservation techniques should be 
immediate removal o f  heat at the tine of harvest to slow the 

r e s p i r a t i o n  rate and to lower the growth rate. of spoilage 
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microorganisms. The obvious disadvantage of this technique is 

rhe expense and inconvenience of spec ia l  equipment in the field 
at the time of harvest of each cormnodity. 

Prechilling prior to permanent storage would be of. greatest 

value if it could be accomplished a t  the time of harvest. Its 

purpose is t o  remove heat quickly - without cold damage - rather 
than the more gradual heat removal of permanent: storage. Zfhe 

rate of cooling of any commodity is primarily dependent upon 

four factors: ( I )  accessibility to the refrigerating medlum, 

(2) the temperature difference between the product and the 

refrigerant:, ( 3 )  the v e l o c i t y  of the refrigerating medium, and 

( 4 )  the  kind of cool ing medium. Cooling w i t h  rapidly moving air 
i s  one widely used method of  prech i l l ing  produce. I t  i s  the 

passage o f  co ld  a i r  around the product by pressure differential. 
The use of contact i c e  and top i c e  can give effective pre- 

coo l ing ;  both use crushed ice either i n  direct contact or on top 
of packed containers, This method i s  widely used for  root crops 
and melons. Hydrocooling i s  a method wherein produce is f looded 
with or immersed in cold  water. It is effective if the water is 
kept co ld  enough and i s  changed o f t e n  enough t o  reduce the 

accumulation of decay producing organisms. Asparagus, sweet 

corn, ceLery, and peaches are often prechilled by this method. 
Vacuum cooling is wldely used f o r  lettuce, cauliflower, and 

green peas. This method uses hermetically sealed chambers that 
are rapid ly  evacuated and the cooling occurs via evaporation. 
Moisture loss can be contro l l ed  by misting or prewetting. 

Hot and c o l d  d ips  seem t o  offer some promise of increas ing  s h e l f  
life. Their purpose is primarily to remove pathogens and to 

some extent to counter the loss of moisture. 

Exposure to radiation is perhaps the most hopeful of the supple- 
mental technologies. Ionizing rad ia t ion  whether from radio- 

nuclides or from devices that generate beta rays and X-rays can 
prolong the useful life of food in several  ways: 



Delay  of r ipening:  Low-dose i r r a d i a t i o n  can  delay the 
ripening o f  some fruits, including bananas, mangos, 

tomatoes, papayas,, guavas, pears, and avocados. It  

apparently a l t e r s  the biochemical reactions involved in 
fruit ripening 
The reduction or elimination of insect infestation 

The reduction of the number of microorganisms: At doses 

much lower than required for sterilization, the shelf 

life of such high ly  perishable fruits as  strawberries 

can be extended by delaying mold growth. 

High sterilization dosages are not recommended a t  t h i s  t i m e  
because. of their a t t endan t  changes in texture, appearance . 

flavor, and unknown safety ,  With the accumulation of i n fo r -  

mation on this technique, however, then factors may be 
satisfactorily mitigated. 



6 - FOOD PREPARATION-COOKING 
Cooking is basically an energy transfer process. A joule of 

energy delivered to the food will cook the food at approximately 

the same rate independent of the source of the energy. 

Given t h i s  viewpoint, comparisons of cooking systems can best be 

made in terms of efficiency. The efficiency of a cooking device 

is derived by comparing the power input to the device to the 

power delivered to the food,  i . e .  

eff  = P food / P input 
P = Power 

Using a w a t e r  load f o r  comparison, current commercial system 

eff ic iencies  are shown in Table 6-1. 

Table 6 1  C u m  Commercial System 
ERieiencia 

r 

ELECTRIC SKILLET 85-95% 

ELECTRIC SURFACE UNIT 60-70% 

MICROWAVE OVEN 45-50% 

TOASTEROVEN 20-25% 

THERMAUCONVECTION OVEN 15-20% 

R861578-026 
J 

To some extent ,  the efficiencies for these commercial units are 

limited by economic rather than technical considerations. For 

example, most of  the losses in the microwave oven are in the 

power supply circuit. A gain of perhaps 20% (from 4 5 - 6 5 2 )  in 

efficiency could be achieved by exchanging the transformer. 



Tho other  areas of interest impact the choice of cooking 

systems. These are the flexibility of the system in food 

preparation methods and the degree to which the process may be 
automated. 

FXEXIBILITY: 
In One-G, cooking processes can be basically assigned to one of 
the following c a t e g o r i e s :  

Baking & Roasting - Convective heating of food through 

contact with heated air 

Boiling - Contact and convective hearing of food through 
contact with heated water 

Frying - Direct heating of food through contact with a 
heated cooking vessel - usually in the presence of some 
added fats or o i l s  
Broiling - Radiative heating of food by exposure to a 

strong IR source 

Defrosting, Warming & Browning. 

~-i 
The processes of boiling, frying, ' and broiling in space are 

perhaps, at b e s t ,  debatable because of their tendencies to 

release food aerosols into the cabin atmosphere and their lower 

safety. quotients, It appears that a combination forced 
convection/microwave self-cleaning oven offers high flexibility 

together with the advantages of speed and reasonable power 
efficiency. 

The main technical challenge in system development will be 

increasing the efficiency and scaling down the size of the 

system. 

The nature of the gases released during the self-cleaning 

process is understood, A compact and efficient system for 

scrubbing these gases from the effluent air stream will have to 

be developed. This is a well understood process and should 

present no great difficulties technically. 



COOKING AUTOMATION 
The cooking automation system will be an intelligent, central- 

ized con t ro l  point  for the e n t i r e  food system. It will be 

responsible  for the automatic control of food heating, system 

power budgeting, crew dietary monitoring, inventory control, 

meal planning, and food system diagnostics, 

COOKING CONTROL 
In the oven and in skillets, the system is programmed with a 

standard preparation cycle for each food item. This cycle could 
be adjusted through manual intervention v i a  crew controls, or a 

crewmember specific cycle could be associated with the foods to 
allow the system to custom cook foods to individual taste. 

The food items and crewmembers would be identified to the system 

thr0ugh.a bar code reader attached to the c~oking units. 

DIETARY MONITORING 
Identifying the crewarember associated with each food item 

provides other benefits as well. The system will monitor crew 
nutrient intake and recornend supplements to be added to che 
diet. These supplements could be made available through dietary 

restrictions and also in pill form, This feature of the sysrem 

will allow the crew to eat foods they prefer, while still 

maintaining necessary nutrient control. 

MEAL PLANNING 

The system would accept crew menu selections through a CRT 

screen. This could be l o c a l  to the food area or on the Space 
S ta t ion  computer system. The meal selections will be used to 

generate an ordered picklist. This list will display the foods 

required for a meal in stowage location order, thus allowing for 
efficient retrieval of the meal components by the crewmember(s) 
doing the cooking. 



Once all the items have been retrieved, the system will display 

recommended processing steps for food preparation. For example, 

the system could plan for all of the heavy entrees to be pre- 

pared in one oven that would cycle on high power to heat these 
items, w h i l e  the other items are using lower power. Combined 

with proper portion sizing, th i s  system could reduce most meals 
t o  a single 'load and go' cycle for  the crewmember. 

When the automatic cooking process i s  completed, the system 

informs the crewmember that their meal is ready, and holds the 
food at serving temperature. 

INVENTORY CONTROL 
The centralized meal planning system would allow for e f f i c i en t  
inventory control. Adding a bar code reader a t  the food storage 
locations would adapt the system t o  "ad hoc" food removal. Food 

items removed on an unplanned basis; i .  snacks and drinks, 

could be quickly scanned at removal. This will update the in- 
ventory without impacting crew t i m e .  

The inventory data would be collected far the generation of a 
resupply order. This order would (by the nature of the system) 

reflect crew preference "on orbit" and should improve the re- 

sponsiveness of the resupply system. 

Given the extended nature of the Space Stat ion mission, the 

system would also monitor the shelf life of the foods and print 
out a list of expired foods to be disposed of at resupply time. 

SYSTEM POWER BUDGETING 
Cooking is an energy intensive process and energy i s  in short 
supply on the Space Station. As part of its function, the 
system will control the on/off cycl ing of the various cooking 
and clean up elements of  the food system on a real time basis. 
At a minimum, the. system will monitor continuous power and 
cooking schedule. 



The c o n t r o l  system will be designed to take advantage of t h e  

pulsed n a t u r e  of many of the cooking processes to reduce peek 

power and continuous power demands while h o l d i n g  cooking times 

to a reasonable value, 

FOOD SYSTEM DIAGNOSTICS 
The control system will provide local s t a t u s  and fault de tec t ion  

for the food system. The system will (at a minimum) i s o l a t e  

faults to crew replacable  modules in the system. The control 

system is shown in Fig. 6-1. 

- Fig. 6-1 Galley Computer Control System 

4 4  



7 - FOOD SERVICE SYSTEM 

The Space S ta t ion  Food Service System i s  c r i t i c a l  t o  successful  

manned operations.  This s tudy,  accomplished w i t h  General Elec- 
t r i c  Houston under c o n t r a c t ,  provides an understanding of the 

system, i t s  needs, i t s  many funct ions ,  and t h e  advanced system 

hardware e s s e n t i a l  t o  i t s  performance. The system should- b e '  

adaptable  t o  varying work schedules and personal  preferences, as 

w e l l  a s  being capable of minimizing the  l abor  required i n  meal 
preparat ion.  

The food system i s  an interdependent c o l l e c t i o n  of subsystems 
f o r  food packaging, storage, prepara t ion ,  consumption, and clean- 

up. For example, the choice of  food s torage  techniques has a 
Large impact on the amount of t ime,  labor,  and energy required 
t o  p repa re  the food for consumption. 

For the. purposes of t h i s  study, the food system has been broken 
down i n t o  the following components: 

FOOD PACKAGING - MOD& & LIQUIDS 
This subsystem addresses t h e  food i t s e l f  - i t s  s i z e ,  shape, 

volume, weight, and packaging. The choices made f o r  t h i s  sub- 

system are most dependent on the a v a i l a b l e  storage and prepara- 
t i o n  subsystem. The packaging se lec ted  w i l l  have a l a r g e  impact' 

on the cleanup and t r a s h  handling subsystems. 

FOOD STORAGE 
This subsystem addresses  t h e  storage requirements f o r  the food 

p r i o r  t o  preparat ion and consumption. The choices made f o r  these 
subsystems a re  ' ,related t o  the s e l e c t i o n  o f  foods tu f f s ,  the ways 



i n  which these foods are packaged, and the amount of  food t o  be 

s t o r e d .  
Cold s t o r a g e  - f r e e z e r / r e f r i g e r a t o r  packaged food and 

some l i q u i d  

Ambient s to rage  - modular and bulk storage p l u s  some 

l i q u i d .  

FOOI t  "PARATION 

This subsystem addresses t he  several c a t e g o r i e s  for preparation 
c . f  food for consumption. The choices made f o r  t h i s  subsystem 
W P L  ?end on the s e l e c t i o n  of foods and food s t o r a g e  systems. 

c Ambient food preparation 
Hot food preparation 

e Bulk food p repa ra t ion  
a L i q u i d  food prepara t ion .  

FOOD CONSUMPTION & CLEANUP 
This subsystem encompasses those items, i. e. , dishes, utensils, 
r e q u i r e d  f o r  food consumption, and t h e  cleaning of  these items 
and t h e  e n t i r e  ga l l ey  system. It i s  also r e spons ib l e  f o r  t r a s h  

c o l l e c t i o n  and process ing.  

A numoer of different concepts were cons idered  for each o f  t h e  
above food service subsystem elements; two o r  t h r e e  of the most 

promising were evaluated i n  detail t o  support t h e  s e l e c t i o n  of 
the  most promising. Evaluat ion and t r a d e - o f f s  were made of the 
following: 

Food System 

- Meal s e l e c t i o n  and r e t r i e v a l  
- Automation 
- Packaging 

- Storage 

a RefrigeratorlFreezer 

- Vapor compression 
- ThermoeLectric 



- Dedicated radiator 

a Hot Food Preparation 

- Microwave/convection oven 

- Reusable microskillets 

- Disposable microskillets 
Drink Dispensing 

' - Liqu id  concentrate 
- Drink cups 
Food Consumption/Cleanup 

- Trash collection 
- Trash compaction. 

A summary of the trade-off study,  inc lud ing  the preferred selec- 
t i o n  (indicated by the numeral I ) ,  is provided in Table  7-1. 

This is followed by a summary t ab l e  of the l o g i s t i c  evaluation 
of these same elements (Table 7-2). 



Table 7-1 Trade Study Summary 

REF IFFI tA \UPOA COMPRESSION 0 I REFIFRZR THERMOELECTRIC 

I FOOO PREP COIlsO WEN 

I FOOD PREP REUSABLE MLCROSKILLET 
[INCLUDES CONTAINMEN I) 

I FOOO PREP 01POSABLE MICROSKILLET 
(INCLUDES CONTAINMENT) 

I :E:;cm 
TRASH BAG 

I ~ ~ ~ r * : T O R  
SCISSOR OAlVE 

~ w n  TELESCOPMG SCREW 1 COMPACTOR 

PAMEL HEAT REJECTIOH 
WElOHT VOLUME SPACE BTUlHR KWH 

(KQ) (U1) (Ma) 

121 0.B8 8.24 12S225 3 7 M  

102.3 0.01 1.05 1251225 3JIM 

236.4 0.81 1.05 1251295 37188 

31.8 0.101 0.137 7445 2182 

13.5 0 101 0.137 1382 405 

11.4 0 ID3 0.137 1603 470 

22.7 0.27 0 348 N I A  NIA 

18.2 009 O.ll7 NI A NIA 

0.23 0 002 N I A  NIA MIA 

51.5 0.35 0.455 NIA NIA 

81.36 0323 0.420 NI A K h 

I 

, 72.73 0929 0,4M Nlh MA 

KWH UAlMtEMANCE 
POWER MAN HOURS 

(PER YRL (PER YEAR) i 



Table 7-2 Logistics Spurel & Consurnabler 

THERMOELECT RlC REF/FWR 

ITEM 

VAPOR CYCLE REFlFRTR 

DEDICATED RADIATOR REFIFFUR 

COMBO OVEN 

REUSABLE MlCROSKlUET 

LOGISTICS SPARES 

2 EOUlV UNITS 

MICROSKILLET 
CONTAINMENT SYSTEM 

80-OAV WElOHT 
EXPENDABLES (KG) 

0 242 

DISWSABLE MICROSKILLET 

RIGID TRASH COLLECTOR 

I FLEXIBLE TRASH COLLECTOR 

I TRASH BAG TRASH COLLECTOR 

I TELESCOPING SCREW TRASH 
COMPACTOR 

TRASH COLLECTOR BAGS 

wls784o1eo 
i Orurnman 

. MULTIPLE SCREW TRASH COMPACTOR 

TRASIi COMPACTOR DADS 

3 EOULV UNUS 

450 

4 EOUlV UNITS 

3 SPARE 307 
THERMOELECTRIC 
MODULES 

2 EQUW UNITS 

4 EQUlV UNITS 

2 SPARE PUMPS 205 

0 127 

4 EQUlV UNITS 

NIA 

0 

NIA 

2 EQUlV UNITS 

2 EQULV UNITS 

63.6 

NIA 

108 

123 

0 

0 

2 EQUlV UNITS 

VOLUME 
4 ~ s  
t.92 

2.43 

1.62 

0.40 

0.75 

0.40 

5.62 

1.08 

0.37 

NIA 

0.7 

0.65 

0.85 

1.31 

18.34 

0 



The food service element selection indicated was taken as the 

recommended starting point for further definition and pre l iminary  

design. The culmination was the design and construction of two 

Galley/Kardroom rearrangeable mockups. 

The Bethpage mockup is part of the overall habitat. 

While it is essentially an appearance mockup, ir has 

been. used to examine crew a c t i v i t y  and task timelines 
The Houston galley/wardroorn mockup was a j o i n r  e f f o r t  

with GEH and consis ts  of two mockups. One is high fi- 

delity with the capability of component functional demon- 

stration to the level of opening/closing storage, oven 

access, freezer food containment, and computerized menu 

planning, etc .  In addit ion,  it is read i ly  capable of 
configuration rearrangement. It has been used for sev- 

eral one-G simulations and permits design evaluation 

with crew task insight. The second is limited in cotal 
size but provides functioning components permitting 

actual food preparation, including heating,  freezing , 
trash compaction, and'a functioning Coca-Cola dispenser. 

These mockups have and may cont inue  to offer an engineering tool 
which will support further investigation into galley/wardroom 

technology and the related crew operations. 



8 - CLOTHES WASHING h DRYING 

The process of washing clothes is basically one of applying 

mechanical forces to clothes in a cleaning solution, the main 
objective being to generate a large aaount of i n t e r f a c i a l  

scrubbing between t h e  layers of f a b r i c .  

The amount of energy required to wash a load of clothes greatly 

depends on the material from which the clothes are made. Using 

100% hard f i n i s h  cotton a s  a standard, we have the following 
energy input r a t i o s  : 

Cotton 1 . 0 
50/50 Blend 0.5 
Polyester 0.1 

'In c o t t o n ,  the cleaning action is primarily mechanical. In 
synthetic materials, cleaning is predominately chemical in 

nature. 

For the  d r y i n g  cycle, the dominant in f luence  on energy 
consumption is the residual water content of the fabric at the 
beginning of the cycle.  In cotton, this can be as high as 200% 

by weight, while for synthetics normal values range from 10% to 

20% by weight. 

To achieve effective washing a c t i o n  for a mixture of f a b r i c s ,  

the selected system should provide  for thorough agitation during 
the wash and rinse cycles. Three basic methods for providing 

this agitation have been identified: 

Variable Volume - Agitation is provided by varying t h e  

spacing between two or more system components. 

(wringer, pistons, plunger, e t c )  



Body Forces - Agitation is provided by changing the  

momentum vector or one or more system components 

relative t o  fabric motion (agi tator ,  rocating basket, 

paddles ,  e t c )  

Momentum Transfer  - AgLtation provided through a working 
fluid (jet spray, vortex, f l u i d i c  oscillators, e t c ) .  

Each of these approaches to washing can be configured in a 

system that also allows for drying the clothes in the same unit. 

For each of these systems the basic cycle is the same, the only 
significant difference being the method by which interfacial 

scrubbing is achieved, 

A typical cycle might be as follows: 
r Load clothes into washing cavity and secure cavity seals 

Fill the cavicy with a water detergent so lut ion,  
allowing as much of the air as possible to escape from 
the cavity 

a Agitate the water clothes mixture (the length of this 
cyc le  will depend an the fabric) 
Drain (water is pumped from the cavity  a s s i s t e d  by an 

air£ low system) 
a Extraction (residual water i s  removed from the f a b r i c  by 

the application of mechanical energy) 
Rinse (the f i l l  process i s  repeated, this time w i t h  

clear water to dilute the detergent residual in the 

fabric) 

Agitate the rinse w a t e r  clothes mixture to f a c i l i t a t e  
d i l u t i o n  of residual detergent 
Drain and extract rinse water as for wash cycle 

The r inse  cycles (steps 6 - 8 )  are repeated a s  needed r o  

achieve sufficient dilution of the residual detergent. 

The determining factor in the rinse will be the amount 
of detergent t h a t  can be safely left in the dry clothes 



Drying cycle (heated a i r  is forced through the cavity 

while some g e n t l e  agitation i s  provided).  The agitation 
promotes tumbling i n  t h e  clothes f o r  softness in the 

f i n a l  product. This process is continued under the 
contro l  of a dryness sensor($) until residual water 

content  of clothes i s  a t  o r  below 32 by weight. 



9 - SPACE STATION TRASH MANAGEMENT SYSTEM STUDY 

A study was performed as a preliminary step in the development 
of a comprehensive trash management system for the Space Station. 
Problems related to trash management were first defined. Systems 

to control these problems were then investigated. The effects 
0: trash on Space Station operations were examined along with 

the types and quantities of trash expected to be produced in the 

Station. The next steps taken were to develop groundrules for 
the system development and to lay out a g e n e r i c  system for trash 
management. 

Once the generic system was outlined, comparisons were made be- 

tween different options for system components. Each component 
was rated for its performance in a number o f ' d i f f e r e n t  caregor- 

ies. Possible backup components for each component were also 

considered. 

After examining the components, a baseline trash management sys- 
tem and f ive alternate systems were proposed and rated using the 
same evaluation criteria used in scoring system components, The 
baseline system using a rigid collector, compactor, and freezer 
storage, (all of which are fairly simple to operate and could 
likely be developed fo r  space use with the least development 

effort) appears at c h i s  stage of analysis to be a good choice. 

This study, of necessity, was often based on assumptions or 

rather tentative information, It should be constantly updated 
as related systems (food, waste management, housekeeping, health 
service, e t c )  are developed. As more is learned of the type and 
quantity of trash, the trash management system options must be 
further investigated. All of this information gathering and 



analysis will provide the necessary background f o r  selecting a 

trash management system complete with the necessary feedback and 
. controls. 

Liquid trash is an example of the many unresolved questions re- 

la t ing  to trash management. For example, what does thg crew- 

member do to dispose of an unfinished cup of beverage? Does he 

throw it and i t s  container into the trash collector or does he 
first pour the liquid into the ECLSS waste  water system? 'Another 

major unresolved concern is the need for a backup for storing 

frozen trash should the food freezer fail, Since  it w i l l  be 
virtually impossible to s ter i l i ze  the t rash p r i o r  to freezer 
storage, gas production and a t t end ing  obnoxious odors can be 

expected as f rozen trash thaws and microbial action commences. 



10 - INTERNAL CONTAMINATION CONTROL SYSTEM STUDY 

The object of the study was to identify t h e  problems which may 

be created in the Space Station by contaminants and to examine 

applicable internal contaminant control systems. 

Our approach was to first identify the contamination sources and 

the general types of contaminants expected from them. Next, we 

selected specific, likely contaminants from each of these 

sources and noted the manner in which they are transmitted and 
their adverse effects on crew or equipment. Maximum limits, 

proposed by various groups, on internal contaminants were re- 
viewed along &i th suggested methods of prevention, control and 

monitoring. 

Finally a typical, or baseline, air contamination control man- 
agement system for both the habitation and laboratory modules 
was outlined and discussed. It is anticipated that these sys- 
tems will become more derailed and probably modified as this 
study continues. 

The importance of a complete and efficient Internal Contamina- 

tion Control System cannot be overemphasized. The Space Sration 
will be a closed environment with an unlimited life and a change 
of crew every ninety days. A buildup of contaminants, microbial 
or otherwise,  must b e  avoided.  Expected contaminants can be 

broken down to five basic categories: pathogens, chemicals, 

particulates, radiation, mechanical (vibro-acoustics) and ther- 
mal. All these classifications are causes for concern and re- 
quire reliable monitoring and control systems. Prior to the 

design of these systems, the contaminants must be identified and 
their effect on both the crew and on instrumentation (electronic 
and optical) must be assessed. 



Potential emergencies such as fire, explosions, chemical/ 

biological spills and epidemics must be studied and corrective 

actions planned. 

As more is learned of the nature of experiments to be conducted, 
a better understanding of the experiment-specific contaminantes 
will be gained. Likewise, as the various systems such as Waste 

Management, Trash Management, ECLSS , e t c  , are f u r t he r  d e f i n e d ,  
the new information should be used to constantly update t h i s  
study . 



Studies of Waste Collection and Personal Hygiene Systems 

have been conducted to better understand the equipment and its 
impact on the Space Station. With the exception of Full Body 
Showers, it is believed that: sufficient IRAD efforts have been 
expanded to satisfy those objectives and therefore no further 

investigation is recommended. Additional technology development 

e recommended as follows: effortsfa 
a I Body Shower 

- Design and build a prototype of the Grumman proposed 
rad ia l  wiper and shower stall. Test in 1 g and 0 g 
environments to verify radial wiper operation, opti- 
mum cone angle, delta P, velocity and flow rate of 
air and water and CO removal and management. 2 

Low Pressure Storage 
- Establish, by test and/or literature review, realis- 

tic LPS storage life expectancies for selected agri- 
cultural commodities 

- Determine the a b i l i t y  of other food preservation tech- 
nologies to still further extend the shelf life of 
fresh foods 

- Prepare a conceptual design of the LPS equipment and 
derermine rhe weight, volume, power and cost impacts 

Trash Management and Internal Contamination 
- Conduct a Literature search of Soviet Trash Manage- 

ment and Internal Contamination experience 
- Determine the volume and weight of the accumulated 

compacted trash for the various food packaging methods 
presently under consideration 

- Establish the optimum filtration requirements for 

microbial control by analysis and cor.su1ation with 
experts 



a Galley Architecture and Design  
- Conduct mockup simulations and scenarios of various 

additional galley/wardroom arrangements to determine 

optimum human p r o d u c t i v i t y  and crew acceptance 

- Design, b u i l d  and t e s t  in zero  gravity: a prototype 

clothes washer-drier 
- Design, build and test in zero gravity: a brassboard 

model of automatic defrosting equipment for refriger- 
ator-freezers 

- Conduct galley/wardroom lnockup simulations and crew 

activities to e s t a b l i s h  the impact of galley/wardroom 
equipment on o t h e r  - i n t e r f a c i n g  systems and vice-versa. 
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