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PREFACE

A study of crew appliances for advanced spacecraft is being performed for
NASA JSC by the Boeing Aerospace Company under Contract NAS 9-13965. A
1erge number of appliance concepts for the gé11ey, ﬁersonel hygiene,
housekeeping, and other areas have been investigated for application to
the Shuttle Orbiter and Modular Space Statioh'missions. This document
preéents the background to and results of trade stedies to determine the

optimum appliance systems for these two vehicles.

An index file containing abstracts for 299 appliance-related documents
was deve1oped during the initial liteérature search for this study. The

original file will be delivered to and retained by NASA.

Due to the large volume of library references and appliance engineering
data used for the trade studies, it was necessary to present the supporting

l"‘ormat1on to the concept report in separate append1ces as follows:

APPENDIX A - In th1s appendix, the complete bibliography used for the
| app11ance study is listed in three forms: numbered a]pha-

-

betized, and sorted by subject matter.

_APPENDIX B - This appendix contains the supporting engineering data
used for all appliance coneepts considered for Shuttle
Orbiter, incTud%ng plotted and tabulated trade study

results for each appliance function.
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APPENDIX € - This appendix contains the supporting engineering data used .
for all appliance concepts considered for Modular Space
étation, including plotted and fabulated trade study results

for each appliance function.
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1.0 INTRODUCTION

A 1argé number of crew appliance concepts have been studies for applicability
to the Modular Space Station and Shuttle Orbiter spacecraft, and detailed
trade studies of the various concepts were conducted to choose the optimum
appliance systems for both vehicles. Due to the volume of data used for

the appliance trade studies, it was necesséry to present the supporting
information to the concept report in separate appendices. In this appendix
are included 511 the engineering data collected for the appliances considered
for Shuttle Orbiter, as well as plotted and tabulated trade study results

for each appliance function.

A crew appliance system organization chart was constructed, Figure Bl-1,

to thoroughly and orderly establish an appliance system. The appliance
concepts considered for Shuttle Orbiter were categorized within this system
as listed in Figure B1-2. The engineering data and trade study results for
the appliance concepts evaluated are presented in this appendix in the

order given in Figure B1-2. A1l the appliance data apply to a four-man
mission, with the baseline mission ground rules and assumptions given in
Figure B1-3. The basic misSion considered for Shuttle Orbiter was 20.5 days.

The Shuttle Orbiter timeline used is illustrated in Figure Bl-4.
The‘data uséd for trading alternate appliance concepts are presented in

Section 2 of this appendix. The format used in the data presentation is

as follows:

~Top Sheet Description. This data sheet gives a description of the appliance

function with the assumptions made for computing appliance size and penalties.
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Crew Appliance System Organization
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FOOD MANAGEMENT

FOOD STORAGE

Ambient Food Storage

Rigid Containers

Flexible Containers

Refrigerated Food Storage

- Space Radiator

Thermoelectric
Air Cycle Turbine/Compressor

Frozen Food Storage

rSpate Radiator

Thermoelectric
Air Cycle Turbine/Compressor

FOOD PREPARATION

Food Rehydration

Food Warming

.Hot !

Heating Trays (Skylab)
Oven - Hot Air Convention (Electric Heat)
Oven - Microwave

- GALLEY CLEANUP

Dishwasher/Dryer Combination

Hot Water Spray - Centrifuge Drying

Jater Spray - Air Spray Dry

Hot bater Spray Wash - Force Hot Air
Electric Heat Dry

‘Hot Water Spray Wash - Forced Cold Air

Desiccant
Hot Water Spray Wash - Forced Hot Air
Dry - Thermal Storage

Figure Bl-2.

2.0
2.1

2.1.

.2.10
.2.11
.2.12

1

Ultrasonic Wash - Centrifuge Drying

Ultrasonic Wash - Forced Hot Air
Electric Dry

Ultrasonic Wash - Force Cold Dry Air -
Desiccant, Electricaily Desorbed

Ultrasonic dash - Force Hot Air Dry -
Thermal Storage

Manual Wash - Manual Wipe Dry

Dishwasher/Dryer with Dishes

Hot Water Spray - Centrifuge Drying

Hot Water Spray - Forced Hot Air Electric
Heat Drying

Hot Water Spray - Forced Air/Desiccant/
Electrically Heated

Manual Wash - Manual Wipe

Disposable Cups - Reusable Mztallic
Utensils and Dishes

Disposabiz Cups and Nonmetallic Dishes -
Reusable Metallic Utensils

Disposabls Cups and Nonmetallic Utensils -
Reusable Metallic Dishes

Disposable Cups and Nonmetallic Utensils
and Dishes .

Reusable Cups and Metallic Utensils
and Dishes

Reusable Cups and Metallic Utensils -
Disposable Nonmetallic Dishes

Reusabie Cups and Metallic Dishes -
Disposable Nonmetallic Utensils

Reusable Cups-Disposable Nonmetallic
Utensils and Dishes

PERSONAL HYGIENE

WASTE COLLECTION/TRANSFER

Fecal Collection/Transfer

Crew Habitability and Appliance Functions and Concepts

¢-1949811~-20
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Dry John

Dry John - Anal Wash

Germicide - Wet Jdohn

Integrated Vacuum Decomposition
Flush Flow 02 Incineration
Pyrolysis/Batch Incineration

ket Oxidation

Semiautomatic Bag System (Skylab)
Dry Bags (Apcllo)

Urine Collection/Transfer

Standup Urinal

Commode Urinal

Intimate Male Adapter Urine (Skylab)
Aperture Urinal

Liquid/Gas Flow Cuff Type (Apollo)

_Vomitus Collection/Transfer

Disposable Intimate Personal Adapter
(Mates with Commode)

Reusable Irtimate Personal Adapter, Lined
(Mates with Commode) .

Disposable Portable Collector

Reusable Portable Collector

BODY CLEANSING

Whole Body Shower

Vacuum Pickup

Air Drag (Evaporative)
Mechanical (Towel Pickup)
Collapsible

Partial Bodyv Washing

Disposable Vet Wipes

Reusable Wet Yipes

Disposable Wipes (Prepackaged)
Automatic Sponge
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Figure B1-2. Crew Habitability and Appliance
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Reusable Hashcloths
Disposable Washcloths (Skylab)
Partial Body Drying
1 Reusable Dry Wipes
2 Disposable Dry Wipes
3 Electric Dryer
PERSONAL GROOMING
Shaving
llet Shave - Safety Razor and Cream
Dry Shave - Electric Razor/Vacuum
Collection
Dry Shave - Windup Razor (Skylab)
Dry Shave - Vacuum Motor-Driven Razor
Wet Shave - Safety Razor/Vacuum
Collection
Hair Cutting
1 Electric Clipper/Vacuum Collection
2 Razor-Comb/Vacuum Collection
Nail Care
.1 Manual Nail Clipper/Bag Collection
.2 Metal Nail File/Vacuum Collection
Dental
.1 Toothbrush with Dentifrice
.2 Water Pix
.3 Electric Toothbrush with Dentifrice

HOUSEKEEPING

EQUIPMENT CLEANING

Surface Wiping

.1 Disposable Het/Dry Wipes

Functions and Concepts (continued)

¢-194811-2d
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Reusable Wet/Disposable Dry Wipes
Disposable Wet/Dry Wipes (Prepackaged)
Automatic Mop

Reusable Cleaning Cloths/ Disposable Dry

Wipes

Disposable Cleaning Cloths/Disposable Dry

Wipes

Disposable Wet Wipes/Reusable Dry Wipes

Reusable Wet/Dry Wipes
Reusable Cleaning Cloths/Dry Wipes

Disposable Cleaning Cloths/Reusable Dry

Wipes
Sponges

.12 Sponges/Skylab Wetting Unit

REFUSE MANAGEMENT
Manual Collection

Waste/Trash Bags
Waste Receptacles/Reusable
Waste Receptac]es/D1sposab1e

Vacuum_ Co]]ect1on

Portable Vacuqm/E]ectr1c (Sky1ab)
Portable Vacuum/Electric (Commercial)
Portable Vacuum/Space Venting

Refuse Transfer

Refuse Processing

Compactor

Shredder

Incinerator

Integrated Vacuum Decomposition
- Flush Flow 02 Incineration
Pyrolysis/Batch Incineration
vWet Oxidation

Refuse Disposal/Storage
Vacuum Storage

Figure B1-2.
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3.3.3.1

Crew Habitability and Appliance Functions and Concepts (continued)

Storage Bin/Container
Restorage/Biological Stabilized
Trash Rocket

GARMENT/LINEN MAINTENANCE

Garment/Linen Washing

Mechanical Oscillations

Fluidic Agitation

Piston Agitation

Cyclic Valve and Pump

Diaphragm Actuated - One Directional
Squeeze

Diaphragm Actuated - Two Directional
Squeeze

Water Spray Agitated

Ultrasonic

Manual Washboard

Plain Recirculation

Garment/Linen/D[ying

.
N i

Force Cold Dry Air

Forced Hot Air - Electric

Forced Hot Air - Heat from Thermal Storage
Unit :

Desiccant - Vacuum

Regenerable
Force Cold Dry A1r
Regenerable
Vacuum Dry
Thermal Vacuum Dry -
Thermal Vacuum Dry
Radiant Heat
Clothesline - Forced Convection

Desiccant - Heat

Electric Heat
Thermal Storage/

" Clothesline - Forced Convection plus

Electric Heat

Garment/Linen Washer/Dryer-Disposable Clothes

Fluidic Ag1tat1on/Forced Hot Air - Electric
Heater

2-195811-20
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3.3.3.2
2.3.3.3

3.3.3.4

3.3.3.5
3.3.3.6
3.3.3.7

3.3.3.8 -

3.3.3.9

3.4
4.0

4.1

4.1.1

4.1.1.1
4.1.2
4.1.2.1
4.1.3

Fluidic Agitation/Forced Hot Air -
Thermal Storage Heated

Fluidic Agitation/Forced Air Drying -
Clothesline o

‘Fluidic Agitation/Forced Air Drying -

Clothesline

Water Spray Agitation/Forced Hot Air -
Electric Heater

“Jater Spray Agitation/Forced Hot Air -
Thermal Storage-Heater

Water Spray Agitation/Forced Air
Drying - Clothesline

MWater Spray Agitation/Electrically

Heated - Clothesline
Disposable Clothes

WASH WATER PROCESSING
OFF-DUTY ACTIVITIES

ENTERTAINMENT

Music

Library.
Books
Television
Games

Handba]]
Dart Board
Cards

PHYSICAL CONDITIONING

Exer-gym

Figure B1-Z. Crew Habitability and Appliance Functions and Concepts (concluded)

4.2.2

5.0
5.1

' 5.1.1
5.1.1.

1
5.1.1
1

-

5.1.1.

5.2

-6.2.1

1
2
3

Hand Exerciser

MEDICAL
STERILIZATION

Autoclaves
Moist Heat

Dry Heat
Ethylene Oxide

PHYSICAL MONITORING

Ergometer

2-194811-20



D2-118561-2

SHUTTLE MISSION BASELINE

0
0

0

150,000 POUND ORBITER | .
BASELTNE MISSION

- 42 MAN-DAYS (3-6 MALE/FEMALE CREW FOR 7 DAYS)
- 4 MAN NOMINAL MISSION '

VEHICLE SYSTEM CAPABILITY

- 42 MAN-DAYS + 96-HOUR CONTINGENCY FOR UP TO 10 CREWMEN

(40 MAN-DAYS)

SHUTTLE IMPOSED REQUIREMENTS ON THE APPLIANCE SYSTEM

0
0
0

ALL MISSIONS WILL USE SAME HABITABILITY FUNCTIONS
GRAVITY - ZERO TO-ONE EARTH GRAVITY

ATMOSPHERE ;

- PRESSURE 14.7 PSIA

- COMPOSITION 3.2 PSIA 0,

11.5 PSIA N,

- C0, CONCENTRATION  0-7.6 mm Hg

TEMPERATURE

- RANGE (DRY BULK) €57 -80°F
4 MEN (DESIGN PT.) C70°F
10 MEN (DESIGN PT.) 80°F -

- DEWPOINT 39°-61"F

OPERATIONAL LIFE

- 10 YEARS/100 ORBITAL MISSIONS/REPLACEABLE UNIT CONCEPT
GENERAL

- GAS VENTING ALLOWED/NONPROPULSIVE

- LIQUID VENTING SHALL BE MINIMIZED/NONPROPULSIVE

- JETTISON OF SOLIDS/SOLID WASTES SHALL NOT BE ALLOWED.

- NO MEDICAL SAMPLING REQUIRED OF FECES/URINE

SHUTTLE TIMELINE

0

NOMINAL CREW TIMELINE (SEE FIGURE B1-4)
WORK (INCLUDING OFF-DUTY) - 13 HOURS REEERENCE MSC 07896; "SPACE
- EAT o ‘ - 3 HOURS SHUTTLE SYSTEM BASELINE

. sLgEp | - gHouRs | REFERENCE MISSIONS-VOLUME 11"

Figure B1-3. Shuttle Orbiter Baseline Mission
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j“}g 1.0 (Continued)

Appliance Function Matrix. This table 1ists the following engineering data

used for trading each appliance concept for a given appliance function:

o Appliance usage time

o Fluid consumables usage (e.g., amount of air or water lost to space)

o Fluid interface requirements (type of f]uid, flow rate, temperature,
pressure) |

o Thermal reqyirement for magimum heat leak to cabin atmosphere and
~directly to the cooiant éircuit

0 Avérage4§nd peak AC and”DC electrical power requirement

o Appliance total weight/volume penalty

o Development cost indicator based on state-of-the-art rating and

concept complexity

%he thermal, electrical, weight, and volume requirements 1isted in the table
repyésent the total penalties assumed for the appliance and used to trade
against a1ternate‘concepts. For example, the weight tabulated for reusable
waéhc]oths for partial body washihg"inc1udes an appropriate weight chérge‘
for a clothes washer and dryer assumed to clean the cloths. To see the :
detailed f£emfzed breakdown of each of these pena]tfes, the data worksheets,

described later, should be consulted.

Alternate App]iance Concept Rating Plots. In this figure is plotted the

rating (based on zero minimum and 100 maximum points) for each appliance

5§§£ , ~ concept traded for a particular appliance function. These plots were

B1-9
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1.0 (Continued)

generated by the TRADE computer prog?aﬁ described in the concept report.
Higher ratings indicate a more favorable concept based on the penalties

considered and the weighting factors assumed. A curve is given for each

appliance function.

Apb]iance Concept Selection Matrix. Four tables are included here giving

the results of the computer trade and sensitivity analysis. These tables

include the following:

0o Selection matrix for a 20.5-day missfon. Thﬁsllists the weight;-
power, volume, etc. rating and the summed total points for each of
the concepts. The total points are adjusted proportionally to a
.sca1e of zero to 100 maximum pointé to yield the final comparative

rating'for each concept.

0 Senéifivity aha]ysis for a 20.5-day mission. This table lists the
comparative rating for each appliance concept assuming the weighting
factor for each trade pérameter (e.qg., weight,'power, yo]ume, etc.)
is 1ncreased‘or decreaséd individually by§5Q percent whi]e holding
a]T other weighting factors coﬁétént; Thus, the sensitivity of the

above trade to any single weighting factor may be seen.

’ Component;Re]iabijity/Maintenance/Safety,List. This table itemizes the

‘ tﬁpes and:number‘ofkcomponents used for each applience conéept‘and the

number of items considered to be safety critical. Each component is

numbered to identify it in the component reliability 1ist'given‘in

B1-10
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1.0 (Continued)
Table Bl-1. This list itemizes the reliability data used for each

component in the computer selection trades.

Appliance Concept Description. Each concept is described verbally and

a drawing presented where available.

.Appjiance Concept Data Worksheets. Two data sheets are included here

which itemize the weight, volume, power, thermal, and consumables penalties

associated with each appliance concept.
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TABLE Bl-1

.. COMPONENT FAILURE RATE AND REPAIR TIMES |
&~ FAILURE RATE REPAIR TIMES
COMPONENT COMPONENT REFERENCE | (Ax10-6) FAILURES/{ REFERENCE (MTTR)
NUMBER DESCRIPTION NUMBER MILLION HOURS NUMBER HRS/REPAIR

1 MOTOR 252 3.8 - 0.5+.2=.7
2 PUMP | ' 100 6.0 254 0.2+.25=.45
3 SOLENOID VALVE 100 0.72 254 0.1+.2=.3
4 ACCUMULATOR 100 0.01 - 0.5+.2=.7
5 ACCUMULATOR/ 251 1.77 - 0.5+.4=.9
| BLADDER |
6 WATER SEPARATOR © 100 1.20 254 0.2+.2=.4
7 TRANSMISSION 251 1.50 - 0.5+.1=.6
N FLUIDIC SWITCH 251 1.61 - 1.0+.1=1.1
9 FILTER 251" 0.16 - 0.1+.2=.3
10 | ELECTRIC SWITCH 252 5.74 - 0.2+.1=.3
11 PRESSURE 100 2.94 254 0.1+.1=.2
| REGULATOR o
12 VALVE (GN,) 100 0.72 254 0.1+.2=.3
13 CONTROLLER 251 2.5 254 | 0.1+.3=.4
14 HIGH FREQUENCY - UNK - UNK
CONTROLLER | |
15 ELECTROACOUSTIC 252 | 8.2 254 | 0.1+.2=.3
| TRANSDUCER | | : |
16 | HEAT EXCHANGER 251 ~0.23 254 0.2+.5=.7
17 | HEATER-DC 251 1.0 - 0.2+.1=.3
18 BLOWER-AIR 251 10.89 254 0.2+.1=.3
19 CONTROLLER/ 1 251 2.5 254 0.1+.3=.4
| TIMER - . o
20 THERMAL STORAGE 251 | 0.23 - 0.2+.5=.7
| UNIT (WAX) . - | 1.
.21 | DESICCANT , 251 - o0.21 - 0.2+.5=.7
| | JCANISTER | S ; -
22 ~ CHECK VALVE 251 0.312 - ] 0.14.2=.3
23 7| MANUAL VALVE 251 - 0.776 - | 0.1+.2=.3
24 TEMPERATURE 251 7.183 - 0.1+.2=.3
CONTROL VALVE l o
lon 25 RELIEF VALVE 251 0.212 - 0.1+.2=.3
& 26 | RF GENERATOR | . UNK - UNK
7| (MAGNETON TUBE) | R A |
27 ACTUATOR 252 024 . i 0.2+.5=,7
28 PRESSURE SWITCH 251 3.57 - 0.1+.2=.3

CCRIAIO
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HABITABILITY SUBSYSTEM 1.0 Food Management
APPLIANCE FUNCTIONS CONSIDERED

1.1.1 Ambient Storage

1.1.2 Refrigerated Storage.-

1.1.3 Frozen Storage

1.2.2 Food Warming ,

1.3.1 Dishwasher/Dryer Combination
1.3.2 Dishwasher/Dryer w/Dishes
DESCRIPTION

The food management subsystem supplies all of the necessary functions for the
storage and preparation of foods as well as the equipment required for the
galley cleanup. Disposable dishes and utensils were considered as alternates
to cleanup equipment. The three types of food storage were identified as
ambient (dry or liquid), refrigerated, and frozen. The requirements for the
food mix between these three categories are discussed later in this description.

Food preparation functions include rehydration of dry food and warming of
frozen food. No considerations were made for the preparation of food mixes
or cooking of food.

The cleanup equipment necessary to provide clean dishes and eating utensils
for each crewmember for each meal was determined by first identifying the
best mechanical cleaning systems and then comparing them against disposable
dishes and utensils. Q

A large variety of spacecraft foods are available for crew consumption. These.
are typically divided into two major categories: wet (more than 5% moisture
content) and dry (less than 5% moisture content). The dry food is considered
to be shelf stable at ambient temperatures. The wet food is divided into

three categories: (1) shelf stable at ambient temperature, (2) refrigerated,
and (3) frozen. Obviously, a large variation in food mix could be chosen from
these basic types. The Apollo wet/dry food mix was 20/80. For Skylab, it

was 30/70. The crew requirement for drinking water from the potable water
system will vary depending on the amount of water in the food mix. Also, the
vehicle weight/volume/power penalty will depend on the type of food storage
used--ambient, refrigerated, and frozen. To do a detailed optimjzation of the
food system was beyond the scope of this study. Many of the decisions
regarding food types depend on crew preference and psychological factors rather
than strict weight/volume/power penalties. Consequently, it was decided to
perform all the trades of food storage appliances based on the food mix used
for Skylab. The weight and volume of frozen, refrigerated, and ambient storage
food for Skylab is given in Table B2-1._ o ' :

*
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HABITABILITY SUBSYSTEM 1.0 Food Management (Continued)

TABLE B2-1

PLANNED SKYLAB FOOD WEIGHT AND VOLUME
(INCLUDING PACKAGING AND RESTRAINT) FOR 420 MAN-DAYS

Total Food Size Food Size Per Umit
" Weight Volume | Number Weight [ Volume
- : kg : cum of ' kg | cum
Food Type (1b) (cu ft) Units (1b) ; (cu ft)
Frozen 121 ©0.209 | 5 24,1 | 0.0598
. (266) (10.56) | = (53.2) | (2.11)
Refrigerated 26.1 | o.0508 | 24 0.0598
| (53.2) ey | - (53.2) o (2.11)
- B |
. Ambient Storage | ' 955. - - 2.60 - n - 87 0.236
: (2106.) - (91.7) ‘ (192.) (8.34)

These are the initial launch values for a planned 420 man-days. These values
were multiplied by 82/420 to adjust for the 82 man-days for Shuttie assumed in
this study. (Note that no contingency is accounted for in this ratio since
the Skylab food weights already include the actual contingency used for the
Skylab mission.) The resulting size required for Shuttle food storage is
shown in Table B2-2.

TABLE B2-2

REQUIRED SHUTTLE FOOD WEIGHT AND VOLUME
(INCLUDING PACKAGING AND RESTRAINT) FOR 82 MAN-DAYS

Total Food Size : Actual :Assumed Food Size
s : Number f per Unit

Weight] Volume Number of of Weight-| Volume

(g cum |Shuttle Units | Units kg cum
Food Type (1b) (cu ft) Required Assumed (]b) , (cu ft)
Frozen 23.6 0.0583 0.976 1 23.6 1 0.0583
(52.0) (2.06) (52.0) | (2.06)

Refrigerated .72 | 0.0116 0.195 1 4.72 | 0.0116
(10.4)| (0.41) . o (10.4) (0.41)

Ambient Storage | 186. | 0.507 2.15 2 | 93.2 | 0.253
(411.) (17.9) E (205.5)] (8.95)

B2-2
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HABITABILITY SUBSYSTEM 1.0 Food Management (Continued)

A number of different refrigeration systems were found discussed in the 1iterature
reviewed, including dry ice, water sublimation, cryogenic storage, precooled

heat sink, vapor compression, space radiator, thermoelectric, and air-cycle
turbine/compressor. These concepts were all reviewed for missions of 84 to

2250 man-days, and only two (space radiator and thermoelectric) were found to

be practical for space missions. Consequently, only the space radiator and
thermoelectric concepts were examined in this study; and also, the air-cycle
turbine/compressor was included for comparison since it represents a typical
comm:rcial aircraft system. Other types of refrigeration systems are available,
such as Stirling and Brayton cycles. However, no information was found on

application of these to spacecraft food ch111ers, so they were not included in
the study.

.

B2-3
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HABITABILITY SUBSYSTEM 1.0 Food Management

HABITABILITY FUNCTION 1.1 Food Storage

APPLIAN,&E FUNCTION 1.1.1 Ambient Food Storage

NUMBER OF CONCEPTS CONSIDERED__ 2

ASSUMPTIONS

The ambient food storage capacity assumed in th1s study was as fo]]ows (see

food management description):

Number of units

Individual unit packaged food weight
Individual unit packaged food volume
Total packaged food weight

Total packaged food volume

-

93.2 kg
0.253 cum

186.4 kg
0.507 cum

2

205.5 1bs

8.95 cu ft
411. 1bs
17.9 cu ft

SRR R
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SENSITIVITY ANALYSIS
RATING FOR EACH CoNCEPT AFTER INCREASING
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: N ; 1 2 ‘
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SPACECRAFT___ Shuttle

HABITABILITY SULSYSTEM Food Management MABITABILITY FUMCTION _Food Storage

APPLIANCE FUNCYION Ambient Food Storage

APPLIANCE COMCEPT NO./TITLE__ 1/Rigid Container

INDEY, MO. 1.1.1.1 REF., NO. 177

DESCRIPTION

In this concept, ambient food is contained in a pigid box-1ike container

with shelves to retain the food. A structural weight of 26.3 kg per kg

of food capacity was used from Reference 177. Volume was estimated on the basis
of each individual storage locker being cubical in shape with 5.08 cn (2.0 inch)
" effective wall thickness on all sides. ,
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APPLIANCE CONCEPT RCQUIREMENTS AND PERALTILS CALCULATIONS

¢ .':cwr__j_l/ R;f)m! container

meex wosen,__fo o o0

B2-11

.C,!.L_C. RILCAL POVER REQUIREMBENTS .
@ AC . POWER NC___POMER .
a @ ]
USE T1ME @) ® OLHAD ® DEFAUD
CYCLE . PEAK- - AVERAGE *'QTI E'”‘/ PEAK NVERAGE (‘C"{‘H [')“V
COMPONENT (REF) (HR) (WATTS) (WATTS) )) (KATTS) (WATTS) O
v /I"A . oLt )
" A ¥ ,
. L MAX MU TOTAL MAX IMUM TOTAL
THERMAL * REQUIREMENTS
LATENT SENSIBLE HEAT LEAK T0 COOLANT
SOURCE (BTU/HR) (BTU/HR) (BTU/HR) (BTU/HR)
/2
TOTAL S .
WATT (BTU/HR) WATT (BTU/HR) WATT (BTU/HR) WATT (BTU/IR)
QEEB_AI_LQK.A_L_ E.E.!‘.!‘.L_T.Lﬁi
) _ C THERMAL :
. HEAT LEAK 10 COOLAT ELECTRICAL WEIGHT VOLUME
SOURCE (BTU/NR/CYCLE) (BTUZHR/CYCLE)  (PK WATTS/CYCLE)  (LB/MISSION) {FT2/MISSION)
N L / ’ [N ‘
MN/A
- I T
o SR (111, ‘ o -
o VATTS/CYCLE WATTS/CYCLE KG/RISS 0N MY ZH1SS 10N
W (BTU/IR/CYCLE)  (UTUZIR/CYCLE) (LB/KISSION) (FT/MISSTON)
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o APPLIANCE CONCERT REGUIFERLKTS AO FLNALTILS CALCULATICHS (CUHCLUDED) :
concepr_J, / K’:Sjg(‘ Container mmoex wuweer__f, 1. 1. 1

ELXED HELGHI/LOLUNE -!‘.L’.QQ.LB.E&QEL&
.o WEIGNT VOLUME
COMPONERT (RerF) (Los) - . (¥rd)
TQJ’ aL 3 ch' ag lhm"u\e - i‘nrr!-‘/ ! ]51 é 27 9
9 mapn Pl
- uiz) :

| TOTAL : | 7,0 ,(\15—,6)] I 0.790D (27.?)1

. . KG (LBS) M3 (FT).
sSoL1O EXPENDABLE WINOL REQUIREHMENTS
@ ©)] ® ®
10 WT/UNIT (REF) WT/CYCLE YOL/UNIT (REF) VOL/CYCLE
(PYG.WT/UNIT){REF) Gﬂ? (PKG.VOL/UNIT) (REF) _(Px 4
TYPE UNITS/CYCLE(REF) {LB) (LB (FT?) FT3
e NP |
I
Z @ TOTAL Wi7/CYCLE ' , Z @ TTOTAU VOL/CYCTE
. . ’ - (L8) (F77)
TOTAL WY. . , . ' - :
Wi SSTON L X X I ]
CYCUES7DAY DAYS7HISTION TOT.\{T/%YCLE K6 (TB8Y .
. . .o s . .
TOTAL_VOL _ ' .
HISSTON ~ X X * | ]
CYCLES7DAY DAYS/HISSTON TOT.\(I?%()ZYCLE WY (FTY)
. .
GAS/ALIQULED EXPENODABLES REQUIREMENTS Y '
. | : L Q@ d ' ®
, : OFS : RECOVERY AMT . RECOVERED/CYCLE NAT LOST/CYCLE
‘ R AMT .USED/CYCLE(REF) - : D@ O-0
TYPE . (L8) FACTOR = (L8). (L8
" N,/A - : _
- = O
2.® 3@
CTOTAL NT. . - .
MISSTON K X . SO . -
YCUE/UAY BAYSTHTSSILN YOTAL TOCEVELE ST R R (1))
NG (18) @
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SPACECRAFT __Shuttle

Food ~
HABITABILITY SUBSYSTEM Management HABITABILITY FUNCTION Food Storage
APPLIANCE FUNCTION  Ambient Food Storace ) '

APPLIANCE COWCEPT NO./TITLE -2/Flexible Container

INDEX NO. 1.1.1.2 REF. HO. 177

DESCRIPTION

In fthis concept, an elastic netting material is used to retain the ambient

food within retractable guides. Structural weight is assumed, according to

Reference 177, to be 10 percent of the weight for the rigid concept. Volume
was estimated on the basis of each individual storage locker being cubical in
shape with 1.27 cm (0.5 inch) effective wall thickness on all sides.

=
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APPLIANCE CONCLPY REQUIKCVENTS ARD PERALTIES CALCULATIONS

coneerT, 2, /Jffc:)y'.»/.u{@.m..c ontuiner wioi twwer_ fe fo fo 2
! . .
ELECIRICAL PONER K!?.Q.!J_'.‘.!if-.';’ﬁ.l...s. ,
, : AC . POMER - DeC__POWELR —

Do - @ 7

uSE TINE ®@ ©) DEHASD ® ® DCEAD

cYeLe peak . pverag (MATEENRS PEAR nemee (R
COMPONENT - {REF) (HR) (WATTS) (NATTS) (1 (WATTS) (WATTS) DX
A/A . —
7 . .
A
R MAXTHUM TOTAL MAXTHUM o« TOTAL
: 3 TMERMAL REQUIREMENTS
CLATENT C . SENSIBLE HEAT LEAK 10 COOLANT
SOURCE (BTU/HR) C(BTU/ARY © o (BTU/MR) (BTU/HR)
M T
r4
TOTAL - . : .
WATT (BTU/HR) WATT (BTU/HR) WATT (BTU/HR) WATT (BTU/HR)
OPERATIONAL PENALTIES.
- THERMAL S, s .
, - HERG: LERK 10 cooumir - ELECTRICAL ©MEIGHT VOLUME

SOURCE (BTU/HR/CYCLE) (BTU/UR/CYCLE)  (PK WATTS/CYCLE)  (LB/MISSION) (FT3/MISSION)

»
TOTAL ; ‘ i RGN '

ATTS/CTEIT VAT Y L SRR T TBALT WSS TN

(BTUZUR/CYCLE)  (BTUZRICYCLE) o (LU/HISSION) (F13/NISSION)
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At e s 8 0 b3 34. o et o0 2+ e ¥

" APPLIANCE CONCLPT RLQUIREFLNIS ARD PENALTILS CALCULATICHS (t'o_:munw) :
cotcery 2/]‘ Jexihle  Containey wmocx numeer [, 1, 1. 2
I * .
FLXED  WEIGHI/VOLUME REQUIREMENTS :
Lo WEIGHT VOLUME
COMPORENT \ (REF) . (Los) ; (F13)
. f]:'af«a/ .f,-/nr‘ngﬂ mfr(‘[u/(l - em}ﬂ’y 1, /A y 20,73
: (177) e
roraL | 0.726 (1.6) [0.575 (20.3) |
KG (LBS) M3 (FT3)
4 A ) “
SOLID EXPENDABLE MI/NOL REQUIREMENTS :
@ I ©) ® ®
@ WTJUNIT (REF) WT/CYCLE VOL/UNIT (REF) VOL/CYCLE
{PKG. WT/UNIT){REF) @x(;) (PKG.VOL/UAIT) (REF) Dx@
T1PE UNITS/CYCLE(REF) (o) (Y (FT3) FT3
- 20 TAGTALWTJCYCLE ' N0 TYOTAL VOL/CYCLE
. : . ’ (L) (Fr3)
TOTAL WT. . . ! :
HISSTON — — I |
CYCLES/0RY OAYS7HTSSTON TOT . HT/EVCLE XG (LB)
: _ . (8 . :
T0TAL VOL S . -
MISSTON N X X , l |
CYCLES/UAY DAYS/1TSSTON TOT.‘(/OL{():YCLE . - DX (SE)
(FT3) - ,
» ) ‘
GAS/ALQULID EXPENDABLES REQUIREMENTS
' @ ; @) ©) @
RECOVERY AT RECOVERLD/CYCLE AT LOST/GYCLE
AMT, USED/CYLLE {REF) : xgz) -0
TYPE \ (Lp) FACTOR (L8 (L3j
P . ' .
2.0 2®
3 e -
MESSION X X . ¥
CYCUE/uAY ™ DAYSTHTSS 1L TOTAL LS T/CYCLE KL
& @ (1.8) e @
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HABITABILITY SUBSYSTEM. 1.0 Food Management

“HABITABILITY FUNCTION 1.1 Storage

APPLIANCE FUNCTION 1.1.2 Refrigerated Storage

NUMBER OF CONCEPTS CONSIDERED - 3

ASSUMPTIONS

The Shuttle refrigeration éapacity assumed in this study was as follows
(see food management description):

Number of units ' ‘ 1
Individaii unit packaged food weight 4.71 kg (10.4 1bs)
Individual unit packaged food volume  0.0116 cu m (0.41 Cu ft)
Total packaged food weight : 4,71 kg (10.4 1bs)
Total packaged food volume ©0.0116 cu m (0.41 cu ft)

-

Refrigérator box insulation thickness was assumed to be 10.16 cm (4.0 in)
for all concepts.

B2-16
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NUMBER OF DAYS = 2045 ( +36 YEARS)

——WSES MOD _SUBROUTINE ... 0..
THERMAL PENALTY = DIRECT TO COOLANT (LB/BTUH) 40250

THERMAL-PENALTY-» . CABIN-HEAT LEAK—— (LB/BTUHIL . ¢D055]
PONER PENALTY (LBS/WATT) TYPE | ¢5300

e POWER-PENALTY {LBS/HATTITYRE_2 «43C0

i

SELECTION MATRIX ® e e o o REFRIGERATED FOOD STORAGE (SHUTTLE).

101/£349/25)

MIN HAX 0N G
FACTOR ~~ - VALUE — . VALUE = _PTS 1 2 3 '
A WEIGHT 19+609 160,20 15 13:16 12+09 + 00
POWER .—— 2595063~ 5406¢0—— |5 149314288 «00
VOLUME 1249400 " 424000 10 9966 9419 «00
: - THERMAL . —— B o465 230,95 19 14084514445 «Q0
RELIAB=Y ,98379 «99304 5 2485 .20 .00
MATNTENG— 99998 07999y B 2465 8764 334
SAFETY .C0059 1+G003 5 5400 ¢80 5400 =
DEV.COST-—,000C2 70.000 15— 15430 9a64 <00 1
TOTAL PT  ,00000 850050 85 77470 61e22 5,00 =
o0
RATING 00000 100,00 100 9141 72402 588 by
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SENSITIVITY ANALYSIS

RATING FOR EACH CONCEPT AFTER INCREASING
SINGLE SELECTION PARAMETER_SEIGHIING FACTOR RY

S0

(BASED ON 100 $ MAX POINTS)

C O NCEPT

SENSLIJJ%%!tﬁﬂfngJS

'~.)

“~ : DR 2 3 ‘
NORMAL 91e491 72402  5.88
) L
. WETGHT 91ell 72,72 Sed}
PONZIR 92e07..74422 Ss4]
~ VOLUME 91470 73412 5456
~ e THERMAL 93681—73¢99—_ 5041
<+ RELIAB=Y 90«43 20,07 5671 o Q
N —— MAINTENC ___ 90e¢31__70¢39% 5471 )
i SAFETY 91466 69496  B457 G o
———— DEV_COST 9241171435 ___5a4} o
" o& 4
2 = 2 .
— | =
F-») -
~ 3 ®
D = S
2] -
¥
~N

RATING FOR EACH CONCEPT AFTER INCREASING

SINGLE-SELECTION_PARANETER _AEJGHTING _FALYOR BY =S8 §

(BASED ON 1D 8 MAX POINTS)

C O NCEPY

1 2 3

NORMAL $1e41 72402 5088

WEIGHT = 91e76 71419 6445
POAER. 90636932 be45
VOLUME 91409 7078 6425
THERMAL 90693..86%66 bs 45
RELIAB~Y 92445 74,08  6.06
MAINTENC 92457 73e74-—__ 606
SAFETY 91415 74,20  3.03

——eeQEVY_CQST . 9De5B_ 72,22 6445
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APPLIANCE CONCEPT COMPONENT SUMMARY MATRIX .. :

-

APPLIANCE FUNCTION: 1.1.2-REFRIGERATORS

2-195811-20

’ NUMBER OF COMPONENTS
_ COMPONENT -TYPE
: : . NUMBER
: . el & JOF
) S 2 sl =
i =) = © | & SAFETY
; g =Z 1w <{ & us
R = % g; Eé ,,% § CRITICAL
- o, I > L1y (5] o h
~ APPLIANCE TYPE Y +- ITEMS
| mrumce T 000 ®®[® 0000000000
f SPACE RADIATOR 1 {122 ]1}- 0
o | THERMOELECTRIC 2 -1 -1-1112 1
4 | AIR CYCLE TURBINE/COMPRESSOR 2 2| -11]1]1 0
i
: A
;W Z- T
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SPACECRAFT ___ Shuttle o .

HABITABILITY SUBSYSTEM Food Management  HABITABILITY FUNCTION Food Storage
APPLIANCE FUNCTION_  Refrigerated Storage . '

APPLIANCE CONCEPT NO./TITLE_ 1/Space Radiator
INDEX NO. 1.1.2.1 REF. No. 184, 255

DESCRIPTION : ' i

This concept is simply an insulated food storage box, with coo1ant from the
- spacecraft ECS radiators routed through tubing w1th1n the refrigerator
walls. This concept was used for the Sky]ab refr1gerator which had the
following size:

. o WEIGHT VOLUME
/ ' . kg 1b cum cu ft

{

Food capac1ty (packaged and restra1ned) 24.1 53.2 0.0598 2.11

Total refrigérator (empty) o 45.8 101 0.210  7.41

The Shuttle refrigerator was sized proportional to the above SKylab daca
based on the refrigerator food capacity. The wall insulation was 10.16 cm
(4.0 in) thick. It was assumed that the radiator coolant would be of
isufficiently. Tow temperature for this concept to be feasible.

T e 192522, :
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS

[l N e
concePt_Spice yvaelindor refrigerafor , wnocx nureer_J. [, 2 . 1

L
(Ret * 184 1,!/,/~1/,§) :
ELECIRICAL POWER REQU

ELECTRICAL PONMER UIREMENTS
, . AC . POMWER P DC __POMWER v
. ' C‘P ' (7)
USE TIME ® ©) DENAND ® ® DEMAND
o cYeLE PEAK avernce  (HATT-AR/ PEAK Averace  (HATT-HR/
COMPONENT (REF) (HR) (WATTS) (WATTS) @xé} (WATTS)  ~ (WATTS) Ox
CI:.-&'IIQL’:{ Yo '\ 4 ‘-r' : ' M 50 '
SENSYE Higmiz : *
nation ' .
. ‘ . -
.50, ’ : :
MAXIMUM, S TOTAL MAXIMUM P ()10
!
THERMAL  REQUIREMENTS
t - : LATENT | SENSIBLE HEAT LEAK T0 COOLANT
" SOURCE . (eTUMR) (BYU/HR) (BTU/HR) (BYU/HR)
Box heat leak o __0 -30 30
Electrical 0 171 171 o_
T0TAL 0 (74 ) (41) _(30).
WATT (BTU/HR) WATT (BTU/HR) WATT (BTU/HR) WATT ‘(BTU/HR)
L] . e .
» { . . i
cnxu;uﬂAub“Péiﬁgigg S G . |
OF POOR QUALLLL s - *
OPERATIONAL PENALTLES ,
* . - ” . . N M - ! Y
r ' At Leak TR ooLAT ELECTRICAL WETGHT VOLUME
‘ _ SOURCE. (BTUMMR/CYCLE)  (BTU/HR/CYCLE) . (PK WATTS/CYCLE)  (LB/MISSION)  (FT?/KISSION)
‘;,I '
I3 , - ,
NN e : i
. VRTTSTCVCLE WATTS/CYCLE , RG/NISSTON HI7H155 0%
(BTU/NR/CYCLE)  (BTU/MR/CYCLE) (LB/MISS1ON) (FT3/MISSION)
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS (CONCLUDED)

CONCEPT f};nre wﬂf/'*%mj rcfr;'g@rm‘or

wnoex nomser_J. 1, 2. 1

F1XED MEIGHINOLUME REQUIREMENTS
’ NEBGHT VOLUME
COMPONENT - J(REF) (LBS) (F72)
' '?39{};3(»\»,1%\‘ (“‘D'\’Nl) : 19.6 .44
’
T, W ESEN (L0 J 4% ]
- TR R R (13 : M3 (FT3) -
3‘6303 Q‘?m ' Lo e e
. QF "' TTs0LID EXPENDABLE MINOL REQUIREMENIS !
' O] @
@ HT/UNITca(REF) WT/CYCLE VOL/UNKIT (REF) VOL/CYCLE
- (PKG.WT/UNIT) (REF) (:)x(;) (PKG.VOL/UNIT) (REF) X
TYPE UNITS/CYCLE(REF) (LB) , . < (LB (FT13) FT3‘
[
2® TOTAL WT/CYCLE i E@ TOTAL VOL/CYCLE
. (LB) ©(FT3)
TOTAL WT. ' .
“MISSTON X X . [ ]
A CYCLES/DAY DAYS/MISSION TOT.;IT/()ZYCLE . K6 {18)
LB
TOTAL VOL . .
MISSIO [ ]
CYCLES/CAY DAYS/MISSION TOT.\(Ing.ggYCLE ’ M3 {FT3)
.G.A_S./LLQELQ. EXPENDABLES ﬁ.&QQLE‘EﬂE&Ié'
| | () ©) ' ®
(D RECOVERY AMT .RECOVERED/CYCLE AMT LOST/CYCLE
AMT.USED/CYCLE(REF) - DX . - (D-S's
. TYPE i{LB) FACTOR , (Le {Lg
" oroTAL M., : .
MISSTON X X e o +
o CVCLE/DAY DAYS/MISSION YOTAC COST/OVELE ; I (E))
) (L) O
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b T

SPACECRAFT Shuttle |
HABITABILITY SUBSYSTENM Food Management HABITABILITY FUNCTION__ Food Storage

APPLIANCE FUNCTION____ Refrigerated Storage

APPLIANCE CONCEPT NO./TITLE_ . 2/Thermoelectric
INDEX NO. 1.1.3.2 REF. NO. 184, 177

6ESCRIPTIONJ In this concept, the refrigerator has a se]f—conta{ned coo1in§ unit
operating on the thermoelectric principie. Direct electrical current is passed

through staged semi-conductor junctions arranged such that heat is removed at one |

set-of junctions (providing the cooling) and rejécted at the other. The freezer
engineering data used were taken from Reference 184 and 177, which were obtained
from catalogue data for commercial units. The reference weight and volume were-
given separately for the freezer locker and the thermoelectric devices. " To
.. keep the concepts on a common basis, the weight and volume of the locker were
assumed equal to the locker for the space radiator concept #1.
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS

concepT_J4cymoclectric redvigerator
(Ref. * 184 4 H6~4.12)

inoex Numser_ 1, 1. 2 . 2.

B2-26

ELE.EIB.LS!‘.L POWER REQ&LLB_E&E_B.I..S.
) AC . POWER DC___POWER a
. 7
uss INE Q) ©) DEMAND ® DEMAND
creLe PEAK avepnce  (WATIHR/ PEAK aveerse  (HATT-NR/
COMPONENT (REF) (HR) (WATTS) (WATTS) mx (WATTS) (WATTS) OxQ
Thermeelectric : 4 100 '
c{é’\.’l‘(‘f’ﬁj {fons — *
dlupinaiion .
\
, ’ ’ 100 o
‘ MAXTMUM TOTAL MAXIMUM . TOTAL
' ) {
lﬂiﬁﬂ&L REQL’.LEE&E!I&
o : : LATENT SENSIBLE HEAT LEAK T0 COOLANT
SOURCE (BTU/HR) (BTU/HR) (BTU/HR) (BTU/HR)
Box _heat _leak o__ - -30 -30 0
£ ) ecdiric] powey 0 31 Wi 237
5 . :
TOTAL 0 (291) (4¢) (233).
: WATT (BTU/HR) WATT (BTU/HR) WATT. (BTU/HR) WATT (BTU/HR)
. . .
.
i . -
QEE&AILQHAL !’.E!‘_&Lllﬁé . .
. ¥
" * L
- AT LEAK "'E“”"LTO Eo0LAK ELECTRICAL HETGHT VOLUME
. SOURCE., (BTU/HR/CYCLE) (BTUZHR/CYCLE)  (PK WATTS/CYCLE) ~ (LB/MISSION) (FT3/MISSION)
\"\ ) N
/. . )
' ToTAL
WATTS/CVCLE WATTS/CYCLE KG/MISSION M3/MISSTON
(BTU/HR/CYCLE) (BTU/HR/CYCLE) (LB/IISS10N) (FT3/MISSION)
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS (CONCLUDED)

CONCEPT T/If'rm pé/()r‘-frjc We{\r;‘gserm{l’\f inoex wumeer_ 1. 1. 2L 2.

EIXED MWEIGHI/NOLUME REQUIREMENTS .
VCIGHT YOLUME
COMPONENT N .(REF) (LBS) (F73) .
T hexmaelectyic.. devices 11.4- 2.0
Re{‘mg?rm"nr Jacksy old/v 19, 6 . 1 44
. [ 2
TOTAL 1 (31.0)_| (3.4) |
© K6 (L8S) W) -
' S0LID EXPENDABLE WI/NOL REQUIREMENTS ‘
’ O] O] B
. @ WT/UNIT (REF) WT/CYCLE VOL/UNIT (REF) VOL/C@;CLE
(PKG. WT/UNIT) (REF) QOxC (PKG. VOL/UNIT) (REF) (})xgz)
TYPE UNITS/CYCLE (REF) ). e (FT3) G0
' 2 @ TOTAL WI/CYCLE ) E ® “JOTALC VOL/CYCLE
) LB T
T0TAL WT. . .t
“MISSTON X X . ! }
“\ CYCLES/DAY DAYS/M1ISSION TOT.P(JT/(;YCLE . KG (LB}
T0TAL VOL _ . -
MISSION X X ’ [ I
CYCLES/DAY DAYS/MISSION TOT.{OL{{)‘.YCLE M3 (FT3)
p OL/CVerE H _,
' GAS/L1QUID EXPENDABLES REQUIREMENTS
’ 6] Qo ®
@ RECOVERY AMT .RECOVERED/CYCLE AMT LOST/CYCLE
AMT. YSED/CYCLE(REF) X . ®~ 3
_TYPE +(LB) . FACTOR (Ls (L8
T0TAL WT. o .
“WMISSION ; X X e ® +
.t CYCLE/OAY DAYS/MISSTON YOTAL TOST/7CYELE " kG (LB)
E : @ (L) L)

L3
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':SPACECRAFT Shuttle
WABITABILITY SUBSYSTEN Food Management HABITABILITY FUNCTION_Food Storage

I\RPLIANCE FUNCTION Refm gerated Stor‘age

APPLIANCE CONCEPT NO./TITLiZ __3/Air-cycle turbine/compressor

INDEX NO.____1.1.2.3 _REF. NO._184

DESCRIPTION :* In this .éoncept, air is alternately compreséed and ekpanded in a
closed refrigeration cycle. This concept was included for comparison since it
represents a typical commercial aircraft system. In an aircraft, ram air is used

to cool the heated working f1u1d whereas in the spacecraft system a motor and
fan are used.
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APPLIANCE CONCLPT REQUIREMENTS AND PENALYIES CALCULATIONS

CONCEPT_A)/ rycln -2(&1)!'”0/‘50),,,7,—0550? ‘f("('rigera*lor
(el ? 184 pp Y3406y ALY - AHE)
€

e

inoex numeer 1, 4.2, 72

ELECTRICAL POMER REQUIREMENTS
, . ' AC . POWER _DC__POWER
) (ﬁ) @
USE_YIME ® ©) DEMAND ® ® DEMAND
CYCLE PEAK AVERAGE (WATT-HR/ PEAK AVERAGE (WATT-HR/
COMPONENT (REF) (HR) (WATTS) (WATTS) (Dxaa) (WATTS) (WATTS) @x(;)
(i.cmj};me S50 fl .C.‘l")_ ¢ z(z 2;‘7‘2 '
) [ ]
]
L0, 20 !
MAXTMUM T TOTAL © MAXIMUN " . TOTAL
THERMAL REQUIREMENIS ‘
‘ LATENT SENSIBLE ~ HEAT LEAK 70 COOLANT
" SOURCE (BTU/HR) (BTU/HR) (BTU/HR) (BTU/HR)
Box heat leak o__: -30 . =30 0
Eledriml 0181 Q0 _ baal 3650 12.74
ToTAL 0 {429%) _(3¢20) (1274%)
: WATT (BTU/HR) WATT (BTU/HR) WATT (BTU/HR) WATT (BTU/HR)
LY ' . ’ '
) ¢ . -
OPERATIONAL PENALIILES
. y -7 N »
- . " THERMAL ELECTRICAL NETGHT VOLUME
. - HEAT LEAK T0 COOLANT h _ »
. SOURCE, (E7U/HR/CYCLE) {BTU/HR/CYCLE) .. (PK WATTS/CYCLE) - (LB/MISSION) (FT*/MISSION)
Yy
3 , ;
' TOTAL - = R o
WATTS/CYCLE WATTS/CYCLE KG/MISS10K P3/MISSTON
(BTU/IR/CYCLE)  (BTU/HR/CYCLE) , (LB/MISSION)
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS. (CONCLUDED)

coneert Air o \I/r/n lm/une./campresﬂor refrigerator InDEX NuMpER_ T, 1, 2. D

- a e = —_ e e e — e e = S PAN I SIS TR LA
’

.

o 6AS/L1QUID EXPENDABLES REQUIREMENTS

: i .
' (ON @ AT Recovs©
. ; . RED/CYCLE
, AMT.USED/CYCLE(REF)  »  RECOVERY @
CTYPE . (L8) FACTOR , (L8

™ '

WEIGHT VOLUME
COMPONENT - J(REF) (LBS) (F13)
" Paly{neradoy (\ov\nl) . ' 160 e 1/'?.
’
S L _ (160) | I (42
' ‘ ’ K6 (LB§) M3 (FT73) - ]
. soL!pD EXPERDABLE NI/NOL REQUIREMENTS ’
' ® ® ®
16 WT/UNIT (REF) WT/CYCLE VOL/UNIT (REF) VOL/CYCLE
(PKG. MT/UNIT) (REF) x (PKG. VOL/UNIT ) (REF) Q)x
TYPE UNITS/CYCLE (REF) (L) ) . (LB (F73) FT3
¥
t
Lo TOVACWIOE 20 TOTAL VOL/CYCLE
. (L8) S (FT3)
TOTAL WT. | ' ‘ .
“MISSTON X X .
v CYCLES/0AY DAYS/MISSTON Tot.»(n/gvcu: X6 (D)
' L8
TOTAL VOL . :
MISSION X %
~ CVCLES/DAY DATS/MISSTON Tor.\(lg%ggvm TEN (GED)

D M0) _ i ~ NOR

" yoTAL WT. | _ ‘ ‘ . L
MISSTON :

S X , .
CYCUE/OAY DAYS/MISSION YOTAU LOST/CYCL
. : , e ® {L8) @

kG (L8)
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HABITABILITY SUBSYSTEM__1.0 Food Management

HABITABILITY FUNCTION 1.1 Storage

APPLIANCE FUNCTION 1.1.3 Frozen Storage

NUMBER OF CONCEPTS CONSIDERED 3

ASSUMPTIONS

The Shuttle freezer capacit{iassumed in this study was as follows (see

food management description

Nuhber of Units

Individual unit packaged food weight
Individual unit packaged food volume
Total packaged food weight

Total packaged-food volume -

23.6 kg

,058 cu m

23.6 kg
.058 cum

1
52. 1bs
2.06 cu ft
52. 1bs

.2.06 cu ft

o Be-3 - S ..'




[ad

i

c€-29

W)

O o 0 0o o0 O

)

B ” N &
. ! . % ¢
“APPLIANCE CONCEPT FUNCTION MaTRIX - o
INDEX MO. Jole3 o2z FROZEN_FOOD _STORAGE (SWUTTLEy _ . . . . . .. e . _
CONCEPT_ US,sGE CONSUMARLES AND_FLOW _REQUIREMENTS THERMAL_REQHTS ELEC_PuR REanTS  wT,VOL ReQnTS _oeVeLOPwenT  ReSuPPLy
NO,o TIME e _..L0S?T
WOP_ peocege _o-'.--.--.--...-'..-_....-o.-------..___».--f...o--------___A..----..-..---—-__-----.-.p---. _ mecacsteacevwe Te®ewace
. AHT, . . PX PWR  AVG PWR
USES/DAY__TYPE  USED FLOW _ PRESS _ TEMP __ COOLANT _HT LEAw. _ AC ___ _AC ___ WEIGHT VOLUME AVAJL INDEX,  WEIGHT
HRS/USE {e) eKG/USEe [ «MMHGe ©DEG Ce ~WATTSe «WATTS. 14 ] 4 «KG= oCU Me (%¢) (oe0) oKG=
(LB/USE) tel (pS1G)_fDEG F) (BTU/HR)_(BTU/HR)___=WATTS=_eWATTS= __(LBS) _{(CU FT)_ (Les
..anq'ocooo000000.0.."00oo!ooo.o.c..c..oo.‘.o.ot.o..-...ooooo.o.oocoo.00..0.0,0.....0.-.-ooo'oooooootobnoo'oO'oot.o...:ccooo.oic
1 000 .___8 +0000 00 0 =233 . 55, . .5, $0,0 o0 Y. ____ o201 _1 ° .0
«000 t  «0000)¢ «00) ( ¢0) (=10eB) ( 188e} ( =17ey .0 0 ( 98.7) & T7.25) [ 0}
-* 2 . -Ubb » ' 3-5’.. ';Qo 0 Y ] 9;:2 39 2 25 .0
=000 332700 8. 2680y 5%0.0 20__.0.21200._L_12380} [{ Y.})
I «000 : 23284 ____1540¢ _.__15200.+0. e0___.326.0____3.82 _3 70 o0
«000 t 795001 (52600 0 eg ( 723.0) (135.00} [{ 0}
APPLIANCE . o T T T T -
CONCEPY e 5 e Cen
~NOy CONCEPTY WNAMNE (* ] .
e e e : - 1 - CABIN AIR (CIRCULATED), LITERS/SEC (FT3/MIN)-
L= SPACE RADIATOR : - 2 - CABIN AIR (LosT) » KG/HR (LB/HR)
2= THERMOELECTRIC .3 - OXYGEM §LOST) ., KG/HR (LB/HR
3 @ AIR CYCLE~TURBINE/COMPRESSOR 4 -~ GOOLIHG WATER (CIRCULATED), K&/HR (LB/HR
§ - WATER (LosT) » KG/HR (LB/HR)
6 - NITROGEN CIRCULATED), KG/HR §LB/HR
7 - NITROGEN - {USED) » KG/HR LB/HR
8 - FREON (CIRCULATED), KG/HR {LB/HR)
~ 9 - WATER (PROCESSED) ,_KG/HR -{LB/HR) —
C>§§
L . (***)COST-
5 (**)AVAILABLE INDICATOR
? (1) AVAILABLE 0-25%
> (2) STATE OF THE ART ) 25-50%
(=] :E? _. (3) SOME DEVELOPMENT REQUIRED 50-75% _
| g
EE g (4) EXTENSIVE DEV. REQUIRED 75-100%
- <4 - : —— ———
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APPLIANCE

CONCEPT, p—

NO, CONCEPT NAHE

§ = SPACE RADIATOR

e & = THERMOELECTYRIC . . . .. -
3 « AIR CYCLE-TURBINE/COHPRESSOR

L

IR

[ t B . L] : L] (] 1] LR
b N

CONCEPT NUMBER e

Frozen Food Storage (Shuttle) Concepf Trade

"
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TNUMBER OF DAYS ® 2045 { <06 YEARS)
USES. MOD SUBROUTINE O _ .. - ... _. . ._._ o ,
THZRMAL PENALTY = DIRECT TO COOLANT (LB/BTUH) 0250 : e
— THERMAL PENALTY_ ~ CABIN HEAT LEAK (1 B/BIUH) _ +0550

POWER PENALTY (LBS/WATT) TYPE I  .5200
———POWER_PENALTY _(LBS/WATT). TYPE 2 +H3n0

3 [
‘ ‘SELECTION MATRIX e e o o o FRCZEN FOOD STORAGE (SHUTTLE) ' . .
@, ; e X12715274).
N o) e - e T T " e = T
‘ MIN MAX . L _c9MNcer 1
o FACTOR VALUE  VALUE PTs 1 .2 3
MEIGHT 98,790 723,00 15 12.95 1040 Loo
POWER 26500 . 8056e0 .____15. 14«95 _14.54 +00
@)  VOLUME 742500 135400 10  oe46  B8.98 .00
‘ THERMAL __3,7650. 488,05 1514488 13,53 .0n
RELIAB~Y 98379 +99304 § 2485 .20 .00 "
O MAINTENC _ 99998 - 099999 . 5_— 2066 +7b6___ 00 = -
SAFETY 00000 1,0000 s c+00 «00 5,00 'l\)
——— DEV COST—-eQC000 ———70¢000-—— 151509 ——Feb64 +00 S
o O TOTAL PT +00000 854000 8BS 77.75 58425 5400 =
N
R RATING +00000 100.00 100 9148 68,53 5,88 ) * &
&S 0O T‘
' N
oy —
1 ~ o N T T
% D %% —
E 5
SR g
| : % B
f o
e (=
o 2]
b
m..u_mww
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_SENSITIVITY_ ANALYSIS .
RATING FOR EACH CONCEPT AFTER INCREASING
SINGLE SELECTION PaRaMcyER WEIGHTING FACTOR_BY S0_g
~{BASED ON 100 $ MAX POINTS)
?
- e .
; . conNCEPT
Lo : 1 2 3
RS
B RORMAL 91,48 48,53 5.88
i PRI —_— - e .
t D WEIGHT 9106 4870 541
; POWER. ___ 92,14 _70e84___5e51
VQLUHE 914565 6971 Se56
o THERMAL ____ 92.10._70429 __ 5.41 e/
RELIAB=Y 90,49 66469 5.71 A
e MAINTENC____90,38__67.00__ 5+71 W2 .
2 SRFETY 91472 66457 8457 %
DEV_COST 92,17 48419 __ 5.4l ‘ 35?5
e S
2 5%;-;; )
| , | TS 5
8D T T ' % 3 o
' Y t m
w v i SENSITIVITY ANALYSIS [
m ‘ e e R TN S IN
X 3 : : T wemreem e einvoemcwGimocm mnammne ot o s <
, ; i RATING FOR EACH CONCEPT AFTER INCREASING
AT SINGLE . SELECT 10N PARAMETER. WEIGHTING_FACTOR_BRY =50 g
A (BASED ON 100 % MAX POINTS)
‘ i
o — . o e C_ONCEPT
. 1 2 .. 3y . S
; "NORMAL 91,48 " 48,537 5,88
: NEIGHT Fie97 68¢32 6945
POWER 90468 __ 6578 ___ 4445
- VOLUME ?1¢28 67.20 625 .
THERMAL __ 90473 __ 66443 __ 6045
RELIAB=Y 92452 70449 6406
MRINTENC 92064__704}5 6406
- SKFETY 91422 70461  3.03

DEV _COSYT__ 90465__6B8¢94 ___ 6445
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APPLIANCE CbNCEPT”COMPONENT”SUMMARY”MATRTX'
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APPLIANCE FUNCTION: 1.1.3-FREEZERS
NUMBER OF COMPONENTS
COMPONENT -TYPE
X NUMBER
oy = Sl 2| o SAFETY
[~4 Z'u.l < o< Lag
212 |43k 13 CRITICAL
| 217 |35/#5|8 | 2 TTENS
APPLIANCE TYPE . ~ ¥
: & - N D@ e ®®IOI0I0O0I0I0OIOI0I0I0
| SPACE RADIATOR 1 122 {1]- " 0
THERMOELECTRIC 2 |- -1-111¢2 1
2 t2 | -11]1 0

AIR CYCLE TURBINE/COMPRESSOR ™"

bocow # A

2-194811-2d
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SPACECRAFT Shuttle

HABITABILITY SUBSYSTEM Food Management HABITABILITY FUNCTION Food Storage
APPLIANCE FUNCTION__ Frozen Storage ) |

APPLIANCE CONCEPT NO./TITLE 1/Space Radiator
INDEX NO. i.1.3.1 REF. NO. 184, 255

DESCRIPTION ;

This condept is simply an insulated food storage box, with coolant from the
spacecraft ECS radiators routed through tubing within the freezer walls.
This concept was used for the five Skylab food freezers, each of which had
the following size: '

. WEIGHT VOLUME

kg 1b m3 £t3

Food capacity (packaged and restrained) | 24.1 53.2 ] 0.0598 2.11

Total freezer (empty) R 45.8 101 | 0.210 7.41

The Shuttle freezer was sized proportional to the above Skylab data based
on the freezer food capacity. The wall insulation was 10.16 cm (4.0 in)
thick. It was assumed that the radiator coolant would be of sufficiently
low temperature for this concept to be feasible.

o B2-37 T
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTl[S CALCULATIONS

.

conczvrf‘Ly e xodiadop freezer

invex sumser__f, 1. 3 . 1

(R(“( # 1%’1" f.}ll

~4.5

B2-38

ELECTRICAL PONER REQUIREMENTS
, ' AC . PONER 9C _ POMWER 5
) y_ssq)m,_ ® ® DEMAND ® ® DENMAND
| CYeL PEAK awerace  (WATTUR/ PEAK Avernge  (RATT-UR/
COMPONENT (REF) (HR) -(WATTS) (WATTS) x (WATTS) (WATTS) @x
Contrals alyes : 50 ' '
. f ! .,- r ‘ _ L[]
S n oYy — .
\
50 . | .
' MAXTMUM_ . TOTAL MAXIMUM T, T0TAL
. ’
- ” - .
THERMAL REQ!L&E&E&li
. : LATENT SENSIBLE HEAT LEAK 0 COOLANT
Y souRce (BYU/HR) (BTU/HR) (BTU/HR) (BYU/HR)
Box heat Jeak 0 : ) - 18 IRy
E lecdrical 0 17/ 177 R+ I
TOTAL o) (r71) (-17) U 9)
- NATT (BTU/HR) WATT (BTU/HR) WATT (BTU/HR) WATT (BTU/HR)
. . : o )
.QE..E_B.AI.‘.QU_&L P.E!iﬁ!.ll_.f_i
. . ‘ .
' * THERMAL y
I  HEAT LEAK 10-COOLAKT ELECTRICAL WEIGHT VOLUME
. SOURCE. (BTU/HR/CYCLE) (BTU/HR/CYCLE) . (PK WATTS/CYCLE)  (LB/MISSION) (FT? /MISSION)
N .
F .
' ToTIAL - » .
. VATTS/CVCLE WATTS/CYCLE KG/MISSTON M3 /MISSION
(BTU/IR/CYCLE)  (BTU/HR/CYCLE) (LB/KISSION) (FT3/H1SS10N)
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS (CONCLUDED)

concert_Cpace vadialer freever moex soneer_1. [, 3 . |

FIXED WEIGHINOLUME REQUIREMENTS

- va o PANR - S AN — e e e e o o e o e o e e

WEIGHT : VOLUME

_ COMPONENT - " (REF) o (Les) o (F73) ‘
Ereezer (Yotal) - 98,7 x 7.25
o . (17 | | (7.25) |
KG (LBS) S W(FT3) T,
soL1p® EXPENDABLE HwINvoL &EQ!lB.EﬂEEIé’. ’
® ) ®
O WT/UNIT (REF) WT/CYCLE VOL/UNIT (REF) VOL/CYCLE
v , (PKis WT/UNIT) (REF) @xgz) (PKG. VOL/UNIT ) {REF) (Px
TYPE UNITS/CYCLE (REF) (L8). : R (1) (FT3) F13
\
' Z © TOTAL WT/CYCLE Z ® “TOTAL VOL/CYCLE
-+ (LB) T(FT3)
TOTAL WT. _ : . .
“MISSTON X X [ J
CYCLES /DAY DAYS/MISSTON TOT.‘:T/():YCLE G (LB}
LB .
TOTAL VOL _ o _ ] _ r
WISSIO X X ‘ . |
CYCLES/DAY DAYS/MISSTON mr.\(/%?vcu W (FTIY
o GAS/LIQU1D QKEEEQA&LE_& REQUIREMENTS
@ @ ' ! ©) ) @
o, RECOVERY - AMT,RECOVERED/CYCLE AMT LOST/CYCLE
AMT.USED/CYCLE(REF) DX >
. TYPE " (LB) FACTOR . it (Lp)
. . . ] , . . ) !
TOTA..L ".’I.:. [ * ) ! [ - .
HISSIoH TCVCLE/ON X DAYS/Hi mN"'wa TOST/CTCE - —* ' [{(0))
VCLE/ON MISS TAL TOST/CVCL : X6 (L0
: : e® ‘18) (L ¥0]

\
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. SPACECRAFT___Shuttle |
HABITABILITY SUBSYSTEM Food Management HABITABILITY %UNCTIONV Food Storage

AéPLIANCE FUNCTION  Frozen Food Storagde

APPLIANCE CONCEPT NO./TITLE__ 2/Thermoelectric
*INDEX NO.___1.1.3.2 | REF. NO.___ 184, 177

DESCRIPTION:  In this concept, the freezer has a self-contained cooling unit
operating on the thermoelectric principle. Direct electrical current is passed
through staged semi-conductor junctions arranged such that heat is removed at
one set of junctions (pr-viding the cooling) and rejected at the other. The
freezer engineering data used were taken from Reference 184 and 177, which were
obtained from catalogue data for commercial units. The reference weight and
volume were given separately for the freezer Tocker and the thermoelectric
devices. To keep the concepts on a common basis, the weight and volume of the
locker were assumed equal to the locker for the space radiator concept #1.

. v
WoT Junction, - ; ’///yEXTCRIOR:FAN

€OLD JUCTION o O/k .‘ THERHOCLECTRIC MODULLS
\\\"",/ J NaIPZ |

T2 ——IHTERIOR FAN

N
i}

i

WSULATED
WALLS ¢

s
;

i
i
1

B LY |
T

..
——
—  e——

NN
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS

.

anoex wumeer_J, 1, 3 o2

concert Thevmn elockric. freewex
(‘E‘eﬁ. 15l F H.6-4. !z)
EL.E.QI!U.QAL POWER REQ!lR&HEﬁlé
. AC . POMWER DC POMER
‘ ' (ﬁ) @
usc IMe ® ® DEMAND ® ® DEMAND
CYCLE PEAK AVERAGE (nTT- R/ PEAK AVERAGE (WATT MR/
COMPONENT (REF) (HR) (WATTS) (WATTS) O (WATTS) (WATTS) O
Thermaelectric . 570
L[(Ll’l‘ LS, {.(’ AN ) N ¢
i //Ml)\um uNL .
. »
, : S S 570 .
MAXIMUM_ s TOTAL MAXIMUM "L TOTAL
' . [}
. r "'
THERMAL EQQQLEEﬂﬁllé
o : LATENT SENSIBLE HEAT LEAK 70 COOLANT
SOURCE (BTU/MR) (BYU/HR) (BTU/HR) (BTU/HR)
Box _heat Jeak D__- ~19% - /8% 0
Electyical power 0 1743 456 1327
- — ; 7 -
TOTAL 0 (z25) (26%) ____(1_1»‘_23>
WATT (BTU/HR) WATT (BTU/HR) WATT (BTU/HR) WATT A(BTU/HR)
. .
.QEF-_&_A.IJ_.Q!*_A_L !’.EB..A_!-_I!.E..S_
- I . RUAL ELECTRICAL WEIGHT VOLUME
[ HEAT LEAK 70 COOLANT k
. SOURCE. (BTU/HR/CYCLE)  (BTU/HR/CYCLE) | (PK WATTS/CYCLE)  (LB/MISSION) (FT? /MISSION)
Y
I , :
' ToTAL o
) WATTS/CYCLE WATTS/CYCLE KG/MISSION M3/MISSION
(BTU/HR/CYCLE)  (BTU/HR/CYCLE) (LB/MISSION) (FTI/MISSION)

BZ 41
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS (cancLuoco)

£1.3.2

]

concert_Jhermoefoctric freezex INDEX NUMBER_
ELXED !ilﬁﬂL@QLlﬂi REQUIREMENTS
: . WEIGHT VOLUME
) COMPONENT - '(REF) (LBS) ’ (”3) *
Thevmoelciric. devices 113 6.5 :
Freezex lockex on/}z : 9¢ 7 7.25
o (212)_1 | (13.8) |
' KG (LBS) M3 (FT3)
so0LID EXPENDABLE WwiNvotL _R.EQ'!.lB..E_ﬂE!“_l.S_ !
' ' . @ ® 5
@ NT/UNn@(REF) WY/CYCLE VOL/UNIT (REF) VOL/CYCLE
(PKG. WT/UNIT) (REF) @xg) (PKG. VOL/UNIT ) (REF) (Px 3
TYPE UNITS/CYCLE(REF) (Ls). . * (LB (FT3) Fy3
2® TOTAL WT/CYCLE Z @ TOTAL VOL/CYCLE
- (L8) TO(FT3)
TOTAL WT. -
“WISSTON X : ) L J
CYCLES/DAY DAYS/MISSION TOT.NI{;CYCLE KG (LB)
TOTAL VOL .. .
MISSION X | . l . ]
CYCLE_S/DAY N TOT.%?_I#():YCLE M3 (FT°) ]

DAYS/MISSIO

EX

GASLLQUID

PENDABLES

N @ @ .
D , RECOVERY AMT .RECOVERED/CYCLE T LOS?()/CYCLE
AMT . USED/CYCLE (REF) X -G
. IYPE + (L8) FACTOR (Ls (LB
‘% 2:() e ‘\23()
. n [ E ‘
J0TAL WT. .
“HISSTON - | X ‘ . : +
CYCTE/DAY DAVS/MISSTON YOTAU T.0ST7CYCLE . KG (LB)
. . @ (LB) QO

ol \
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SPACECRA! T Shuttle
HABITABILITY SUBSYSTEM Food Management HABITABIUTY FUNCTION

Food Storage

APPLIANCE FUNCTION Frozen Food Storage
APéLIANCE CONCEPT NO./TIILE | 3/Air-cycle turbine/compressor

IN@EX NO. 1.1.3.3 , REF. NO.___184

DESCRIPTION * In this concept,-air is alternately compressed and expanded in
a closed refrigeration cycle. This concept was included for comparison since
it represents a typical commercial aircraft system. In an aircraft, ram

air is used to cool the heated working fluid, whereas in the spacecraft system

a motor and fan are used.

FOOD LOCKER

MOT(! {

/

A1/

PRy e

- . ‘ \Lt | COOLING wnnmt/"J j

AT CXCHANG ” N :
| NERT EXCIIGER = :::::::f“\fzzzggz\\\\
’ FAN & FOTOR
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APPLIANCE CONCEPY REQUIREMENTS AND PENALTIES CI\LC(JL/\TXONS
concept Aj1- c‘,;c/!" turbive /c\om pressoy {reerey woex wumoiR_f, £33

gl o BB =,165 AT -AMG)
(Rel. 18 1o ELECTRICAL POWER REQUIREMENTS

LN N R LI AR AN Y e e e

AC . POWER DC__POWER
Ay 7
USE q)me ®@ 0 DEMAND ® Q) DEMAND
CYCLE PEAK AVERAGE (;‘QHE"“/ PEAK AVERAGE (;“,‘H;”‘V
COMPONENT (REF) (HR) (WATTS) (WATTS) X (WATTS)  * (WATTS) XD

g ~ 550 f‘ 2 M ¢
C(lu}l)c G £ {an Z‘)',Z,)D : . —

5200 . —_
MAXIMUM T T0TAL MAXIMUM . TOTAL

.

THERMAL . REQUIREMENTS

' | LATENT . ‘ SENSIBLE o HEAT LEAK T0 COOLANT
SOURCE {BTU/HR) i (BTU/HR) (BTU/HR) (BTU/HR)
Box_heat leak o__- - 183 =188 0

Electrical power 0 13,294 0 _S448 0 7950

TOTAL 0 (f?:' ,210) (52 éf)) ‘(”/‘]54’)
. WATT (BTU/HR) WATT (BTU/HR) WATT (BTU/HR) WATT (BTU/HR)
. - ’
LY .
OPERATIONAL PENALTIES :
. oL .7 . '
. N ' . U
- : ' THERMAL PR~ y
I oAt e org cooLanT ELECTRICAL WEIGHT VOLUHME
. SOURCE, - (BTU/HR/CYCLE) (BTUZHR/CYCLE) | (PK WATTS/CYCLE) i .B/MISSION) (FT3/MISSION)
we '
’
YOTAL ) . )
. HATTS/CYCLE WATTS/CYCLE KG/MISSION MI/MISSTON
(BTU/HR/CYCLE) (BTU/HR/CYCLE) {LB/KISSION) (F'l-‘/MlSSlON)
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APPLIANCE CONCEPT KEQUIREMENTS AN PENALTIES CALCULATIONS (CONCLUDED)

concert Air /e !l',rbfne/compressor freezer inoex wumoer_Je £, 3, %
ELXED WEIGHT/NVOLUME REQUIREMENTS “
. : WEIGHT VOLUME
COMPONENT - J(REF) (LBS) . (F12)
" Freezer Go’reﬁ) : . 7273 " 135
e
o ]| (a5 ]
‘ " K6 {LBS) : K (FT3) -
- "' "' SGLID EXPENDABLE WI/NOL REQUIREMENTS !
: ' ©)] : O] ®
o wr/lmn@(nsr) WT/CYCLE VOL/UNIT (REF) VOL/CYCLE
- (PKG. WT/UNIT) (REF) @xg@ (PKG.VOL/UNIT)(REF) Q)x
TYPE UNITS/CYCLE(REF) (LB) ] ) (F73) F13
- 3
: Z0o TOTAU Wi7CVCLE ’ 20 TOTAL VOL/CYCLE
. (L8) S (FT3)
TOTAL WT. _ ' . ' e
“WISSTON ™ = X X . i |
X CYCLES/DAY DAYS/MISSION TOTJ(II/():YCLE K6 (L6)
: LB
JOTAL VOL _ .
“MISSION ~ X X " o |
CVCLES/DAY " DAYS/NISSTON TOT.\((?%%YCLE ‘ - W{FT)

~ - M . .

1) - Q@ , ©)] O]
RECOVERY AMT . RECOVERED/CYCLE MT LOST/CYCLE
AMT USED/CYCLE(REF)  # , X : Q®-
TYPE . 1 .{LB) : FACTOR . (ts) - (L8
I;‘ i ) Z @ . : 2 @
. . ’ rl -
TOTAL WT, | , ! . -
“MISSTON ‘ X X . M
o CYCLE/OAY DAVS/NISSTON — - TOVAL UOST/CVCLE  ~ B} ¥G (LB)
: o @ (L8) N0
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HABITABILITY SUBSYSTEM 1.0 Food Management

HABITABILITY FUNCTION__ 1.2 Preparation

APPLIANCE FUNCTION _ 1.2.2 Warming

NUMBER OF CONCEPTS COWSIDERED 3

ASSUMPTIONS

Since current planning in the spacecraft fodd'system area does not include

a requirement for cooking, the concepts considered in this section apply to
food warming 6h1y and not cooking. In Reference 184, it is recommended,

for planning purposes, to size ovens based on 80 percent of the maximum allotted
"frozen food per man-day. Based on the Skylab food mix which was assumed in

this study (which contained approximately 100 1bs. of frozen food for 420
planned man-days), this would result in a warming unit sized for 0.24 1bs.

per man.- This value is obviously low, due to the relatively short supply of
frozen food in Skylab. Therefore, the design value of 0.8472 1bs. and 0.1696

cu. ft. of food per man (ReferenCe 184, 276) was assumed throughout th%s‘study
tc size the ovens. For Shuttle, the oven food capacity was therefore 3.4 1bs.
and 0.68 cu. ft. Three mecl! warmings per 24 hours were éssumed. To compare the
food warming concepts on a common basis, the weight and volume of each food
warming concept includes the weight and volume of the trays and tray rack
associated with it. '
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APPLIANCE CONCEPT FUNCTION MiTRIX

INDEX NOo 19202 _ s®ee  FOOD WARMING_(SHUTTLE) e e o
t
CUNCEPT USaGE CONSUMABLES AND FLOY REQUIREMENTS THERMaL REOMTS ~ .ELEC PWR REQMTS WT,VOL ReQNYS oEV:Lorngut __RgSuPPLy
NOu TINE — e - . COST ‘ .
T o Cante . - T " PK PR AVG PWR ‘ i o T
____USES/DAY.__TYPE _ USED . ___FLOW __ PRESS_ TEMP _ cOOLANT WY LEax __ AC AC . WglGHT VOLUME AVAIL INDEX , WEIGHT _
HRS/USE {0) @KG/USE= . eMMHGe *DEG Ce eWATTSe &WATTSa oC oc eKGe eCU Me (®e) (vee) -XGw
{LB/USE) re]} (PS1G) _(DEG_F)__ (BTU/HR)_(BTU/HR) __ =WATTS~_ _=WATTS= __ (LBS} (CVU_FT) (LB8S)
.’..........0.......“'.l......l......"..lO‘I..‘.‘.....'....Q.....‘......'...........0...........‘.0.......0..0...‘........0....0
1 3,000 _ . Do 1974 . W0.._ e0___ 3beb6 _ 1Y 1 8 .0 ____
2,000 1 Qo) ( 6724y 660.0 1970 t 80e«b) { 4,80} ( *0}
2  3.000 O 43, .0 248 oli 2 3o 0
«500 t Qe)._ £1870ey ____ sshn_-bﬂb-n_( 843} (__3+90) €0} ____
’,_______30000, _0e_ . ‘BSU—'_‘27!500 ”27q500____‘_ 37.6____“ ‘01.3 2 30 '01
o167 [ Ge)} (2340 0 *8 { 82.%) ( 4a.70) ( (33 ]
appPLiaNCE 3 _._: T T T
CONCEPT. - -
NO, CONCE"';NAH: (.) : v
1 = REATING TRAYS (SKRYLABI —= 1 - CABIN AIR (CIRCULATED), LITERS/SEC (FT3/M1N)
2= OVENTHOT. AIR. CONVECTION_{ELECTRICAL WEAT) 2= CABIN AIR - (LOST) » KG/HR (LB/HR) ,
3 OVEN=MICROWAYE (PLAIN} 3 - OXYGEN (LOST) » KG/HR (LB/HR <
4 - COOLING WATER (CIRCULATED), KG/HR (LB/HR
5 - WATER (LOST) » KG/HR (LB/HR)
6 ~ NITROGEN CIRCULATED), KG/HR éLB/HR -
7 - NITROGEN USED) » KG/HR LB/HR
8 - FREON {CIRCULATED), KG/HR (LB/HR)
9 - WATER {PROCESSED) , KG/HR (LB/HR)
(***)COST
‘:. (**)AVAILABLE . INDICATOR
S (1) AVAILABLE 0-25%
| {2) STATE OF THE ART 25-50%
g E (3) SOME DEYELOPMENT REQUIRED 50-75% -
p = o (4) EXTENSIVE DEV. REQUIRED 75-100%
O . .
7 i

i
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APpLIANCE
e CONCEP T o el
NO. CONCEPT NAME
TS REATING TRAYS fskyLaB)
2 o___OVEN=HOT AfR CONVECTION. !ELECTRICAL HEATL.
3 =  OVEN=MICROWAVE (PLAIN)

1

0
¢
9
]
3
]
¢’
]
A
' .
]
LN
‘: L1
.
[}
(]
.
.
]
]
. 2
. .

.0 i 2 . ok . e . 10 '
{ ; et N,
v CONCEPT NUMBER o o

Food Warm1ng (Shuttle) Concupt Trade
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O 0 0 0 O 0 0 U

s

.___7 T s 4 e e e v = e

. st

F.& W

‘NUMBER OF DAYS = .. 2045 ( 06 YEARS)
______USES M0D SUBROUTINE O ...

THERMAL PENALTY « DIRECT To COOLANT (LBIBTUH) «0250

POWER PENALTY (LBS/WATT) TYPE 1| ,5300
PGWER PENALTY"(LBS/NAT7) IYPE_2..._,4300

THERMAL_PENALTY = CABIN.HEAT LEAK . ({B8/RTUH) 20550

-SELECTION MATRIX o ¢ e o ¢ FOOD WARMING (SHUTTLE)

e e K12715 774

-0 NCEPT

MIN LMAX .
"FACTOR VALUE VALVE PTS 1 2 3
WEIGHT 54,300 82.9¢+ 15 .42 5417 09

e POVIER ... 283+80 __ __1454e8._ 151207 —_11¢208 N1
VOLUNE 3.9000 ~ 4.8000 10 _+0D 188 021
THERMAL 364940 128.70 15 __ 10469 7,50 «Q0 -
RELIAB=Y 499947 099997 B 209 00 4476 .
MAINTENC__ .9%799 1400000. 5. 4e28 ___+00___%4.28 !
SAFETY +00900 1.,0000 5 .00 .00 «00 —
PEV COST__5.0009 30000 1512450 00 «00 o)
TOTAL PT  +00000 854000 85 47.85 25.75 Fe24 EE
RATING +00000 160,00 100 56035 30e29 1088 ~

e e
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SENSITIVITY_ ANALYSIS -

RATING FOR EACH CoNCEPT AFTER INCREASING
SINGLE SELECTION PARAMETER WEIGHTING FACTOR BY 50 §_

{BASED ON 100 % MAX POINTS)

et

o528 -

-

.

0O 0

J

%)

0 0 0

(O]

CONCEPT -~
- 1 2 3 . : &
| : =2
TTTHORMAL” 55,35730,29 10,88 ﬁTa
N R L SRR QZ
WEIGHT 51,07 30463  9.99 o
POWER 57.39__33¢89__ _9.99 -
VOLUME $2428 29465 10439 Fé',;
THERMAL ___ . 56,65._.31489.__ 999 YooY
RELIAB=Y 54,97 29442 13.28 22)
MKINTENC 56422 _29.42__13401
SAFETY 56,63 29,42 1D.56
——DEV_COST 57,62 27483 ___9.99
T T (=]
nN
2 S i e o [}
—
- | o
SENSITIVITY ANALYSIS xe)
(@]
- e e ——— ~ . . —— = a [ — - - —— Sma——— - H
RATING: FOR EACH CONCEPT AFTER INCREASING o
SINGLE_SELECTJON PARAMETER WEIGHTING_FACTOR BY «50 g
] (BASED ON 100 § MAX POINTS)
e i e € O NG EP T
1 2 3
ﬁbhniff“_*ss.Jé'ﬁ30§;'"“ib.§8
WEIGHT 60454 27488 11e73
o POWER _ 52,92 _26+00__11¢93
VOLUME 58481 3101 1142

THERHAL 53,81 ._28438__11+93

RELIAB=Y

o MRINTENC . 'S4,44__ 31,21 B8eb1

SAFETY
DEV. COST

$5476 31.21% Be32

54,00 :31.2! 11.20

52,65._33+22__11.93




APPLIANCE CONCEPT COMPONENT SUMMARY MATRIX
APPLIANCE FUNCTION: 1.2.2-FOOD WARMING |

NUMBER OF COMPONENTS
COMPONENT TYPE — . .

16-29 .

T WSt & e

. NUMBER
|8 oor
- &5 | S :‘zé érx SAFETY
2 3|l & = . . CRITICAL
[} . | [¥5] | T O
APPLIANCE TYPE S e e - 1TENS
- U010 |® @ 0001000101010 ]1010
HEATING TRAYS (SKYLAB) I L)L B I 0
HOT AIR CONVECTION (ELEC. HEAT) 1 1 1| - 1 1
~ {pg. 5-2) , ,
'MICROWAVE (PLAIN)(pg. 5-4) - - 1- 111 1

*Derated to 1 due to low
temperature of three ht's.

2-195811~20
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SPACECRAFT____ Shuttle - N < |
HABITABILITY SuBSYSTEM_Food Management HABiTABILIT? FUNCTION__Food Preparation

. APPLIANCE FUNCTION___ Food Wamiing -

APPLIANCE CONCEPT NO./TITLE _1/Heating Trays {skylab) -

‘INDEX NO.__ 1.2.2.1 © REF. NO. 255, 276

DESCRIPTION : In this. concept, an insulated ‘food' tray with three heating cav1t1es
surrounded by imbedded electrical resistance’ heating elements is used. This
concept-was used on Skylab, and the actual Skylab weight/volume/power data were
assumed. A heating time of 1% to 2 hours is reqdired to warm the food. Two

hours was.used for comput1ng -thermal penalties to the cabin cooling c1rcu1t

-Each Skylab heating- tray weighed 10 9 kg (24 1b). However, of fh1s total

weight, 2.7 kg (6 Tb) was a stainless steel. bracket used for a working surface.

" To compare with the oven concepts, the weight/volume of this bracket was not
“included in-the heating tray weight/volume. Instead, the data for a tray storage
rack was taken from Reference-276 and added to the bas1c concept weight and
volume. No separate dish tray penalty was added for this concept since the tray
is already an intggral. part of the concept‘ .

-
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CONCEPT Z/f‘fl ;!jlm 7"1"0 V)
) 7

ELECTRICAL POWER REQUIREMN

_— e e e e % el e e
. *

APPLIANCE CONCEPT REQUIREMENIS AND PENALTIES CALCULATIONS

woex nuveer £, 2, 2.7

DC POWER

. _ AC . POWER s @
USE_YIME ® ® oEAD ® ® DEKAND
| cveLe PEAK aerace  (HATT-UR/ PEAK nverne  (BATTHR/
COMPONENT (REF) (HR) (WATTS) (WATTS) Ox (WATTS)  (WATTS) Qx
_/./i'afizzg_.&/ﬁmau_t 2 _bbo ' 197 2394
(3,,«?55 . »
—. ’
v '
, : . ' 66O o 294
MAXTHUM, T TOTAL MAXIMUM . TOTAL
! ¢
. ) )
THERMAL REQUIREMENTS .
. LATENT SENSIBLE HEAT LEAK 70 COOLANT
SOURCE C o (BTumMR) (BTU/HR) (BYU/HR) (BTU/HR)
/—/ea'f'/';z:} element (255) O - 672 672 0
ToAL 0 177 (672)  197(672) o
WATT (BTU/HR) WATT (BTU/HR) WATT (BTU/HR) WATT ‘(BTU/HR)
) : S
0 § 's ) [y
s PAOE T : :
oW QU™ . -,
of OPERATIONAL PENALTIES
. : . - - . '
_ . ' THERMAL SRR ‘.
r HEAT LEAK 10 COOLANT ELECTRICAL WEIGHT voLuME
. SOURCE . (BYU/HR/CYCLE) (BTU/HR/CYCLE) ,  (PK WATTS/CYCLE)  (LB/MISSION) (FT2/MISSION)
/ ' .
A%
A , .
' TOTAL .
. WATTS7CVCLE WATTS/CYCLE KG/MTSSTON M3 /1ISSION
(LB/MISSION) (FTY/MISSION)

s (BTU/HR/CYCPE) (BTU/HR/CYCLE)

L
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APPLIANCE CONCEPT REQUIREMENYS AND PENALTIES CALCULATIONS (CONCLUDED)

INDEX NumBer 7.2 .2 . 1

.

F1XED WNEIGHINOLUME REQUIREMENTS
) . ] WEIGHT VOLUME
_ COMPONENT -srsr) (L8S) (FT3)
Total dray (less byocket) : 72 ‘ 2.3
Rack 7 Fo.76) L. b 2.5
- L]
7
TOTAL [ (g0.6) | l 4.8) |
' KG (L8S) M3 (FT3) °,
$§0L1D EXPENDABLE WI/NOL REQUIREMENTS ‘
: - Q ' ®
1) : HT/UN}§:%REF) WI/CYCLE VOL/UNIT (REF) VOL/CYCLE
‘ (PKG. WT/UNIT)(REF) Ox (PKG.VOL/UNIT) (REF) (%)x
TYPE UNTTS/CYCLE(REF) {L8). . © (LB (F13) FT3
N/A
[4
Ay
Z® TOTAL WI/CYCLE Z@) “TOTAL VOL/CYCLE —
- (LB) ©(FTY)
JOTAL WT. . . .
MTSSTON ¥ X | |
CYCLES/DAY DAYS/HISSTON TOT.?Z/%YCLE KG (LB}
B
JOTAL VOL _ =
MISSTON X
CYCLES/OAY DAYS/MISSION TOT.YOL{?YCLE W (F13)
FT
B GAS/L1QUID  EXPENDABLES &EQQL&E&E&I&
' @ O] ®
@ p RECOVERY AMT . RECOVERED/CYCLE AMT LOST/CYCLE
_ AMT,USED/CYCLE (REF ) OO <®
. TYPE ' *{LB) FACTOR L8 (LB
W - .
7. . f
4 ‘ ’ !
JOTAL WT. | ’ « |
MISSTON X X . + ,
CYCLE/OAY DAYS/MISSTON YOTAL T.0ST/CYCLE kG (LB)
' ) (L8) (RO :
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 SPACECRAFT shuttle . . B

HABITABILITY SUBSYSTEM Food Management HABITABILITY FUNCTION Food Prgggnat]gn

.APPLIANCE FUNCTION ‘Fopd Warming )

APPLIANCE CONCEPT NO./TITLE___2/Oven-hot air convection-electric

‘INDEX NO.  1.2.2.2 REF. NO. 276

DESCRIPTION : This concept’resembles a conventional electrical oven with
resistance heating elements. Oven size is based on the requirenent in Section
1.2.2 of 0.0193 cu m'(0.68 cu ft) of food per meal.. A, heating time of 0.5 hours
was used, with an additional 0.5 hours allowed Tor the oven heat to dissipate to

the cab1n .gas. Thus, a total time of 1 hour was ass ;umed for computing the thermal

penalty to the cab1n cooling circuit.
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APPLIANCE CONCEPT REQUlR[M§N1S AHD PENALTIES CALCULATIONS
Convectron - electric

INoEx NuMBER_Jf, 2. 2, 2,

ELECTRICAL POMER REQUIREMENTS
. ' AC . POWER DC__POWER
: 7
USE YIME ® ©) DENAND ® ® DEMAND
CYCLE PEAK averge  (WATT-UR/ PEAK Avernoe  (HATT-HR/
COMPONENT (REF) (HR) (WATTS) (WATTS) Ox {WATTS) (WATTS) Ox
Total electwical 0.5 959 ' 626 ak3
N L] N
.
. . : 459 243
MAXIHUM, C o TOTAL MAXIMUM T, TOTAL
?
THERMAL REQUIREMENTS
' LATENT SENSTBLE HEAT LEAK 70 COOLANT
SOURCE (BTU/HR) (BTU/HR) (BTU/HR) (BTU/HR)
Total electrical o - 1170 1170 0
\ . ; )
TOTAL 0 343 (”7 0) X 343 (11 20_2 o
: WATT (BTU/HR) WATT (BTU/HR) WATT (BTU/HR) WATT (BTU/HR)
) N .
4
OPERATIONAL PENALILES
r . AT LEnk R oL ELECTRICAL WETGHT VOLUME
" SOURCE, (BTU/HR/CYCLE) ~  (BTUZHR/CYCLE)  (PK WATTS/CYCLE)  (LB/MISSION) (FT3/MISSION)
N/A : ‘ :
e
TOTAL
' VATTS/CVCLT WATTS/CVCLE KG/MISSTON HI/MISSION
; (LU/MISSION)

SBTU/HR/CYCLE) {BTU/HR/CYCLE)

(FT3/MISSION)

«
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APPLIANCE CONCEPT REQUIREMENTS AND FENALTIES CALCULATIONS (CoNCLUDED)

conceet_Qven_— hot _air convection - electric
(Ref.#276)

wnoex nomper_ [/, 2, 2.2

E1XED WEIGHUVOLUME REQUIREMERTS
‘ : " NEIGHT VOLUME
COMPONENT - «(REF) (LBS) (FT3)
"Oven totel 2.8.6 2.1
Aroy yo cl¢ 5.7 = 1.5
5 rvins dvravs 2.0.0 Greluded (n Jnck}
]
ToTAL | (54.2) | Gy |
' : K6 (LBS) W)
SOLID EXPENDABLE WINOL REQUIREMENTS ‘
- Q @ ®
o© HT/UNXT(@(REF) JCYCLE VOL/UNIT (REF) VOL/CYCLE
- (PKG.WT/UNIT) (REF) Ox (PKG.VOL/UNIT) (REF) (Px 4
TYPE UNITS/CYCLE(REF) (LB). (1 (F13) F13
Z0 TOTAL WT/CYCLE 20 TOTAL VOL/CYCLE
- (LB) T (FT3)
TOTAL WT. . . .
MI3SION X ~ X [ |
CYCLES/DAY DAYS/MISSTON TOT.P(II/()IYCLE XG (LB)
, B
TOTAL VOL _ -
MISSTON . |
CYCLES/DAY DAYS/MISSION TOT.\_(IE%()ZYCLE H(FT9)
BETERREEN | GAS/LIQUID EXPENDABLES REQUIREMENTS
&) ©) L
O L RECOVERY AMT . RECOVERED/CYCLE T LOS?O_ CYCLE
AMY.USED/CYCLE (REF) OxE ®O-@Q
- TYPE ' (LB) FACTOR (LB (LB

:‘;i- ' P O)

¢

z®

JOTAL WT.
MISSTON X ' X .
CYCUE/OAY “TDAVS/MISSTON TOTAU LOST/CYCLE
. > @ (LB)

B2-57
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SPACECRAFT Shuttle .
HAEITABILITY SUBSYSTEM  Food Management HABITABILITY FUNCTION Food Preparat1on

-

APPLIANCE FUNCTION__ Food Warining 7
APPLIANCE CONCEPT NO./TITLE: 3/0ven-Microane

‘INDEX NO. 1.2.2.3 . REF. NO. 276

DESCRIPTION This concept resemb1es a conventional microwave oveA Oven size i
is based on the requirements described in Section 1.2.2 of 0.0193 cu m (0.68 cu ft)
of food per meal. A heating time of 10 minutes was assumed, with an additional

0.5 hours allowed for the oven heat to dissipate“to the cab1n gas. Thus, a total
time of 40 minutes was assumed for computing the thermal penalty to the cabin
coo11ng circuit.’ .

’« B s ‘;- - . T 82-58 iy
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.

. APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS
concePT_ Ovepn — oy pwave

inoex nomeer_J, 2.. 2. 3
: (Ref#27¢) '
ELECTRICAL POWER REQUIREMENTS
. ' AC . POWER DC _POMWER
) USE_YIHE @ . ©)] pEATD ® ® DEMAHO
' CYCLE PEAK AVERAGE (AT i/ PEAK AVERAGE (WATT MR/
COMPONENT (REF) (HR) (WATTS) {WATTS) Ox (WATTS) (WATTS) 'O)10)
Honley : Ve . 295 ol 459 '
[
. e . ’ . .
i ' .-az.lé__g_’ ! . 4‘5g
, HAXIMUN, . TOTAL MAXIHMUH . TOTAL
. !
THERMAL REQUIREMENTS :
. LATENT " SENSIBLE HEAT LEAK 10 COOLANT
SOURCE (BTU/HR) (BTU/HR) (BTU/HR) (BTU/HR)
Hentex o__: 2340 2340 — 0

.

. TOTAL Q ) { q é c:) ’g)fq) g,; 5" g—) ( ol 'I)[-;'-l/)) O

WATT (BTU/HR) WATT (BTU/HR) WATT (BTU/HR) WATT (BTU/HR)
] . T
'y o,
| "
OPERATIONAL PENALTLES
. 7 . . .
N ! * THERMAL . y
/:' . HEAT LEAK 10 COOLANT ELFCTRICAL ; WEIGHT VOLUME
B SOURCE. (BTU/HR/CYCLE) (BTU/NR/CYCLE) . (PK WATTS/CYCLE) (LB/MISSION) (FTs/MISSION)
\"‘ )
,ﬁ' 4 ‘ '
' ~T0TAL
WATTS/CYCLE WATTS/CYCLE KG/MISSTON MIMISSIOR
{BTU/HR/CYCLE) {BTU/HR/CYCLE) s

. - (LB/MISSION) (FT3/MISSION)
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APPLIANCE COMCEPT REQUIREMENTS AND PENALTIES CALCULATIONS (concLuneo)

conceet_Oven - microwave. woex wumser_f, 2. 2. 3

- e e - e ase e — el S em - e e D e e

: . : . WEIGHT VOLUME

. COMPONENT - «(REF ) (LBS) L (F13) '
"Oven %o{rx | ‘ . 57.2 o 2.9
TIxay york : - ST L
_S‘.’.\J\"mg -\-r/-.\jfs . 20.0 (peluded in va r;'y\\

0y

ToTAL . l ~ (‘g':g,,?)] [ 3 ("7‘7) I

' K6 (LBS) M3 (FT3) °,
$0L1D EXPENDABLE WINOL EEQQ!&E&Q&Ié ’
. RO ®
10 i m/unn©(msr) WI/CYCLE VOL/UNIT (REF) VOL/CYCLE
' (PKG.MT/UNIT)(REF) Ox@ (PKG. VOL/UKIT) (REF) Q)x
TYPE UNITS/CYCLE(REF) (LB). . (e (F13) FT3
\ 4
Z @ TOTAL WT/CYCLE Z ® TOTAL VOL/CYCLE
(LB ) (FT3)
TOTAL WT. _ : . . :
“MISSTON X X L ]
: CYCLES/DAY DAYS/MISSTON TOT.?IT/():YCLE K6 {LB)
L8 :
r
TOTAL VOL =
HISSION - X X - |
CYCLES/DAY DAYS/MISSION TOT.\(I?%E/’()IYCLE W {FT) .
BETEREEN ‘GAS/LIQUID EXPENDABLES REQUIREMENTS
@ ® - ®
Y , RECOVERY AMT .RECOVERED/CYCLE 4T LOST/CYCLE
. AMT USED/CYCLE (REF) X
- TYPE i * {L8)

FACTOR ‘ (Lg (L8

i '

JOTAL WT. | . | '
WISSTON X . X . +
CYCLE/DAY "DAYS/MISSION TOTAL LOST/CYCLE ) KG IEB)
: ‘ @ (L8) @

A
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HABITABILITY SUBSYSTEM. 1.0 Food Management
“HABITABILITY FUNCTION 1.3 Galley Cleanup

APPLIANCE FUNCTION 1.3.1 Dishwasher/Dryer Combination
NUMBER OF CONCEPTS CONSIDERED - 10

ASSUMPTIONS

A11 the automatic dishwashing data found have been for single integrated
washer/dryer units. A1l the dishwasher engineering data used for Space
Station were used .directly for Shuttle also after adjusting for a crew size
of four men (Space Station crew was six men). Therefore, only the total
values for each penalty are shown in the following data sheets. Each penalty
is 4/6 times the corresponding Space Station penalty. For an itemized break-
down of the various penalties, the Space Station data sheets in Appendix C
should be consulted. .

Three washings per day were assumed, with 4.53 kg (10 1bs) of water used for
" washing and 4.53 kg (10 1bs) for rinsing. It is assumed that 0.093 kg (0.20 1b)
of residual water remains on the dishes after rinsing to be removed by the dryer.

The amount of dishes required by the crew, assuming an automatic dishwasher/
dryer is aboard, was computed and included with the washer/dryer penalty. This
was necessary to compare with the disposable dishes case in Section 1.3.2. The
packaged weight and volume of the dishes were taken directly from Section 1.3.2
and the results shown in Table B2-3. The total dishes/utensils/cups required
with the d1shwasher for a four-man crew 1s 4,10 kg (9.03 1bs) and 0.014 cu m
(0.49 cu ft).

~ B2-6]
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USES MOD SUBROUTINE 23. o
THERMAL PENALTY « DIRECT_TO COSLANT (LB/BTUH)__ 0250

. PO¥E" PENAL!Y (LB/WaA ') 'YPE | ___ ,53C0

THERRAL PENALTY -SCAB}y}HgAT LEAK  (LB/BTUH) +0550

POWER PENALTY (LBS/WATT) TYPE 2 4300

e .___._.‘_ o ot e e it B i s ) 4t e . . |
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PONER ‘27141 498450 1S 1276 e00 10642 11089 1240 11«70 953 1108 1172 14¢18
— VOLUME . __ 104700 194200~ _10___ 1429 o52._ 1,20 W36 .68 eBY _abB8._. . +00.—.. 036 . H443
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SENSITIVITY ANALYSIS
RATING FOR_EACH_CONCEPT AFTER_INCREASING
. SINGLE SELECTION PARAMETER WEIGHTING FACTOR By S0 §
. : —{BASED_ON_100_8_MAX_PQINIS)
: . - coNCEPT P U
: t 2 3. 4 -3 & 2. 8 9 1o
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APPLiANCE CONCEPT COMPONENT SUMMARY MATRIX :
APPLIANCE FUNCTION: 1.3.1-DISHWASHER/DRYER COMBINATION (PAGE 1 OF 2)
NUMBER 0F COMPONENTS
COMPORENT TYPE T EE I
) . = =z |G=(E NUMBER
o (=3 H [ DO (W
2 | o= x| & —- 15 8RB85S . OF
(=] =L OoOfno wi 3 = o <V L
< wS| 2 |2 |Ba] 5 ZI8x8 .18 SH|IS o = .
. g - - (&) — 0L | <C Ll - LOIZ =] O] < NZ i ws [ LML [ D 22 ,
g - e O (@] <X S et LIXKIOwrt) Je | LUQ W | T 2Z | 2 :O
APPLIANCE TYPE : T s T A ot ST et 2 e 29, 00, B v 2w ITENS
N OIQI® OO0 ® 0[O |0 [®|®
"HOT WATER SPRAY WASHING, 2 1|12 4121111 {1 |- 1|1 -4 < -l -1-1- 1
CENTRIFUGE DRYING (pg. 98) N
HOT WATER SPRAY WASHING, AIR 1 1 {22 {1 }- 11411 |1 -}-1}|-1]--1- 0
SPRAY DRYING (pg. 100) . .
HOT WATER SPRAY WASHING FORCED 2 t 212141 1}11 {1 {1 1} 1(-1-1-1- 2
HOT AIR ELECTRIC HEAT DRYING ' .
(pg. 102) v
HOT WATER SPRAY WASHING, FORCED' | 2 1l 34f{2 {1141 |1 {1 1l 1)1 ]-1-1- 1-
COLD AIR-DESICCANT; ELECTRIC ;
GESORBED (pg. 104) ;
HOT WATER SPRAY WASHING, FORCED | 2 12214141 |1 |1 1| -p-t1tl-1- 2
HOT AIR DRYING USING THERMAL \
- STORAGE (pg. 107) - |
; ; .
ULTRASONIC WASHING, CENTRIFUGE 2 1 {22 {1{1 |1 |- {1 -l -l =111 2
DRYING (pg. 109) . ; . B e
ULTRASONIC WASHING, FORCED HOT 2 1l24{241111]1 1111 11 -1 -1111 3
AIR ELECTRIC DRYING (pg. 111)

T T T
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APPLIANCE CONCEPT COMPONENT SUMMARY MATRIX.

APPLIANCE FUNCTION: 1.3.1-DISHWASHER/DRYER COMBINATION (CONCLUDED)(PAGE 2 OF 2)

(2.3.3. SINK)

NUMBER 0F COMPONENTS
COMPONENT TYPE : woe .
) = = |Hh=|2 NUMBER
[+ 4 o (] DO |
= 259 = 2la |l | |SEIZ [EF|E3 SAFETY
oL w = = ool | nes |4 <Ll xog| ) LW = b= o
2| &34 3 |EEIZES| B |ES5E¥ |8k |52858I82 18 CRITICAL
’ - '5 % éc‘:)" 8 283 g::li'_?:’ .'..." E&é %E S»—- wolwal Tz a2 | —O
|| APPLIANCE TYPE = . . TS 7 T S T T e T A T T o T e S e e e 2o ITEMS
| N OO |® € | 0000 B0l ®]O
| ULTRASONIC WASHING, FORCED COLD | 2 1 {2 |2 1 1 1 1 1 1 1] - - 1 1 2
DRY AIR-DESICCANT, ELECTRICALLY '
DESORBED (pg. 115}
ULTRASONIC WASHING, FORCED HOT 2 {112 2 1 1 |1 1 1 1 - - 1 1 3
. AIR DRYING USING THERMAL ,
- STORAGE (pg. 117) _
MANUAL WASH-MANUAL WIPE (pg. 119)| 1 1211~ t{-1-1-1- S P 0

¢-195811-¢Q
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| SPACECRAFT__Shuttle
HABITABILITY SUBSYSTEM Food Management '_HABITABILITY FUNCTION__Cleanup

APPLIANCE FUNCTION Dishwasher/Dryer Combination

APPLIANCE CONCEPT NO./TITLE  1/Hot Water Spray Wash-Centrifuge Dry

INDEX NO. 1.3.1.1 REF. NO. 90
. DESCRIPTION .

In this concept, washwng is accomplished by spraying hof water {with an

8 psig pump hnad) over the dishes in a slowly rotating drum. Drying is
assumed to be accomplished simply by centrifugal.force at high speed rotation.
This concept is included in the trades since conceptual data are available;
- however, the drying method is unproven and doubtful.

. i"
(. '
" WATER SPRAY BAR | PERFORATED ROTATING DRU
| ’,/,,»"NITH COMPARTMENTS FOR
: | » DISHES AND UTENSILS
, .
MOTOR

'%——; H20 DRAIN

*

o
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concerr_Hol _water dirying

5’,1)1“0)/ —cend rifuge

i .

APPLIANCE CONCEPT RCQUIREMENTS AND PENALTIES CALCULATIONS

moex numser 1. 3. 1.1

. , ELECTRICAL POWER REQUIREMNERNTS ,
~
‘ . ® AC . POMER DC_ _POMWER -
. 1 : * 7
USE_TIME ® ©) DEHAND ® ® DEHAND
CYCLE . PEAK AVERAGE (MEHR/ PEAK AVERAGE (WATT-HR/
COMPONENT (REF) (HR) (WATTS) (WATTS) QX é (WATTS) (WATTS) @x
s A” (%) '/OT‘ ‘. : ’ - . -
Ve lyves 0 .
i T’L&W\P 1
+
. 100 50
. Lo MAXTMUM TOTAL MAXIMUM 107AL
THERMAL REQUIREMENTS
LATENT SENSIBLE HEAT LEAK 70 COOLANT
j SOURCE (BTU/HR) (BTU/HR) (BTU/HR) (BTU/HR)
C : WM er heat loss Q/D F‘)
'?Lu.\o :
Mo dor
Woter [dr\u m.\
- o 62(212)  248(84S)  24s(sbs) L
; WATT (BTU/HR) WATT (BTU/HR) WATT (BTU/HR) WATT (BTU/HR)
| | OPERATIONAL PENALILES
P . . THERMAL
o, MEAT LEAK 10 COOLANT ELECTRICAL WE1GHT VOLUME
| ! SOURCE (BTU/HR/CYCLE) (BTU/HR/CYCLE)  (PY. WATTS/CYCLE) (LB/MISSION) (FT2 /MISSION)
| N4
i
o
: _‘ , . TOTAL . ,
. VATTS/CVCLE WATTS/CYCLE KG/HISSION M3JHISSION
(BTU/HR/CYCLE)  (BTU/HR/CYCLE) (LB/HISS 10N} (FT3/MISSION)

o ,, B2-70



APPLIANCE CONCEPT REQUIREMENTS AND PERALTIES CALCULATIONS (C-OIICLUOEU)

D2-1856[:2

CONC[V‘.ﬂﬁiﬂdmé}%)‘ay - centri (‘Mge o[l“y

i ELXED HEIGHI/NOLUME QUIR

.o WEIGHT

COMPONENT - {REF) (LBS)

- Bacic auacher fdryer

Pump : ! 4

2 _Accupinlaters N

Nedvinag

N n‘l'(’ i ~ e atAtay

. T
Packnaarne
Dishea/ wline: /5/ Cups

fHoEX NUMBER [ D,

VOLUME
(FT3)

Thhiel
ToTM L_23.5C74.9) [ _0.%77 (16.9)]
| . K6 (LBS) o M3 (FT3)
SOLLD EXPENDABLE Wi/NolL REQUIREMENTS
@ ©)] @ ®
@ WT/UNIT (REF) WT/CYCLE VOL/UNIT (REF) VOL/CYCLE
(PKG.WT/UNIT) (REF) @x%) (PKG. VOL/UNIT ) (REF) Dx@
; TYPE UNITS/CYCLE (REF) (LB) (LB (F13) FT3
i Deteraend/ i 010 012 .0002Y 00035
; L‘J, ,/a I.QT:L} L0003 5
i aermliclids,
J e
| ' 35 ® _.0003%
~ TG W7CTCCE L® 700035, -
. (L8) (FT3)
! TOTAL WT. _ - . e e
“HISSTON © 3 x 20.5 X L0412 = [ 0.2 ( 0.7)_1
i CYCUES/70AY DAYS /1TSS TG TOT.H%(;.YCLE )
TOTAL VOL _ - .
“WISSTON K x__ 20,5 X __,00025 ¢ [0.00063 g_g,oz):]
CYCLES/ GAY DAYS/HTSSTON Tm.\(lp_%gvcua : e (F13)
| FT) -
GAS/L1QUID EXPENDABLES REQUIREMENTS
B C @ © @
i ; O RECOVERY AMT, RECOVERED/CYCLE AT LOST/CYCLE
AMT . USED/CYCLE (REF) Ox @©-Q
; TYPE ) (L) FACTOR (L8 (LB}
| Wash_ water 10 O 0] {fo,
R;‘_jg ce  potey 10 1.0 10 (9]
. O, 20 Z® _.10.
L e " ‘ e g
-7 TOTAL WT, ; ]
U mmM.. 3 205 4 10 . 615 . 20 -[288 (635)]
: YCLE/DAY DAYS/M1SST TOTAL 10ST/CVCLE K6 (L8)~ :
@ (L) O e

B2-71
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SPACECRAFT____ Shuttle

HABITABILITY SUBSYSTEM Food Management HABITABILITY FUNCTION Cleanup
APPLIANCE FUNCTION Dishwasher/Dryer Combination

'APPLIANCE CONCEPT NO./TfTLE 2/Hot Water Spray-Air Spray Dry

INDEX NO.  1.3.1.2 ' ~ REF. NO. 90

DESCRIPTION

The waéhing function for this'conéept is identical to that used in Concept 1.

Drying is accomplished by a high-velocity air spray (30 fps) sufficient to

drive the water droplets off the dishes. Thus, the drying air is not heated.

. . . e COMPARTMENTS
s . e //f;;;¢”“ FOR DISHES
AIR (- . e AIR &

o ¥ — WATER .

[ o

WATER IN

—~ SPRAY BARS

B2-72 .
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS

';'[D\L wq-) or

CONCEPT spray - Air spray  dr mnoex nuvoer__fe B [ 2.
7 PraY / v
-~ ELECTRICAL POWNER REQUIREMENTS , .
AC POWER De POWER @
) 1 7
USE_TIME ® ©) os»gu)w ® ® DEMAND
CYCLE PEAK AVERAGE (AT AR/ PEAK AVERAGE (WATT- R/
COMPONENT (REF) (HR) (WATTS) (WATTS) OXGE (WATTS) (WATTS) Dx
ijgpf, ’, : -
Fan -
Pu np :
900 50
N MAX TMUM TOTAL MAXIMUM TOTAL
' ‘ . IHERMAL REQUIREMENTS
LATENT SENSIBLE HEAT LEAK T0 COOLANT
' ‘ SOURCE (BTU/HR) (BTU/HR) {BTU/HR) (BTU/HR)
(. Wm';er \\ealc [h.SS (I/QOF>
?(A b
P
Fon
Water Ury fh{} )
, TOTAL 62(22) 701 é307'5) 901 (2075) 0
WATT . (BTU/HR) WATT (BTU/HR) WATT (BTU/HR) WATT (BTU/HR)
OPERATIONAL PENALTIES:
_THERMAL | e
o~ .  HEAT LEAK 16, COOLANT ELECTRICAL WEIGHT VOLUME
SOURCE (BTU/HR/CYCLE) (BTU/HR/CYCLE)  (PK WATTS/CYCLE)  (LB/MISSION) (FT?/MISSTON)
. »
TOTAL :
WATTS/CYCLE WATTS/CYCLE 7 KG/MISSION M3/MISSION
(BTU/ZHR/CYCLE)  (WTUitR/CYCLE) (LB/MISSION) (FT3/MISSION)
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APPLIANCE CORCEPT REQUIREMENTS AND PENALTIES CALCULATIONS (CONCLUDED)

INDEX NUMBER

[,3.].2

REF) (Los) %OLQ?E ,
g s FT
Basic._tiasher/ p(r\/cr
T%Ahqp 4
2 Accwmulalors .
Valiine. -
LA/Q'J(';J "\(_' 1)*u~-'r~1‘
Foua *
‘Pa cﬁﬁtq:'z'f; ] !
»’Di‘Ll‘scé,/-‘\:(+f}‘\_‘mlﬁ_/L‘M!;S .
~7_o 4& ' ]
ToTAL 315 (622) ] [osi5(42.2) ]
‘ L KG (LBS) . M3 (FT3)
s0L1D EXPENDABLE WI/NoL REQUIREMENTS
@ wvunn®( REF) wr/c@ct.e \fouurn(;D (REF) v0L/c03cLE-
{PKG.WT/UNIT) (REF) @x%@ (PKG, VOL/UNIT){REF) (Px 4
TYPE UNTTS/CYCLE(REF) (L) (L8 (FT3) F13
Dedergend/ ,
—acemicide :
T JOTAC WT/CYCLE Z ® “TOTAL VOL7CYCLE ™
(LB) (FT3)
TOTAL WT. _ . -
WISSTON ™ © K X 2.0.5 X L : L 0.2 (0.1 |
CYCLES /DAY BAYS/HISSIGN TOT.\£JT/():YCLF. kG (LB) 7
(L8 - .
TOTAL VOL _ . —
“HISSTON * L x_ - 20,5 X [0.00063( 0.02) |
CVCLES/DAY DAYS/MISSION mT.\(/g%gvcu W (FT3) 7
GAS/LIQUILD EXPENDABLES ~ REQUIREMENTS
@ vacs)sav mr.ascnvsoaso/cvcu AT LOST@CYCLE
AMT, USED/CYCLE (REF) - 0) X@ ORON
o TYRE (L8) "FACTOR (L8 (LB}
Wash water 10 0 10
Rinse puxtel 1o 1 - 0
PMHO) 20 >® 10
TOTAL WT. ' — K i
“MISSTON " 3 x 205 x 10 . + 20D Ef&,ﬁ_ Q-)Q—Z—Sll
CVELE/DAY DAYS/MISSTOR —  TOTAL 1 0ST/CVELE KGTLB
@ (LB) @
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SPACECRAFT Shuttle
) Faod -
HABITABILITY SUBSYSTEHM Management HABITABILITY Futiction Galley Cleanup

AppoANCE FUNCT}ON Dishwasher/Dryer Combination

APPLIANCE COUCEPT NO./TITLE 3/Hot Mater Spray Wash-Forced Hot Air Electric Heat Dry

INDEX NO. "1.3.1.3 REF, No. 90

DESCRIPTION v

The washing function for this concept is identical to that used in Concept 1.

Washing is accomplished by spraying hot water (with an 8 psig pump head) over

the ' dishes in a slowly rotating drum. Drying is accomplished by a circulating
flow of air over the dishes which is heated by an electrical heating element.

The heater also heats the dishes by radiation. Heater size is based on a

1 hour drying time.

"B2-75
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‘ " APPLIANCE CONCEPT REQUIREMCNTS AND PENALTIES CALtULATlONS »
CONCEPT, /'/Oj t«/pl"(‘r .S}

ray wash - forcee] hoet air wvock nomser_ /. 2 . 1. 3

. electric heat dry
ELECTRICAL POWER REQUIREMENTS .
AC . POWER DC__POWER

USE_TIME ® ©) DEM(IA\)ND ® ® DEMAND
' CYCLE pEAk ' mvemace  (UATTUR/ PEAK average  (HATT-UR/
COMPONENT (REF) (HR) (WATTS) (WATTS) Ox (WATTS) (WATTS) Ox
. Vn]vih_{}’. " .
Fau
Metoy .
MHeadier
Pupnp
! 4
ok ' 217 —_
. - MAXIMUM TOTAL MAXTMUM TOTAL
THERMAL REQUIREMENTS
© LATENT T SENSIBLE HEAT LEAK T0 COOLANT
SOURCE (BTU/HR) (BTU/HR) (BTU/HR) (BTU/HR)
. Pump ‘ .
Woter heat oo ./‘*'!)°F‘) o '
Modox
Hoade -

4 .
welcr { deuing)
07

) oL Q&_(_%]_Z)_ o 2‘#8(/_@95) 165 (5 1)

HITT (BTU/HR) WATT (BTU/HR) WATT (BTU/R)

WATT {BTU/HR)

.

, Merr Leak TR cooLny - ELECTRICAL ©MEIGHT VOLUME
SOURCE (BTU/MR/CYCLE)  (BTUZHR/CYCLE)  (PK WATTS/CYCLE)  (LB/MISSION) (FT? /HISSION)
0 ) '
TOTAL - L
.- , WATTS/CYCLE WATTS/CYCLE . KG/MISSTON W3/MISSION
- -2 (BTU/IIR/CYCLE)  (BTU/HR/CYCLE) (LB/MISSION) (FT3/MISSION)
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APPLIANCE CONCERT REQUIREMENTS AND PENALTIES CALCULATIONS (CONCLUDED) '
CONCEPT yof water s proy wash = Forced hot air woex nooer__ L 3, 1. 3

electric heat cl.v)/

ELXED HEIGHT/NOLUMKE 'REQUIREHENT

: WETGHT ' ‘ VOLUME £

COMPONENT - (REF) ) (LBS) , (FT3)

P wfe. washer Mruer
P . 7 ) v d

2 Acerimu s alnks N
‘JQEVI.H/“: -
Wade)  separaler ' .

F(’\h . ' . .

Pa £ ke a4 l'hs ; : ; '

DisShes / wdinges /s //CM‘)3<
Tedal
oL [(29.9 (g3) | [ 7.7 (69) |
. KG (LBS) M3 (F13)

O] , ® ®
@ WT/UNIT (REF) WT/CYECLE VOL/UNIT (REF) VOL/CYCLE
{PKG.WT/UNIT) (REF) ®ng) (PKG.VOL/UNLT){REF) D x(a?
TYPE UNITS/CYCLE (REF) (LB) (LB) . {(FT3) FT3
. sz;{@hﬁ.ﬂ-«-// )
J K ‘/ . T )
_mg.E£:nJJ£icZ£
'Z® TOTAL WT/CYCLE Z© TOTAL VOL7CVCLE
(L) (FT3)
TOTAL MT. _ - ‘
HISSTON  ~ X X [T0.3 Co.7y 1}
CYCLES/DAY DAYS/MISSTON ror.\ixr/gvcu: K6 (I8~ 7
LB :
JOTAL VOL _ ' R )
“HISSTON ~ X X , [0.00062 (0-02) |
. CYCLES/DAY DAYS/MISSTON , TOT.\(IOLg():VCLE W (F17) ‘
> FT .
GAS/LLQULID EXPENDABLES REQUIREMENTS
o NE) @ D
. RECOVERY AMT . RECOVERED/CYCLE - AMT LOST/CYCLE
AMT.USED/CYCLE (REF) @O ‘ NoX
TYPE (L) FACTOR X T{LB . (L8
Wasl waler ' :
Kinoe woley
K IS
SO v - A0 |
OTAL_WT, y - AN Y
TMISSTON ™ _ ~ X . X . : + l,?_%?s { b 55) I
CYCLE/DAY DAVS/MISSTON . TOTAL 10ST/CYCLE : ~ K6 (LB) :
: : EEE ) Sy z 0

!
B2-76.1




D?-118561-2 -

SPACECRAFT  Shuttle
. . Food o
HABITABILITY SUBSYSTEM Management HABITABILITY FUNCTION Galley Cleanup

APPLIANCE FUchlou Dishwasher/Dryer Combination

APPLIANCE CONCEPT NO./TITLE 4/Hot Water Spray Mash-Forced Cold Air Desiccant Dry

INDEX NO. 1.3.1.4 REF. NO. 90

DESCRIPTION

In this concept, washing is accomplished by spraying hot water over the dishes
in a slowly rotating drum. A fan is used during washing and rinsing to trans-
port air and excess water out of the washer. The same fan is used to circulate
air through the dishes for drying. The air is routed through a desiccant bed
upstream of the dryer to dry the air first; thus, no additional heat is assumed
necessary. The desiccant is desorbed using an electrical resistance heater
sized for a 1 hour desorption time.

i

e
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‘
.

: APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS
CONCEPT Hn" LQGC\C)’ 5.13}‘07 was}‘ - -rorce(}\ col(i alr

ELECTRICAL

desiccant

oex nuwser__Je 3 [ 4

g ELECIRLEAL POWER REQUIREMENTS ,
AC . POWER DC _POWER
] ‘ Q)
USE_YIME ® ©) DEMAND ® ® DEMAND
CYCLE PEAK averce  (HATT-HR/ PEAK averace  (HATT-UR/
COMPONENT (REF) (HR) (WATTS) (WATTS) X (WATTS) (WATTS) O
- Modop oL : - . !
TFan
Valves
.'—P&L m]y
Heat or
16 97 .
. Lo MAXIMUM TOTAL MAX TMUM TOTAL
THERMAL REQUIREMENTS .
LATENT SENSIBLE HEAT LEAK T0 COOLANT
- SOURCE - (BTU/KR) (BTU/HR) (BTU/HR) (BTU/HR)
a4 ' ) o . . ,
. Waler heat loos (4 F)
“Pum P ' .
Mo dor
_Fan
H(’[LJ:‘ er i ) e
Water ( diying : : :
. / .
‘ 9 o balzrz)  zua(339)  2k(839)  65(22
~ WATT (BTU/HR) WATT (BTU/HR) WATT (BTU/HR) WATT (BTU/HR)
' OPERATIONAL RENALILES '
. CTHERMAL
- HEAT LEAK o COLANT ELECTRICAL WEIGHT VOLUME
SOURCE (BTU/NR/CYCLE)  (BTU/HR/CYCLE) (K WATTS/CYCLE)  (LB/MISSION) (FTS/MISSION)
o NJA :
izc b .
TOTAL . . ‘ _
VATTSJCYCLE WATTS/CYCLE TRG/MISSION .+ M3/MISSTON
(BTUZIR/CYCLE)  (BTU/IIR/CYCLE) (LB/MISSION) (FT3/MISSION)

B2-
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS (CbHCLUDCD) ' S

concert_Hot_waler_cpras wach- Forced cold air desiceant

J
i FLXE

HEIGHNINOLUME

moex nomeer_ 1. 3, T4

GAS/LIQUID EXPENDABLES™

PR AR G - I A R R R ! \ ‘
o WELGHT VOLUME : ;
COMPONENT . (REF) {LLs) (FT3)
Beaic ta shcr,/ Ar\/cr
Tiam p : . 4 )
2  Accu nw,l e pirh i
\jah{fns . i
Walcyr serappdar :
Desicecant bed
Fan .
’Packngmf}
Dishcs/ uhnsc];/cug;s -
Total .
TOTAL l 2375 (82.’7) | | 525 (/8-“) l
KG (LBS) . M3 (FT3)
L]
soLipD EXPENDABLE wrvoL REQUIREMENTS
©) O) ®
o wT/UNIT®(R£F) WT/CYCLE VOL/UNIT (REF) VOL/CYCLE
(PKG. WT/UNIT) (REF) X (PKG.VOL/UNIT ) (REF) DX@
TYPE UNITS/CYCLE(REF) (LB) (L8 (FT3) FT3
Detergent/
Germicide |
—— 3
z TTOTAL WI/CVCLE 20 TOTAL VOU/CYCLE
(LB) (FT3)
TO AL WT. - : = -,
“MISSTON - X L o.5( 0.7) ]
CYCLES/OAY DAYS/MISSTON TOT.&(H/()ZYCLE X (LB)
L8y )
TOTAL VOL _ . : :
~HISSTON X [0.00063( 0.02) |
‘ CYCLES/DAY DAYS/ATSSTON TOTJ(ISL{S:YCLE - w3 (F73)
+ T . .

~ Q@ ® @
@ . RECOVERY AMT .RECOVERED/CYCLE AMT LOST/CYCLE
AMT. USED/CYCLE (REF) X -
, TYPE . (L8) FACTOR (L8 (L8
Wadi water :
Rinse waler
o PHO) PNO,
b TOTAL WT. . . .
“HISSTON - S : 248 (635) |
' CYCUE/DAY DAVSIMISSTON —  TOTAU TOST/CVELE — : K6 {LB) '
; @ (LB} O] ~
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SPACECRATT  Shuttle
Food .
HABITABILITY SUBSYSTEM lManacement HABITABILITY FUNCTION Galley Cleanup

APPLIAHCE FUNCTION Dishwasher/Dryer Combination

APPLIANCE CONCEPT NO./TITLE 5/Hot Water Spray Wash-Forced Hot Air Dry-Thermal Storage

INDEY, NO. 1.3.1.5 : REF. NO. 90

DESCRIPTION

In this concept, washing is accomp11shed by spraying hot water (with an 8 psig
-pump head) over the dishes in a slowly rotating drum. Dry1ng is accomplished
by circulating a flow of air over the dishes. - Washer water is routed through
a thermal storage unit which stores heat to be used during the dry1ng cycle

to heat the inlet air.

-
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS

o
concert Mo waler spray wash — Forced hot air dry — moex nompen_Je 3. 1o 5
e . *k&rmax storane '
HE
.y : ELECIRICAL POWER REQUIREHMENTS ,
' AC . POMER ) DC__POWER @
. ] Q)

USE_TIME ® ©) OEMAD ® ® DEMAND
| : : CYCLE PEAK mernce  (HATTENR/ PEAK avernge  (HATT-HR/
i COMPONENT (REF) (HR) (WATTS) (WATTS) X (WATTS) (WATTS) O
Volves:.  _ 2 .A _

: . Modo): — :
2 Puwmp i
i S k . Fan

Sy | 4

. MAX [MUM TOTAL MAXIMUM . TOTAL .

THERMAL REQUIREMENTS

3 LATENT ' SENSIBLE HEAT LEAK T0 COOLANT :
SOURCE (BTU/HR) . (BTU/HR) (BTU/HR) (BTU/HR) o
:< . Puump - ' 3 é
- Moder . L ‘ =
i Fan —
i . m,{'ﬁr/~+‘})9}“)3«n( qdorage : ; i
. y \ , .
o 62(212)  w70li26w)  170(581)  262(995)
WATT (BTU/HR) WATT (BTU/HR) WATT (BTUZHR) © WATT (BTU/HR)
' OPERATIONAL PENALTIES.
: ' : THERMAL - ’ ¥
- . WEAT LEAK Yo oo ELECTRICAL WEIGHT VOLUME
e . SOURCE (BTU/HR/CYCLE) (BTU/HR/CYCLE)  (PK WATTS/CYCLE)  (LB/MISSION) (FT3/MISSION)
f ' J\//A _
i »
3} ot
: g7 . ’
; et .
LN , | !
! TOTAL - e A v . -
WATTS/CVOLE WATTS/CYCLE 1 - RG/MISSION H3MISSION
g (BTU/IRJCYCLE)  (BTUIR/CYCLE) (LB/MISSION) (FT3/MISSION)

B2-81 o , L
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APPLIANCE CONCERT REQUIREMENTS AND PERA. 7IES CALCULATIONS (CO?GCLUD&'.E))

conceer_Hof mealer Spray  wa sh - Forced hot alr dry - moex womser_ L. 2. 1. 5
thermal sierage
b v
“r F1XED HELGHI/NOLUME REQUIREMENTS -t \
- §
WEIGHT VOLUME '
! COMPONENT . (REF) {L8S) (FT3)
: Rasicwashe y~// d vy ,
'Pu 133 }h 4 '
> Aredmdoaters
V f\\ s i hj
\Weled  scparater : :
Fah : *
Thermal _atar TIRNL o !
_;RFLCL:(’/' “")f i
_Dishei /e 151/-’,/ cop s
~redal ‘ :
ToTAL [ 503 (111) | %2 (17.9)]
‘ K6 (LBS) M3 (FT3)
soL1D EXPENDABLE HI/vVOL REQUIREMENTS '
) ® ®
@ WT/UNIT (REF) WI/CYCLE VOL/UNIT (REF) VOL/CYCLE
! (PXG.WT/UNIT ) (REF) @x%} (PKG.VOL/UNIT) (REF) (Px %D
TYPE UNITS/CYCLE(REF) (LB) (LB , (FT3) £13
".Dﬁ'l.(ﬂg_e_n:\_,é _
acrmiticle -
7
(,.,.
PO DG
TOTAL WI7CTCLE TOTAL VOL/CVCLE
(L8) (FT3)
TOTAL WT. . . e
“WISSION 03 (0.7) |
, CVCLES70AY DAYS/MISSTON TOT.l{dT/gYCLE XG (L8)
; (LB .
i TOTAL VOL ', . ; \ <
| “HISSION * [0.00063 (0.02) ]
- CYCLES/DAY BAYS/MISSTON TOT.\(IO%():YCLE M (FTY) .
- AF f :
{ ~
N GAS/L1QulD EXPENDABLES REQUIREMENTS
e - 0] @ . ®
@ RECOVERY AMT.RECOVERED/CYCLE - AMT LOST/CYCLE
; AMT, USED/CYCLE(REF) QOx@ . - -
! OTYPE (Lg) FACTOR (LB (LB
Wash waler
Rinse weler
L ; i .
E v »
S a0 ' i , ‘ )
W I0TAL WL, | V | - 7
W “MISSION - X X . + [Z*Z g L 635) ]
- CVCLE7DAY DAYS7MISSTON ~ RUTORTCRLE KG (LB) ’
S . @ 4 (LB) @
B2-82
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SPACECRAFT Shuttle
Food

HABITABILITY SUBSYSTEM_ Manacement HABITABILITY FUNCTION Galley Cleanup

APPLfANCE FUNCTION  Dishwasher/Dryer Combination .

APPLIAN&E CONCEPT NO./TITLE 6/Ultrasonic Wash-Centrifuge Dry

REF. NO. 90

INDEX NO. 1.3.1.6

DESCRIPTION S

This concept is identical to'Concept 1 except that ultrasonic cleaning is
used to clean the dishes instead of a high velocity water spray. No ultrasonic
epsrgy damping is assumed. DBrying is assumed to be accomplished by centrifugal

force at high speed rotation. The concept is included in the trades since
conceptual data are available; however, the drying method is unproven and

doubtful.

‘B2-83
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" APPLIANCE CONCEPT REQUIREMENTS MD PENALTIES CALCULATIONS o ‘
 ConcepT U 1draonic wash- centr fuge drying swoex novser_J, B 1. 6
: & - ¢ ) ) ’
Lo ELECTRICAL POWER REQUIREMENTS :
: ‘y ’
: o AC . POWER DC___POMWER
: & (7 '
. USE_YIME ® ® DEMAND ® ® DEMAND
. CYCLE pEA | averace  (MATT-NR/ PEAK avERRGE  (HATT-MR/
COMPONENT (REF) (HR) (WATTS) (WATTS) [©) xaa) (WATTS) (WATTS) O
Valves *. "
P P
Modoy
HE zcneretdeor
) 1
. .o MAXIMUM TOTAL MAX IMUM TOTAL
f
| THERMAL REQUIREMENTS
" LATENT SENSIBLE HEAT LEAK TO COOLANT
SOURCE (BTU/HR) (BTU/HR) (BTU/HR) (BTU/HR)
U Water heak lose (0 r) :
i 'Fuumn : :
HE aenepader_
Mooy

\’Vﬁ’i'c‘ [l ( z@!f\%f};\é_}

éz{zzg}

lﬂq ( !202.)

0

TOTAL s bt oo srmeemyr e
’ WATT (BTU/HR) WATT (BTU/HR) WATT (BTU/HR) WATT (BTU/NR)
QPERATIONAL PENALILIES
THERMAL - :
. — s HEAT LEAK 10 cooL . ELECTRICAL WE IGHT VOLUME ’
SOURCE (DTU/HR/CYCLE) (BTU/HR/CYCLE) (PK WATTS/CYCLE) (LB/MISSION) (FT’/MISSXOH)
£ ’
TOTAL : - / .
. . WATTS/CYCLE WATTS/CYCLE KG/MISSION M’/MISSXON
(BTU/H.R/CYCLE) (BTU/HR/CYCLE) {LB/MISSTON) (FT3/MISSIOH) .
B2-84 -
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APPLIANCE CONCEPT REQUEREMENTS AND PLNALTIES CALCULATIONS (d)glCLUDEO)

concert_ U rosonic. tuash - Centri fu ge  drying moex nmser_Lp B, 1. 6
. [ .
ELXED  MEIGHI/NOLUME REQUIREMENTS { \
. WEIGHT VOLUNE K
COMPONENT . (REF) (Les) (FT3)
Poncie washer/ rver -
7 7 J .
T p : ¢
2 Arcumiclators ‘ .
Valv ing . :
_W.aiﬁr 5£P04114 oYy i : :
Controller ) *
Packeeing : ’
Dishes /u c‘n«,:"'f-lf clps
Todal .
TOTAL [_1/-0,5“ ( 37.3;)1 [ 0.50 (17.’5) I
. K6 {LBS) . M3 (FT3)
§9£12 EXPENDABLE WI/NOL REQUIREMENTS '
@ ©) O] - ®
® WT/UNIT (REF) WT/CYCLE VOL/UNTT - (REF) VOL/CYCLE.
(PKG.WT/UNIT)(REF) @x(? (PKG.VOL/UNIT) (REF) (Px 4
TYPE UNITS/CYCLE(REF) ©(LB) (L8 (FT3) FT3
Detepgent/ ‘
._:éﬁz:.lmniai‘dﬁ.
6] £® |
TOTAL WI/CYCLE TOTAL VOL/CYCLE
(s (FT3)
ke - X = [ 0.2 (0.71) ]
M i . 7)
CYCLES/DOAY DAYS/MISSION TOT.?T/SYCLE K6 (18)
L8 \
TOTAL VOL _ . -
“HISSTON © X [0.00063( 0.02) ]
CYCLES/DAY DAYS/MISSTON Tor.\(tf%gvcu : TN (S ED)
» T .
GAS/LIQUID EXPENDABLES REQUIREMENTS
10} 6) ©)] @
RECOVERY AMT . RECOVERED/CYCLE AMT LOST/CYCLE
AMT . USED/CYCLE (REF) @Ox -
TYPE . (L8) FACTOR (1) (L8 '
X/‘\/ ash water ' : }
Rise wedter
PO PNO; ; é
I0CAL WY, , ' . s : 3
“MiSSTON IR SRS Sr . + 2¢% (635) | SR
CYCLE/DAY DAYS/NISSTO! TOTAL T.OST/CYCLE Ol () . »
: RN (1) 0 , v ,
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SPACECRAFT __Shuttle

N2 -IREA-2

HABITABILITY SUBSYSTLM Manatoment

Food

HWABITABILITY FUNCTION Galley Cleanup

APPLIANCE FUNCfION Dishwasher/Dryer Combination

APPLIANCE COMCEPT NO./TITLE 7/Ultrasonic.Wash-Forced Hot Air Electric Dry

INDEX NO.

1.3.1.7

REF. NO. 90

DESCRIPTION

\

Ultrasonic cleaning is used to clean the dishes, with no ultrasonic energy

assumed lost due to damping.

Drying is accomplished by a circulating flow of

air over the dishes which is heated by an electrical heating element. The
heater also heats the dishes by radiation. Heater size is based on 1 hour

drying tiwe.

__ B2-86




eI

.

D2-118561-2

APP! LANCE CONCCPT REGUIREMENTS AND PERALTIES CA;:CULATIOHS v

ST TS T U LI TV Y

. 7
conceer U W va conie wrsh - Torced hot air eleciric dry woex numoen_J- 2. 1.7
ELECTRICAL FPOWER REQUIREMENTS ,
, AC . POWER DC __POMWER
. . 1
USE, 9_11#_5_ ® nmg\?m DEMAND
eYCLE PEAK averace  (ITTSNR/ PEAK avernce  (HATT-NR/
COMPONENT (REF) (HR) (WATTS) (NATYS) OxG (WATTS) (WATTS) M
Valves -, ‘ -
Mop ot
MHeen le L )
Tan
HE eceseyalny
Uy s \
i :
A , 217 —_—
. MAX IMUM TOTAL MAXIMUM TOTAL
THERMAL REQUIREMENTS
© LATENT SENSIBLE HEAT LEAK T0 COOLANT
SOURCE (BTU/HR) (BTU/HR) (BTU/HR) (BTU/HR)
¥ -
Water heot losa (450 )
R hap '
HE eonerator
Hedey
Heoler / S Jwater
TOTAL 62 (-73.12.) - 414 (I[H‘f) 165 (561
‘ WATT (BTU/HR) WATT (BTU/HR) WATT (BTU/HR) WATT (BTU/HR)
' OPERATIONAL PENALTIES
THERMAL :
- , HERT LEAR 10 CooLANT ELECTRICAL MEIGHT VOLUME
SOURCE (BTU/HR/CYCLE) {BTU/HR/CYCLE)  (PK WATTS/CYCLE) ~ (LB/MISSION) (FT? /MISSION)
- M]A
TOTAL :
WATTS/CYCLE WATTS/CYCLE KG6/MISSION M3/MISSION
(BTU/HR/CYCLE) (BTU/HR/CYCLE) (LB/MISSION) (FT3/MISSION)

s “""A““82387"
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS (CONCLUDED) :
coscert Ul trasonie wash - "Forced het air cledric 9“)’ moex tumeer__fe 2. [, 7

»

oL > ,
. FLXED WELGHI/VOLUME
. WEIGHT
COMPONECNT - {REF) (Les)

- Basle _washer/deyer

Pusep

VOLUME
(FT%)

2 _Accu nulalors

Valving .
Welecy ﬁgymrm%tf :
Faj i *
Conlyeliey '
'ﬁﬁckﬂgfha . '
. Dbishes/Uiensils/ cups
Total )
TOTAL [ 1#/5( 75) | | 0.‘506(/7.‘7)v I
KG (LBS) - M3 (FT3)
1
SO0LID  EXPENBDABLE WI/NVOL REQUIREMENTS
@ ©)] @ - ®
® WT/UNIT (REF) WT/CYCLE VOLZUNIT (REF) VOL/CYCLE.
(PKG.WT/UNIT) (REF) @x? (PKG.VOL/UNIT)(REF) (Px 4
TYPE UNITS/CYCLE(REF) (LB) (LB (FT3) F13
TDetergent/
-___qﬁmni.!:i_dﬁ_’
Z ® TOTAL WT/CYCLE Z ® TFOTAL VOL/CYCLE —
. (LB) ’ - {FT3)
TOTAL WT. _ .
“HISSTON ™~ X [ 0.2 (p.7) |
CYCLES/DAY DAYS/MISSTON rom(qr/gme KG {LB)
L8
TOTAL VOL _ i} - : :
TOTAL YOL | (0.000563( 0.02)]
CYCLES/DAY DAYS/MISSION Tor.\(/g%ggvcu ' TEN (52 I
GAS/LIQUILD EXPENDABLES REQUIREMENTS
. ' | | @ | [©) O)
,CD RECOVERY AMT ,RECOVERED/CYCLE MMT LOST/CYCLE
AMT. USED/CYCLE (REF) X -G
TYPE - (LB) FACTOR (L8 {Ls

Waeh weter

Rinse watexr

20

T ®

+

CVCLE/ORY

X ﬁ
DAVS/HISSTON —  YOTAU T.0SY/CVCLE
: @

B2-88
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SPACECRAFT Shuttle
: Food

HABITAB?LITY SUBSYSTEM  Management HABITABILITY FUNCTION Galley Cleanup

APPLIANCE FUNCTION Dishwasher/Dryer Cowbination

APPLIAhCE CONCEPT NO. /T1TLE 8/Ultrasonic tash-Forced Cold Dry Air-Desiccant,

Electrically Desorbod
INDEX HO. 1-3-1-8 v REF. NO._S0

DESCRIPTION

“Ultrasonic cleaning is used to clean the dishes, with no ultrasonic energy

.assumed lost due to damping. Dhy1ng is accomplished by air circulated first
through a desiccant bed where it is dried; thus, no additional heat is assumed
necessary. The desiccant is desorbed using an electrical heater s1zed for a

1 hour desorption time. ;
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. APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS e 5
! ' A . N ] %
CONCEPY (} l‘ l"u 5."“!“ I}/!ul‘) Lo F‘o,"C(’A CDIC!‘ ar L’("\/ - Aes’ Cca"{ > INDEX NUMBER /’ De le (.{ §
P . elec! r/'ca//y desorbed ' : ‘ Ce :
ks ELECTIRICAL POWER REQUIREMENTS ,
: , AC . POMER L DC __POMWER - :
) Q) :
USE_YIME ® ©) DEMAND ® ® DEMAND
CYCLE . PEAK AVERAGE (AT 1R/ PEAK vere (TR
COMPONENT {REF) (HR) (WATTS) (WATTS) X (WATTS) (WATTS) O )
Vedveeo - ; ' :
Modor :
Promp
Fan :
Healeyr - - 1‘
HE agnerator ' 1
o o 3
|
|
: !
167 97 |
. MAXTHUM TOTAL  MAXIMUM TOTAL ¢
: ) ]
A L g
THERMAL REQUIREMENTS . :
LATENT ' SENSIBLE HEAT LEAK TO COOLANT
SOURCE (BTU/HR) (BTU/MR) (BTU/HR) (BTU/HR) g
( . bVa§0r~kam4*lcﬁs(40°E) . : - :
Punip : ’
A -
HE gpmarp{or
Mo"or
HPQCF/ -('m-.’/ mgter :
o 62(212) L us1(1541)  es5(221)
WATT (BTU/HR) WATT (BTU/HR) WATT (BTU/HR) ~ WATT (BTU/HR)
A . : 3;
‘ OPERATIONAL PENALTIES 1
e S MEAT LK A e OGLANT ELECTRICAL WEIGHT VOLUME
o SOURCE (BTU/HR/CYCLE) (BTU/HR/CYCLE)  (PK WATTS/CYCLE)  (LB/MISSION) (FT3 /MISSION)
. & . N . 'l
bt
o R
R B
: R UTOTAL . SRR , -
| ' . TUATTS/CYCLE WATTS/CYCLE KG/MISSION M3 /MISSION
w  (BTUZHR/CYCLE)  {BTU/HR/CYCLE) (LB/MISSION) (FT3/MISSION)
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N'Pl.l/\‘(.[ CONCLPT REGUIRERENTS AiD PES ALTILS -CALCULATIONS (CD'IUUDLD)
concert_ Uk ro sonic _wash= Forced esld dvy air - desjecant, 10X funecy / 2./.8

elect Vic““} cl ovbed

ELXED  WELGHINQLUHE RtQUlRtMENI’S

3

, WE1GNHT ' VOLUME

COMPONENT (Rrr) {LBS) . (FT3)
Pasic waflx“r/flruef :

Fuvi o 4 : /
e J}CCU mudaders

Valy: b . .

Waler  sewsipator X '

Desicoond Led ’ - °

FC“_‘L“ . '

C 'h"t)”(“_} . ' : T

Packaning K

Shes Juilnsels/eups 7 — SR | 5
ToraL [ %3 (95) | [T g7 (2.2) ]

KG (LBS) S M3 (FT3)
[ I8 . \ :
SOLID EXPENDABLE WINOL REQUIREMENTS
O] RN ©)] @ @
o® WT/UNIT (REF) I /CYeLE VOL/UNIT (REF) VOL/CYCLE
(PKG.WT/UNIT)(REF) ®ng> (PKG.VOL/UNIT ) (REF) (P X@
TYPE UNITS/CYCLE(REF) (L) j - s (F73)
Detergent/ ;
.—germicide.
INO) TYOTAL WI7CYCLE ' ZO® TTOTAL VOL7CYCLE
. {L8) {FT13)
TOTAL WT. _ .
“MISSION™ © X . X — * ‘ o- 3 Q (.’vf'z 7) v‘
CYCLES /DAY CTTTDRVSZRISS ToN wr.sz'{/g);vcw ke (LB)
! ) .
TOTAL VOL _ K . : -
HWISSTON X X : [0.00063 02) |
CVCLES/ORY DATS/FTSSION mr.\(mggv,cw . g W (FTY)
(FT3) - .
* : )
: GAJL.‘..Q!!P. EXPENDABLES REQUIREMENTS
' - @ .
o Recﬁm- AHY.RECOVERED/CYCLE AT LOST/CYCLE
“AMT . USED/CYCLE{REF) - Ox® . . D-@
TYPE . (o) ~ . FACTOR | (e (L3
Wa <l water : . : '
Bihse waler
T R v ¢
SO O
TOTAI, WT, : o e ' B Py s
TSSTONT " X N S ' " 1R% 3 (6.35) ‘
VCUE/UAY BRYSTISSIUN T(‘JII\L LOET7CYILE " (LE)
LA {L8) & @
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SPACECRAFT  Shuttle
Food .
HABITABILITY SUBSYSTEM Management HABITABILITY FUNCTION Galley Cleanup

APPLIANCE FUNCTION  Dishwasher/Dryer Combination .
APPLIANCE CONCEPT NO./TITLE_9/Ultrasonic Wash-Forced Hot Air Dry-Thermal Stcrage

INDEX NO.__1.3.1.9 REF. NO. 90

DESCRIPTION

Ultrasonic cleaning is used to clean the dishes, with no ultrasonic energy
assumed lost due to damping. Drying is accomplished.by circulating a fiow of
air over the dishes. Washer water is routed through.a thermal storage unit
which stores heat to be used during the drying cycle to heat the inlet air.

o
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_ APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS
concert Ul ra sonje wash - Forced hot air clr-y - woex wuoer_fr 3 1. T

- . thermal storage
; Y : ELECTIRICAL POWER REQUIREMENTS , .
Ly ’ o - AC . POWER " DC _POWER -
p )
. USE_TIME ® ©) osrg\)uo ® ® DEMAND
CYCLE PEAK averace  (ENTTHR/ PEAK nverace  (HATTENR/
COMPONENT (REF) (HR) (WATTS) (WATTS) QX (WATTS) (WATTS) oL}
Valves - : v
Mo tor
Fiain P . .
Yoan
HE genepador |
. . E
. ]
. , J:
' 1
| . 167 44 R sf
< : . © MAXIMUM TOTAL MAXIMUM TOTAL |
THERMAL REQUIREMENIS é
LATENT ' SENSIBLE HEAT LEAK T0 COOLANT
9 ) SOURCE (BTU/HR) . (BTU/HR) (BTU/HR) ' (BTU/HR)
; ( . Prnp
: . . 1 ‘
_HE genevm{‘o\‘ ; P
Mo tor - A ‘ P
Fan o i . o ‘ ) 5 ;

Wajfcr/ thermal s-Jorm-_c'é ' , .
TorAL 62, ‘21:11 370-(/2,Zo3) 170.'<58ﬁ 262 (295)

WATT (BTU/HR) WATT (BTU/NR) : WATT (BTU/HR) WATT (BTU/HR) -~

OPERATIONAL PENALTIIES

S ek WA eak TERMAL  cootant  ELECTRICAL WEIGHT © VOLUME
: . SOURCE (BTU/NR/CYCLE) (BTU/HR/CYCLE)  (PK WATTS/CYCLE)  (LB/MISSION) (FT3 /MISSION)
E vl ‘ L ‘A/!/q
25 I >
1 : _ y  ToTAL R R - — :
i S R : WATTS/CYCLE WATTS/CYCLE | R KG/MISSION M3 /MISSION
; . (BTUFUR/CYCLE)  (BTU/HR/CYCLE) - (LB/MISSION) (FT3/MISSTON)
# '
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§ APPLIANCE CONCEPT REQUIREMLNTS ARD PLRALTIES CALCULATIONS (CONCLUDED) : q
1 concert U yasenic wash - Forced het alr d ‘7 - woex womeer_Je Do 1 9
’ {hern«a\ 5¥oraga
oo ELXES  MELGHI/NOLUME REQUIREHMENLS
1 ) et WEIGHT VOLUME
i S?“”?“[ﬁ‘ v . (REF) (Lus) (F19)
Basic ;uaf,/)c"r/é‘(r\,/er :
P p 7 / '
i 7, o
| .A&ubﬂﬁg - : ‘
, 2 _Acclmuladors o , -
| Waker_ separater : :
Fan i g
i 1 i .
; Theymal _ctorace unit '
‘ Controller . : -~
g Packaging E
; D;shesr/tﬁﬂn sffsl/oups
{
| TornL Lsz1 (12¢) 1 1 7¢ C18.5) |
KG (LBS) - MY (FT3)
LIS ) ~
soL1D EXPENDABLE LTANEN REQUIREMENTS
' @ RN O @ ®
! o WTJUNTT (REF) WT/CYCLE VOL/UNIT (REF) YOL/CYCLE
3 {PKG.WT/UNIT){REF) (Dx%) (PKG, VOL/UNIT)(REF) D@
; TYPE UNITS/CYCLE(REF) (L8) ~ ALB (F13) FT3
1 - .
L Deltergent/
v 7
S_Qr_m te J’ﬁ(ﬁ_
- M
1.
0 TOTAL HT/CYCLE 20 “TOTAL VOL/CYCLE
: (LB (FT3)
TOTAL WT. _ . .
MISSTON ™ ° X X L 0.3 (0.7) }
CYCUES70AY BAYS/HISSTOR TOT.?T/?YCLE (Al () .
LB .
TOTAL VoL _ ‘ . ~
HISSTON = S L0. 00062 __Q)CLQ&,U
CYCLES/BAY DAVS/HTSSTON 7 T.¥o¥4§y;L£ ' HE(FT
. F .
4
GAS/LEQULY EXPENDABLES REQUIREMENTS
: RECOVERY ANT . RECOVERED/CYCLE AT LOST/CICLE
: AT USED/CYCLE{REF) @ N OROE
TYPE - | (Lo) FACTOR (Le (Lo
Wash water : : : ;
Rinse _waler . 2
20 PHO) i
B 3
: . |
10TAL T YT Y AL 1
COMISSTONT S KK v - (288 (635) | 3
, .U CYCLE/UNY CTIDAYSTHISSTON YOTAL TOST/CYCLE o KG (L) 7 S
: . AN G) {18) AN
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SPACLCRAFT  Shuttle

- D2:18561-2 hEE

Food

HABITKBILITY SUBSYSTEM Management HABITABILITY FUNCTION Galley Cleanup
APPLIANCE FUHCTION Dishwasher/Dryer Combination .

APPLTANCE CONCEPT NO./TITLE _10/Manual Wash-Manual Vipe Dry

INDEX, NO.___ 1.3.1.10 REF. NO.____90

DESCRIPTION \

In this concept, the dishes are sea]ed in a Teflon bag equipped with a rubber
glove on both sides. The crewman manually scrubs the dishes by fitting his
hands into the gloves. Uhen washing is completed, excess water is squeezed
out of the bag and the dishes are wiped dry with a towel. It is assumed,
according to Reference 90, that 0.136 kg (0.3 1b) of water is wiped by the
towel, and that a clothes dryer is available to dry the towel. For this
purpose, clothes dryer concept 3.3.2.1 (forced hot air- -electric) was assumed.
Since the clothes dryer penalties were based on removing 0.454 kg (1.0 1b) of
water, the penalties for that concept were multiplied by 0.3 and added to this

dlshuasher/dryer concept.
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CXECULAT!ONS »
f MBER-._!__' :.23_.1_'._/0,-

b (BTU/UR/CYCLE)  (BTU/HR/CYCLE) (LB/MISSION) (FT3/MISSION)

X . .

B2-96

conceer Ma mml tua of Voanwal wi pe OL'"V . INDEX Ny
e . o . :
E N ELECIRICAL  POMWER REQUIREMERTS , .o
: AC . POWER @ DC POWER - '
: " 7
- USE TIME ® ® DEHAND ® ® DEAND
CYCLE PEAK ' AVERAGE (HATY-HR/ PEAK AVERAGE (WATToUR
COMPONENT (REF) (HR) (WATTS) (WATTS) Ox@ (WATTS) (WATTS) Dx
‘ Towel Ejyér e " .
. ;
A
L A 45 o
. . MAXIMUM TOTAL MAX EMUM TOTAL
THERMAL REQUIREMENTS
" LATENT © " SENSIBLE HEAT LEAK TO COOLANT
o SOURCE (BTU/HR) (BTU/HR) (BTU/HR) (BTU/HR)
- C . Water heat loss(lvoF)
‘ * Towel DU‘V ey ' :
| -
TOTAL : . 235(800) 327 (L’L’l’?)
v WATT (BTU/HR) WATT (BTU/HR)  WATT (BTU/HR) WATT (BTU/HR)
OPERATIONAL PENALTIES
s © THERMAL : : :
- . ‘ NEAT LEAK 10 cooLpur - ELECTRICAL WEIGHT VOLUME
' SOURCE (BTU/HR/CYCLE) (BTU/HR/CYCLE)  (PK WATTS/CYCLE)  (LB/MISSION) (FT? /MISSION).
: ‘ /\/lA - : .
. . hd { . o
Y . .
} ' Af""’s - P
2 R '
R ""”"3“
R e : TOTAL 4 e '
R T TWATTS/CYCLE WATTS/CYCLE KG/MISSION M3 /MI1SS 10N
B . ]
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RPPLIACE CONCEPT REQUIRENRLRIS ARD PERALTIES CALCULATIONS (SDCLUDED) :
concerr_Manua ] mash = Manal wipe GI""Y : mmocx numser_Je 5, /. 1O
ELXEDR WELGHI/NOLUHKE REQUIRENENTS
- o WE 16T 4 VOLUME
COMPONENT . i (REF) , (ts) . (F12)
- _Boaslc pasher ;

Towe! g(ryer
Dishec/ uiinscle Lo P&

“"g’x& o [ 379 (39.2)) [[0.31 (10.7)

KG (LBS) , - M3 (FT3)

@ ® ®
10 . WT/UNIT (REF) WI/CYCLE VOL/UNIT (REF) VOL/CYCLE
. (PXG.KT/UNIT)(REF) X {PKG.VOL/UNIT) (REF) (?xu)z) :
TYPE UNITS/CYCLE(REF) (.8) {Ls (FT3) FT3
Dedergent/ , .
——germeide — T
0 3 . ° . . A
O TToRCwevece T - | 20 YOTAL VOL/CYCLE
k - {iB) : (FT3)
TOTAL WT. _ : . ' .
“FISSTON = X X 0.3 (0.7) ]
CYCUES /DAY , DAVS/HTSSTON TOT.'.(’T/%‘{CLE A6 (LB
L8 .
I0TAL YOL _ . . o .
TSSO ) X X - g | 0.00063( 0.02) |}
* CYCLES/DAY DAVS/HMISSION Tor.zo%gvc‘.e : W (FT)
FT . -
. ’ )
GAS/L1QUILD "££££L*QA§L.§§ REQUIREMENTS
- ©) ©) ®
(OX8 ) RECOVERY AMT RECOVERED/CYCLE AT LOST/CYCLE
AMT. USED/CYCLE (REF) ORe -G
TYPE (L8) FACTOR | (L8 (LB
Wash water : '
_Binse upater . '
SO - | 0
. . ! . . 1Y
TOTAL WYL . ST —
TMESSYOT X e K . + [25{8 ,(‘@5,5)___“]
CYCUE O L TTDRYSTHTSSTON JOTALTIOST/CRTE ; R LBy
& O - {LB) Q@ ‘
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/ .
HABITABILITY SUBSYSTEM 1.0‘fFood Management
HABITABILITY FUNCTION 1.3 C1ee§nup |
AppLIANCE FUNCTION 1.3.1 Dishwasher/Dryer with Disposables
NUMBER QF CONCEPTS CON%IDERED 12
ASSUMPTIONS | | .

A11: the automatic dishwashing data found have been for single integrated
washer/dryer units. Three washings per day were assumed, with 4.5 kg (10 1bs)

of water used for washing and 4.5 kg (10 1bs) for rinsing. It is assumed that

0.09 kg (0.20 1b) of residual water remains on the dishes after washing to be
.removed by the dryer Washing time and drying time are each assumed to be one
hour. B :

The amount of dishes requived by the crew, assum1ng an automatic d1shwasher/
dryer is aboard, was computed and 1nc1uded with the washer/dryer penalty. This
was necessary to compare with the disposable dishes. The packaged weight and
volume of the dishes were taken from the disposable dishes study. (see resuits
in Table B2-5). The total dishes/utensils/cups required with the dishwasher
for a four-man crew is.4.6 kg (10.13 1bs) and 0.023 cu m (0.81 cu ft).

The four highest rated dishwasher/dryer concepts from the trade studies
performed for appliance function 1.3.1 were. selected to trade with eight of
the highest rated disposable dishes cases.
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CONCERT NANE |

_HOT WATER SPRAY<CENTRIFUGE DRYING

—=.__HOT WATER SPRAYLFORCED siR;0ISICCANT/ELECTRICALLY HEATED..

___.DISPOSABLE CUPS aAND NONMETALLIC UTENSILS~REUSABLE METALLIC DISHES

0 ONS A DN -

i
4 2a.8e 0y

HOT WATER SPRAY«FORCED wOT AIR ELECTRIC HEAT pRYING

MANUAL WaSHeMaANUAL W]PE
pISPOSABLE CUPS=REUSABLE MeTALLIC UTENSILS ANg DISHES. . _
DISPOSABLE CUPS aAND NONMETSLLIC DISHES-REUSABLE METALLIC VUTENSILS

DISPOSABLE CUPS aAND NONﬂETALLlC‘UTENSlLS AND DISHES

____REUSABLE CUPS AND METALLIC UTENSILS AND DISHES

REUSABLE CUPS AND METALLIC UTENSILSaDISPOSABLE NONMETALLIC OISHES
REUSABLE_CUPS_aND METALLJC DISHES~=DISPOSABLE NONMETALLIC UTENSILS

[
~N|-

REUSABLE CUPSeDISPOSABLE NONMETALLIC UTENSILS AND DISHES

*
1 - CABIN AIR  (CIRCULATED),

2 - CABIN AIR (LOsT)

3 - QXYGEN (LOST) s
4 - COOLING WATER (CIRCULATED),
5 - WATER {LoST)

6 - NITROGEN (CIRCULATED)
7 - NITROGEN (USED)

8 - FREON {CIRCULATED),
9 - WATER " (PROGESSED) ,_

(**)AVAILABLE

(1) AVAILABLE -

(2) STATE OF THE ART _
(3) SOME DEVELOPMENT REQUIRED
{4) EXTENSIVE DEV. REQUIRED

LITERS/SEC (FT3/MIN)

KG/HR
KG/HR
K3/HR
KG/HR
K3/HR
KG/HR
KG/HR
KG/HR

(***)COST

(LB/HR)
{LB/HR)
(LB/HR)
(L8/HR)
{LB/HR}
LB/HR
(LB/HR)

-(LB/ER)

INDICATOR

0-252
25-50
$0-75%

75-100% °
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aPPLIANCE D) NeLC -2 o
CONCEPTY '
__NOe___CONCEPTY_ NAMNE_ _ . _._._ .. -
. , e V® MDY WATER SPRAY=CENTRIFUGE DRYING SO —
¢ 2 % HOT WATER SPRAY=FORCED «OT AIR ELECTRIC HEAY DRYING
e .3 = HDT WATER SPRAY.FORCED aJR/DISICCANT/ELECTRICALLY HEATED e e
T 4§ = MANUAL WASH=MANUAL WIPE
- .5 % __DISPOSASLE CUPS=-REUSARLy MpTALLIC UTENSILS ANp DISHES ——
& ~ DISPOSABLE CUPS AND NONMETLLLIC DISHES-REUSABLE METstLie UT:N::LS
o 7 _ % DISPOSABLE CUPS AND NOWMETALLIC UTENSILS~REUSABLE METALLIC DISHES
., 8 = DISPOSABLE CUPS AMNp NOMMETALLIC UTENSILS ANp DISHES
9 .= REUSAGLE CUPS AND METALLIC UTENSILS AND DISHES
10 e REUSABLE CUPS AND METALLIC UTENSILSADISPOSABLE HONHETALLIC DISHES
N 11__= _ REUSABLE CUPS aAND METALLIC DISHES==DISFOSABLE NONMETALLIC _UTENSILS
12 - REUSABLE CUPS~DISPOSABLF NONMETALLIC UTENSILS AND DISHES
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| . i CONCEPT NUMBER
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P o , ‘ D1shwash.e‘r/Dryer with-Dishes (Shuttle) Concept Trade
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NUMBER OF DAYS = 2045 ( .06 YEARS)
___USES MOD SUAROUTINE 29 —
THERMAL PENALTY = DIRECT 70 COOLANT (LE/BTUH) 40250 -
__THERMAL PENALTY_ = CABIN HEAT LEAK.___(LB/BTUH)_ ,0550C
POWER PEMALTY (LBS/WATT) TYPE 1 ~ 45300
__POWER_PENALTIY_(LBS/Z¥ATT) IYPE 2 24300
¢ i
§ SELECTION MATRIX ® & = = * DISy WASHER/DRYER WITH DISPOSABLES = SHUTTLE '
(01/30/25)
R MIN _Max ONCEP.T e e
rncvon VALUE VALUE PTS 1 2 3 4 ] 6 7 8 9 10 1 12 e
TTwerenr 3.6 723+09 T ie0  eit 1e01 14407 T4.05  1%sin 1407 19429 14227 18e31 14.29 -
___POER ____e00000____. 152014 15__ 765 00 _Yedb__12e32__ 15400 _15.00__15000 _15,00__ 15000 __15+00__15¢00__1500 _
VOLUME 12000 184500 10 «Bé +85. Q0 . 4e22 &e138B deld 605 «76 9435 4e11 903 373 U
__THERMAL _._ +0D300 604503 1S 348 00 2419 _ 3425 15.00__15.00__15+00__15-00__15+00__15:00_15.00 _15.00 _ "D
RELIAB=Y «99589% 1«Q0CH S 1695 14 N30 3632 5.00 SN0 S5.0Nn 500 5«00 S.00 S.00 S«C0n -
___MAINTENC __.¢?9999 1.C00G 5 137, 012 ,920_____3007.__45'00___'5.00_____5'00__5000~__.5000___ 5_000____5000~ - 5«00 O____“:;_______.
SAFETY « 30000 20000 5 2+50 +CO 250 Se03 S5+G0 S.00 5.00 Se«00 5400 S.00 5.00 €.00 0T
—..DEV_C0ST__10+000 75002 S 2.00_ 5,00 00 ___ 8409 __ 13200 __13.00__ 1300 | 13.0p0_ 13.00__1300__13+00__13.90_CD —
ToTAL PT 00000 85000 85 2010 6.12 9016 4Ge19 78045 73419 78415 72483 Bl.64 T6438 Ble3d 76.02 - N
- em— - R . N . - o . J\‘:‘
RATVING « 00000 §00+00 100 23465 7.21 10278 47+28 92430 B86.10 91e94 85468 9605 B89.86 95.69 BFe4s
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SENSITIVITY. ANALYSIS —
RATING FOR EACH CONCEPT AFTER INCREASING &
- SINGLE SELECTION PARAMETER WEIGHTING_FACTOR BY 50 % -
~ . ", (BASED ON 107 % MAX POINTS) - , ’
a e ___ _CONCES®Y —
f : 2 3 4 5 6 7 8 g 1g 11 12 ‘
2 T NoRMat 23465 7421 10e78 47238 T 92.90 Be TR 91+99 B5+68 9aeD5 89+85 95469 89444 -
TOWELGHT 21089 6e62 9496 43499 92.42 86472 92411 86434 95499 90.28 95067 89491
' O POWER 25487 6e62._12026__5Ce11__92492__ 87423 _ 92459 _BseBY4_ 95937  90e68 _94eCH4__ 9029
CVOLUME . 22481  7e29 10418 46499 93e71 B1e95 90.20 81s34 95.9) B7415 95439 8654
THERMAL — 23+61__ 6e62 31009 __45¢2G_ 92¢92__B7423__92+59__86+84__ 96037 _90+68__96404__90+29
P O RELIAB~y 24608 - 708 10047 47,82 92852 8659 92¢387 8heQ9 Fbelbd S0+15 9582 8F74
; L HMAINTENC __ _23¢75.__7+07__ 1047 __ 47468 9252 8650 __F2e17__86+09__%6e16__90+15 _95+827 8974 ) :
! - SAFETY 2de80 7400 11¢90 48479 92452 86450 9217 84009 96016 90015 5482 BIe74 (]
; 0D 'DEV_COST 22483 9232 . 9¢90__ 4747791484 8615 91451 8576 95229 89.50 94.94 89.2} e
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2 ; : SENSITIVITY ANALYSIS ) it
B ]
] - - 4 —— - iy - —— -
i RATING FOR EACH CONCEPT AFTER INCREASING - : e ——
! SLNGL;_SELECT!ON PARAMETER WEIGHTING FACTOR BY =50 8 PPN : |
" {BASED ON 100 & MAX POINYS) . : = g
= ;
) oG .i
i
concErR T | A o = |
i 1 2 3 4 5 s 7 8 9 1c 11 12 RJF |
NoRMAL 23465 7421 10478 47.28 92430 T 86410 91494 85468 76+05 89485 95069 B8re44 g %) |
i T i - - .
! WEIGHY 35¢75 7490 11975 51:20 92415 B5.37. 9174 84490 96012 B9.35 95¢72 88.87 "
i __ POWER 21460 __Te90___9e01__ 43490 _91e55_ BY4¢76__Tleld 8430 95.67 88.87 ©95.28 88442 = . ;‘
VOLURE 20458 7412 11e45 47460 94s08 90+77 93490 9057  96s21 92490 956037 92470 EH <
! THERMAL _23069__7090___1_(}40‘_4!_‘_‘0__9:'75"_._9’]-55___.8'4-76 9_1;1& 54n30_’95-67 88.87 95.28 BB-“{Z iy 3
T TREL1AB=Y 23418 7e34 15010 4673 92496 85448 91s70 85025 95093 89455 95.56 89.12 i
b __ MAINTENC _ 23¢54__ 7435_ 11s10__96+85 92.06_ B85:68 91470 B5¢25_ 95093 B9.55 95.56 89.12 ;
; SAFETY 22485 7442 9459 4S.6B  92+06 BG5e48 91670 B5¢25 9593 89455 $5.56 89.12 i
. __DEV_COST 24464 4068 11082 46469 92,84 Bbe0S F245 85459 9696 9018 _ 9657  83:71 ‘
i
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APPLIANCE CONCEPT COMPONENT SUMMARY MATRIX
APPLIANCE FUNCTION: 1.3.2-DISHWASHER/DRYER COMBINATIONS WITH DISPOSABLES (PAGE 1 OF 2)
"NUMBER 0F COMPONENTS
COMPONENT TYPE
" ' = NUMBER
-4 (=]
2 el e | 5 — OF
< [=>XEY Nl [TS I g | =
: = ZIE9| 218 le |l |SHE SAFETY
o w| 2 |lxe|lax] & ZI2xlG |5 8K =
P11 S| 2 3IERZS] 5 |E5lEE|I8xlE 12 CRITICAL
) ) o > << O |lw|ds] & |u<|{Sm= SflSo ul_:<zf
A O @|0@|e|0@e @@l O
. | HOT WATER SPRAY-CENTRIFUGE DRYING| 2 1 {2211 111 {- |1 =] - - 1

" HOT MATER SPRAY WASH-FORCED HOT -2 11 24t2 11 41 {1 |1 1 1] - 2
AIR ELECTRIC HEAT DRYING
(pg. 102) , :

"HOT WATER SPRAY WASH-FORCED COLD | 2 143 }/2 11114141 {1 11111 1
AIR-DESICCANT-ELECTRICALLY , .
HEATED (pg. 104)

MANUAL WASH-MANUAL “WIPE B U A O - A O A I A F A IR ERE R 0.

DISPOSABLE CUPS REUSABLE METALLIC| - -l -l -t -t 1-1-1- -4 -] - 0
KNIVES, FORKS, SPOONS REUSABLE
METALLIC DISHES '

DISPOSABLE CUPS REUSABLE METALLIC| - R P I D I D T -1 - - 0
KNIVES, FORKS, SPOONS :

. .DISPOSABLE NONMETALLIC DISHES _

DISPOSASLE CUPS DISPOSABLE - S A U A PO O B T 0
NONMETALLIC KNIVES, FORKS, . :

'SPOONS REUSABLE METALLIC DISHES

DISPOSABLE CUPS DISPOSABLE - P A BT S B R I - -1 - 0

NONMETALLIC KNIVES, FORKS,

SPOONS DISPOSABLE NONMETALLIC

DISHES |
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| APPLIANCE CONCEPT COMPONENT SUMMARY MATR{X. "
APPLIANCE FUNCTION: ~ 1.3.2-DISHWASHER/DRYER COMBINATIONS WITH DISPOSABLES (CONCLUDED) (PAGE 2 OF 2)
» NUMBER OF COMPONENTS
COMPONENT TYPE |
o = NUMBER
o 8,\ o<
= | WV > o w - OF
=| 2|28 b= ZE i
S| . =200 = 2l |l | |OF SAFETY
[~ 4 w = ool e Lt gl e w (23] Lwnm
21%| 2| 3|E5|28| & |ES 22|5a|5, 85 CRITICAL
APPLIANCETYPE- <30 (D @@@@@@@@@
REUSABLE CUPS REUSABLE METALLIC | - | - | - S I T T I B B 0
KNIVES, FORKS, SPOONS REUSABLE
METALLIC DISHES C\?J}
REUSABLE CUPS REUSABLE METALLIC | - | = | = | = | = |- |- |- |-} -] -1} - 0 L
KNIVES, FORKS, SPOONS s .
DISPOSABLE NONMETALLIC DISHES C 0N
REUSABLE' CUPS DISPOSABLE SE B N R FC T D i TR I I B 0 9
NONMETALLIC KNIVES, FORKS : N
SPOONS REUSABLE NONMETALLIC
DISHES )
REUSABLE CUPS DISPOSABLE - - - - - - - - - - - - 0
NONMETALLIC KNIVES, FORKS,
SPOONS DISPOSABLE NONMETALLIC
DISHES
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SPACECRAFT __Shuttle

Food

ll/\BIrI\BILITY SUBSYST[M Managcment HABITABII ITY FUHCTION Galley Cleanup

APPLIANCE FUNCTION D1shwasher/Dryer w1th Dishes
AbPLIANCE CONCEPT NO./TITLE 1/Hot Water Spray~Cehtrifuge Drying

INDEX NO.___ 1.3.2.1 . REF. NO.___ 90

DESCRIPTION

This is the same concept presented in Section 1.3.1.1. It is included here
to compare with the case where no d1shwasher/dryer is used and dishes are
either disposable or hand-wiped clean.
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS

CONCEPT /_/()J l\i(,{}‘cr f)l‘l‘(l/ oo CCM'} ™ .{‘“g(’ [/Ly-y' “9 INDEX NUMBER 1. 3 . 2. 1
. ELECTRICAL OWER REQUIREHMENTS ,
) - ® AC . POWER DC___POWER o
i ) 7y 7
V ’ USE_TIME ® osrgfmo ® DEMAND
CYCLE ..  PEAK averace  (RATTMR/ PEAK averace  (HATI-MR/
COMPONENT (REF) (HR) (NATTS) (WATTS) X (WATTS) (WATTS) Ox
Modor . | : '
Valves , 0
] Pum p 1
. 100 50 —
. . ST AN TOTAL MAX TMUM TOTAL
S " INERMAL REQUIREMENIS
) LATENT SENSIBLE HEAT LEAK 70 COOLANT
’ SOURCE (BTU/HR) (BTU/HR) (8TU/HR) . (BTU/HR)
f" L. . . M . . * .
PR o Wp}e r kqu loss GD F) )
" Pumg . i
Motor
Water (deyi ne
VA 4
) . " TOTAL 2 (2J2 2 Q45 243:(845) D .
T ) WATT (BTU/HR) WATT (BTU/HR) WATT (BTU/HR) WATT (BTU/HR)
‘ ' QEEB.AI.L.Q!‘_AL. E.E!!AL.T_!.E.S. .
: - te v
' THERMAL ~ '
- , HEAF LEAK 10 COOLANT ELECTRICAL WEIGHT VOLUME '
S SOURCE (BTU/HR/CYCLE) (BTU/HR/CYCLE)  (PK NATTS/CYCLE)  (LB/MISSION) (FT?/MISSION)
. /
5. u& .
.' k. |
S .
: cor TOTAL . - .
- ' VATTS/CYCLE WATTS/CYCLE KG/MISSTON M3/MISSTON
. (BTU/IR/CYCLE)  (BTU/HR/CYCLE) (LB/HISSION) (FT3/MISSION)
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" APPLIANCE CONCLPT REQUIREHENTS AHND PLEAL TIES CALCULATIONS ('c'o‘ncwm:o) -
CONCEPT Ho} wader <p "‘*7 = centri Fmge, o(ﬁ/ oL tnoex nueer [, 3.2, {
ELXED WELGHT/NOLUME REQUIREMENTS .1
. S - WETGHT » voLwe
COMPONENT . (REF) . (Les) ; . (F13)
- Basic_wosher fdryer
Prsnvp : J
2 Accumulalors . : N
Vely I'.l\:/} - .
Meter 5C{)nm;lnx ) : .
Pac L’a_/’a 1'119 7 o ; .
Dishse/ u-“n‘(‘/’stUrh-S i '
Todal : . .
o | 33.5(7409) 0477 (16.9)]
. . K6 (LBS) M3 (FT3)
SQLLQ‘ EKEEHE.AQLE WrvoL REQUIREMENRTS
@ OEES ® ®
10 WTJUNIT (REF) WT/CYCLE - VOL/UNIT (REF) VOL/CYGLE
S (PXG.WT/UNIT)(REF) @x@ (PXG,VOL/UNIT)(REF) (Px(?

TYPE UNITS/CYCLE(REF) {Le) (L8 AFT3) FT?
Detergent/ 1 .00 012 L0002 00035
-__5mu£LQ/_€_

@ __OlR ® _ .00035
zo TOTAL Wi/CYCLE Z ® TYOTAL VOL7CYCLE
' » (18) (FT3)
TOTAL WT. : ' . ’ — :
THISSTON © 3 x 20,5 X, .012 - L 0.2 (0.7) 1]
CYCLES/DAY DAYS/IHISSTON ) Tor.lesvcu - K6 ((B)
TOTAL VOL _ - : — A —
“WISSTON ~ 3 x 20,5 x__,00035 - 10.0¢D 63 _g 0.02) |
, CYCLES/DAY DAYS/MISSION , TOT.\(IS%()IYCLE : W (FTY)
GAS/LLQULID ELEQ&Q&QLE& REQUIREMENTS
‘ : ‘ @ ; @ I\MT.RECO‘.'E(R)ED/CYCLE AMT LOS(? CYCLE '
RECOVERY
AMT.USED/CYCLE (REF). ) Dx -é’

o, TYee 7 .o {L8) FACTOR : (L8 (Le
Yash water 10 - ) : 9) ' 10,
Ripnse watcr 10 , 1.0 10 o

T® 20 o o ___10.
TOTAL WT. _ : ' k
wiseron * 3 20,5 y 10, S 615 . 20 - (298 635l]

X ,
TTOYCLE/DAY T DAYS/MISSION TOTALLOST/CYCLE ke (lsY
‘ ' : @ (L8) @ .
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sPACECRAIT,___Shuttle

ENC HKBlTAHILlTY SussYsTEl Food Management WABITABILITY FuncTion _Galley Cleanup

APPLIANCE FUNCTION Dishwasher/Dryer with Dishes c S

‘ AﬁPLIANCE COMCEPT MO./TITLE 2/llot Water Spray - Forced Hot Air flectric Heat Drying

INDEX NO. |

' 1.3.2.2 REF. NO. 0

DESCRIPTICN ¢ This is the same concept presented in Section 1.3.1.3. It is included

here to compare

with the case where no d1shwasher/dryer is used and dishes are

e1ther disposable or hand -wiped clean,

.
R E R s 0, 5 B B B A e Vet D B e T SO S R e e ) .

B2-109 ?




{8 A 1 2 13

. . D2-Ig5¢l-
APPLIANCE CONCEPT REQUIRCMCNTS AND PENALTIES cmcumnous v
: CONC[PY IL/O‘/ [Vl C’ L_Spray wa oh - {'o ree cl hot ait mocx nuroer_J. 5 .2, 2.
e . elecric hcc& dry . Ce
RS 4 ELECTRICAL POWER REQUIREMENTS , .ot
o D : AC . POWER - DC___POWER 5
. USE_TIME ® ©) DF.IS{F)!D ® ® o:rgmo
| - oe . ek oaverace  (UATTEHY PEAK verace  (HATT-ARZ
COMPONENT . (REF) (HR) (WATTS) (WATTS) O (WATTS) (WATTS) ol
an Vi h(\ : - :
Fan
; pletor
- Hentat
Prngp
i . .
1 ' 217 ; :
. S MAXIMUM TOTAL MAXTMUM ) ToTAL
' INERHAL EQUIREMENTS
‘ TLATENT " SENSIBLE HEAT LEAK T0 COOLANT
SOURCE (BTU/HR) (BTU/HR) (BTU/HR) . (BTU/HR)
' . . .HA . ‘ '. N
’., < . . ) 4:
C . ]/Ja-’—OL)‘\em# loss /l/() }”) : E
" Fan : — : ' 7
My Jox o, , v
Horder - ; '

wealcer ( Aruira)
7

om 62(202) - 24a(g4s)  pes(ser)

WATT (BTU/HR) WATT (BTU/HR) WATT (BTU/HR) WATT (BTU/HR)

L . . . . v 4

P A T R AR A A )

- . | HEAT LEAK T"mN‘m oot ELECTRICAL WEIGHT VOLUME
; SOURCE © (BTU/HR/CYCLE) (BTU/R/CYCLE) ~ (PK WATTS/CYCLE)  (LB/MISSION) (FT3/MISSION)
o SRR g = -
: . - et . '
TOTAL o . ) s
WATTS/CYCLE WATTS/CYCLE . KG/MISSICH M3/MISSTON
(BTU/IR/CYCLE) {BTU/HR/CYCLE) {LB/MISSIOH) (FT3/M1SSION)
. v ‘
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CONCEPT [‘/D'/ wp;r’r

s pray wash = Forced hot air

. eleclvric  heal Jd“\/ .
% | ' FIXED  WELGHT/NOLUME -REQUIRE

, ' > WELGHT

COMPONENT - {REF) . (L8S)

P cre.  id J)ck /ermr*

; ' 77

‘Po bn n

z2 Accur>-u'lﬂ4OY‘5
Me iv’i}'w‘; ' .
Weder” separalor ; '

Fﬂn

! [
Pocknislha

7 S/m‘;) ,/Ju ding=1s j/nu'pi :

v
"

APPLIANCE CONCERI REGUIREMENTS AND PEHALTILS CALCULATIONS (CO?ICLUUEP)
INDEX NUMBER

’l 3:2.:__2-

VOLUME !
(F73)

Todal
ToTAL [ 29.9 (gs) | [ 7.7 (16.9) ]
. KG (LBS) M: (FT3)
soLLD EXPENDABLE HI/NOL REQUIREMENTS -
' ® ©)] ® ®
(D' WT/URIT (REF) WT/CYCLE VOL/UNIT (REF) VOL/CYCLE
(PKG.WT/UNIT ) {REF) @xgz) {PKG.VOL/UNIT)(REF) (Px 4
TYPE UNMITS/CYCLE(REF) ) ‘(LB) (LB . (FT13) F3
Detergerl/
——germici |
« |
? .!
20 20 :
TOTAL WT/CYCLE TOTAL VOL/CYCLE o j
‘ (LB (FT3) o
TOTAL WT. _ '
“MISSTON - X 0.3 Co0.7) | ;
CYCLES/DAY DAYS/MISSION TOTJ(I{/()IYCLE K6 (LB) i ;
8 A : .
JOTAL VOL -
. “HWISSTON [0.00063 (0-02) | ,
[ CYCLES/DAY DAYS/MISSION TOT.\(I?%())YCLE W3 (FT3) R ’ ?
+ \ . . 1
' GAS/LIQUID ~ EXPENDABLES REQUIREHMENTS . 1
. | - : | | Q @ .
o 0) , Rsco(\zl)m : AMT, RECOVERED/CYCLE AAT LOST/GYCLE
: AMT USED/CYCLE (REF). . DX : ~(3
. o TYPE T s) FACTOR (L8} (1)
o) _waler :
Kiner woler
- >
o TO r®
¢ Q‘ - . S ‘ ,
1 roragwr, A _ o
(.. X - . 243 (635)]|
CYCLE/DAY DAVS/MISSTON YOTAU TOST/CVCLE : ke (LY !
: @ ;' (Le) O
" f
B2-1my 7
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SPACLCRAI T Shuttle B
HABITABILITY SupsysTrd Food Managemont |ARITABILITY FUNCTION_Galley Cleanup

L.

APPLIAHCE FUNCTION Dishwasher/Drycr with Dishes

AppoAmct CONCEPT NO./T1TLE 3/Hot Water Spray - Forced Air/Desiccant/Desorbed Electrical

INDEX NO-. 1.3.2.3 REF. NO. 90

DESCRIPTIOH : This is the same concept presented in Section 1.3.1.4. It is included
here to compare with the case where no dishwasher/dryer is used and dishes are

~either disposable or hand-wiped clean. .

Y

.
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APPLIANCE CONCEPT REGUIRCMENTS AND PENALTIES CALCULATIONS 9
concerr_Ho} woler spray wash - forced cold alr desiceant ook wen_Jo 3.2
« ¥ ELECTRICAL PONER REQ!!.BF.&Q!I.E’. , . !
, : ® : AC . POWER » DC__POWER -
. 1 . 7 .
) USE_TIME ® ® beso ® ® DEHANO
; ' CYCLE .. PEAX AVERAGE (HATT-WR/ PEAK AVERAGE (HATT R/
COMPONENT | (REF) (HR) (WATTS) (WATTS) X (WATTS) (WATTS) DX
: . l\ql)“'bh ’ . ' s . . ' 1
Fon i _ ' ‘ ;
. v(\ \\" J A4 S) R N ' j
) '&"! h‘\}: i
Heod er ]
' |
' i
g
. e ' 97 —_—
. ‘ LT MAXTHUN ‘ TOTAL MAXIMUM ) TOTAL
3
. ' i‘
’ THERMAL REQUIREMENTS
_ LATENT SENSIOLE HEAT LEAK TO COOLANT
. . SOURCE.  (BTU/HR) » (BTU/HR) (6TU/HR) _(BTU/HR) i
L& REp \‘\)a"réh heat Joss (’[OJ-') ) - : e CA
Pt' . rs . ‘ . :
Mo tor |
Fan — |
Hende . e
wo-k:r( diry ik . ,
: / 5) o b2(212)  24,(839) 24(23q)  65(221) -
= e ' - WATT (BTU/R) WATT (BTU/HR) WATT. (BTU/HR)' - .MATT (BTU/HR) S
. . ' ) i
' QPERATIONAL RENALILES
- ) ' O oTHERAL ‘ e
- WEAT LEAK 10 cooLAlT ELECTRICAL WEIGHT VOLUME
' : SOURCE (BTU/MR/CYCLE)  (BTU/HR/CYCLE)  (PK WATTS/CYCLE) ~ (LB/MISSION) ~  (FT/MISSION)
SRR N/A
& ' |
‘%@ . T 4
R TOTAL S ’ — '
MATTS/CYCLE WATTS/CYCLE KG/MISSION MI/MISSION
(BTUZIR/CYCLE)  (BTU/IR/CYCLE) (LB/MISSION) (FT3/HISSION)

R S i "7' AB‘Z-A]]AS R T : . T et el e s s e e 2t o Sﬁibﬂgé
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APPLIANCE CONCEPT REQUIREN: Lurs NI PERALTILS CALCULATIONS (CONCLUDED) . - %
concert_Hot waler s pref wash= Forced eolel mr desiccant. moex nmer 1. 2. 2. 2 ’ ‘
J‘J . ’ . - N
A ELXED WEIGHTI/NOLUME REQUIREMENTS { : N
: : WEIGNT - : VOLUME B
COMPONENT " (REF) . (LDS) X : (¥13)
Bosic w&‘)wr/ Arvcr . .
'Y’ 1A 134 I'D " ‘ . 1 f Ky
2__Accupviclors . : .
Yoltine . . ' '
Wrley gepappdep ; . ,
Trasicrant bhed ) .
;.;’ ! 14
Packaaing . i
' ;]Qlﬂh. ‘,j__u“'l\‘ad':lssiz: c
ﬁ /n o L
ToTAL [ 25 9,2.7)1 [ 525 (/8o5) l
. . KG (LBS) M3 (FT3)
§QLLQ EXPENDABLE LRVARNS REQUIREMENTS
O] ©) ®
® WT/UNIT (REF) WI/CYCLE VOL/UNIT {REF) VOL/CYCLE
(PKG.WT/UNIT ) {REF) @y (PKG. VOL/UNTT) (REF) (Px 4
TYPE U ITS/CYCLE{REF) (LB) (FT3) GE)
Detergent/
Germicide
Z® TTOTAL WiJCYCLE 2 ® TOTAL VOL/CYCLE
‘ _ (L8) (F73)
TOTAL WT, : )
TWISSTON X X . L 0.2 ( 0.-7) ]
CYCUES/0AY DAYS/MISSTON ~ ", TOT UT/CYCLE
LB
I0TAL VOL - : .
) “HISSICN * X X I 0. 00063( 0.02) |
) CYCLES/UAY DAVS/MISSION TOT.\(IOlfg():YCLE : )
- F .
GAS/AI1QUID ~ EXPENDABLES REQUIREMENTS . ]
. ) . N . @ > @ @ ' :T; =
@ RECOVERY AMT . RECOVERED/CYCLE R4S LOST/CYCLE -
AMT USED/CYCLE(REF) ; DX -G .
. TR . (LB) FACTOR (L8 (L8 .
Weed weler : ) ’
Binse  wadcy : :
P 20 O]
N : . o RN ) . ! ’
Q" omowr -t . ' Q—W"E”T;ﬂ
MISSTOR . X X L - 5 e 3
CYCLE/DAY DAVS/MISSTON TOTAL 1O sr7‘cv“f s
~ : @ (18) Q@ . :
- ) B2-114
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SPACLCRAFT Shutt1e . .
HAB]1ABI|ITY SUBSYSTEM_Food Management HABITABILITY FURCTION Galley Cleanup

APPLIAICE FURCTION_ Dishwasher/Dryer with Dishes_

APPLIANCE CONCEPT HO./TITLE_4/Manual Mash - Manual Wipe Dry
mocy no.  1.3.2.4 REF. NO. 90

DESCRIPTION : This is the same concept presented in Section 1.3.1.10. It is a
dishwasher concept-which is manually operated by a crewman. It is included here’
to compare with the case where no dishwasher/dryer is used and dishes are either
disposable or hand-wiped clean with wet and dry wipes.
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/
SPACECRAFT_____Shuttle ‘

HABITABILITY SUB§YSTEM Food Manaqément HAﬁITABILITY-FUNCTION Galley C]eandp

APPLIANCE FUNCTION____ Dishwasher/Dryer with Dishes
APPLIANCE CONCEPT NO./TITLE 5 through 12/Dispo$ab1e-Reusab1e Dishes
INDEX NO. 1.3.2.5 through 1.3.2.12 _REF. NO._100, 174, 177, 250, 276

DESCRIPTION

A detailed study was made of the food ute&s11s, trays, and cups to determine the
optimum selection from among a wide variety of possible combinations. The
possible choices considered in each case are exp}a1ned in the following paragraphs.

CUPS

Disposable nonmetallic. - This is a prefilled collapsible plastic bellows type
of cup used on Skylab. The cup is disposed of after use. Data for this case
- were taken directly from the Skylab cups (Reference 250). The number of cups

useddwas based on the initial Sky1ab Taunch va]ue of 1610 cups for 420 planned
man-days .

.Reusable metallic. This method of drinking resemblés drinking from a cup with
a straw as on Earth. It was tried on Skylab and was found to be quite satis-
factory if the right size of straw is used. Data for this case were taken from
Reference 276. It was assumed each man had two cups. One wet and one dry wipe
were assumed to be used for each cup use, with the number of cup uses the same
as for the disposable nonmeta111c case.

e S s bt s R

UTENSILS - KNIFE/FORK/SPOON ' ;

Disposable metallic. This case was ncluded for compar1son purposes, a1though
it resulted in a high penalty. Utensil weight and volume for stainless steel
utensils, as on Skylab, were taken from Reference 250 and 177. It was assumed
one knife/fork/spoon set per man for each meal was used, with no spares.

Reusable metallic. The same ufens1T§ as in the above case were assumed, with
one wet wipe per man per meal allowed for cleaning as on Skylab. Since Skylab

had three extra utensil sets (Reference 250) for a three- man crew, it was
assumed one extra set was allowed per man. .

Disposable nonmeta111c Data for' this case were taken from References 174 and
177, with a 10 percernt packaging factor 1nc1uded One set per man per meal
was assumed _

SERVING TRAYS

Two basic types of trays were uons1dered (1) ordinary d1sh type and (2) food
warming trays. It was assumed the dish type of tray would be used with bulk
food packaging, while the warming trays would be used with individual food cans.

B2-118

RO e R b 1 e



Y 4

D2-118 56[ -2

APPLIANCE CONCEPT NO./TITLE_5 through 12/Disposable-Reusable Dishes (Continued)

DESCRIPTION

For direct comparison, a food packaging penalty was added to the warming trays
to account for the individual food cans. These penalties were taken from
Reference 276 for the food mix assumed in this study shown previously for
%he}Food Habitability System 2.0. The resulting penalties are shown in

able B2-3.

Reusable heating type. This concept assumed reusable metallic covers for a
heating tray, with two wet wipes and one dry wipe allowed to clean the cover.
Data for the covers were from Reference 177, and include a 1 O percent pack-
aging factor. The food packaging penalty descr1bed previously for individual
cans was added to the total weight and volume for this case. Based on the
Skylab use of five food trays for a three-man crew (Reference 250), it was
assumed six heating tray covers allowed for Shuttle.

Reusable metallic dish. Data for the dishes in this case were identical
(Reference 177) to the reusable heating tray covers discussed previously,
except that bulk food is assumed here with no packaging penalty. Again,
two wet wipes and one dry wipe were assumed to clean the dishes per man.

Disposable metallic dish. Weight and volume for this type of dish were
assumed the same as for the two previous cases. One dish per man per meal
was assumed, with no wipes. Bulk food packaging was assumed; thus, no
packaging penalty was added.

Disposable nonmetallic dish. Data for this case are identical to those for
the disposable metallic dishes above except for dish weight. Dish weight
was estimated using the same ratio used previously for metallic and non-
metallic utensils.

The data for all the previous cases are tabulated in Table B2-4 for the Shuttle
case. The best eight cases were chosen by inspection, as indicated in the
table, and included in the trades. To compare the previous cases with a
dishwasher/dryer concept, a set of reusable utensils/dishes/cups to be used
with the washer was selected from the previous cases. The number, weight,

and volume for these items are shown in Table B2-5. These penalties were
added onto the basic washer/dryer penalties given in Section 1.3.1 for direct
comparison in the trades. The four best dishwasher/dryer concepts from the
trades of Section 1.3.1 were selected in this section to trade with the eight
best disposable dishes cases.
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TABLE B2-3

PENALTIES ASSOCIATED WITH VARIOUS TYPES OF DISPOSABLE DISHES CONCEPTS
FOR SHUTTLE FOUR-MAN CREW

LY
y

PACKAGED | PACKAGED
DISPOSABLE DISHES - TYPE NUMBER WE;SHT VOLUME
Lo : = (1b) (cu ft)
Disposable Nonmetallic 314 | (21.5) (5.95)
VEHICLE PENALTY = 9.8 .169
cuPsi Reusable Metallic’ , 8 (2.0) (.187)
ot Wet Wipes ) - 314 (5.84) (.135)
Dry Wipes 314 (3.12) (.125)
TOTAL ‘ : (11.0) (.45)
VEHICLE PENALTY 5.0 00127
Metallic Disposable Utensils 246 | (61.2) (2.07) |
VEHICLE PENALTY 27.8 0586 :
EORKS) Metallic Reusable Utensils 6 _(1.453 g.ossg §
Wet Wipes . 246 24.58 .106
SPOONS TOTAL 6.03) | (.161) |
VEHICLE PENALTY 2.74 .00455 %
Disposable Nonmetallic Utensils 246 | (4.87) (.81) .
VEHICLE PENALTY : 2.21 0229 ;
]
Reusable Heating- type Tray Covers 6 | (5.58) (.252) g
Wet Wipes 492 | (9.15) (.211) ,
Dry Wipes ; 246 | (2.44) (.098)
Food Packaging Penalty (42.6) (4.01)
TOTAL (59.77) (4.57)
VEHICLE PENALTY 27.1 .129
Reusable Metallic Dish-type Tray 6 (5.58) (.252)
TRAYS Wet Wipes 492 59,15} (.211)
A Dry Wipes T 246 2.44 (.098)
TOTAL , (17.17) (.561)
VEHICLE PENALTY 7.79 -.0159
Disposable Metallic DiSh-type Tray | 246 (230) (10.3)
VEHICLE PENALTY 104 ’ .292
Disposable Nonmeta111c Dish- type Tray 246 | (18.2) (10.3)
VEHICLE PENALTY ; , 8.3 .292
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B VEHICLE PENALTIES FOR VARIOUS DISPOSABLE DISHES CONCEPTS ASSUMING NO DISHWASHER AVAILABLE
DISPOSABLE DISHES (TYPE) ‘ SHUTTLE ,
: . : . CONCEPT
o cups - KNIVES, FORKS, . . - TRAYS WEIGHT - VOLUNME
§ SPOONS _ LBS KG CUFT | CUM | NUMBER
: . REUSABLE HEATING TYPE 142.5 gg-g 12.6 .-3SZ B N
’ " REUSABLE METALLIC DISH © 99.9 . " 8.6 | -24
DISPOSABLE METALLIC DISPOSABLE METALLIC DISH 312.7 141.8 | 13.3 | .518 *
. DISPOSABLE NOHMETALLIC DISH 100.9 45.8 18.3 { -518 *o
S : - .| REUSABLE HEATING TYPE - - 87.3 39.6, 10.7 { -303 ¥
| DISPOSABLE HEUSARLE METALLIC REUSABLE METALLIC DISH 44.7 20.3 | g7 | .19 } 1.3.2.5
: | noxvETALLIC DISPOSABLE MZTALLIC DISH - 257.5 116.8 16.4 .f -464
L | NOVEY DISPOSABLE NINMETALLIC DISH | 45.7 - 20.7 | .15.4 | -464 1.3.2.6
' - o - - - n - - -
> SEUSABLE HEAXING TYPE . 82.2 %g.é '11.3 .ggg . 3*2 ;
= | ' EUSABLE METALLIC DISH - . 43.6 . 7.3 | . .3.2.
~DISPOSABLE NONMETALLIC | 11consnpi £ METALLIC DISH 255.4 16.3 | 17,1 | .ee4 x
DISPOSABLE NOMETALLIC DISH 44.6 20.2 17.1 | -488 1.3.2.8
- - | REUSABLE HEATING TYPE 132.0 23-2 7.1 -Sgé .
: ‘ REUSABLE METALLIC DISH 89.4 . 3.1 | -
DISPOSABLE METALLIC | 11SposABLE METALLIC DISH 302.2 137.1 | 128 | -362 *
DISPOSABLE NOMMETALLIC DISH || ~ 90.4 41.0 12.8 | .362. *
:  REUSAS! 3 REUSABLE HEATING TYPE ' 76.8 34.8 |- 5.2 | .87 *
R REUSABLE METALLIC REUSABLE METALLIC DISH 34.2 15.5 1.2 | .03 1.3.2.9
VETALLIC - > DISPOSABLE METALLIC DISH 247.0 112.0 10.9 | .309 *
jHRIARE ' DISPOSABLE NONMETALLIC DISH 35.2 16.0 10.9 ¢ .309 1.3.2.10 |
E- , o - , REUSABLE HEATING TYPE 75.7 ig.g‘ . 5.8 .és4 ’ *
f : | e " REUSABLE METALLIC DISH 33.1 . 1.8 { .051 1.3.2.11
; | DISPOSABLE RONMETALLIC | oicposapLE weTALLIC DISH . || 245.9 | 111.5 | 11l6 | .329 .
i DISPOSABLE NONMETALLIC DISH (I -34.1. 15.5 11.6 -328 ) 1.3.2.12

~ *These concepts were not pursued further due to large penalties.
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TABLE B2-5

WEIGHT AND VOLUME OF DISHES/UTENSILS/CUPS TO BE USED
WITH AUTOMATIC DISHWASHER/DRYER FOR SHUTTLE FOUR-MAN CREW

PACKAGED | PACKAGED
| WEIGHT VOLUME
NUMBER ke cum
, ~(1b) (cu ft)
DISH/TRAY 6 2.53 0.0071
‘ (5.58) (0.25)
| .
KNIVES/FORKS/SPOONS 6 0.66 0.00156
; (1.45) (0.055)
CUPS 8 0.9 - .0.00530 -
(2.0) (0.187)
TOTAL VEHICLE PENALTY 4,10 0.014
(9.03) (0.49)
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HABITABILITY SUBSYSTEM - 2.0 ' Personal Hygiene

APPLIANCE FUNCTIONS CONSIDERED

Fecal Collection/Transfer

2.1.1

2.1.2 Urine Collection/Transfer

2.1.3 Vomitus Collection/Transfer

2.2.1 Whole Body Shower

2:2.2 Partial Body Washing

2.2.3 Partial Body Drying

2.3.1 Shaving .

2.3.2 Hair Cutting

2.3.3 Nail Care

2.3.4 Dental . ,
DESCRIPTION

The personal hygiene hab1tab111ty subsystem prov1des for waste collection/
transfer, body cleansing, and personal grooming. The concepts selected for
trade 1nc1uded consideration of the zero-gravity effect on liquid flow and

_containment, the elimination and/or control of contamination which is easily

spread in a zero-gravity environment, and the disposal of waste preducts
within the spacecraft in the absence of the normal terrestrial-sewers/septic
tanks. These requirements must be satisfied with maximum safety and minimum
weight, volume, and use of consumables. Waste collection appliance functions
accommodate all of the bodily waste functions. Both partial and whole body
washing techniques were considered during the study. The remaining personal
hygiene appliance functions presented are for such crewman functions as
shaving and hair cutting. The appliance concepts were evaluated toc be
functionally adequate and -acceptable to the crewmembers-from both physio-
logical and psychological aspects prior to including them as viable concepts.

The fecal and urine collection/transfer appliance functions were considered
separately -for the purposes of trade studies. The two functions would most
probably be combined for a space vehicle because of the attendant reduction
in weight, vo]ume power, and thermal. .

i
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HABITABILITY SUBSYSTEM 2.0 Personal Hygiene

HABITABILITY FUNCTION__ 2,1 Waste Collection/Transfer

APPLIANCE FUNCTION 2.1.1 Fecal Collection/Transfer

(2)
(3)

(4)

(5)

(6)

NUMBER OF CONCEPTS CONSIDERED 9
ASSUMPTIONS
(1) The fecal collection/transfer concepts consider wet, dry, chemical,

decomposition, and incineration methods for disposing of fecal waste.

The study assumed one defecation per day per man. The concept use time
required per defecation is dependent on the concept type. '
Filter weight and volume were included if a high replacement frequency

is required. Periodic filter replacement was nof,inc]uded in the study.
Component power requirements were normalized to provide a fair comparison
of all concepts. The power requirements were not based on the latest
fecal collector designs. This was done because the various manufacturers
were in process of a competitive proposal response for the Shuttle waste
collection system and could not be contacted for additional information.
Overboard venting was not allowed with the exception.of nonfilterable
gaSes. ConceptS'were modified to satisfy this requirement by adding a
vacuum pump to the concept.

Fecal collection concepts requiring a day for decomposition of wastes and

. cooldown were allocated at one per crewman. The remaining concepts were

provisioned at one per vehicle.

e




P ARA:

V0.0 9 0 O I 2

tJ

-

-4

o

i NPPULANCE COHCEPT FUNCTION MATREIXR | . . . . oo

"INDEX NOe 241¢l  @see  FECES c0LLccv|on/rannsr:R (SHUTYLEY
CONCEPT USaGe : constm‘g‘_gs ANp FLOW chumgngnrs THFRHAL REQMTS LLEC P\‘I ngrnts wT, voL Rgcnts EVELOPPENY ReSUPP, Y
HOw TIME S e s e SR o e e P 4 L et —
L L 14 oo ovan ---.----b--.--ﬁ..-¢-Q-¢--.------------ PR A LD T T X A X 2t g LA T P T 2 PR T 1Y - - L 2 ¥ ¥ Y Py ey L L Y
- i AMT g e e — - — - —-Px PWR -AVG PWR ~-— - - Pe —
u ES/DAV TYPE USED FLOW PRESS TEMP COOLANT uT LEAK aC AC welcnt VOLUP‘: AVAXL lNDEl IEIGHT
i MRS USE__(9)__ eKG/USFe ___.. 2. . alifHGe ©DEG Co....abATTSe. aBATTSe___ . DC ..o DC oo . oKGw —aClU Me__.(%s) _(o0a)  _aKGe .
{LB/USE) (o) (PSIG) (DEG F) (BTU/HRY (BTU/HR) “WATTS= «WATIS- (LBS}) (CV FT) * (L85)
e B B S BBB 0080800888085 08088300288308008008080800000000400000000000000800000004000000000800303380008000000803000a08000s0000000a0A8Ra00ss
1 4.000 ! .0een 9. 44 ) 211 Oe 200, 75,0 440.0 107 .3 25 2 25 o0
+ 150 —4— e0RENY (- 2009 —{ --e0)-(.T000)——t—— Qed— (- 680} - 62¢0 --52ep —§—236+52 -({—-30.00) t e0).— -
[ «0Con N9 0 210} :
—d 0000). {00 )t —o08)—-L_70.0)
2 %2.600 1 +OTON .- Pl .. 00 2 . Oe——— YT Y. 6B0+0 —-44040 35608 159 2 10 0
0225 [} .cngnn 2¢.02) I +0) § Toepy Q) (lbl'o) 4260 3800 t 7R6e8) ( Sb.002 [{ e0)
5 1a47 A 9. §03%ed .- 3247 o oo o -
1 JnJ’JDQ'Ilqb-nO) 120.0) { 90ep)
L ceca 00 —3801a4. 21y
(. «Qnantg «09) (3000 § 70.0) 3
3 1.000 1 «0C00 Fo4y (1) 2l-| Qe 188 ap0.0 280.0 14843 2.02 2 "5 Y]
e158 4~ 900NV (- 20+00) ——§ -~ oeD}-L F0oN)—t——- Qo) —( 642¢)—— 48¢0 —- Ybep-—(-375.9)--({-7}.50) o - £— .80 i
_—l____!.noo——_l*_-nnon 9.44 )] 218 -G 14999 $0040. —360:0—— 16305 Jebl b} 40 0
4.n00 ( «0co0)( 20000 ( <0} t 7gep) Ne) (51200} 11100 1100-p { 340+5) (127.50) ] 1)
s “epo0 3 194y .09 0 216} 0. 1196 500.0 340.0 18746 3.50 3 S o
4.000 b 04280t a? . { ..a0) .0 706DVt ) _40BSe) ____ 6500 — - 64000 8 41306} (123650} { o) ...
4- 4.000 3 +0572. 0% -0 210} o 1498 SCB.0-— 360.0 17644 2.59__ 3 10 v0
6+n00 t el260)t «00F (<0} U T0eny Q)  (S115) 11500 ti1%0ep ¢ 388.81 ( T1.50) [ ep)
r 9.000 3 00747 .00 6205840 ey 0. 1650 400.0 3B0ep.. 4R6e8 de21 3 75 0
3.n09 I 214901 ¢—— «00).-1200+0). L 7000) el De)._.(3588e).___ 44Ce0 —630s0. 1107331 2143450} t Y} .
A $.000 1 +00C0. . 31.78 20 2121 Qe 808 Loﬁo.n‘.__aa‘n.r q46e7 S0 ] 10 o0
. «180 t s00Cn)C 8,000 & «0) ( 7000) ¢ Qe) (2760s) 255.0 2¢Ten L 1029) ( 17.80) { ep)
v %,000 e o .0 .0 9.1 0% 1 0 w
1,500 . : t Ol __(.__. 00l «0 oD £ 2001 0 1ay0) ( o0}

199811-20°

.7,
o

. Vow  amtte




# et bniatie dn

921-28

Q 0 9

O O

2

).

APPLIANCE
e QONCEP T e e e e e i -
NO. CONECEPT NAMWE
3 - DRY JOHN
- — T-r® ~—DRY JOHNANAL WASH -~ - o oo oo — ~————
3 e  GERMICIDE

e INTEGRATED VACUUM- DECOMPOSITION
- FLUSH FLOW OXYGEN INCIMERATION

- PYROLYSIS/BATCH-INCINERATION
- HET OxIDIZATION

- SENTAUTOMATIC BAG - SYSTEH-({SKYLAB)
DRY BAGS (APOLLOY,

| A ®~NeW

1 = CABIN AIR (CIRCULATED), “LITERS/SEC (FT3MIN)- -
2 - CABIN AIR (LosT) » KG/HR {LB/HR)
3 - OXYGEN LOST) » KG/HR LB/HR;
4 - COOLING WATER (CIRCULATED), KG/HR LB/HR
5 - WATER (L0sT) » KG/HR (LB/HR)
6 - WITROGEN (CIRCULATED), KG/HR LB/HR
7 - NITROGEN (USEV) + KG/HR LB/HR -
8 - FREON (CIRCULATED), KG/HR (LB/HR)
9 - WATER (PROCESSED) ', KG/HR = (LB/HR)
(+**)COST .
{**)AVAILABLE . INDICATOR
(1) AVAILABLE 0-25%
(2) STATE OF THE ART 25-50% —_
(3) SOME DEVELOPMENT REQUIRED 50-75%
(4) EXTENSIVE DEV. REQUIRED * 75-100%
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“GOLUHE ~~—‘-l.“000 o 1“8.50 ‘0_‘“7098'_“6023'—'5.‘7 lo‘“l_“" lobs‘—‘acﬂq_'— .O!P— 8-80’—9091
THCRMAL +000C% 281s60 15 13enq 10.26 13,42 +ng  2.03 .01 449  6+91 1500
j RELIAB=Y—_+970601 fe0DAN Gy e 9§ a.es.__q_,mo o8By 030 — .90_2.35__.3.97_.5.5;- -]
' ~ MAINTENC ,99998 l.0C0N0 S 1.1¢0 045 2,09 1e4s 1.06 «89 «00 2.93 S.00 NG
o ——SAFETY ——- 00000 240000 ———5——: €9 e00—— 2,60—2¢50— 2.50 — 2.50 ¢080-— 5¢00—5¢n0 ——
DEv: COST .+n0000 75.000 15 1oegca 9400 6,00  3e00  2.00 1.90 00 13.00 15¢n0 =
~ ———TOTAL-PT— 00000 85.000 85 —54010-—39.N9—59,6919¢49—-28,03-17,81—10,13—61.68—8%9+43 2;
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SENSITIVITY ANALYSIS

g1 s B B e

RATING FOR-EACH—CONCEPT-AFTER -INCREASING
e SINGLE SELECTION PARAMETER WEIGHTING FACTOR BY - S0 g

(BASED ON 107 § MAX PNINTG) —

! CoONCEPRPT

I —2 3 L RSTET Y -G . 7B 9

———— HORMAL._ — 85e00 45099 _64e34- 22493 20,27 -20e95 11292 -72¢57--.99e56 ——

o ey

e WETGAT o 86097 . 44e43 _ 64,74 - 2bed4h--30e96 - 2842 - 10.95 - THeQ] 99.44
POWER 64465 4H¢60 L4.74 21426 28,28 19.25 12473 70e23 99460 .
VOLUME 66 476 —4649C-—63,65— 22,44 —2746%--71,92—11,26—73443~ 99453
THERMAL 6767 47481 bbe21 21407 27462 1926 13.38 7T0e42 99.60
RELIAB=Y ~66072 - HT e 44 .- 6503227971 =~ 27463 20035 — 12,92 --73e3) — 99457 .
MAINTENC 64474 44,94 63,70 23417 28.07 20,86 11,58 72417 99,57
——~SGAFETY -——— b8l ]— 44068 —63,93--23¢71—28.89-—21e78— 11,58 —73+35— 99,57
DEy COST 66005 47013 62437 22469 2706 1979 10.95 T3e71 99.40 . .
O -
- I = )
- a N
s e e et — " :&zzd o |
CSENSITIVITY ANALYSIS E > (o)
B DI - 19 I;r
: L v 121
e RATING-FOR EACH CONCEPT AFTFER INCREASING --- (=] "= —
SINGLE SELECTION PARAMETER WEIGHTING FACTOR B8Y =S50 § [ [0
“om- (BASED-ON 100 % MAX POINTS) oo oo e - :
: coNCEPT o - -
-l e @ e 3 R B - 6. ... 7 —— B - & ~
NORMAL 656000 — 45099 _ 6434 22¢93.. 28227 . 2095 . 1192 --77e57 . 99456
 WETGHT 6984 __ 47086 63484 18e72.-75,06__16+v81._13.07.._7Ge84 _99.70
POWER 67460 47+66 53.B4 24092 28427 22498  10+95 7G5e36 9952
e VOLUME . 85413 .-49:97 - 65012 - 23448 - 28.99 - 19.86 .. 12,66 7160 - 99459
THERMAL 69,00 43483 b2.1n 25415 29405 2297 10617 7513 99452
RELIAB=Y_ . 65602 440466330 —23¢14--28.95...2165% -~ 108571676 - 59455
MAINTENC 67433 474011 65,02 22473 28,49 21,05 12,28 72.99 99,55
e SAFETY. 68000972039 —64077— 2201 }—27081nu20e07—12,28—71074—9955
DEv CosT 65693 44464 66469 23e27 29472 2233 13e07 T1e20 99452
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APPLIANCE CONCEPT COMPONENT SUMMARY MATRIX
APPLIANCE FUNCTION: 2,1.1~FECAL COLLECTION/TRANSFER
NUMBER 0OF COMPOMENTS
COMPONENT TYPE
- NUMBER
o & 2 OF
[=] wo -t L-4 r
S| e w|SEl « 3 | x | 3 SAFETY
w= | W | xwlo df w XeglTwi oz | i =
' Ul 3 23|d3| 515 (EEIZ3|lE 23] CRITICAL
-} <L O - L= | ) — = O vt | =L < [e=] tl (5] i
. ; = 0 0 | O>|o o o, Oki{ix=>| = I =< ITENMS
AP.PLXANCE TYPE. w @ @ @ 3 @ @ @ @ @ @ O
.| VACUUM DRY 4 1 2 1 2 1 1 - 2 - 1 2
o NO ANAL WASH . L &
-0 .NONVENTED o o
VACUUM DRY 6 . 1 1 3 3 1 1 2 2 1 2
o ANAL WASH :
o NONVENTED
GERMICIDE 2 1 1 - 2 - 1 1 2 - 2 1
o NO ANAL WASH : v .
INTEGRATED VACUUM DECOMPOSITION 14 | 2 2 - 2 - 1 - - 6 6 1
"0 NO ANAL WASH . R | : : -
FLUSH FLOW OXYGEN INCINERATION 21 |2 2 - 2 - 1 - - 6 6 1
o NO ANAL WASH . »
PYROLYSIS/BATCH INCINERATION 21 2 | 2 1 2 - 1 - - 6 7 1
o NO ANAL WASH . . L
WET OXIDATION 27 11 - 1 2 1 1 - 1 6 7 2
o NO ANAL WASH
SEMIAUTOMATIC BAG SYSTEM (SKYLAB)| - 1 6 - 2 | - 1 7 - 3 - 0
o NO ANAL WASH ' ' e
DRY BAGS - - - - - - - - - - - 0
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SPACECRAFT Shuttle

: e : Waste Collection/
HABITABILITY SUBSYSTEM Personal Hygiene HABITABILITY FUNCTION_ Transfer

APPLIANCE FUNCTION Fecal Collection/Transfer

APPLIANCE CONCEPT NO./TITLE 1/Dry John

INDEX NO. ©  2.1.1.1 REF. NO. 207,209,250, & 273

DESCRIPTION The dry john commode assembly serves as a waste collector and

feces storage/processing unit. The seat is similar to the terrestrial type

with modifications necessary for zero-gravity usage. The feces are transferred
to the storage/processing section (colTector) via the fecal transfer duct.

The fecal transfer duct contains provisions for entrainment airflow for
separating and moving the stool from the anus to the collector. Air positioning
jets shown on' the schematic are used to assist the user in positioning properly

on the seat. This portion of the system was not considered part of the
appliance, since recent tests have shown the jets are not necessary. The
Jnterface between the transfer duct and the feces collector is the collector
valve. The valve is manually actuated and seals the collector after use to
permit vacuum drying of the feces. A sunger is incorporated to maximize the
feces and wipes area exposed to vacuum by depositing the feces and wipes on the
wall of the collector. Entrainment air and air removed by the vacuum pump are
passed through filters and returned to the cabin. The schematic does not show

a vacuum pumps; however, the vacuum pump was added to the appliance concept to
satisfy the vehicle requirement of no venting external to the spacecraft.

i

BUPPONT EQUIPMENT PACKAGE |
. POUTIONING
JET VALVE 3
POSITIONING JET ITL A% AIRORN.
WV @ B ey !
LAY
FECAL TRANSFEN
DL?V
CABIN
/ _ '
CABIN AR
i
R sl CABIM AlR—e=
CoLCTON' y LOUAL- '
- JJATION -
IvaLvf ‘“J."C'Y" . BACTAO0OR 1
Al FAN FILTCRS |
COLLECTOR PFLOW Alv
oA} o=~
& vACUUM L RSCHARGE
. COMMNOE ASECMBLY | CoMMOOE
. ' VACULUM  VALVE . .
4 NALVE 20 CPS
: oW R MUPALY
. VACIUM BOURCE . TLier
. N, convfooo] CONTROLLEN
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APPLIANCE CONCEPT REQUIREMENTS .AHD PENALTIES CALCULATIONS

INDEX NUMBER ol /i /. [

: AC POMWER s’ ; DC POWER o
. 1) ! 7
- vseYe 0 @ ® oENiD ® ® © DENAND
~ cYeLe PEAK averice  (IATTEHRZ - pga aerace  (WATT-AR/
; ‘ COMPONENT (REF) (HR) (VATTS)  (WATTS) OF: (WATTS) (WATTS) O x
S EarLzXarior 209) .10 75 A 6 = | —
P AR FAN  (209) _Ld. . RS5O  _LBO V74 _ - -
: ; N2 U ) _.A% LE50 . A0 y/2) — — -
: \ SELEMOIL VULV N E)DT) 1M NIRY — — 32 S22 ' =
CONIROUCKLiNERLZOY e[S = = = __ 3o _co _So
VAR 3L &2 B0
e WAXIHUM TOTAL MAXIMUM - TOIAL
THERMAL, REQUIREMENTS
K
. ' LATENT . SENSIBLE HEAT LEAK T0 CooLANT
«  SOURCE (BTU/HR) (BTU/HR) ' (BTU/HR) (BTU/HR)
. . .. 1 H
55 :Méﬂ"'!’!”’ 220 TOLE | — ‘ 0;5.:§ lz}!— -..3 = —
LR _FRAL - T4/ F#/.0 —
HAcoum Lupms P 2357 2387 —_
) o = w3683 03EL3)
WATT (BTU/HR) WATT (BTU/HR) WATT (BTU/HR) WATT (BTU/HR)
) ’ . .
« .
; - _OPERAIIONAL RENALIIES |
.: . ) ’ ' : , .
M . EXPENDABLE THERMAL - ELECTRICAL (NEIGHT .. VOLUME
. SOURCE (LB/CYCLE)  (BTU/HR/CYCLE)  (PK WATTS/CYCLE)  (LB/MISSION) = (FT3/MISSION)
i . . Y . . . . .
i
- TOTAL : :
. KG/CYCLE WATTS/CYCLE " KG/MISSION MI/MISSION
. .., {Lo/cYCLr) (BTU/HR/CYCLE) (LB/MISSION) (FT3/MISSION)
g.:’.,‘.li_w;“_,t:h L : g : : 1 i ,’ - . D N ‘ . - » 82-]32 : . -
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS (CONCLUDED)

_ SONCEPTL L8 TOHAL. : wmoex omper 2. /- Jo (
e |
F1XED !ELQEJEQ!:Q_&E. REQUIREMENTS )
: ) ’ WEIGHT VOLUME
COMPONENT «(REF) (L8s) . ()
é@aﬂmzkzzma@%£&Z1422y &7 3o
HAckna NG . 105 . 4,26,1)
(72727 M/ Vi — 35 5
’ LPES eS¢ _ 3

o [707.3 (256.5)] A 62?8)1
" KG-(LBS) M3 (FT3) -

L4

- SoOLID EXPENDABLE WIi/NoL REQUIREMENTS

@ O] o ® ®
0] WT/UNIT (REF) WT/CYCLE . VOL/UNIT (REF) VOL/CYCLE
(PKG.WT/UNIT) (REF) @x%) (PKG.VOL/UNIT)(REF) (Px
TYWPE UNITS/CYCLE (REF) (L8) - (LB (FT3) FT3

v peYaumsS 3 (250)  2.04/19 (250) .03/2 L2Y1F (o) _00t275
LET UNPES [ (250) mm.. L2TT70 (250 _LOIEF

A

3
,

Z®_4QZ7~&___ - Z@ 2% = -

1 TOTAL WT/CYCLE TOTAL VOL/
: ’ B (LB) ¢ (FT
JOTAL WT. _ .
“MISSTON g x __ 20.5 X 0798 L 2.97 (¢.5% |
) CVCLES/OAY DAYS/HISSTON rox.»(n/gme X6 (UB)~
E LB
TOTAL VOL .
WISSION 4 X 20.5 X __,O0 ?ﬁ - 009 [(3/3) ]
CVCLES/DAY BAYS/MISSTON ror.}: 4§YcL: CEN R
‘ ) FT
SN GAS/L1QUID EXPENDABLES Reguggn;ui
@ ©) , @
, o  RECOVERY AMT . RECOVERED/CYCLE AMT LOST/CYCLE
. AMT.USED/CYCLE(REF) ~ ~ OVEL Qx ; .-é)
TYPE e (e) ~ FACTOR ) (L8 (e

vy 2:<) _ ; T ro

R
(R CvorALwT. | ' - [
‘ TRISSTON™ ™ _ i + :
"‘”‘CYELT/’D“AT"“ ""D'KY'S'/_TH s"s“’o“ﬁ“‘" TOTAU wtwcm{ kG (LB)
@ (L8) Q@
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SPACECRAFT Shutt]e ;

Waste Collection/

" HABITABILITY SUBSYSTFM Personal Hyg1ene HABITABILITY FUNCTION_ _Transfer

APPLIANCE FUNCTION Feca] Collection/Transfer

* APPLIANCE CONCEPT NO./TITLE__ 2/Dry John with Anal Wash
INDEX NO. 2.1.1.2 | _REF. NO.__ 207,209, & 273

DESCRIPTION Same as Concept 1, Dry John, with the incorporation of an anal
wash.. The anal wash and air dry eliminatés the need for expendable wipes.

The addition of the anal wash requires the feces collector duct be rinsed with
@ biocide. The anal wash and commode rinse water are assumed to be recovered
within the efficiencies of .the vapor compression d1st111at1on unit.
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APPLIANCE CONCEPT REQUIRCHENTS AD PENALTIES CALCULATIONS L
" CoNCEPT 2/ 2 TEMMLIBI L1754 INDEX NUMBER o2 A/ 2
C') ELECIRICAL POWER REQUIREMENTS
&,
‘ : AC___BOWER ~__ DC__POWER ar—
USE YIME ® ® DEMEND ® ® DENAND
' , cveLe PEAK averge  (RRTT-HR/ PEAK aversce  (HRTT-HR/
. : COMPONENT (REF) (MR) (WATTS) (WATTS) Ox (WATTS) (WATTS) @xé
4 N . . .
SR SUIMGLRL L (209) 16T Eo A2, L2.02 e —
2 ‘ ‘ QLEZHEA TR (229) 05D — — — 350 _, _2co /5.0
iy . . CALDLD Pl LSLsYr) HMemeniin?® _ —— — S0 £o —_—
| | AR [393) _le] . 250 _1&@__ 30,06 _— T —
1 | BRI A CPZ L ,L.,;L‘Z_ — _Zfo  _20 %3
| . Mlceip A (2) 2050 _.3_2__ AQ_Q_ Lo — —_ -
. : . . T . ' . . :
. WAXIMUM TO1AL MAX IMUM . T0TAL
JHERMAL. ngﬂlﬂiﬁiﬁlé
K
LATENT . SENSIBLE HEAT LEAK 10 COOLANT
v SOURCE (BYU/HR) " (BTU/HR) (BTU/HR) (BTU/HR)
& HEBITED eTER = 32¢ = 394 —
HER7ER A2 bl _238 238 -
SEINGER. HoTer8 = [8B1l. £ (8L & —
UL EAAL - YA S67.4 —
YA Luzzr — 2385, & 238, ¢
. A . CTOTAL . < 74@:/ .2 474 {/é/7 £)
: WATT (BTU/HR) WATT (BTU/HR) WATT (BTU/HR) WATT (BTU/HR)
. ‘ *
a . .
F?OOR m\.‘ﬂ% ] gzguuuu PENALTLES
. -’ * ‘ .
: . v EXPENDABLE mc‘um ' ELECTRICAL WEIGHT VOLUME
. . SOURCE {LB/CYCLE) (BTU/HR/CYCLE)  (PK WATTS/CYCLE)  (LB/MISSION) (FT? /MISSION)
L] ’ . v . N . . ) : :
N/A . -
;‘ ,..—,@ . . ‘ |
~ St ToTAL
LI KG/CYCLE WATTS/CYCLE KG/MISSION M3 ITSSTON
[ (LB/CycLt) (BTU/HR/CYCLE) {LB/MISSION) (FI3/MISSION)
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APPLIAKCE CONCEPY REQUIPLMENTS AND PENALTIES CALCULATIONS {concLUDED)

CONCEPT 2 WA LIRS INDEX NUMCER 2 /,/ Z
l ;, FIXED  WEIGHT/NOLUME REQQl&EﬂEEI&
‘ WEIGHT VOLUME :
‘ COMPONENT ,(a:r) (LeS) , (F13) .

CoL1 100t ComPNENIS (207¢209) /15 4

.eﬂ_c_&ﬁau_/_..______(,._gz,e!cofd) LL5 26
‘ e D) 3 25

/25 1/

GAS/LIQUILD

EXPENDABLES

GE . . - y —~ .
oRY Q.“ " K6 (LBs) W (FT3) -
QF ¥ <.
soLiD ElﬁiﬁgﬂﬁLE “J!QL REQELEE&EEIé !
@
® wr/umv@(:zsr) Wt/ c® VOL/UNI?(REF) voL/ ©LE
_— * (PKG.WT/UNIT) (REF) (:)x (PKG.VOL/UNIT )(REF) (%) x@
TYPE UNITS/CYCLE(REF) ({1 T ( (F13)
° d!‘ /A —— '
1
| A
10 TOTAL WI/CYCLE i 20 TOTAL VOL/CYCLE
. (t8) ©(FT3)
TOTAL WT. _ ’
“WISSTON X . - L ]
: CVCLES/DAY BAYS/MISSTON mt.sgggvcu KG (L8)
TOTAL VoL |, | . ' .
“WISSTON X { ]
" CVCLES/DAY DAVS/MISSTON Tor.zg%ggvcu W FTY)

(L8)

.
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L NO)

@ ) ? : AMT.RECOVE%ZD/CYCLE ) AMT LOS@CYCLE
) AMT. USED/CY\.LE(REF) > RECOVERY X (é)
TYPE . ( B) FACTOR (LB (LB
M&Z@Mé-_ws_) e7) _AN/2_~— AM/A 165
v @lATER (foatnnle. _Aé.i_i__,,)_ MLA AR x4
; - EMSE) ‘ .
! [N : o o
R Y O _3f0 o 33@
| A y .
| .oy " JOTAL WI. )
a - 0. /22. 7 270.6
5 C - FISSIoH tvcu4/om X bA’g/stfm * YOIR uoa't‘cu _J_ZQ_Q 7 [ X6 ((w) D
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SPACECRAFT Shuttle
) " Waste Collection/
HABITABILITY SUBSYSTEM Personal Hygiene HABITABILITY FUNCTION Transfer

APPLIANCE FUNCTION Fecal Collection/Transfer

APPLIANCE CONCEPT NO./TITLE___ 3/Liquid Germicide o
REF. No. 100,207,209,244,250, & 273

INDEX NO. 2.1.1.3

DESCRIPTION The liquid germicide commode assembly incorporates a strong biocidal
agent throughout the excreta tO Ki]1 the microorganism population and maintain
sterility in storage. The waste collector is provided with a blender and germi-

“cidal metering equipment. The blender is used to ensure thorough mixing of the
wastes and germicide. The collector gate valve is open only during waste
collection. When the container 1s full, the tank is seaTed, removed to storage,
and replaced with an empty tank. The waste collectors are sized for replace-
ment every 50 days. Some Tiquid i1s recovered, separated, and returned To the
water waste management system. Air entrainment of the feces as previously

—described Tn Concept 1, 1s utilized with the air returned through Tilters to
the cabin. The collector when transferred to storage will weigh 332 pounds.

“Wet and dry wipes are used for this concept and are assumed to be deposited
into the collector. The concept was not given credit for 1iquid recovery, since

—themajortty of theTiguidisheldinthecotlectors—

WASTE
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{2 ReQ’0) |
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APPLIANCE CONCEPT REQUIREMINIS AND PENALTIES CALCULATIONS

' CONCEPT_Z /¢ LQUNL G L2288 CrOC INDEX NUMBER 2, /. /. 3

- - . - -y  rcmaa

L e ) ELECIRICAL POMER REQUIREMENTS
: % . s ____ AC _POWER _ : . DC __POMWER
: . Q) : g . )
. use_YiMe @ . ©) DEMAND ® . ® DEMAND
; Co _ eYCLE PEAK .  AvERAGE  (HATT-BR/ PEAK averace  (HATTHR/
P ‘ COMPONENT (REF) (HR) (WATTS) (WATTS) OxG (WATTS) (WATTS) x
‘ ) _ &ﬁZ/AL’Zf{UZ( 5/{/()9209! 05 !522 100 ‘ g _ .—- ‘ R —
S wmm (,;2) . /.bé’ — — Lo | _Leé —
szz R ./§ s — —_ — 30 20 ¢ _32.2
. . 'Y °
| 200 _ : S334E Fé 3.2
L MAXIMUM ¢ . TOTAL MAXIMUM - . -ToTAL
. ‘. . - . .
- - L) - - — - - * -
- * ’ ) . '
L3 . . .;“ - ) ’0
LT wgsuu. éggusgﬂgug
S A ' “LATENT . SENSIBLE . HEAT LEAK 70 COOLANT
o - ¢  SOURCE _ {BTU/HR) : (BTU/HR) C(BTU/HR) * (BTU/HR)
; BLrNDER M7l Vo772 /02.3 _  _/f02.3% A
* L2 _FAN ASStro1 208 W 537.9 5.39.9 . /.
J JAMCOeS .:-sc./’ﬂ/éfylfiot—) . : Y ]
.- - ‘ <+
. \ , ToTAL - 18830%2.2) [823(e42.2 7
. : . WATT (BTU/HR) WATT (BTU/MR) WATT (BTU/HR) WATT (BTU/HR)
Y ) * - 4 ' < -‘ ‘. -
' [ . . . . P
ORIGINAL PAGE IS - R SRR e TP
POOR UALITY. SR : n R
OF Q ot OPERATICKRAL .';.E..N.ALI.I..E.§ R o
o wear teak TERAL oL ELECTRICAL WEIGHT  “voLumE
. SOURCE (BTU/HR/CYCLE) (BTU/HR/CYCLE)  {PK WATTS/CYCLE)  (LB/MISSION) (FT2/MISSION)
‘N IR R
‘ 4..)-. s ' . . 3
a5 ’.} = i
G e - : i
t( ; R . %»‘
- YOTAL ‘ ° i - b
WATTS/CYCLE WATTS/CYCLE B KG/MISS10H M3/MISEI0N
. (BTU/HR/CYCLE)  {ETU/HR/CYCLE) (LB/HISSION) (FT3/RISSION)
; ' - - . ’
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS (CONCLUDED)

CONCEPTQ' (2,/QQ/Q M(Oﬂe INDEX NUMBER o2, /s [e é

: WEIGHT VOLUME
COMPONENT _ (REF) (Les) o (FT3)
'QMZQJZ[M&A&&Q&W) : 270 71
.S : <313
o o t25.4 2765)) | _2.02 (7,3 |
bG?) ‘ o " KG (LBS) W (FT3) -
,\G@%‘.Q}S " soLlp guuuug NINOL BREQUIREMENTS ’
o 200 ' m/unn®(nsr) M/cce)cu vouum@ (REF) vouc@cu
Q@ o (PKG. HT/UNIT)(REF) (Dx%) (PKG. VOL/UNIT)(REF) @x
TYPE UN!TS/CYCLE(REF) LB) (FT3) F3

‘. DY alPIS 3 [(250) ﬁa__ﬂwz) L03/2 L2U1% (50) 0019785
WeT WS [ _(250) ZHTTOIZZ) _Lp28L _~ Z2HIC 2D _.00/5%

pN6O) _ﬁc?_ZZci__~ - SO _.0038

TOTAL WT/CYELE TOTAL VOL7CYCLE
. . (L8) : - A{FT3)
TOTAL WT. _ ‘ o '
HISSIOT * g X __ o005 X__.O0798 - L 297 (c.5%))
CVCLES/OAY DAYS/MISSTON Tor.»(n/gvcue : K6 {L8)
, A v
TOTAL VoL _ .
T HISSION ~ 2 X 20.5 X O3S - { .Qoz 6343) |
CVCLES/DAY DAVSMISSTON mr.\(/g%gvcu ‘ G
GAS/RIQUID QL_P.LEEAELEQ REQUIREMENTS
s
Q@ : ® i @
) RECOVERY AMT . RECOVERED/CYCLE AMT LOST/CYCLE
AMT.USED/CYCLE(REF) DX -
TYPE . (LB) FACTOR . (L (L8

W JLS.Q@ M/A . N/A . LS

y SO els | : SO LS

JOTAL MWT.
HseTon " 0, 5 . A{/& 9 .Sba 3
L “mu cvcléoﬁv * fb)\';g{nxsssxtira TﬂL éo@ '—c‘LE O(Lfs v & © L’v ( 7 )l
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SPACECRAFT _Shuttle :
L , Waste Collection/
- HABITABILITY SUBSYSTEM Personal Hygiene HABITABILITY FUNCTION Transfer

. APPLIANCE FUNCTION_Fecal Collection/Transfer

APPLIANCE CONCEPT NO./TITLE 4/Integrated Vacuum Decomposition

INDEX NO._2.1.1.4 REF. NO. 100,250, & Skylab data

DESCRIPTION The integrated vacuum decomposition concept utilizes vacuum and

high temperature to decompose the waste materials into gaseous products which
can be exhausted to vacuum. The chamber requires cooldown and must be vacuumed
at the end of the cooldown period. The process does not require oxygen; how-
ever, requires power to sustain the chemical process for 12 hours. Six commodes
were assumed to be required due to the 12-hour cooldown time (i.e., one unit

can be used once per day). Incinerable collection bags with a hydrophobic patch

(Skylab type utilized) were used to eliminate the maintenance and microbioTogi-
cal problems of filter replacement, since clogging is not anticipated with
collection bags which are replaced every 24 hours. The residual ash was not
considered as a concept penalty. Air entrainment of the feces, as previously
described in Concept 1, is utilized with the air returned through filters to
the cabin. Wet and dry wipes are used for this concept and are assumed to be
deposited into the collector. )
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS ‘
CONCEPT - ICLUM DECOMPES1770N woex numser_od, £, /- 7
T ELECIRICAL POWER REQUIREMENIS
4 .
" . AC___POWER BC__POWER
' ] USE TIME ® ® ENRD ® ® DEMAND
~ CYCLE PEAK aerge  (KATT-HR/ PEAK averaGe  (HATT-HR/
COMPONENT (REF) (HR) (WATTS) (WATTS) Ox (WATTS) (WATTS) O«
. ﬂz FUMASSY (100) L2 So0 _260 4720 _— = —
‘ SOLERU DS (@) Gty === = = G0 40 e
lﬂquQEJﬂZﬂMQ)Awﬁmmg’ —_ — - 4e 49
HERITEZ. . et — = oo Loeo ¢ zZZzzz
; COMIZLL LRI TR .ZQL_. — — — o _20 _#Eo
. ) . g
’ 500 4320 /IO . (24520
HAXIMUM ¢ T0TAL MAXIMUM TOTAL
. .' .
. . r'd -
.o, : IMERMAL: REQQL&&&EEI& |
f. - Lo . LATENT SENSIBLE HEAT LERK 10 COOLANT
' ’ §  SOURCE ‘ {BTU/HR) (BTU/HR) (BTU/HR) (BTU/HR)
o ( EAM ASSY = 1770 l7/0 —_
' HERTERS : FLL0 34107
: ) .
i :
‘ ' _ o .~ M92(5/20) [429(G/Z0)
WATT (BTU/HR) WATT (BTU/HR) WATT (BTU/HR) WATT (BTU/HR)
L} . e
. \\
‘ -
ORERATLONAL PENALILES :
. - vear Lok TERMAL ooLanr | ELECTRICAL WEIGHT "VOLUME
: . SOURCE (BTU/HR/CYCLE) (BTU/HR/CYCLE) - - (PK WATTS/CYCLE)  (LB/MISSION) (F13 /.MXSS!ON)
: '\‘
IR - :
1 ’ e TOTAL ; '
! . HATTS/CYCLE WATTS/CYCLE KG/MISSION MYI/MISSION ©
| {BTU/HR/CYCLE) (BTU/HR/CYCLE) {LB/MISS1ON) (FY3/MISSION)
i
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS, (CONCLUDED)

INDEX NUMBER _g_uj____

ey wirrs 3 (Rsk)

" CONCEPT (< T yricwnr P ECOMPOS 710N
' -
- E1XED WEIGHI/NOLUME REQUIREMENIS
. WEIGHT VOLUME
COMPONENT 4 (REF) (LBS) (F73)
o z d 35¢ _ / 27
i yZ7% _;éo.‘)¢ o 3
®
TOTAL 1 _[63.5 (3648 ] ‘ 3.el 6’27.3 l
‘ KG (LBS) M3 (FT3) -
® INCLIDES, /M///Au WEIGHT OF ecoLLeTrore BAGS ‘
$OL1D EXPENDABLE MINOL REQUIREMENTS !
_ 3
o m/UNIT®( REF) HT/CY@CLE vouum@ (REF) VOL/‘CCY)CLE
: (PKG.WT/UNIT) (REF) @x@ (PKG. VOL/UN]T)(REF) x
TYPE UNITS/CYCLE (REF) (LB) . (LB (FT3)

25 __ 0342 L2 P (25) ¢MZZ£

2.08/1% (05)
WET LIPS [ (250} TFTTo [25) 088 72970 [ZR0) 00lEF

éeé(c?.ﬂ@.m__[_.@_@. J&i__@mw) 2229 mg_,_mm
i Z® TIO0TAL WI7CYCLE ) 2® TOTI\L VOL/CYC_LE
. (tB) - < (FT3)
JOTAL WT. _ .
“WISSTON ™ = X 20.5 X .309 (77,5 (2s. 3) |
, CVCLES/DAY DAYS/MISSTON TOT.}IT/()‘.YCLE kG (LB)S
LB
TOTAL vOL _ . ¢
“WISSION 20.8 X OO [ .ez2&  (.&7) |
CYCLES/DAY DAYS/MISSTON Tor.\(?%{gvcw : M3 (FT3)
' “EA.SJL.‘J_QELP_ EXPENDABLES REQUIREMENTS
: . ©] : @
o Rsco(\?mv AMT . RECOVERED/CYCLE AMT LOST/CYCLE
.. AMT.USED/CYCLE(REF) -~ DX @-@
CTYPE + (LB) FACTOR (L8 (L8
A/ — . :
. = .
[ \‘i ' 5: @ ’ 2 @
B
. ‘¢
VET TOTAL WT. .
HISSTON X X = + y
- CYCLE/OAY TAVS/MISSION YOTAL LOST/CYCLE , KG (LBY
. . @ (L8) Q@
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SPACECRAFT _ ‘ ‘Shuttle

. Waste Collection/
s HABITABILITY SUBSYSTEM Personal Hygiene HABITABILITY FUNCTION Transfer

" APPLIANCE FUNCTION Fecal Collection/Transfer

« APPLIANCE CONCEPT NO./TITLE__ 5/Flush Flow Oxygen Incineration

INDEX NO._ 2.1.1.5 | REF. No. 100,250, & Skylab data

DESCRIPTION The flush flow oxygen incineration utilizes a continhuous oxygen
flow to the collection chamber for the 12 hours required for incineration.
The wastes are collected by same process of air entrainment used on the
previous concepts, sealed in the chamber (no vent to vacuum), heat is applied
for a specified time period. The resulting sterilized/vaporized gas and
vapors are exhausted to space. The valve is left open and heat is applied
to bring the incineration temperature to 10009F, while a controlled flow of .
oxygen is continuously supplied to the chamber. The incineration process
takes approximately 12 hours with 97 to 99 percent reduction in process waste.

-~ Twelve hours are alTlowed for cooldown which requires one commode per man. The
collection bags described in Concept 4 are also used for this concept. Wet

““Hﬂé dry Wipes are used for this concept and are assumed to bedeposited—into—

- the collector.
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ARPLIANCE .CONCEPT REQUIRCMENTS AND PENALTIES CALCULATIONS , .
CONCEPTMMMW IAICINETERITON INDEX NuMBER_Zp [o [, S
N ELE.QIELEAL POWER REQUIREMENTS

: W

: . . AC POWER . De POWER o
. | i 7)
L : : - USE_YIHE e ® ©) ns&o e ® DEMAND
g : | cYeLE PEAK averae  (HATT-HR/ PEIK nvernce  (HATI-HR/
. COMPONENT (REF) (HR) (WATTS) (WATTS) Ox (WATTS) (WATTS) Ox

F e SOLEMOAD WIS (S) Mz{a@ﬂ - 20 4o —
P yRCLY KALVES (S) — Z0O £0O —
D2 VALLUES _ (S) “ =

4o do -
LS00 .S_O._Q_..- & QQQ
S0 _4B0o

©a .
)

QIRFIMASSE. (eo) _ L2 Koo 360 4320 _— . __— e

i
%

v = I 4320 _¢Bo PN /=12

MAXIMUY * T T0TAL MAXIMUM .o TOTAL

THERMAL REQUIREMENTS

. . . -—— e o=, — e are o e o =
.

LATENT . SENstBLE HEAT LEAK 70 COOLANT

- ’ ¥  SOURCE o .(B'I:U/HR) - (BTU/HR) (BTU/HR). " (BTU/HR)
( A otoroR  __NLA . 705 4785 M
MR TERZS 2Uq 2250 23380 _MA

. .
. S

v ————— e s
L

Vo , TOTAL - 1198 (4¢25) 1/98 4%@55)
. ' WATT (BTU/HR) WATT (BTU/HR) WATT (BTU/HR) WATT {BTU/HR)
' . P L
‘.\

"\

¢

. THERMAL . . : . ,
. . HEAT LEAK 10 COOLANT ELECTRICAL WEIGHT VOLUME
. . SOURCE (BTU/HR/CYCLE) (BTU/HR/CYCLE) (PX NATTS/CYCLE}  (LB/MISSION) (FT/MISS10M)
R ) R ' |
& "
\[" . - s
: . , TOTAL T al :
. WATTS/CVCLE WATTS/CYCLE - KG/M1SSION M3/MISSTON £
. {BTU/MR/CYCLE) {BTU/HR/CYCLE) : (LB/MISSION) (FT3/MISSION)
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS (CONCLUDLD)

CONCEPT S /AL LASH FLOU) O XY GG [N AIETE/77 ORY INDEX NUMBER <2, /:/ =3

e T

\j“, FLYXED !ELQL‘J!.QLQM.E_ REQUIREMENTS
ol " WEIGHT VOLUME .
COMPONENT ) » (REF) (LBS) . (FT3)
- 372 L /23

; - " COMMNCNE” (7SS (120)
: 6.5%¢ 3R

o (7.7 GBI [ 349 073

" KG (LBS) M3 (FT3) -
* /Ncc.uoe’s WEIGKHT OF cocccerer BRAGS 4 ’ .
- sO0L1D EXPENDABLE LRSS REQUIREMENTS oo
‘ ®
0] M/umr@(;zer) w/c@cu vouum@ (REF) YOL/CYCLE
' (PKG.WT/UNIT) (REF) @x%) (PKG.VOL/UNIT)(REF) (Px
(L8) (F13) FT2

T e UNITS/CYCLE (REF).
CDRLLIAES 3 (%) 2001940%) o3z ALRYHL2) SO0IILS
LOET LIPES [/ (2s0) ZEIToED) . 0886  [JIII0 [258) .OokSE
COLLETIDZAIGS [ (o)) Z2TT R« E29 ” ’éﬁi,gzéﬁaﬂLéﬁaéﬁl__“_

¢
* . SO - . /06
. ’ 1O TOT{%’L »?r/cvcu 20 “TOTAL VOL/CYCLE
' LB . - RT3
TOTAL WT. _ -
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. CYCLES/DAY DAYS/MISSION TOT.P(IE{‘():YCLE KG (LB}
TOTAL VoL ’ : 4
“WISSION = 4 x 20,5 X L0046 - .02 (.&C9) |
CYCLES7DRY DATS/HISSTON TOT V0L LCICTE TENED )
EAyL'lQL’.E”,' FQLEEE‘.Q.AQLE_S. Rfﬁy_lﬂéﬂiﬂli
o @ ' Am.ktcovc@zso CYCLE AMT LOST/CYCLE
AMT.USED/CYCLE(REF) - RECOVERY ol i é)
TYPE : (LB) FACTOR (L6 (LB
_OXPGEN 422 N ./ 22
‘ . P .
R Fo _tzZ | Lo _.228
Ly " 30TAL VT | ‘o . S ‘ ' Sy
L s __Eg .5 rﬂ._jf_ZB i 35, + - | /5.9 8S. /)]
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SPACECRAFT Shuttle
: . Waste Collection/
HABITABILITY SUQSYSTEM Personal Hygiene HABITABILITY FUNCTION Transfer

APPLIANCE FUNCTION _ Fecal Collectior/Transfer

APPLIANCE CONCEPT NO./TITLE 6/Pyro]ysis/8afch Incineration

INDEX NO._ 2.1.1.6 REF. NO. 100,250, & Skylab data

DESCRIPTION The pyrolysis/batch incineration concept utilizes a three-step
process to minimize oxygen consumables. The wastes are heated to 2500F and

held at this temperature for 30 minutes to ensure sterilization. The vent valve
is then opened and the water -is flashed to space as a vapor. The chamber is
then heated to 12000F, with the vacuum valve remaining open, and the wastes are
pyrolytically decomposed (vacuum decomposition) and the gases are vented to
space. At the end of the pyrolysis process, the vent valve is closed, the
chamber is charged with oxygen, and several batch incinerations are performed.

" The batch incineration step reduces the ash residue from 12 to 2 percent of the

total wastes processed. After final venting to space, the chamber cooldown takes
12 hours. The pyrolysis/batch incineration process is identical to the schematic
shown for Concept 5. The pyrolysis/batch incineration takes 12 hours. The
collection bags described in Concept 4 are also used for this concept. Vet

and dry wipes are used for this concept and are assumed to be deposited 1nto

the collector. ‘ '
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS

CONCEPT: 5 [ IROLYSLS/RITTEH] IMEIN CERTIONS

INDEX NUMBER_ 2, Ao /o o

ELECTRICAL POWER REQUIREMENTS
R ‘ AC _POMER ; DC__POWER
USE_Y1ME ® ® DEMEND ® ~ ® | beamo
f CYCLE PEAK AVERAGE (ngHR/ PEAK AVERAGE (WATT-WR/
COMPORENT (REF) (HR) (WATTS) (WATTS) 0] xasj (WATTS) -(WATTS) QX
»' L2 HIMASY (o) L2 S Ko 4320 _— - _— —t
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AT N/ 3L/0 3210 M/
¢ s
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WATT (BTU/HR) NATT (BTU/HR) WATT (BTU/HR) WATT (BTU/HR)
. s ‘
[N o
' ' - - ;f
~ . . . .
OPERATIONAL PENALTILES
. 5 HEAT Lenk R oGLANT ELECTRICAL WEIGHT "voLuME
. SOURCE (BTU/HR/CYCLE) (BTU/HR/CYCLE)  (PK WATTS/CYCLE)  (LB/MISSION) (FT? /MISSION)
Y t . . oo ' :
. Py [} L
H % s
. ‘! 0! ) z <
M
i TOTAL :
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS. (CONCLUDED)
CONCEPT S/ PYROLHSIS [ BRTcH INCINEERTIOM 10ex Nomeer_2. /7, £, &
F1XED WEIGHINOLUME REQUIREMENTS
, WEIGHT VOLUME
COMPONENT . (REF) (LBS) - (F13)

: ool ssy * o) g2 o 9!3
GIETLDEY (U PES —_— .5 .

o 707 Gs]) [ Z58 Gry]

© K6 (LBS) M3 (FT3) -
* INCLODES, INITIRL QEIGHT OF Coleserore 8A46S ’
- . ' $o0L1D EXPENDABLE HI/NOL REQUIREMENTS f
@ ©) @ ®
1) WT/UNIT (REF) WI/CYCLE VOL/UNIT (REF) VOL/CYCLE
(PXG. m/unm(asr) Ox (PKG.VOL/UNIT)(REF) Q)x()a)
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 pey s 3 (an) BCR)I% ) 03I 2ol (5% om0 7S
QT WIPES [ (osp) THTOER)_ 0424 TIITE () 0084
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1O _.209 - YO _.0/06
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' < T ‘ . (LB) . ¢ © (FT3)
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“HISSTOR /A X 20.5 X e EZCEXT { //eo /25. j

CVCLES/DAY DAYS/MISSTON Tor.v(«i/gvcu G (LBY -

B
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~HISSION * A x 205 X . O/O06 ez [ 87) ]
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“ . . T .

GAS/LIQUID EXPENDABLES REQUIREMENTS

o ) ® | ®
. ' AMT.USED/CYCLE(REI‘) X RECOVERY W.RE(:(%I)ERED/CYCLE AMT LOS_>1<®CYCLE
- TYPE L » (LB) FACTOR . K (L8 (L8
OX G &ML L2 6 NA . M A
y To _l2C Lo _.lze.

.wmwr 2C . (0.3 « M4 " [47 (0.3)]
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Waste Collection/

. HABITABILITY SUBSYSTEM Personal Hygiene HABITABILIT? FUNCTION Transfer

APPLIANCE FUNCTION Fecal Col]ection/Transfér

APPLIANCE CONCEPT NO./TITLE __7/Wet Oxidation

INDEX NO. 2.1.1.7 iy REF. NO._100,250, & Skylab data, 247

DESCRIPTION The wet oxidation concept is a moderate temperature, hiah pressure
catalytic process. The system employs an insulated chamber similar to the incin-
eration _and decomposition concepts. Waste treatment is accomplished by charaing.
the chamber with 500 psia oxygen at ambient temperature and appiying heat to
bring the chamber up to oxidation temperature. The final pressure and tempera-
ture are approximately 1750 psia and 550°F. The advantage of the wet oxidation
process is the production of water which _can be processed and reused in the
spacecraft. The system requires a high pressure oxygen source, assumed in this
study as a compressor. A stirrer would enhance the wet oxidation process, but
was not considered in the study due to lack of engineering data. Based on two
data sources, the process was assumed to take 12 hours, most of which is cool-
down time (10% to 6 hours). The collection bags described in Concept 4 are

also used for this concept. Wet and dry wipes are used for .this concept and are
assumed to be deposited into the collector.
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCLLATIOHS

CONCEPT ZZMQKLQQT/OA/

inoex wumser_ 2. Lo /. 7

i ;T ) ELECTRICAL POWER REQUIREMENTS
. % v N - i
: . . " AC POWER o DC___POWER o
. D -
; USE Y1ME ® ® on ® ® DEMAND
CYCLE PEAK avgeace  (HATT-HR/ PEAK averne  (MATT-HR/
CQMPONENT (REF) (HR) ) (WATTS) (HATTS) @X (WATTS) (WATTS) Ox
QIR LANASSY (er) L 250 [Bo = [o8o i .
r ’ SOLEND VALLES(E) Mattek i) . — — - gy de 0 —
: RESIIE et €7D . ,
SOl D) VAL ES ) “" —_ _— — 8 4L - __—
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- N Y ’ §
’
i3 - - 4
. ) JHERMAL REQUIREMENTS |
. . . . - . i
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. S |
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ORIGINAL PAGE IS e ' - '
g : o 8
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DPERATIONAL  PENALTIES
_ WA teak TR oLANT ELECTRICAL WEIGHT "voLuHE
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A % ’ R Lo V "
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: A )
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- S ’(« # " " |
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- ) TOTAL
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APPLIANCE CONCEPT REQUIREMCNTS AND PENALTIES CALCULATIONS (CONCLUDED)

CONCEPT 2 (€T QX 1LATION _ INDEX NUMBER__ e /o / 7
F1XED HELGHT/NOLUME REQUIREMENTS ,
WEIGHT VOLUME
COMPONENT (REF) {LBS) N (FT13)

' i sy * o 1053 g2
: 7 57 Y

TorL 1. J80.t (i 5‘?591 [ 2z (78.3)]
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$O0LLD EXPENDABLE WNINOL REQUIREMENTS
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"""" @ ® ®
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SPACECRAFT Shutt]e'
Waste Collection/
HABITABILITY SUBSYSTEM Persona1 Hygiene HABITABILITY FUNCTION Transfer

APPLIANCE FUNCTION Fecal Collection/Transfer

APPLIANCE CONCEPT NO./TITLE  8/Semiautomatic Bag System (Skylab)

Iﬁbﬁx NO. 2.1.1.8 REF. NO. Skylab data,283,250,100

DESCRIPTION The semiautomatic bag concept consists of a wall mounted fecal
collector unit using a collection bag, with air entrainment of the feces. The
fecal collector consists of a fecal collection receptacle, a mesh liner, and
hinged seat. The hinged seat provides access to the mesh Tliner to permit

manual installation of a fecal bag. The seat is contoured and contains airflow
holes to allow cabin air to be drawn into the fecal bag as a gravity substitute
airflow. The seat upon closure provides an integral seal between the fecal

bag and the fecal collection receptacle and between the seat and the user. A

"blower unit is utilized to provide feces entrainment into the fecal bag. Cabin

air 1is drawn into the fecal bag and is exhausted through the collection bag's
vapor port, through the mesh liner and into the fecal collection receptacle.
The cabin air is then passed on to the fecal collector filter and blower unit
and returned to the cabin. The fecal bag is manually removed from the fecal
collector after each defecation and replaced 1mmed1ate1y with a new bag. The
fecal bag with its contents is then vacuum dried in a waste processor to
facilitate on-orbit storage. The waste processor 1s a separate unit and 1s
included as a part of this concept.
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APPLIANCE CONCEPT REQUIREMENTS.AND PENALTIES CALCULATIONS

CONCEPT BASEPNIALITD L3RG SYSTEm (SkYLHE)

D2-118het-2

inoex wumseR_2, 4, LS

(;u, EL!_EIB.LQAL: .29_!.5.& REQUJIREMENTS
‘ C : AcC POWER ) pe POWER
L - st e ® ©) OENAD ® ® et
: : T OVCLE PEAK - AVERAGE (hATT-HR/ PEAK AVERAGE (HATT-HR/
" COMPONENT (REF) (HR) (WATTS) . ~ (WATTS) @xé} : (WATTS) (WATTS) [0}
AUEENASSE ket 2 250 tBo  _Fb '

2—_; z z—_zs 225

© HENTERS (3) (723 )

VACHin By (223) __{

w380 2o 200

CONIOULTZL T 177:42433) L 720 20 2o
- 236 285 Y 248
: MXI“W ‘ TOTAL MAX IMUM - TOTAL
. ¢ v '
C T THERMAL:  REQUIREMENTS
' . ) . LATENY S.ENSI BLE HEAT LEAK ‘ T0 COOLANT

"¢ SouRCE (BTU/HR) (BTU/HR) (BTU/HR). (BTU/HR)
( LR N 210708 . 8o 200 =

HEATELS NA 768 768 N/A4
C WBcudsr cvme . KA (/92 /22  _NLA

D - 809.4(2760) 507.4(27@)' -0

.. \ " TOTAL :
WATT (BTU/HR) WATT (BTU/HR) WATT (BTU/HR) " WATT (BTU/HR)
v . . ..
. . [ ‘\\
° SR . .
s ' SRR ’ - . '
. * ‘ N .

QPERATIONAL PENALTIES '

. THERMAL .

R : HEAT LEAK 10 COOLANT ELECTRICAL VEIGHT ~voLume
. . SOURCE (BTU/HR/CYCLE) (BTU/HR/CYCLE)  (PK WATTS/CYCLE)  (LB/MISSION) (FT2 /MISSION)
% ‘. . . . . ’ . ’
— N/A — : :
. — 3
l i b\?‘x .i‘ t
R A .
B :i’ Q‘”‘.f’,)‘ . . ) -
. OTAL ; : :
. WATTS/CYCLE WATTS/CYCLE . KG/MISSION MI/MISSION

. . (BTU/HR/CYCLE) {BYU/HR/CYCLE) ) (LB/MISSION) (FT3/M1SS10H)
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APPLIANCE CONCEPT REQUIRCMENTS AND PENALTIES CALCULATIONS (coNcLUDLD)

CONCEPT 2 [SEU ALITONIRT 7C BAG SYSTEM (SKYen8) woex nunscr_2, Je L. B
. FIXED HElEﬂifY..QLL’.ﬂ.E. REQUIREMENTS
. WETGHT VOLUME
COMPONENT . (REF) {LBS) (F73)
COMIODE oMM ENTS (5K e48) . 724 17

2o &CiIon RAGS /8.2 o Lo

O 75, oz [ 51 078l ]

¢ - KG {LBS) M3 (FT3) .

SOLID EXPENDABLE MI/NOL REQUIREMENTS

- - - e e = = S oL —_— =

‘ m/umT®( PEF) wr/c%Ls voL/uun (REF) VOL/CYCLE
N . o (PKG.WT/UNIT )} (REF) @x(;) {PKG.VOL/UNIT)(REF) Ci)x %:)
TYPE UNITS/CYCLE(REF) (LB) () (FT3) FT3
DR cPES 3 (250)  2.09/7 94 (2SY __.O2IZ L29/196 (2S0) 0019 75

WET 1P | _(250) B#]70 (230) . LfFhL  JZI]TE[250) .00/8¢

CoLecrriaNbaGs | (roo) TZZF(ETAY 229 OLERETT) 20068

9 JOI0G
20 "‘ﬁfif W7CYCLE . 0O “fomt’vof%v‘clz
, . ; {Ls) , 4 (FT3)
TOTAL WT. _ - M
“MISSTON™ = 4 X 0,$ X . 3937 e 7.5 (25.3)]
CYCLES/DAY DAYS/MISSION TOT.\(IQ)YCLE KG (LB) ~
TOTAL VOL _ -
“HISSTON ° 4 X 0.5 % .olob - [ oz# _(s57) ]
CYCLES/DAY DAYS/MIS' 100 TOT.\(IS%{():YCLE ‘ M3 (FT9) ©

. ‘ @ . ©)] ®
Y] RECOVERY AMT .RECOVERED/CYCLE AMT LOST/CYCLE
AMT,USED/CYCLE{REF) X -
TYPE : , {LB) FACTOR (LB (L8
- N/ — '
\
o o , .z
*TOTAL WT. | v ‘o ) o . l
MISSTah™ X X _ ., e . .
. CYCLE/DAY DAYS/HISSTON TOTAU TOST/CYCLE ‘ i K6 (LB)
_ _ @ (L8} @
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" SPACECRAFT Shuttle
. HABITABILITY SUBSYSTEM_Personal Hygiene HABITABILITY FUNCTION Transfer

Waste Collection/

APPLIANCE FUNCTION Fecal Co11ection/Transfer

APPLIANCE CONCEFT NO. /TITLE__ 9/Dry Bags (Apollo)
i Apollo dwgs: V36-601029,V36-601398,
INDEX NO. 2.1.1.9 REF. NO.V36-601267,V36-601398, V36 787819,
' and V36- 787809 .

DESCRIPTION The dry bag concept consists of bag which is taped to the buttocks
of the crewman. The collection system is manual and requires a large amount of
crew_time per defecation. The unit is compactly folded for storage and each unit
contains biocide and tissues. The bag is unfolded, taped to the buttocks, the
botus is separated using the built-in finger, and the tissues are deposited into
the bag. The bag is closed, sealed and the biocide is kneeded into the feces

for germicide control. The collection bags are deposited into a large bag which

has a capacity for 16 feces collection bags. The dry bags were used on Apolio

and were provided as a backup for Skylab. :
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APPLIANCE CONCLPT REQUIKEMENTS AND PENALTIES CALCULATIONS (CONCLUDED)

CONCEPT _9/_4@&54@.{ Qﬂauaj INDEX WUMBER_ ¢ /o /e 2

e ok e e = - 0D M mm o — e e dm e e o e

WEIGHT VOLUME
COMPONENT - (REF) (Lgs) (FY?)
COLLEECTIOMN BAGS /6.4 : 1.4
SOWAGE BAGS , 3.6 —_

TOTAL | | '9./‘ (zo) | | 09 () |

! KG (L8S) M3 (FT3) ,

SOLID EXPENDABLE WI/NOL REQUIREMENTS

: @ ® ® ®
o WT/UNIT (REF) WT/CYCLE VOL/UNIT (REF) VOL/CYCLE
. (PXG.WT/UNIT)(REF) @x%) (PKG.VOL/UHIT ) (REF) (Px Q
) . TYPE UNITS/CYCLE(REF) (L8) (X (F73) FT3
CoeLecrioN 4GS / el L 01727 0172
SIulGe BAGS 055 B 8 e —
4
2@ ”"O’T't\‘f’:zé‘/’c‘v'c“ﬁ‘i' : Z @ TOTI\L voucm:
' (LB) (FT3)
TOTAL WT.
MISSTON ™ 4 X 20. X 294 - 9. (2o
CYCLES/DAY DA‘\Ts“/"r-us'sxg(m ro'r.xzn/gms [“ K6 (LBY ”)
L8
TOTAL VOL _ - N . i
T HISSTON © A X 20.¢ X _oOl72 .o ([4) ]
CYCLES/DAY DAYS/MISSTON mr.\(l%gzvcw : NG
1
GAS/LIQULD EXPENDABLES igglﬁﬁﬂﬁ.ﬁlé
: ) Récg\?ﬁuv ’ AMT.RECOVE(?ED/CYCLE T LOS@ CHCLE
o AMT.USED/CYCLE(REF) X (%
A }% : , (LB) : FACTOR (LB (L8
o O : g Z®
T OT0TAL M. ‘ o : .
MISSTON X : X S + ‘
. CYCLE/DAY DAYS/MISSTON YOTAU 108T/CVCLE - K6 [LB)
. @ (LB) @ .
[ [ PR .
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HABITABILITY SUBSYSTEM 2.0 Personal Hygiene

HABITABILITY FUNCTION 2.1 Waste Collection/Transfer

APPLIANCE FUNCTION 2.1.2 Urine Collection/Transfer

NUMBER OF CONCEPTS CONSIDERED 5

ASSUMPTIONS

.

(1) The urine collection/transfer concepts consider air entrainment and
intimate male adapter methcds of collecting urine.

~(2) The study assumed a total of 42 urinations per day {seven per day per

man). The concept use time required per urination is dependent on the
concept type.

(3) Filter weight and volume were included if a high replacement frequency
is required. Periodic filter replacement was not included in the study.

(4) Component power requirements were normalized to provide a fair comparison
of all concepts. The power requirements were not based on the latest
urine collector designs. This was done because the various manufacturers
were in process of a competitive proposal response for the Shuttle waste
collection system and could not be contacted for additional information.

(5) In the case of Space Station, the urine and rinse water was assumed to
be collected and processed through a vapor compression distillation unit.
Urine recovery was based on 24.8 grams of solids per 1000 grams of urine.
The solids were then ratioed by the amount of flush water used. The
recovery factor used was 98.15 percent. The Shuttle concepts were considered
to be dumped overboard or collected, but no.water processing was applied.

(6) The urine collection devices were allocated one per vehicle.

(7) The urine collection devices considered are adaptehle to men only; however,
when combined with a fecal collector, some of the devices can be adapted
to females. .
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APPLIANCE CONCEPT FUNCTION MATRIX
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SENSITIVITY_ANALYSIS
: N . |
RATING FOR EACH CONCEPYT AFTER INCREASING -
slNGL:_SELECTION PARAMETER WEIGHTING _FACYOR-8Y - 50 %
(BASED ON 100 g MAX POINTS)
1] o T .
: CONCEPYT . |
" 2 3 T e ; - ' . |
NoRMAL 8438 20,42 38041 30063 75,99 :
WEIGHT S.83 23,07 40003 33,05 69487 5
——-POWER ..._____5083__18.67.-__35!lz~28|53.__78105 1
VOLUME 8,97 19,22 41.43 33,65 76,34
L THERMAL 5483 __19.33__35¢78_.28¢66__78405 |
RELIABeY. 5¢20 19480 37925 29,97 76448 f
— _MAINTENC 6¢20._19:80._37025._.29.87__74470 ;
DEV COST 5¢83 22496 H1e97 30457 76433 : - ’
, Eg
I - p— ;
S D
S5 = |
LI : S g =
SENSITIVITy ANALYSIS =] i
._ 8 - m
__RATING FOR EACH CGNCEPT AFTER_INCREASING Ba Ny
SINGLE SELECTION PARAMETER WEIGHTING FACTOR BY 50 E
e __ABASED_ON_100 g MAX POINTS) -
= , «
" CONCERT
N . a4 5 .
CNQRMAL .~ 6438 20,42 _38e81 30463 7599
WEIGHT 7.04 17,24 _ 36045 27,70 83,38
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VOLUME 3444 21479__34099__27.20__ 75440
THERMAL 7404 21,74 ‘41e859 33,00 73.51
___RELIABeY 6456 21,08__39465 31433 _75.25
MAINTENC 6457 21.08 3190485 144 75¢23
DEV_COSY Yo04 17,36 34e)1 30697 75,58
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APPLIANCE CONCEPT COMPONENT SUMMARY-MATRIX -
APPLIANCE FUNCTION: 2,1,2-URINE.COLLECTION/TRANSFER
NUMBER OF COMPONENTS : ‘ . B
COMPONENT TYPE NUMBER “‘
1
7 g ; o § g OF
-2 =3 = = R E SAFETY
[« o'l w = [T ) M| o2 e -t o
Ex | SEEET B I23EE 3 |2 : CRITICAL
SL;J oD O<C — e | O » (7% Q
et N QIR0 @|oolol0I0I0I010101010 _
STANDUP URINAL 1 1 {3 |22 |1 ]1 ]2 0 <
| o NO VENTING = e
i+ COMMODE URINAL 1 113132 {1 {1 |2 0 ~
o NO VENTING ‘ : S
INTIMATE MALE ADAPTER URINAL 1 113 /3 {2 {1 ]1 ]2 ] 2
(SKYLAB) . - ; ‘ N3
o NO VENTING . '
APERTURE URINAL 1 1113 (- 1111 {2 0
o NO VENTING )
LIQUID/GAS FLOW CUFF TYPE - - - 11]-1-1-1- 0




SPACECRAFY Shuttle ' '
e Waste Collection/

% ' HABITABILITY SUBSYSTEM Personal Hygiene HABITABILITY FUNCTION Transfer

APPLIANCE FUNCTION Urine Collection/Transfer i

g APPLIANCE CONCEPT NO./TiTLE 1/Standup Urinal
INDEX NO. ' 2.1.2.1 REF. NO. 209, 273, 207

DESCRIPTION

The standup urinal concept consists of a collector ufilizing air entrainment
for collection and transport of -the urine and centrifugal separation of the
air/urine. The cabin air used for entrainment is filtered and recirculated
back into the cabin. The unit is mounted on the wall of the spacecraft. The
unit is activated by opening the cover. After use, the cover is closed;a fixed
quantity of flush water is used to flush the urinal. The unit automatically
shuts down after the flush is completed. The total operating time was assumed
to be one minute using 45 seconds as an average urination time. The flush
water-assumed used per cycle wds 0.8 pound and was heated to 90°F, A pre-
treatment chemical was added to the flush water. "’
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APPLINCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS ’
wwoex wreer_2, £ 20/

CONCEPT, A/M_.{[{A/A-’L
(f““ ) : ELECTRICAL POMER REQUIREMENTS
"Q.Ji*’ ) ' ) . AC POWER . DC POWER 0
: y ) !
USE IME ® ©) omgz«:m ® DENAND
| , CYCLE PEAK merace  (HATT-HR/ PEAK AVERAGE i
COMPONENT {REF) (HR) (WATTS) (WATTS) OXE (WATTS) (WATTS) Q@
&LL,A@QM[Z?’{ZQL&/ZE 200 _f0O _  _[25 _— __— —
’ LEINE P2 025 15 . 1O A2 —_ = —
: .&u&yOQH/@az NI HRRY = - — /e W2z —
ﬂQZQ __( L../ 174 .“ JeoL pﬁ/f’ggf / / 4 — —— —— . __:
| CONIZOUG TR _OlT — —— —_ Z 2 C5F
225 _1.37 /8 ) O3
; wAXINUM . TOTAL MAXIMUM T0TAL
) _ . ) e ‘ . ' .
. i [4
. : . ’ -
0 ‘ -
: i THERMAL REQEL&E&E&IQ
) LATENT L SENSIBLE HEAT LEAX TO COOLANT
¥ SOURCE (BTU/HR) {BTU/HR) (BTU/HR) (BTl.J/HR)
 _mpToRs N dsEaiee) __N/A 734 73 A/
o EUSH WATERR Cootpnidd A 112 112 N/
B “ M
e W — . 248 (=218) z48 (B#)
) WATT (BTU/HR) WATT (BTU/HR) WATT (STU/HR) WATT ,(BTU/HR)
ORIGIN Co ] . . ‘
“HINAL p {
OF PooR g9 I8 S ‘ . ; co
2 ] / ! . . - . .
St .QEEE&ILQ&&L ZEEALILE& ’
' " THERMAL : ’
. HEAT LEAK 10 COGLANT ELECTRICAL WEIGHT VOLUME
. SOURCE {BTU/HR/CYCLE} (BTU/HR/CYCLE) (PK WATTS/CYCLE)  {LB/MISSION) (F13 /.MISSION)
] ' ' \ LT . . . N
’,_A//4 hund - R . N M . -
W LYy :
Y r*!" Y . i - .
. i:‘# ‘. — . ' x
. e e B (18 L : L -
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS (CONCLUDED)

Concept /LS TAUILL. LUBINAC INDEX HUMBER o« /(. 2./

F1XED WEIGHMI/VOLUME REQUIREMENTS
. ‘ ' NEIGHT ' LUt
COMPONENT ) (REF) {L6s) ‘(IF%Q)E
LGN JOLomEAENTS (229) /15 ‘ ; .67

“

oI | [ ‘52.2' {//5)7 L .25 (5«(’,‘7)' |

. Ct - KG (LBS) M3 (FT3) ,
mAL?AGE“. o g " ' h
-1G Q\‘Jm~ $0LID EXPENDABLE WI/NOL REQUIREMENTS
§ POOR ~ L ® ® ® ®
o WTUNIT (REF) : WT/CYCLE VOL/UNIT {REF) VOL/CYCLE
. (PKG. WT/UNIT){REF) @x@ (PKG. VOL/UNIT) (REF) (Px
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SPACECRAIT Shuttle Waste Collection/

y Transfer

APPLIANCE FURCTION _ Urine Collection/Transfer

2/Commode Urinal

APPLIAKCE CORCEPT NMO./TITLE -

INDEX RO. _. 2.1.2.2 REF. NO._207, 209, 273

DESCRIPTION

The commode urinal concept consists of a urine collector, centrifugal separator,

and flush unit. This unit would be used where combined feces and urine col-
lectors are'defined. The unit uses a flush as .described in Concept 1; however,
0.33 pound per flush was used because of the smaller surface area requiring
biocide treatment, Air entrainment is employed coupled with a properly directed
urine stream. The operating time is the same as specified for Concept 1. .
Cabin air used for urine entrainment is filtered and returned to the cabin.
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS |
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f ‘ APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS {CONCLUDED)
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SPACECRAFT Shuttle

. . Waste Collection/
HABITABILITY SUBSYSTEM Personal Hygiene WABITABILITY FUNCTION Transfer

APPLIANCE FUNCTION Urine Collection/Transfer

APPLIANCE CONCEPT NO./TITLE 3/Intimate Male Adapter

INDEX NO. 2.1.2.3 REF. NO. 283, 250

DESCRIPTION

The intimate male adapter concept consists of a wall-mounted unit similar to
the unit used for the Skylab fecal/urine collector system. The adapter can
be used when seated or in a standing position. . Air entrainment is used to
provide a substitute for gravity collection. The cabin air used for entrain-
ment is filtered and recirculated back into the cabin. One wipe per cycle
was assumed to be used because of splashback during urination. The flushing
and operating time are the same as for Concepts-1 and 2. The flush water
used was assumed to be 0.33 pound per flush. The second aperture unit pictured
below uses an iris-type seal for the penis to prevent cabin contamination.
The unit is designed to minimize spashback using a splash retarder. This
unit operates the same as the Skylab unit.
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SPACECRAFT Shuttle

Waste Collection/
HABITABILITY SUBSYSTEM Personal Hygiene H/\BIT!\B;LITY FUNCTION Transfer

APPLIANCE FUNCTION Urine Co]'lectmn/Transfer

APPLIANCE CONCEPT NO./TITLE __ -4/Aperture Urinal

INDEX NO. "2.1.2.4 REF. NO. 236, 273, 209, 207

DESCRIPTION

The aperture urinal concept consists of an aperture and centrifugal separator.
Urine is collected as described-in the previous concepts. The study assumed
0.33 pound of flush water per cycle. The operating time is the same as
Concepts 1 through 3. ’
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SPACECRAFT Shuttle

‘:’ ; Waste Collection/
HABITABILITY SUBSYSTEM Personal Hygiene HABITABILITY FUNCTION Transfer
APPLIANCE FUNCTION Urine Collection/Transfer 4
APPLIANCE CONCEPT NO./TITLE 5/Liquid/Gas Flow Cuff-Type (Apollo)
INDEX NO. 2.1.2.5 REF. NO. Rockwell Dwg. SEB140(:0710-303

DESCRIPTION

The liquid/gas flow cuff-type concept is the system ysed on Apollo. A cuff

is utilized which fits snuggly to the penis. Urine transfer was accommodated

on Apollo using a vacuum; however, a centrifugal separator could also be

utilized. The concept presented assumes vacuum transfer since the intimate

male adapter (Concept 3) is similar and uses air entrainment. The operating

time was assumed to be 1.75 minute using a 45 second urination time. Filter

change was considered for this concept due to the frequent changeout required :
(one per 14.3 man-days). ‘ : gL
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SPACECRAFT Shuttle

Waste Collection/
HABITABILITY SUBSYSTEM Personal Hygiene HABITABILITY FUNCTION Transfer

APPLIANCt FUNCTION Urine Collection/Transfer

APPLIANCE CONCEPT NO./TITLE 5/Liquid/Gas Flow Cuff-Type (Apoilo)

INDEX NO._ 2.1.2.5 REF. NO.Rockwell Dwg. SEB14000910-303

DESCRIPTION

The Tiquid/gas flow cuff-type concept is the'system used on Apollo. A cuff
is utilized which fits snuggly to the penis. Urine transfer was accommodated
on Apollo using a vacuum; however, a centrifugal separator could also be
utilized. The concept presented assumes vacuum transfer since the intimate
mate adapter (Concept 3) is similar and uses air entrainment. The operating
time was assumed to be 1.75 minute using a 45 second urination time. Filter
change was considered for this concept due to the frequent changeout required
(one per 14.3 man-days).
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HABITABILITY supsysTen °:0 Personal Hygiene

WABITABILITY FUNCTION 2.1 Waste Collection/Transfer

APPLIANCE FUNCTION 2.1.3 LYOmitus CQ11ection/Transfer

NUMBER OF CONCEPTS CONSIDERED 4

ASSUMPTIONS «

(1) The vomitts collection/transfer concept considered portahle and fixed
methods. The collection devices used in conjunction with the fecal
collector oy waste disposal unit were considered fixed. The fixed method
is not the most ideal since a sick crewman may not always be able to
reach the collection device prior to vomiting. Fixed methods, however,
were considered for the purpose of comparison.

(2) The study assumed .84 cycles per day for Space Station and .56 cycles
per day for Shuttle. The concept use time required per cycle ic dependent
on the concept type. ‘

(3)'Fi1ter weight and volume were included if a high replacement frequehcy
is required. Periodic filter replacement was not included in the study.

(4) Flush water, if required, for a vomitus collection concept was assumed
not recoverable since the used flush water would normally be dumped into
the fecal collector.
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e | APPLIANCE CONCEPT COMPONENT SUMMARY MATRIX
' APPLIANCE FUNCTION: 2.1,3-VOMITUS COLLECTION/TRANSFER
_____ E NUMBER OF COMPONENTS
COMPONENT TYPE
‘ NUMBER
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) [as] = - Y]
APPLIANCE TYPE ‘ w @ @ O O O O O O O O ITEM
INTIMATE PERSONAL ADAPTER, - - 1
DISPOSABLE '(MATES WITH COMMODE)
fr;g INTIMATE PERSONAL ADAPTER, LINED,{ - - 1
= REUSABLE (MATES WITH COMMODE)
@ "PORTABLE DISPOSABLE COLLECTOR - - 0
REUSABLE PORTABLE COLLECTOR 1 1 0
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SPACECRAFT Shuttle

_ . : Waste Collection/
HABITABILITY SUBSYSTEM Personal Hygiene pARITABILITY FUNCTION Transfer

APPLIANCE FUNCTION_ Vomitus Collection/Transfer

APPLIANCE CONCEPT NO./TITLE 1/Intimate Personal Adapter Disposable (mates with
comode )

INDEX NO. 2.1.3.1 REF. NO, 209,186,187,236, & 207

DESCRIPTION The intimate personal disposable adapter concep% is made of
lightweight plastic or paper and 1S Shapéd to interface with the feces corrlection
tube of a commode. The adapter blocks the air transport inlet ports. Holes

in the top of the unit provide the air infet Tor vomitus entrainment.  The Top
of the unit is formed to a crewman's face affecting a seal over the nose, around

the mouth, and under the chin. A1l vomitus material is expelied directly into
the feces collection unit. After use, the adapter is removed and processed in

the feces collector. A dispenser for storage of clean vomitus adapters is |
located near the feces collector.

... <DISPOGARLE ADARTOR
.° ¢ DISFENSER. -
VALL,

DISPEISER BODY

MOUNTING ERACKET

DISPOSABLE ©1P5
TOILET ADNVE7IRS

I £

[
A\

DETATL SKOWING
CEOMETRY OF NESTING

A
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[ . o APPLIANGE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS - |
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: X I
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o .
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SPACECRAFT , ‘Shuttle

Waste Collection/
HABITABILITY SUBSYSTEM Personal Hygiene HABITABILI1Y FUNCTION Transfer

APPLIANCE FUNCTION Vomitus Collection/Transfer

APPLIANCE CONCEPT NO./TITLE 2/Int1mate Personal Adapter, Lined, Reusable (mates
with commode)

INDEX NO. 2.1.3.2 ' REF. NO._187,250, & 207

DESCRIPTION The Jined intimate personal reusable adapter concept is fabricated
of metal with provision for attachment of a plastic or paper liner on -the inside
surface.The adapteris shaped to interface with the feces collector transfer tube.
The liner and adapter are provided with holes to’allow cabin air into the adapter
for vomitus entrainment. The liner is deposited into the feces collector after
usage. The adapter is cleaned to maintain hygienic acceptab111ty and stored
near the féeces collector. One bjocide wipe and one dry wipe were assumed to:be
adequate to clean the reusable liner. Skylab wipe data were used to determine

""the wipes penalty. The reusable adapter is identical to the Concept 1 config-

uration.
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' . APPLIANCE CONCEPT REQUIREMENTS AND PLNALTIES CALCULATIONS

I A

CONCEPT & /:m"r\m»;v‘c-_ PElaonpla AU TR, LigeD S WRUIA R

T

o} .

INDEX NUMBER ¢ = \.'3_.2.

: ELECTRICAL POWER REQUIREMENTS .
e SESSSSSESE Sesss Ssdillrosess '
) - AC . POMER DC POWER o
. 1 . 7
) y;g%x_c Q) omg‘?m O) DEMAND
' CYCLE . PEAK AVERAGE ‘E‘QR;’)“"/ PEAK AVERAGE (UATT-HiR/
COMPONENT (REF) (HR) (WATTS) (WATTS) Ox® (WATTS) (WATTS) Dx{
*\\/m . s
. L)
. . L MAX TMUM TOTAL MAX THUM TOTAL
‘ ;
’ THERMAL REQUIREMNERTS
; LATENT SENSIBLE HEAT LEAK T0 COOLANT
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(‘ . . N .
« N /s —_—
' L YOTAL ' 3 : ey
. WATT (BTU/HR) WATT (BTU/HR) WATT (BTU/HR) WATT (BTU/HR)
| ‘ OPERATIONAL PENALTLES
THERMAL e
- ' HEAT LEAK 16 cooLANT ELECTRICAL WEIGHT VOLUME
SOURCE ~ (BTU/HR/CYCLE) (BTUZHR/CYCLE) ~  (PK WATTS/CYCLE)  (LB/MISSION) (FT3 /MISSION)
CS/A
f %
: TOTAL, . . T
‘ UATTS/CYCLE WATTS/CYCLE KG/MISSION MI/MISS oM
o (UTU/HR/CYCLE) (BTU/HR/CYCLE) (LB/MISSION) {(FT3/MISSION)
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APPLIANCE CONCEPT REQUIREMENTS AMD PENALTIES CALCULATIONS (CONCLUDED)

- CONCET gg,mgggaf LLISONMTC. ALHETEE | LINED | B USNBLE INDEX. NUMGER 2. /.3, .

WEIGHT ' VOLUME
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MM&W 312 = L2253
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WZW/&QS 42;50) ' e 1053 ; L OF3F

o | 718 (158) | | .20 (327)‘]
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S® 711 TS

e OOSF
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“HISSTON ™ = S X e X 1/ . [ &5 / (4 Z Z} |
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TOT_..LL. = 2= e
HISSTON S6 X ZOK X 0089 { 0029 " (./o2) ]
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. ; T :
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SPACECRAFT | Shuttle '
' Waste Collection/

~ HABLTABILITY SUBSYSTEMPersonal Hygiene HABITABILITY FUNCTION_ Transfer

APbLIANCE FUNCTION Vomitus Collection/Transfer

APPLTANCE CONCEPT NO./TITLE 3/Portable Disposable Cojlector (airline type)

INDEX NO. 2.1.3.3 REF. NO._187,207,250, & 209

DESCRIPTION The portable disposable collector is a light flexible bag with a
drawstring closure device, The bag is used on all airlines and is made of

thin gage plastic. The crewman can store the bag in a clothes pocket where it
will be ready for use at any time. The bag is unfolded and grasped near the
opening by both hands and held against the face enclosing the nose and mouth.
Proper placement of the bag against the face provides the seal. The bag is
sealed after use by tying a knot. in the closure cord and discarding the bgg and
contents into the feces collector. .

—t—e— FOLD EDGE
OVER  FINGERS
PRIOZ. IO vst

~D\SPOSABLE. |
oL ING - BAG
COLLECT O,

TE OFF  —
- QLOSVRE. TORO.

FOLDED RBAG foR
STORAGE. '
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. A APPLIANCE CONCEPT REQUIRCMENTS AND PENALTIES CALCULATIONS .
concept =/ Mt TARLE "D SRS GLRLE G UECTOR inoex hurper 2. 13,3
qle e ' .-
L“"" ELECTRICAL POWER REQUIREMENTS .
R 4 :
‘ AC . POMWER DC POWER -
1 , 6)) 7
USE_YIME ® ©) DEIND ® ® DENAND
. J - .
' oCLE . PEAK AVERAGE (AN TR/ PEAK AVERAGE (WATT MRS
COMPONENT (REF) {HR) (WATTS) (WATTS) 0116 (WATTS) (WATTS) Ox@
\Q/m. .. -
1Y
. . L MAX IHUM TOTAL MAXIMUM TOTAL
! ,
THERMAL REQUIREMENTS
LATENT SENSIBLE , HEAT LEAK TO COOLANT
“ SOURCE : (BTU/HR) “(BTU/HR) (BTU/HR) (BTU/HR)
f Yoo -
) . TOTAL e 2 — :
' o ‘ WATT (BTU/HR) WATT (BTU/HR) WATT (BTU/HR) WATT  (BTU/HR)
f OPERATIONAL PENALTILES
. S THERMAL : T
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C N/ L
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APPLIANCE CONCERT RCQUIREMENTS AMD PCNALTICS CALCULATIONS (CONCLUDED) ‘
CONCEPT, 3 /02  ALBL L. IASPOSABLE BOLLECTOR. INDEX NuMBER 2, /o 3. 2
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FIXED WEIGHI/VOLUME REQUIREMENTS
' WEIGHY VOLUME
COMPONENT {REF) (LBS) (FT3)
’ /Z il ‘.‘{:ZZPZ .:5 ‘ ZQ?) /r /5 ‘0/
TorL [ s2r (hi5)] [ etozs (ol |
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TYPE UNITS/CYCLE(REF) {LB) ) {L8 , (FT3) FT3
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SPACECRAFT Shuttle

Waste Collection/

"HABITABILITY SUBSYSTEM Personal Hygiene HABITABILITY FUNCTION_ Transfer

APPLIANCE FUNCTION Vomitus Co]]ect1on/Transfer

APPLIANCE CONCEPT NO./TITLE__ 4/Reusable Portable Collector

INDEX NO. 2.1.3.4 REF. NO. 207

DESCRIPTION

}The reusable portable collector-is constructed of a Tightweight metal (aluminum

for study) canister type collector with a provision to draw cabin air through
it during vomitus expulsion. The resulting entrainment will prevent cabin
contamination. The vacuum provision makes sealing at the face less critical
than other concepts. A sea11ng cover prevents spillage. The collector can
be used at any vacuum source in the spacecraft. The collector is washed out
in a feces collection commode or other suitable debris trap by connectwng a
flexible flush hose to the collector. i
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APPLIANCE CONCEPT REQUIREMERTS AND PENALTIES CALCU.LMIOHS i 4
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APPLIANCE CONCEPT REQUIRLMENTS AND

PENALTIES CALCULATIONS (COHCLUDLD)
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=¥ HABITABILITY SUBSYSTC 2.0 Personal Hygiene

HABITABILITY FUNCTION 2.2 C]eansiﬁq

E APPLIANCE FUNCTION 2.2.1 VWhole Bcdy Shower
i C NUMBER OF CONCEPTS COMSIDERED 4
ASSUMPTIONS

(1) Whole body shower concepts enclose the entire body to accomplish whole
body cleansing. The showers are similar to terrestrial type; however,
water usage is much lower, ‘

(2) The shower frequency used is one shower per man per day (Ref. 127 and
273). The use time for one shower is 15 minutes (Ref. 127).

(3) Towels used for drying after showering, if required, are discarded after
60 drying cycles. ' '

(4) Washer/dryer penalty was based on washer Concept 7, Water Spray Agitation,
and dryer Concept 1, Forced Hot Air-Electric Dryer.

(5) Water used for Space Station body cleansing was assumed to be recycled
minus the water loss associated with suspended solids. Shuttle water
used is not recycled. ' '
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SPACECRAFT A Shuttle

HABITABILITY SUBSYSTEM Personal Hygiecne HABITABILITY FUNCTION Body Cleansing

,APPLIANCE FUNCTION__Whole Body Shower
APPLIANCE CONCEPT NO./TITLE 1/Vacuum Pickup
INDEX NO. 2.2.1.1 REF. NO. 127,278,273,236,209, & 129

DESCRIPTION

The vacuum pickup concept is a shower stail, which includes a transparent door,
and is sufficient in size ta allow adequate movement of the crewman during
showering and stall cleanup. Water is retrieved by a vacuum pickup system and
pumped to the water waste management system. The pickup system allows the
crewman to collect water from free air and the stall wall, floor, and door. .
The shower includes a water distribution system which insures proper cleaning
with minimum water usage. A fan is used to circulate air to the shower with

a cabin air bleed for carbon dioxide control within the stall. The circulated
air is heated to provide a comfortable shower environment. The crewman uses
terry towels for drying after showering. The terry towels used for the study
are 16 x 24 inches and are assumed to contain one pint of water after drying
(278). This concept has been brought to the prototype stage and is scheduled
to be tested at NASA JSC. )
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' APPLIANCE CONCEPT REQUIREMENTS AND PENALTICS CALCULATIONS | ) ‘
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APPLIANCE CONHCEPT REQUIREMLNTS AND PLNALTILS CALCULATIONS (CONHCLUDED)
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n  SPACECRAFT Shuttle

CHABITABILITY SUBSYSTEMPersonal Hygiene HABITABILITY FUNCTION_Body Cleansing
APPLIANCE FUNCTION _ Whole Body Shower

APPLIANCE CONCEPT NO./TITLE __ 2/Air Drag

INDEX NO. 2.2.1.2 REF. NO.____ 278, 127

DESCRIPTION

-

The air drag concept is the same as Concept 1 with the exception of body drying.

Body drying is accomplished by heated air passing over the crewman's body while
in ‘the stall. The concept eliminates the requ]rement for towels and the asso-
ciated washer/dryer penalties; however, it is a high power consumption unit.
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APPLIANCE - CONCEPT REQUIRLMENTS AND PENALTIES CALC|JLATIONS
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APPLIANCE CONCEPT RCQUIREMENTS AND PENALTIES CALCULATIONS (CONCLUDED)
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" SPACECRAFT Shuttle

HABITABILITY SUBSYSTEM_Personal Hygiene HABITABILITY FUNCTION Body Cleansing

APPLIANCE FUNCTION Whole Body Shower

APPLIANCE CONCEPT NO./TITLE 3/Mechanical

INDEX NO. 2.2.1.3 ' REF, NO. 278

DESCRIPTION

The mechanical shower concept is whole body showering without air recirculation
and vacuum water retrieval systems. The water is picked up manually using
towels. The towels are washed and dried after use. Five towels per shower
(Ref. 278) are required for crewman drying and water pickup. Each towel is
assumed to hold 1.0 pints of water. The stall and water distribution system
are identical to Concepts 1 and 2. Water recovery from the towels is accom-
plished by spin drying in the washing machire. The amount of water left in

the towel after spin drying is neglected since it is equivalent to towels being
washed and then dried. This is a valid assumption because the towels are
washed after each shower.
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APPLIANCE CONCEPT REQUIRCHIRTS AND PERALTILS CALCULATIONS (CONCLUDLD)
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HABITABILITY SUBSYSTEM Personal Hygiene HABITABILITY FUNCTION Body Cleansing

L APPLIANCE FUNCTION
APPLIANCE CONC™PT NO./TITLE

INDEX NO.

Whole Body Shower

4/Collapsible (Skylab)

DESCRIPTION

2.2.1.4

REF. NO._279,283,297.782,255,209

The collapsible shower concept was used on Skylab. The shower stall is folded
down for use to minimize space. The shower enclosure consists of two end ring

closures and a translucent Beta cloth skirt with stiffening rings.

One end

ring attaches to the floor and the other to the ceiling when the shower is in -

use.

Water is delivered through a nozzle with vacuum pickup of water. The -

waste water is centrifugally separated and routed to the water waste management

One towel per crewman per shower is used for drying.

DISCONNECT
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Six pounds of water were used for this concept per shower (Ref. 282).
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SPACECRAFT Shuttle

HABITABILITY SUBSYSTEM Personal Hygiene HABITABILIT? FUNCTION Body Cleansing
. APPLIANCE FUNCTION

A?PLIANCE CONC™PT NO./TITLE
I 2.2.1.4

Whole Body Shower

4/Collapsible (Skylab)

INDEX NO. REF. NO._279,283,297.282,255,209

DESCRIPTION

The collapsible shower concept was used on Skylab. The shower stall is folded
down for use to minimize space. The shower enclosure consists of two end ring
closures and a translucent Beta cloth skirt with stiffening rings. One end
ring attaches to the floor and the other to the ceiling when the shower is in -
use. UWater is delivered through a nozzle with vacuum pickup of water. The -
waste water is centrifugally separated and routed to the water waste management
Six pounds of water were used for this concept per shower (Ref. 282).
One towel per crevwman per shower is used for drying.
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APPLIANCE CONCEPT REQUIREMUNTS AND PENALTIES CALCULATIONS

CONCEPT o/ COC LAIPSIBLE (Br eI B)

o D2;)185¢t-2

INDEX NUMBER 2. 2e Lo F-

ELECTRLCAL POMER REQUIREMENTS
, ’ AC . POWER - DC__POWER
¢ Q) )
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PENALTIES
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.
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APPLIANCE CONCEPT REQUIRCMINTS AND PLNALTIES CAICULATIONS {CONCLUDED)

CONCEPT 4/ (OLLALSI BLE (5K VLA ) IHoEX HuMBER_2, 2 0 [ ¢
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SOLID EXPENDABLE WI/NOL REQUIREMENTS

@ (©)] @ ®
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HABITABILITY SUBSYSTEM_ 2.0 Personal Hygiene

JHABITABILITY FURCTION 2.2 Body Cleansing

APPLIANCE FUNCTION 2.2.2 Partial Body Washing

NUMBER OF CONCEPTS COHSIDERED 6
AssUPTIONS o RN
(1) The partial body washing is the washing of-local body areas (i.e., feet,

- (2)

(3)

(4)

(5)

hands, face).

Washer/dryer penalty was based on washer Concept 7, Water Spray
Agitation, and dryer Concept 1, Forced Hot Air-Electric Dryer.

Water used for Space Station body cleansing was assumed to be recycled
minus the water associated with the suspended solids. Shuttle water used
is not recycled. .

Partial body washing frequency used for the study is 10 times per day per
man with a use time of the wetting unit or equiva1ént of 2.25 minutes per
use. 4

Washcloths or reusable paper wipes, if required, are discarded after

60 washing cycles. '
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SENS{TIVITY ANALYS(S
—.~RaTING_FOR EacH CONCEPT RFTER INCREASING..— o
SINGLE SELECTION PARAMETER WEIGHTING FACTOR BY 50 g ‘
. (BASED ON. 100 % MaAX POINTS)., . —_— -
0 - : -
‘ cownceEPT
—— SVEEERERUS DU SO SESOR B 5 & ———
 NORMAL 21,06 32,27 _ 93,46 53427 18,57 65,33 _ ..k
e WEIGHT_____ 24416_.34+81 _93¢34_56°83__16+98 . 6495
POWER 19,27 29,50 94,02 56037 17.00 65438
e VOLUME . 19482 35425 _93¢23 . 55450 . 21436.. 6457 _,
THERMAL. 19¢25 29¢50 9402 S1e94 1698 67014
—— RELIAB=Y ... 20682 . 319469 .93.66 51565 -18e41- 63063 -— -
MAINTENC 21e36 32423 9366 51465 18.95 é4.02 )
~~——pEV--COS 22¢68—-32093--92¢31-—-48470--20641-—67 45 - -
. R . L = : (] |
: NI |
o A § o b - - 1.“- |
3 ~ e = :
\' SENSITIVITY_ANALYSIS o0 Al
1 . M a »\J.! ]
RATING FOR EACH CONCEPT AFTER INCREASING §E 3
SINGLE SELECTION PARAMETER WEIGHTING FACTOR_BY._=50_% - e
{BASED ON 100 %3 HaAX POINTS) & F‘
. : e e e e T R %"’5
e e CONCTEPT :>2: o -
1 2 3 4 5 6 =
TTONGRMALT T 21,067 32427 93,46 53427 18,57 65,33 5‘{3""”'_ -
T WEIGHT T 174317 2942077 93461, 48996 20449 65479
v PORER .. .. 23421 . 35¢60 9278 49052 2047 65228
VOLUME. 22+¢46 28B+88 93472 S0v462 1541 bb6e20 }
S THERMAL ... 23,24 35460 92478 5486 20449 63415 . - e i
"RELIAB=~Y 21931 32¢88 93425 54998 1874 67415 ;
L MAINTENC ___ 20e¢73__.32¢30__93¢25__54¢98__18e17._66¢73
pEV €0sY 19610 31947 94¢85 SBe78 {635 62478
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DISPOSABLE WASHCLOTHS {SKYLAB)

A T ‘ ; .
Yooy . \ ' * 4:—1
APPLIANCE CONCEPT COMPONENT SUMMARY MATRIX
APPLIANCE FUNCTION: 2.2.2-PARTIAL BODY WASHING
NUMBER ~OF COMPONENTS
COMPONENT TYPE
w NUMBER
(=4 1 . |
o el 2 ISSIS OF
Lo ] fan? j SR «C = o |
2l = |8 2! 3 12313 : — e , SAFETY
G E IS eS| S |EE|ES|SY] o |SY| ¥ juy % -
= oo pr =0 O I Ezlzsiwal = = 4 (= ..13 8 CRITICAL
APPLIANCE TYPE NO .. @ @ @ @ @ @ @ @ @ @ @ @ @ O e
DISPOSABLE WET WIPES 1 {2 {2 {1 {11 {rv¢{1 |- -l -1 -1 0
REUSABLE WET WIPES 1221111 1f1 (1 - - -1 -11 0
DISPOSABLE WIPES R U I B IO N R - -1 -] - 0
" AUTOMATIC SPONGE (ASTRO-VAC) 1{2t24{14{-1-11 141 {1 - -1 -1 2 0
REUSABLE WASHCLOTHS 1f2f2 b1y 1| -1 -] -1 0
SO RS A A A N A B G O B O | 5 1{ 111 0
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" SPACECRAFT Shuttle

HABITABILITY SUBSYSTEM_Personal Hygicne HABITABILITY FUNCTION Body Cleansing

APPLIANCE FUNCTiON Partial Body Washing

APPLIANCE CONCEPT NO./TITLE____ 1/Disposable Wet Wipes

INDEX NO. 2.2.2.1 REF. NO.__236, 186

-

DESCRIPTION

The disposable wet wipes concept is a sponge bath technique used to clean local

areas of the body. A wetting and soaping unit, with hand holes is supplied

for the function. The unit has a water supply outlet, a storage area for soap

and a fan for providing water entrainment during use. A centrifugal separator

is provided upstream of the blower to collect used water. MWater temperature

is controlled by mixing hot with cold water in a temperature controlied mixing
-valve. The crewman first "soaps up" the wipe in the wetting unit, then uses it

to clean the required areas of the body. The wipe is wrung out.and rinsed

inside the wetting unit. The rinsed damp wipe is used to wipe excess soap from

the body. A final rinse and wringing out of the wipe is accomplished and the

wipe is disposed of by depositing it into a vacuum drier to remove excess water.

The dried wipe is then deposited into the refuse system. The disposable wipes
are 12 inch squares of 4 ply wet strength paper, 10 of which are supplied per
crewman per day. .
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APPLIANCE CONCERY REQU!REI’EHTS AND PCNALTIES CALCULATIONS

INDEX NuMBER 2, 2 2. |

CONCEPTLL_QZ{? Tdﬁé.é_..é'z&/" CrPES
' ELECTRICAL POWER REQUIREMENTS
- S AC . POWER L DC___POMER
: (%) @
USE_TIME ® ® DEHAND ® ® DEMAND
CYCLE PEAK . AVERAGE  (HATT-HR/ PEAK averae  (HATTENR/
COMPONENT (REF) {HR) (WATTS) (WATTS) Ox@G (WATTS) (WATTS) Dx
QLETTING QU 2) 0325 S0 240 . _ 92 —_— = o
. »
L4
Loo 90 B _
MAXIMUM o ’ TOTAL MAX IMUM . ToTAL
! . ¢
.T_!*_.E.&_&AL x!’.i&ﬁ.ﬂiﬁ1§
' LATENT SENSIBLE HEAT LEAK TO COOLANT
o SOURCE ' (BTU/HR) (BTU/HR) (BTU/HR) (BTU/HR) |
LWRTER HER7 LOSS _JEchﬁ_ — —_ o) :
o7 22S I8 9453 e

5 TOTAL ZQQ.Q@Q@ _J]wfg) ZZ@SL(%& % —————660)

WATT (BTU/HR) WATT (BTU/HR) WATT (BTU/HR) WATT (BTU/HR)
. .
i . -
- OPERATLONAL PENALTIES

. THERMAL : . R
 HEAT LEAK 70 COOLANT ELECTRICAL WEIGHT VOLUME :
. SOURCE {(BTU/HR/CYCLE) (BTU/HR/CYCLE) ~ (PK WATTS/CYCLE)  (LB/MISSION) (FT3 /MISSION) .
/V/4 - *
- N H

o ~TOTAL ' M ~
) WATTS/CYCLE WATTS/CYCLE o KG/MISSTON MVH!SSIOI‘{
(BTU/HR/CYCLE) {BTU/HR/CYCLE) ) {LB/HISSION) » (FT3/MISSION)

- ' B2-22]
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS (CONHCLUDED)

_ CONCEPT [ LN SIS )AL LT e T ct PES

IHDEX HuMBER_ 2. 2.2, [

FIXED WEIGHINOLUME REQUIREMENTS
. ' " NEIGHT voLUME
COMPOENT (REF) (Les) (FT3)
WETTING UMIE " Cz? : G569 Zo.|
LUSHOSORLL IrPES  [(256) 1 2.3 [-23
wn - [ 30.8_ (4749)) [ .cod  @l.33)
S <R (U] ' M3 (FT3)
s$oLI1D EL&E!.QAE_.L_E WI/NOL RERKUIREMENTS
. 3
® HT/UNIT@(REF) WI/CYCLE vouum@ (REF) voucOYCLs
‘ (PKG.WT/UNIT)(REF) Ox {PKG.VOL/URIT)(REF) CPXS'D
TYPE UNITS/CYCLE (REF) (LB) ) (Le (FT3) £13
whPes ] (23 OIS (2x). LIS L2015 OOLS”
X ' Yy
20O TDTACLD {Fr%:ms I 20 "T‘uﬁﬁ?’%{/m&“
L8 : (£13)
T0TAL WT. ' A :
“WISSTON ™ * LO x___ 20,45 w08 y &858 (/2.3
\ CYCLES/DAY DAYS/HISSION Tor,sgégvcw KG (LB) -
TOTAL VOL _ . ; . 5 '
—wission - ___ 40 X 2O 5  x_ 0005 I 035 [1.23)]
CYCLES/DAY DAYS/MISSION ' TOT.\(Ing.g)CYCLE : CENGIR

EXPENDABLES

ANy Ay R\

GAS/LIQULD DABLES

A\ . ) . @ . ‘ @

Q
AMT . RECOVERED/CYCLE

®
AMT LOST/CYCLE

CYCLE/DAY

B2-222

(L8)

, AMT . USED/CYCLE (REF ) RECOVERY X -3
TWPE , (LB) FACTOR (LB YUY

_OXTGEN(IMBEDISOIN) . «LOOT!Y W7 M V2 2 T A
. LATERZ S S AL M &

WATEZ LOSS (6055 _ 0 ¢FE 7z ML - O FFF

YO 545 XTO® L8525

W _ Lo x 205 v 595 . 4469+ _MA_* |a702.7g444~22l
Co TTOAYS/NISSTON —  TOTAL (ZLOSé§CYCLE e G (LY~
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(b sPAcEcRrFT Shuttle

HABITABILITY SUBSYSTEMPersonal Hygiene HABITABILITY FUNCTION Body Cleansing
APPLIANCE FUNCTION. _ Partial Body Washing

AéPLIANCE CONCEPT NO./TITLE 2/Reusable Wet Wipes

_ INDEX NO.___ 2.2.2.2 REF. NO. 236, 186
DESCRIPTION , : L
The reusable wet wice concept is a sponge bath technique used t6 clean local P
areas of the body. The wetting unit described in Concept 1 is also required for
this concept. The reusable wipes, however, are wrung out in the wetting unit L
and reused. Reusable wipes are provided on a per man basis. The wipe is washed o
and dried using a washing machine and dryer. After 60 washings, the wipe is N

discarded and replaced. The reusable wipes are 10 inches square of 4 ply .
"wet strength" paper.
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% APPLIANCE CONCEPT REQUIRLMLNTS AHD PCNALTIES CALCULATI
P CONCEPT R L2 ¢ (LR BLET L& T CIPES :

OHS

INDEX NUMBER 2., 2.2 . 2-

. ’ ELECTRICAL  POWER REQUIREMENTS
s 5 . AC . POWER - DC POWER o
: USE_TTHE ® DEMAND ® ® DEMAND
. CYCLE PEAK . AVERAGE (WATT LR/ PEAK AVERAGE (UATT MR/
COMPONENT (REF) (HR) (WATTS) (WATTS) OxG (WATTS) (WATTS) Dx
LUTING U (23) 0378 beo 240.5 _7.02 —_— = —_
L
i . ' 20.3 L]
MAXIMUM TOTAL MAXIMUM TOTAL
[4
IHERMAL REQUIREMENTS
: . o LATENT SENSIBLE - HEAT LEAK T0 COOLANT
‘ v © Y SOURCE (BTU/HR) (BTU/HR) (BTU/HR) (BTU/HR)
¥ LUBTCE AT LOSS 360 — _ B0
D07 DNES — 9+¢8 1L -

o _ 3 ' TOTAL 0524 (35 278 (3%3) 78 (%j‘fg)

WATT (BTU/HR)

j : WATT (BTU/HR) WATT (BTU/HR)

L)

(5.6 (360)

WATT .(BTU/HR)

AT LEA 0 cooLT ELECTRICAL WEIGHT VoLe
: . SOURCE (BTU/HR/CYCLE) (BTU/HR/CYCLE) (PK WATTS/CYCLE)  (LB/MISSION) (FT3/MISSION)
i ; QIASHEE _10.95 - _5/6 F36 L0039
: DR, s792° 427 __.e5E  __A7E 238
S :
R '
| | s ' 3.44 ’ 43 . 277, 002 '
L ST ToTAL T42). _(1.47) L1469 ,g._é_m _gLol%L. |
_ : WATTS/CYCLE WATTS/CYCLE KG/MISS1ON MIMISSTON
(BTUAMR/CYCLE)  (BTU/HR/CYCLE) (LB/HISSION) (FT3/MISSION)
i B2-224
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APPLIANCE CONCEPT REQUIREMLNTS AND PENI\(H[‘S CALCULATIONS (C()NCLU[)CD)
CONCEPT 2,/42L LB LC_CIET ClIPES INDEX HUMBER_E, 2. 2. &

METGHT VOLUME
COMPONENT . (REF) (LeS) _ (FT3)
"LETTING (LA (23¢) : 285. 939 3.5
LLUSABLLT drPES (23 , 055 03¢

we [ 729 @ss| [0 (3534

" KG (LBS) M3 (FT3) -
soL1D ELEEEQ&QLE WI/NOL REQUIREMENTS
o WT/UNITO(REF) m/c@as vouuru@ (REF) v0L/C©YCLE
- {PKG. NT/UNIT)(REF) @x%) (PKG. VOL/UNIT)(REF)
-~ TYPE UNITS/CYCLE(REF) (LB) LB (F13) FT3
_UPES [/ (23) M&Z{Mo 7. 00032 (%) 000042
4
COO0LES -
20 ~SGTAL m/cvcnl L® 5 voucvacu
. (L8) - (FT3)
TOTAL WT. — -
HISSTON ~ “Fo X 20. 5 X Méé} [ .ozs /055) |
CVCLES /DAY DAYS/HIS S TON (HSYCLE ()
OTAL VOL . . ' 4
“WISSTON GO X __ 20,5 X _O00FZ (o097 (o34) )
~OVCLES DAY BAYS/M1SSTON TOT.\(IE%()‘,YCLE W (FT7)
' GAS/LIQULD Eiiﬁﬂ?.ﬁﬁ!:.ﬁ_i REQUIREMENTS
RO Rscoc?cn Am.ascovrg)ﬁn/cvcw P Los@ CYCLE
. AT USED/CYCLE(REF)  ~ Y Ox i @
TYPE i 21 (LB) , FACTOR . (LB (L8
WATLTE i5  (23¢) N4 . N/MA .S
L ChA L - ' L _ :
LOSS PeNATS e @2¢ _ N/A A4 : 024
>"; f T O .524 - o Te ___.52¢
© JOTAL MT. ’ ‘
“wrssnon- * < 20,5 29 z < (/9.9 (429.7)
\ - cvd%ﬁ/\‘v X oS TﬁL losrf ¢ -2 M [ K (L(B) )
: o @ (L8} QO
B2-225
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SPACECRAFT , Shu£t1e
HABITABTLITY SUBSYSTEM Personal Hygiene HABITABILIT? FUNCTION Body Cleansing

L APPLIAKCE FUNCTION__Partial Body Washing

APPLIANCE CONCEPT NO./TITLE__ 3/Disposable Wipes (Skylab)

INDEX NO. 2.2.2.3 REF. NO._ 250, 283

DESCRIPTION

The disposable wipes concept is made up of prepackaged wipes which were used
on Skylab. The wipes are contained within a package to eliminate water evap-
oration during storage. The units are used and discarded. The Sky'lab size
wipe weight and volume were ratioed (6.3) to the 10 inch square wipes used in
Concepts 1 and 2 in order to provide an equivalent trade

Wipe Dispenser

—————

Rk 4:?1 6..TN.

-TISSUEWIPE DISPENSER
WIPE PACKAGE

SPRING FEED\l RS
TISSUE PACKAGE

BIOCIDE WIPE PACKAGE
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R APPLIANCE CONCEPT REQUIRTMENTS AND PENALTIES CALCULATIONS

CONCEPT ?"/\"‘7"\'"““»%“'*‘»-5 WPeS (Dl LAY, INDEX NUKDER €=C-T a3

B2-227

g ELECTRICAL POMER REQUIREMENTS , .
RV g , i
o AC . POWER DC__POMER -
7 7
USE_TINE ® ©) ozx%o ® DEMAND
CCLE . PEAK averge  (ATT-UR/ PEAK mverne  (ERTTHR/
COMPONENT (KEF) (HR) (WATTS) (WATTS) Ox (NATTS) (WATTS) D x{ ]
. ‘“{)/& . i ! .
i
. PO USSR =
. : . MAX MU TOTAL MAX IMUM TOTAL X
: : =
) ) ‘i
!
, i
THERMAL REQUILREMENTS |
|
LATENT SENSIBLE HEAT LEAK TO COOLANT g
SOURCE (BTU/HR) (BTU/HR) (BTU/MIR) (BTU/HR)
i . » A . ) : ,!‘
:
5
o
.
S
5o
. TOTAL - : i
‘ WATT (BTU/!’.R) WATT (BTU/HR) WATT (DTU/HR) WATT (BTU/HR) é
. L
L
0PERATIONAL PENALTIES
' . ‘ THERMAL "
- , HEAT LEAK 10 CootAnT ELECTRICAL WEIGHT VOLUME
SOURCE (BTU/HR/CYCLE) (BTUZHR/CYCLE)  (PK WATTS/CYCLE) ~ (LB/MISSION) (FT3 /MISSION)
N /(x )
i
Wi,
TOTAL .
WATTS/CYCLE WATTS/CYCLE KG/KISSION M3 7SS 100
(BIU/IR/CYCLE)  (BTU/UR/CYCLE) (Lb/MISSIOR) (FT3/MISSION)
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APPLIANCE CONCEPT RCQUIRLMENTS AND PEHALTIES CALCULATIONS {CONCLUDED)

CONCEPT B/ DISLASABLL (/L S (SIEvesiB) INDEX NuMbeR_2. 2. 2. 5

—— e LA S A —_— e A

WEIGHT VOLUME
COMPONENT (REF) {LBS) ) C(FTY)

GBS IR (252) ' Dl L 2.2

‘TOTAL . 43.6 (94,/) ‘ |_ 043 ‘12.310’)]

, ‘ L . X6 (LBS) ' M3 (FT3)
s$oL1D E.K,E.E_EAEA.&LE WINOL REQUIREMENTS
' ® ® ®
10 m/umT®(REF) WT/CYCLE VOL/UNIT (REF) VOL/CYCLE
(PKG.WT/UNIT) (REF) Ox@ (PKG.VOL/UNIT) (REF) C?x 0
TYPE UNITS/CYCLE(REF) (L8) L LB (FT3) I (38
LIPES [ (236) 56/ 30ifining) . JI72  LEWENGE) ) 0027
v
' i - 2 7
: >> @. TOTAL m/c%éu : 20 TOT‘A‘LC‘?%L‘/CIY,C' I3
. (LB) o (FT3)
TOTAL WT. . ) .
MISSTON Ao X 20.5 X L1 72 L4346 (96.0])
\ CYCLLS/DAY DAYS/MISSION TOT.P(J{/():YCLE KG (LB
ALB
TOTAL VOL _ - ot
TMISSTON T 40 X _Qo 5 X s OO0 Z 7 l . %3 (42- Z_)__]
"CYCLES/DAY DAYS/MISSTON TOT.\((OLal)CYCLE : PON(SENN
. FT i
. GASLIQULID EXPENDABLES  REQUIREMENIS
B . | C @
@ REC(S)ERY AMT.REcovr?r.)ﬁD/cYCLE AMT LOST/CYCLE
AMT.USED/CYCLE(REF) 010 v 1 -<®
TYPE - {te) - FACTOR (L8 *(LB
: 20 - 2®
T0TAL UT. o . - e
MISSTON™ ~ X e X L + . ,
T CVCUE/DAY DAVS/RISSION. ~  TOTAUT.OST/CVCLE KG (LE)
=@ (L8) e @
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SPACECRAFT Shuttle

'.HABITABILITY SUBSYSTEM Personal Hygiene HABITABILIT? FUNCTION Body Cleansing
APPLIANCE FUNCTION Partial Body Washing
APPLIANCE CONCEPT NO./TITLE.

4/Automatic Sponge
__REF. NO._

INDEX NO. 2024

236, 100

DESCRIPTION

-

The automatic sponge concept is.a hand-held scrubber head connected by coaxial
flex tubing to a water supply valve and an air transport system.

fed into a sponge in the scrubber head for use in cleaning the body.

pickup housing connected to the vacuum line surrounds the sponge.
A pump unit injects the
water into the water waste management system. .Each crewman has a sponge and

is provided with one sponge per month to fit the scrubber head.

separator is used to collect water from the cabin air.

. g0 cAmN

i

' TAIR TRANGFORT

20 TR sremmx

L

CARIN ATH o
. COAXIAL FLEXIBIZ HOSE
. . A
CONTRIFVGAL *
. SEPARATOR
\ .
. D L - VATER COITIOL VAVIZ -
: O | : .
: I d FROX 12AT
< MATER TUM_ AND D TRANSIORT BYSTIM |
TIMETATURE CHTROL .
q TROM KATER BYSTEN
]
2
-~
*
. .
.

WATER TRANSPORT

Water is
A water
A water

HAIZLE

COITTCL VALVE

 AIR TRAIDRCRT UNIT

CEITRIFUCAL T-PASAT'S

SATIR GPAISPORT W2
R ;>

.
T T T T T T T T T R A T SN




conceer. 4 /Au7omn 7/c

D2-1i8561-2

APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS

7T/C SEOMG G

NDEX NUMBER_ 2. 2, 2o

ELECTRICAL POWER REQUIREMENTS '
- e - AC_. POVER DC___POWER_
® ) @)
USE TIME ® ® DEMAHD ® ® DENAND
| CYCLE PEAK averace  (WATT-HR/ PEAK AVERAGE (WRTT-HR/
CwPONENT (REF) (HR) ' (HATTS) . (WATTS) @ X (WATTS) . {WATTS) @ X
LALT (2.25) : . '
3 ' 2
Lz8 - LL9 S
- MAXIMUM . TOTAL + MAXIMUM .TOTAL
o . . [ 4
THERMAL REQUIREMENTS |
LATENT SENSIBLE HEAT LEAK TO COOLANT
’ SOURCE (BTU/HR) (BTU/HR) (BTU/HR) (BTU/HR)
LATER. BT Co5S _LFHD. — . (#40
HoIDES. _— 36.7 37 —
\ o £22.3(1440) L0.8(3%7) [fo.8(%1) 4223(14fo)
WATT (BTU/HR) WATT (BTU/HR) WATT (BTU/HR) WATT r(BTU/HR)
] : 5
B QPERATIONAL PENALTIES '
. THERMAL :
HEAT LEAK 10 coouant  ELECTRICAL WEIGHT VOLUME
. SOURCE {BTU/HR/CYCLE) (BTU/HR/CYCLE) {PK _HATTS/CYCLE) {LB/MISSION) (FT’/WSSXON)
72 .
)
‘ TOTAL ; . N
WATTS/CYCLE WATTS/CYCLE KG/MISSION MI/MISSION
(BTU/NR/CYCLC) (BTU/HR/CYCLE) {LB/MISSION) (FT3/M15S10K)
B2-230
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APPLIANCE CONCEPT REQU]REMENYS AND PENALTIES CALCULATIONS (CONCLUDED)

) coucmfg'dgﬁ)mzzc; SEOMGE INDEX NUMBER 2 Z, 2. ¢

. EIXED ’E.E.LQHJ!QLQ.EE REQUIREMENTS *
; ' ' WEIGHT ' VOLUME
o CCOMPONENT : (REF) (LES) . . (FT3)

L AURINTIC SRNGEUT (230) ' 20.6 L . 1.5

SPOMGES N a.0o8/ ‘ O O[3

o | 736’ (20.681)) L _.o#3 '[A:é‘/é’)J

; . . : . KG (LBS) ’ M3 (FT3)
- soL1D EX _EEQA_B.LE LRVARN ”9213.&!4.&!112 ’
. ® ® @ ®
@ WT/UNIT (REF) . WT/CYCLE VOL/UNIT (REF) VOL/CYCLE
¢ (PKG. HT/UNIT)(REF) ®XSD (PKG. VOL/UNIT)(REF) (Px
R TYPE UNITS/CYCLE(REF) (LB) (FT

ﬁmwwﬂwmw

¥
. . E® TOTAL NT;CYCLE' K ZCS) TOT/\L VOL/C"YSC:lZ €t
. . _ (L8) (F73)
TJOTAL WT. _ ) C R . .
“HISSTON * Ho x___20.5 X__._QQ%QE&, . 237 (o5
R CYCLES/DAY DAYS/MISSION TOTJ({EI/;)Z CLE . K6 (LB} N 7
TOTAL VOL ‘

* o - 20.5 | LO000/59 " ’ 000369 (O/:
HIs TN C?CLES/DAY * “DAYS/HISSION * TOT.VOL[CHCLE - - '_TTT)‘(M T -——Q;U

‘ 0 REC;,DER;, P m.azcovs%o/cms AMT LOS(P CYCLE
‘ AMT, USED/CYCLE(REF) X . (D-Sé)
TYPE , o B) - FACTOR : (L8 (LB
UWATER. .05 (23¢) - NA N 28
A R | -

b * JOTAL WT. ’ ' .

‘T 'M‘lss“fc‘ri"' (#] X 20.5 .05 | B.6 (710
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Shutt1e‘

rtial Body Washing

HABITABILITY SUBSYSTEM_Personal Hygiene HABITABILITY FUNCTION Body Cleansing

5/Reusable Washcloths

REF. NO.

236,237,245,209

The reusable washcloths cohcept,ié the same as Concept 2; however, terry

The terry washcloths are 6 inches
The washcloth is used for 60 washings then is discarded and replaced.

The washcloth is washed and dried daily using a washing machine and dryer.

.
APPLIANCE FUNCTION_Pa
APPLIANCE CONCEPT NO./TITLE
INDEX NO.__2.2.2.5 .
DESCRIPTION
washcloths are used for cleansing cloths.
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS '
CONCEPT, IS CCOTHES INDEX NUMBER_&Z, 2. 2.5
ELEEIBLE.‘.& POMER REQUIREMENTS
AC . POMER DC__POWER '
(USE_YIME @ ® oERID ® ® om(?no
; CYCLE - PEAK AVERAGE (g’v\HEHR/ PEAK AVERAGE “C‘QHEHR/
COMPONENT © (REF) (HR) {WATTS) (WATTS) @xé} (WATTS) _{WATTS) oY
LLETTING LT (2%) 0375 Soo . 2908 402 — = =
[ 4
Som - G.o2 * —_—
MAXIMUM o TOTAL MAX IMUM .TOTAL
ot ‘ [4
) .
L IEEEE&L RSQ!LEEEE!IE
o . LATENT szus:m HEAT LEAK YO COOLANT
* £ SOURCE (aw/un) {BTU/HR) (BTU/HR) (BYU/HR)
mz&g,.g________ 245 QLS. —_
.; H :
\ wm 05.C (Beo) 272 [775) 75)  WS5.4(369)
WATT (BTU/HR) WATT {(8TU/HR) 'WATT {BTU/HR) WATT ‘(BTU/HR)
. - v
[y N ,
¥ . 4 -
OPERATIONAL PENALTIES "
MEAT LEak. TR COOLANT ELECTRICAL WEIGHT VoLUME
O SOURCE (BTU/NR/CYCLE) ~_(BTU/HR/CYCLE)  (PK wAfTS/cvcm (LB/MISSION) (FT3/MISSION)
LUASHERE 4/¢ - /75 LS5 [2TE
DRAE._ 299 ' _56.5 24 659 _L4S
% :
© /3.2 T 7e. A 70.77 083
TOTAL _€_ ,%) 454 55) 44,[ (25,Q2§ 24
A‘TS/CY WATTS/CYCL KG/MISSION - M3 /MISSION -
' (BTU/NR/CYCLE) (BTU/HR/CYCLE) {LB/MISSION) (FT3/MISSION) = i
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APPLIANCE CONCEPT REQUIREMLNTS AND PENALTIES CALCULATIO
CONCEPT S/ USABLE. UNISHECOTHES ’

WASH CLOTHES _Olble (235) 077 ' .opl3

NS. (CONCLUDED)

noex nonseR_ 2. 2, 2.8

VOLUE

(F13)
2.5
. 746

[ .72 @.242))

E1XED WEIGHI/NOLUME REQUIREMENTS
; WEIGHT
COMPONENT ‘ J[(REF) (tas)
CAAETTING UNeT™  (230) 28.%9
LOSHCLoTHES ~ 107 -
YoTAL 1341 (29.5¢))
' KG (LBS) W3 (FT3) -
$0L10 EXPENDABLE MINOL REQUIREMENTS !
' 1©)
0] 'HT/UNlé:%REF) WI/CYCLE VOL/UNS;)(REF) ) VOL/é;%LE
(PKG.WT/UNIT ) (REF) OO (PKG.VOL/UNIT ) (REF) (Px
- TYPE UNITS/CYCLE(REF) (Ls) - (LB) {F73) F13

_ 066 (209 . 009/

0

_"fg[\L Wi/CYCLE ’ 10O ”fé?AL VOL/CYCLE
[ (X)) < (FT3)
JOTAL WI. _ ' , . 3
“MISEION o x __20.5  x__ . 00/3 483  (Lo7/) )
CYCLES/DAY DAYS/MISS 0N TOT.b(II!/;():YCLE . K6 (Lo
JOTAL VOL ) ¢
“wission©__ Ao x 20,5 x_ oo/ | _e20 ((He) |
CYCLES/DAY DAYS/MISSTON Tor.\(lglfggms : — WS (FTIY 7
GAS/LIQULD EXPENDABLES &EQ!L&E&E&li.
d Récﬁm m.ascovs@zswcvcw ‘ AMT LOST/CYCLE
AMT,USED/CYCLE(REF) - OxE -836
; TYPE . + (LB) FACTOR (L8 (L8
V2% 424 5 (236) N N/A -y
LIASHEIZ W/ATER. i - :

M/ﬂ < ‘9%

LOSS OeNTY 9006 7/

T

R YO __lioh

.‘ﬁ -

JOTAL WT.
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SPACECRAFT | Shuttle

‘HABITABILITY‘SUBSYSTEM Personal Hygiene HABITABILITf FUNCTION Body Cleansing

APPLIANCE FUNCTION___Partial Body Washing

APPLIANCE CONCEPT NO./TITLE_ 6/Disposable Washcloths (Skylab)

INDEX NO. 2.2.2.6 . ___REF, NoO. 236,283

DESCRIPTION

-

The disposable washcloths concept is the system used on the Skylab vehicle.
The terrycloth washcloths are wetted by depressing a water supply valve. The
unit will provide warm water from a heated storage tank. After the cloth is
used, it is squeezed using a manual squeezer unit. The water squeezed from
the washcloth is recovered and routed to the water waste management system.
One washcloth is provided per man per day. The washcloths are disposed of
by deposit into a vacuum drier to remove excess water. The dried cloth is
then deposited into the refuse system.
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS

Inoex wumser_ 2, 2. 2. 6

CONCEPT 4 T L/ASHCLOTHES
. ELEEIELEEL !’.9.!‘.5.3. 55&‘1155:’15!‘.12
’ - AC . é OWER - [ POMNER o
1) - /
USE YINE ® ©) oesHiD ® ® DEMAND
| S eveLe PEAK .  AvERace  (HATT-HR/ PEAK averace  (HATT-UR/
COMPONENT (REF) (HR)  (WATTS) © (WATTS) Ox (WATTS) - (WATTS) O (%J
Le2iTEE. (29 L0375 _— —_— = /¥ /1t B82S
QAT AP~ L2378 515 SZS 25 _ = —
; WAXIHUM « TOTAL MAXIMUM . TOTAL
'] & -— :. . '
o : CTMERMAL REQUIREMENTS
| .o LATENT SENSIBLE “ HEAT LEAK T0 COOLANT
* ¥ SOURCE : (BTU/HR) {BTU/HR) (BTU/H?)’_ (BTU/HR)
ATEH. M LOSS Lo = —_ 1746
KD ER, e 1.6 L6 —_—
V7Y A 2 = 27.4 29.4 - —

29.6Go10) 296000 32300

\ Covom S2.3(n0)
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. . e
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o ' ._' . K3 ) - .
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. . THERMAU ' e
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS (CONCLUDED)
CONCEPT G/ DYISHBSAIBL (5 LIASHICLOTHES INDEX NUMBER 2. 2. 2. G
EIXED MWEIGHINOLUME REQUIREMENTS
g WEIGHT VOLUME
COMPONENT +(REF) ) {L8s) L (FT3)
' Wzmm (Mej F2. F - L15
CIASH QLOTHES :

L8 F 228

ow [ Iz (28]  [z8c (/0 D)

KG (LBS) o oW (FT3)
SOLID ELP_EE.QAELE Wi/nvotL REQQU&EﬂEHli ’
' @ O] @ 5
10 WT/UNIT (REF) WT/CYCLE VOL/UNIT (REF) VOL/CYCLE
(PKG. wT/UNlT)(R[F) @xg) (PKG. vouumr)(asp) (Px
TYPE UNITS/CYCLE(REF) (L8 (FT3) T3

wszid.&zz&is —at  (z83) I%2.3_7)_,@14225_ % —0l022

~

_.O/078 .
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L MMTUSED/CYCLE (REF) #. - RECOVERY X -(é
TYPE : (Lp) FACTOR . - (L8 (LB
AT, .5 (23¢) Wi . Y. 17} .5 .
.MEZZ._LQ.SS_ZO_.. 025 A7 y.197:3 _ D28
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HABITABILITY SUBSYSTEM 2.0 Personal Hygiene

HABITABILITY FUNCTION____ 2.2 Body_Cleansing

APPLIANCE FUNCTION 2.2.3 Partial Body Drying

NUMBER OF CONCEPTS CONSIDERED_ 3

ASSUMPTIONS

(1) The wipes and towels considered for partial body drying provide the means
for drying local body'areas after partial body washing.
(2) Washer/dryer penalty was based on washer Concept 7, Water Spray Agitation,
and dryer Concept 1, Forced Hot Air-Electric Dryer.
"(3) Vacuum drying, if used, assumes the residual water in the item to be
dried is lost to space. Cabin air loss is also computed, since the
chamber contains a finite amount of cabin air prior to pump down.
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APPLIANCE CONCEPT FUNCTION MATRIK

P L L Y R b bbbt

L INDEX_NOjs 124243 !'_0_'___ ARTIAL_BODY_DRYING (SHUTYLE) ... .. — — —— I,
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o - SR
T TTAPPLIANCE N - T T
CONCEPT. . . R e
NO, CONCEPT NAME *) .
- o s m—— N i —— —_— 3 N
1 - REUSABLE DRY WIpES 1 - CABIN AIR (CIRCULATED), LITERS/SEC (FT2/MIN)
; 2 e _OISPOSAMLE_DORY wIPES 2 - CABIN AIR (LOST) » KG/HR {LB/HR)
. "3 e ELECTRIC DRYER 3 - OXYGEN LOST) » KG6/HR (LB/HR)
~ 4 - COOLING WATER (CIRCULATEG). KG/HR (LB/HR)
>3] 5 ~ WATER (LOS') o KG/HR (LB/HR)
B —t 6 - NITROGEN (CIRCULATED). KG/HR SL&/HR —
- [€P) 7 - NITROGEN (USED) » KG/HR EL3/HR)
_ § 9 8 - FREON (CIRCULATED), KG/HR (LB/HR)
e 9 - WATER (PROCESSED) ,_ KG/HR -(LBfHR)
P EA | .
L =)
7, w . N
C (+*#)coST
Q (**)AVAILABLE INDICATOR —
4 3 (1) AVAILABLE 0-25%
ok ~ (2) STATE OF THE ART 25-50%
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TTNUMBER OF DAYS ® 2045 ( o0& YEARS)
_. USES M0D SUBRQUTNE 29 . o
T THERMAL PENALTy o DIRECT TO COOLANT (LB/BTUH) +0250
__THERMAL PENALTY. = CABIN_HEAT. L:Ax___‘Le/nluu4__,osso
TTPOWER PENALTY. (LgS/WATT) TYPE | +5300
PONER PENALTY (LBS/WATT) TYPE 2 ,4300
e e _
"SELECTION MATRIX e e_ e s s PARTIAL BODY ORYING (SHUTTLE)
. MIN MAX CONCEPY
FicToR™ VALUE VALUE - P15 1 2 - JE
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SENSITIVITY ANALYSIS _
RATING FOR EACH CONCEPT AFTER INCREASING
e SINGLE_SELECTION_PARAMETER WEIGHTING_FACTOR BY 80_g% N
] {BASED ON 100 § MAX POINTS)
i , ‘ A
A ) CONCEPRPT
LR , 1 2 3
" NommMAL 32415 6861 41496
1Y T wELGHT 29440 71423 46491
L __POWER 3764 71030 _.38¢37_ e
: VOLUME 31403 64457 44485 OU ,
E T3 THERMAL____ 29440_ 71+30__43480 SRR, - 3.7
] RELIAB=Y . 3442] 69456 4C 59 %‘?}
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b RN &
o SENSITIVITY ANALYSIS - ol
. : : N
P ____RATING FOR_EACH CONCEPY AFTER INCREASING. = \k
: SINGLE SELECTION PARAMETER WEIGHTING FACYOR BY =50 $ ‘
(BASED_ON_100.% MAX POINTS) "
CONCEPT ::
— oy 2 3. : . i
NORMAL - 32¢15__6B8¢6] _ 41996 ]
__WEIGHT 354498__45.44__35¢99 i
POWER 25454 65036 46430 |
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APPLIANCE FUNCTION: = 2.2.3-PARTIAL BODY DRYING
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SPACECRAFT Shuttle

HABITABILITY SUBSYSTEMPersonal Hygiene HABITABILITY FUNCTION Body Cleansing

APPLIANCE FUNCTION_ Partial Body Drying

AP?LIANCE CONCEPT NO./TITLE 1/Reusable Dry Wipes
INDEX NO. 2.2.3.1 ~ REF. NO. 236,250

DESCRIPTION
The reusable dry wipe concept consists of wipes made of terrycloth. The
terrycloth wipes are 15 x 30 inches and are used 10 times per day before
washing. The concept includes the weight and volume of the wipe dispenser.
The towels are washed and dried after one day of usage and are .discarded after
60 washings. The concept is penalized for the washer/dryer function required
to recycle the wipes. The terrycloth wipes are smaller and lighter than the
terry towels used for whole body drying after showering.
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS .
INDEX NUMBER Z, 2., 2. l

CONCEPT g - DEY WIFPES
R ' '
e , , ELQQLEQEAL EQEEQ REQUIREMENTS _
: : - - ‘ AC . POMER DC__POWER G
T USE QME ® ® oEND ® ® oEntND
CYCLE PEAK AVERAGE (WATT-HR/ PEAK averace  (WATT-HR/
COMPONENT (REF) (HR) (WATTS) (WATYS) Ox (WATTS) (WATTS) O
: AA ~ : * \
N L ]
J
, N * 4 : . .
. MAXIMUM, . TOTAL MAXIMUM TL.oT0TAL
K '
. r —)'
. THERMAL REQUIREMENTS :
. " : . LATENT . SENSIBLE HEAT LEAK TO COOLANT
SOURCE . (BTU/MR) (BTU/HR) (BTU/HR) (BTU/HR)
r% ’ ' ‘ - K
L Y 7/ :
- \ ' - .
‘ TOTAL — .
. WATT (BTU/HR) WATT (BTU/HR) WATT (BTU/HR) WATT (BTU/HR)
. .. *
a
OPERATIONAL PENALIILES
. . R A . . .
r , ' HEAT Leak AL ooy ELECTRICAL WEIGHT voLUME
\ .. SOURCE. (BYU/HR/CYCLE) (BTU/HR/CYCLE) .  (PK WATTS/CYCLE)  (LB/MISSION) (FT3/MISSION)
CUASHEIZ _ 3o - - 1297 0 _25.] @ _2.295
DeYER 455 847 378 /o0 22
' 1S
e Y ‘ . ~ . .
A ) _ /98.1 24.c » - 15.9 J26
| | S To 75s)  _(847) 612  _(35)) (414
_ WATTS/CYCLE WATTS/CVLLE KG/HISsfor I/MISSION
SBTU/HR/CYCLE) {BTU/KR/CYCLE) . ] (LB/MISSION) (FT3/M1SSION)
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS (CONCLUDED)
moex humeer_2. 2. 3, |

[ A A — o - —_—— - = i . o e

! . © WEIGHY VOLUME
. COMPONENT - «(REF) (LBS) . (FT%)
DISPENSER.  (236) L 716 L Wb32
L ERES (PedsABU) (236) - VTR .05
i . 2 T . :
e | 380 (,837)] L_.or9  (622)|
KG (LBS) COM3(FT3) T,
$0L1D EXPENDABLE WI/NoL REQ!l&EﬂEEIé ’
o m/unxT@(REF) .HT/C(?CLE vouum@ (REF) vouc@chs
(PKG.WT/UNIT) (REF) DX (PKG.VOL/UNIT){REF) (Px %D
TYPE UNITS/CYCLE (REF) (LB). (LB (FT3) FT3

_REDSIBEMRS 0166 (236) ORI (230 .000(I8 00365 (20 0000608

ES

>0 oo

2® 'T'o:mL WT/CYCLE TOTAL VOL/ YCEEB
. (L8) (FT3)
Tisson- - 40 x . 20.5 _x_.o00/48 ¢ 055 (72/) )
= VcLEs /DAY b DAY‘S‘/MT'ssxon"‘“ TO'T—.D(TT'/()ZYCLE - X6 (LB < -
LB ,
TOTAL VOL _ . y ;
WISSTON 40 X __20.5 X _ 0000508 _.0/F (os5) |
CYCLES/DAY DAYS/HMISSTON TOT.‘{?%;?YCLE R (S E>

6AS/L1QUID EXPENDABLES REQUIREMENTS

—— C?CLE no- R.ECO(\?ERY Am.nz%w%c/cms o %osgD CYCLE
e TSR FACTOR (s (i§
MUESHER (AR __&.9 HM/D : XN/ 6.9 -

4

T oy 20.5 1 2.9 . 545« _M/A " (2566 (653)

CYCLE/DAY DAVS/MISSION - YOTAU LOSI/CYCLE TR ()
. : € @ (L8) O]
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.. SPACECRAFT Shuttle
ol |

HABITABILITY SUBSYSTEM_Personal Hygiene HABITABILITY FUNCTION Body Cleansing
L APPLIANCE FUNCTION___Partial Body Diying

APPLIANCE CONCEPT NO./TITLE__ 2/Disposable Dry Wipes

INDEX NO._ 2.2.3.2 REF. NO. 236
DESCRIPTION

-

The disposable dry wipe concept.consists of wipes made of 4 ply "wet strength"
paper. The paper wipes are 12 x 18 inches and are discarded after two uses.
The wipe usage is based on 10 times per day per man. The wipes are disposed
of by depositing into a vacuum drier to remove excess water. The dried wipe

is then deposited into the refuse system. The concept includes the weight and

~ volume of the wipe dispenser.

L . . TISSUEMIPE DISPENSER
' WIPE PACKAGE

SPRING FEED— |
TISSUE PACKAGE —

. WiPE PACKAGE
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. / , APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS
CONCEPT_Z- [ DI SPOSABLE TRL, WIRES . INDEX NUMBER_Z - 2o 9.2
L4
o ELECTRICAL POWER REQUIREMENTS '
) AC . POWER DC__POWER -
1 . i 7
USE_YIME ® ©) e ® ® DEMAND
CVOLE . PEAK AVERAGE (WATT- M8/ PEAK AVERAGE (WATT R/
COMPONENT (ReF) (HR) (WATTS) (WATTS) x (WATTS) (WATTS) [OX
WA . e .
LY
. . St MAXIMUM TOTAL MAX IMUM TOTAL
. . .
- " LWERMAL REQUIREMENTS
: ) : LATENT SENSIBLE HEAT LEAK T0 COOLANT
D ( 4 : SOURCE (BTU/HR) (BTU/HR) (BTU/HR) (BTU/HR)
R /A -
| ' .
1‘ >
, TOTAL . X : ‘ ,
_ WATT (BTC/HR) WATT (BTU/HR) WATT (BTU/HR) WATT (BTU/HR)
‘ : OPERATIONAL PENALTIIES .
. THERMAL '
o~ . | HEAT LEAK 10 CODLANT ELECTRICAL WE IGHT VOLWME
SOURCE {BTU/HR/CYCLE) (BTU/HR/CYCLE) (PK WATTS/CYCLE) - (LB/MISSION) (FT3 /MISSION)
. NA .
; TOTAL .
. ' ~ TATTS/GYCLE WATTS/CYCLE XG/MISSION M3 /1SS 10N
w  (BTU/HR/CYCLE)  (BTU/MR/CYCLE) (LB/MISSION) (FT3/M15510N)
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS (CONCLUDED)
CONCEPT gZQ/SAo.zﬁBLE DRY LJIFES INDEX NUMBER e 2, 50 &
. 7
ELXED WEIGHI/NOLUME REQUIREMENTS
: . WEIGHT VOLUME
COMPONENT . +(REF) _ (LBS) L (FT3)

 DISPEMSER (236) [3.25 X 4.95
o y : 9,306 .,_____;___;gfliilé.-______

)
i

[ Jos (&) [ ./67_(583)]

K6 (LBS) M3 (FT73)

[4

$S0LID EXPENDABLE WINOL REQUIREMENTS

O] O] @
10 WT/UNIT (REF) WT/CYCLE VOL/UNIT (REF) VOL/CYCLE
(PKG.WT/UNIT ) {REF) @xgz) (PKG.VOL/UNIT) (REF) (Px%z)
TYPE UNITS/CYCLE(REF) (LB). ~ (LB (FT3) FT3

DISRSABLE QIS o5 (236) .02283(2%) L0142 _.002283(2%) .OOII9T.

0O orgz - $® L 00//Fz

—fOTAL WI7CVCLE ~{OTAL VOL/CYCLE o
; - (LB) , NG ) o
JOTAL WI. _ . .
WSSTON T ___ 4o X L PMPS  x_ o4z - [ 4.25  (9.3¢) ]
: CYCLES/0RY DAYS/MISSTON TOT.VT/CYCLE NI 7o
TOTAL VoL : e ‘ — i’
MISSTON %p X ae.5 X L0142 < : 026 .93¢C.
CYCLES/OAY DAYS/MIS3ION wr.éﬁ%’cﬁ“‘ . - W ZFTﬂ(‘z 'J"J
: : F

[y

J GAS/LIQUID EXPENDABLES REQUIREMENTS

7 - usw/c(a:u(asr:) ) Récﬁfw m.nzcov%zn/cvgs T m%vcu
CTYPE TR FACTOR ) (L8 (L8
LWATER LOSS PUE. . 02485 (2%) __ N/A - MA —a02¢4S
A RTIAG = ; I
CREBIN BIL LOSS . 00072 (2%) N/A- NA_ - L0072
) O _.ozs22. - L® _.o2522

Sisston = 20,5 x_.02572 i 2077 + N [3,%&2_&72] f

1§ X
~CVCLE DAY “DAVSIMISSION ™ TOTAL LOST/CYCLT
: L) (L8) QO

i
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3 " SPACECRAFT _Shuttle
e . .HABITABILITY SUBSYSTEM Personal Hygiene HABITABILITY FUNCTION Body Cleansing
APPLIANCE FUNCTION Pdrt1a1_Body Drying

. APPLIANCE CONCEPT NO./TITLE__ 3/Electric Dryer
| INDEX NO.____ 2.2.3.3 REF. NO._Electric-Air Corp.
BESCRIPTION '

-

The electric dryer concept is identical to the terrestrial type used in
restrooms. The concept incorporates a fan for blowing warm-dry air on the
local body areas requiring drying. A nozzle is provided which can be used to
direct the air stream. The concept does not require wipes for .drying. A
large “"button" switch is provided for ease of actuation and the unit uses a
timer to automat1ca11y turn off the unit after 40 seconds of operation. The
automatic shutdown is incorporated to save power.
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- APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS ' .
CoNCEPT B /L EcTEIC. DRV INDEX NUMDER_2.,2., 3.3
(oo ' ELECIRICAL POWER REQUIREMENYS .
v . . AC . PONER ' DC_ POMER
} . @ . (ﬁ? ()
x USE_TIME ® ® DEHAND ® ® DEMAND
g CYCLE PEAK AVERAGE (YT WA/ PEAK AVERAGE (AT T WR/
COMPONENT {REF) {(HR) (WATTS) - (WATTS) Ox (WATTS) " (WATTS) X
. HENrsp/mene (cuae).oll . 1725 47128 489 _— ' _— —
V)ll(' . . [
P (4
- ) . . ' - L]
4 s ) l 2 ZI ; 3 . t /8'9
o : ‘ HAXIHUM, toa JTOTAL MAXTMUM . TOTAL
’ o - . . . ‘ * '
. . THERMAL REQUIREMENTS .

ST L . : . LATENT " SENSIBLE HEAT LEAK 10 COOLANT |
Lo . ¥ source . (BTU/HR) (BTU/HR) (BTU/HR) {(BTU/HR) |
i - . . . ) ] :

G HDITETE, 2 [ OTDI2S -_— 261 26| — ;

t !

© ' w75 Ge) 16566l

WATT (BTU/HR)

WATT (BTU/HR) WATT (BTU/HR) WATT (BTU/HR)
Y A ‘e -
Y [ .
. l ¢ - R - .
i e N . - . . i
| OPERATIONAL PENALTIES
v . . ks | . ’
L3S N R .
r _— © e Leak TERIAL  coLaT ELECTRICAL WEIGNT VOLUME
: . SOURCE , (BTU/HR/CYCLE) (BTU/HR/CYCLE) . (PK WATTS/CYCLE)  (LB/MISSTON) (FT3 /MiSSION)
' - -
; o o ".1 ‘ .
. s [ s -
oois
i : " l:' ' ' . C .
P : (27 : :
e L _ TWRTTSJCVCLE WATTS/CYCLE . KG/MISSTON M3/141SS10R 1
L . -+ {BTU/HR/CYCLE) (BTU/HR/CYCLE). e Yoot (LB/MISSTON) (FY3/1ISSION)
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' APPLIANCE CONCEPT REQUIREMENTS AND PFNf\LTlES CALL UL/\”ONS (CO NCLUDBED)

 CONCEPT 3/ ELECTRIC DRYER _ INDEX NUMDER_2,. 2.3, 3

< EIXED WMEIGHINOLUME REQUIREMENTS :

L : ; ) , NEIGHT VOLUME
COMPORENT «(REF) , (LBS) AT G 1)\ .
" ELECIRIC DR ﬁf’/ﬁﬁﬁj’;{e (L CiRIC N 1 A L .85 -
ik cone - . :

w726 ()] [Lois (s3]

KG (LBS) PR G5 I
$oL1D EXPENDABLE HI/NOL REQQlEE_ﬂEEI.S_ ’
. ) C @ ‘ ® ®
WT/UNIT (REF) WI/CYC VOL/UNIT (REF) VOL/CYCLE
" (PKG. HT/UNIT)(REF) @x {PKG.VOL/UNIT) (REF) (?x %z)
TYPE UNITS/CYCLE(REF) (L8). (L8 (F73) F13
- I\[/A -
-
' z: ® TOTAL WI/CYCLE Z ® TOTAL VOL/CYCLE
. - (B) ¢ (F13)
JOTAL WT. _ , : . . :
“WISSTON~ X X | J
. CYCLES/DAY DAVS/HISSION ror.?r/gvcu %G (LB)
L8 .
' TOTAL VOL _ :
“WISSTON * X X : . - ]
CYCLES/DAY DAYS/RISSION TOT.\(IOngiYCLE. E LN GE
. ' . FT : :
- L]
et GAS/LIQULID ELBEEQ&QLE_ REQ!J.B.E.!EEI&
o 0 ® ®
. . RECOVERY AMT RECOVERED/CYCLE AMT LOST/CYCLE
MMT.USED/CYCLE(REF) Ox @D-@
TYPE : (L8) FACTOR (L8 (L8
. . y . .
— M= .
\ ; ;

. TO . | T®

. h ‘ '\ ‘ . ‘ v . ° . i '
: -(n*’;"’ TOTAL VT, " : ' RS
i o THISSTON LoX X . St . .
: - . - TTEVCLE/DAY GAVS/RISSION — TOTAL TCST/CVCLE G (LD)
' @ (18) N0
- . . . \ T ) ’ . . !
§ o : " B2-252
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- HABITABILITY SUBSYSTEM __ 2.0 Pérsona] Hygiene

HABITABILITY FUNCTION 2.3 Personal _Grooming

APPLIANCE FUNCTION  2.3.1 Shaving

NUMBER OF CONCEPTS CONSIDERED_ 5

ASSUMPTIONS

(1) The shaving concepts are mechanical, electric, and vacuum operated with
methods incorporated to retrieve cut hair particles to prevent cabin
contamination. '

(2) The study assumed one shave per day per man.

(3) Shaving is assumed to take 6 minutes per shave (236).
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Q JOS-PUN . ——— . [ B - "
APPLIANCE CONCEPT FUNCTION mATRIZX
N IMDEA . NOe 2e3e)_._®00e_ SHAVING (SHUTTLED. .. .. . e e e e e
T e CONCEPT USAGE __. CONSUMABLES AND FLOW REQUIREMENTS THERHAL RE4MTS ELEC PWR REGNTS WT/VOL ReOMTS _ ppVe 0PmenT  RESUPPLY
NO, TIME (4224
- oen eecscmen I eeetTsstacentstegnatetetaResstastnaga EX T IR I LT LY Ty eeane - - mcocnoe ecseeccen
AHTe PK PWR  AVG PaR .
USES/OAY_TYPE__ _USED.. . FLON.___PRESS . TEMP ___ _.COOLANT..HT.LEAK ———. aC .. ~AC - WEIGHT_VOLUME. _AVAIL -INDEXPEIGHT ___
nRS/USE (0) wKG/YSE= . *HMHG= =DEG C*= sHpATTS= =ppAlTS~ 14 14 axGe wcU He {(®e) (ovel kG
L9 S S e e ALGZUSED U8} - {PSIG) (UEG F) . (BTUZHR) (BTU/HN) ~WATTS®  «WATTSe=-— {L8S)? fCV FT} - - - - - (L85}
N ’...G...........'Ql.....i.’..b.."‘."...'......l.....O.'...'.......Ol-....'.'.....'.00(...'..‘!"........'..'..'Q'..l..'.........
‘ o R e e
. ' Y400 g —— J— Ce Ge 4 o0 1«0 0u—-0 Qg —
0 «100 . ¢ Qe) U 0% .0 w0 2+1) *086) t 0
i 2 Wev0a & vo000  9e72  ed  2ie} Toe 12e 33+ 3040 202 @) 0 30 0
¢ o - 04O e 26300 € 1O G0 ) A 00D €. 7000) -4 - GOd- l Hlo)— J}Dey 0 ol =T o WD) ——mm — e e *0r -
i 3 —%e0400- : Oe Qe g -~ 9 : S « 00 —O g—————9p —
t 00 . { asd . on) o0 0 1°0) ¢ °32) t *0)
I A i 2
' 4 'l-ubs 1 -d;c;o 2|Q7| ‘-o 21} O ' Qe X 1] 2 gu- U 10 0
! - XU - 200CI0 . 960500 6. 200 . (- TO00). . - Co¥ ik -. Qo)-v. oy - . Q0 -f - YD)l e TU) v e el — - 0B}
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o e e s e v —— = o — a—— I e - e+ et
Y
. — < b —— i s s 8 - ——— S «—...(' " . - ey — -
- ~-3-=-CABIN AIR (CIRCULATED), LITERS/SEC (FT3/MIN)
' APPLIANCE - 2 - CABIN AIR (LosT) ~ KG/HR {LB/HR)
CONCEPY oo . e : 3 - OXYGEN LOST) » KG/HR {LB/HR) .
NOe CONCEPT NAME 4 - COOLING WATER (CIRCULATED), KG/HR (LB/HR)
~ e - i b, e 5 - WATER (LOST) » KG/HR {LB/YR) —
1 - fET SHAVE WITH SAFETY RAZOK AND CRELAM 6 - NITROGEN {CIRCULATED), KG/H§ gLB/HR;
2 _ = __ ORY_SHAVE=LLECTRIC KAZOR/VACUUM_COLLECTION 7 - NITROGEN (USED) » KG/HR LB/HR)
3 <« DRY SHAVE-INOUP RAZOR 8 - FREON (CIRCULATED), KG/HR (LB/HR)
4. . ®___QRY SHAVE=VACUUM UHIVEN RAZOR . . 9 - WATER (PROCESSED) , KG/HR (Le/¥R) ____ .
S *  WET SHAVE=SAFETY RALOR/VACUUH
ox : =5 (++*)c0ST
= {**)AVAILABLE . INDICATOR
o — i Y (1) AVAILABLE 0-25% e
S 82 (2) STATE OF THE ART 25-50% S
T R & ﬁ "~ (3) SOME DEVELOPMENT REQUIREZD 580-75%
-3 L (4) EXTENSIVE DEV. REQUIRED 75-100%
o —— . , -
&
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APPLIANCE

——CONCEPY — o
NOe ° CONCEPT N-AHE

TTTSTT WEY SHAVE WITH SAFETY RAZOR AND CREAM
2 _= __DRY SHAVE=ELECTRIC RAZOR/VACUUM COLLECT{ON
3 . DRY SHAVE=WINDUP RAZOR i
—— DRY_SHAVE=VACUUM ORIVEN.RA2OR

S e WET SHAVE=SAFETY RAZOR/VACUUM
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“E CONCEPT NUMBER ‘
o Shaving (Shuttle) Concept Trade
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3

,.éua e s e e S =
-
NUMBER OF DAYS = 205 { «06 VYEARS) ‘
USES MOD .SVEROUTINE . diml oo SR
THERMAL PriplTY = IRECT TO cOOCLANT (Lg/slTUH) 0250
THERMAL PENALTY =.CABIN HEAT LEAK.. (LB/7aTUH)._e055C
POGER PENALTY (LBS/WATT) TYPE |} 5300
PONER _PENALTY (LBS/WATT) TYPE 2 e430.0 i N
) |
SELECTION MATRIX e © o o o SHAYING (SHUTTLE)
e B 1Y VA Y-T2 -3 P
, , X,
- ~HIN MAR . €.0 NC-EP.T '
+ FaACTOR VALUE VALVE PTSs i 2 3 4 9
WEIGHT  «37000 ° 4.7549 15  B8e37 vGU 1139 1383  beg0 . ]
—_— PUHER. __ v i) 65¢350 15 15«C0= 3015400 -~ 15400 GO
VOLUNME «450GL=02 * 420G io Bely W 9047 989 7062 =) |
THERGAL —— e GLOUS- 24255¢ 45 —15e0G euG —~§5eud —~15e¢50 —-- oGO N :
REL1AB=Y 99997 1+GOU0 5 Seau 05 * 50 GO 5¢30 X oy |
MATNTENC. .2 00OUOC 10000 - 5—_ 55U oYU - . e — e 0J— 50 —— i
bEv CUST s0UOUD IS+gu I5 15+3u 5e0( 15000 S+00 Y] o _‘
e LG TAL PT__ _eudUSG 8LsLCO BC_2hvdb. . 906G 6bedl __58e72 _23e62 :; i
e RAIING____ _+300QG. 10000 3008933 $e25__ 82489 7344129952 h— ;
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e LTI COR S TT e A e L L L A o e s+ et oo e e S
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< * -
SENSIT{VITY_ANALYSIS
. RATING FOR EACH CONCEPT aHER lNCREASlNG
P ~SINGLE_STLECTION PARAMETER WElGHTING FuCTOLBY———SO—S
f . {BASED ON 130 % MAX POINTS)
P e C.ON.CEPT
| ! 2 3 4 S
IS NORMAL 89033 6025 82089 73.41 2952 o .
i ] . . SN s e )Ervﬂ
wEIGHT 86645  Ge71 E€2055 75.02 30042 g'&;
D PUBER  __ 9ue24 ___5e71._84035 _75469 _ 26099 vg B
[ yoLune Bbe84 = 5088 83958 749} 32427 8
o o THERMAL __ 9Geq4 __5e71. 8435 _75069_ 26499 , R A .
S e REWIAB=Y 89465 6046 80037 71ei8 3i+66 - , . .
o ——— MAINTENC 89065 beub_BUe37.—T1eiB_3lebb %_"% : W
PEY COST YGe2y 8e57 54035 6997 26499 . o N
o) e e e : _—
w0 0
r e % S
ORI ) )
g — =
: ~ ssnsxnvnv ANALYS!S st N 5
- ..~ RATING FOR EACH.CONCEPT AFTER INCREASING.— ‘
i SINGLE SELECTIUN PARAMETER WEIGHTING FACTOR BY «50 §
! (BALED-ON_1GG- 8 MAX_POINTS) ‘ ;
z : - i
i CONCEPT f
: S 2 2. 3. 4.5 ;
i ‘
<o NORMAL 89033 6925 62089__73¢41__ 29452 !
L WEIGHT ___ 92483 .. 6+90  83+29 _71e46 . 28e44 . T i ;
t PUUER 88623 beT Blel2 Tyebd 2650 ) :
; : VOLUME  ____ 8999 __ 6067 _82e10 71+75_ 26941
b THERMAL B8¢23 699y B1e)2 T(Ce65 32e58 ;
' —RELIAB=Y 88999___b6e45__BEe56__75e¢77__27+25 ]
MAINTENC BB8e99  be45 85656 7577 2725 . .
- DEV_COST.___ _Bbe23 3045 Blel2__77¢55__32¢58
ro -
[ »
e : i
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APPLIANCE CONCEPT COMPONENT SUMMARY MATRIX
APPLIANCE FUNCTION: 2,3.1-SHAVING :
’ NUMBER DF COMPONENTS
COMPONENT TYPE
NUMBER
' OF
o | "SAFETY
g CRITICAL
$ . = .
APPLIANCE TYPE -- s ITEMS
| N OO0 I0I0TOTOI0[OIOTOI010 ,
i .| WET SHAVE WITH SAFETY RAZOR - 0
L | AND CREAM . |
; DRY--SHAVE-ELECTRIC RAZOR/VACUU 1 0
i COLLECTION .
; DRY SHAVE-WINDUP-RAZOR 1 0
. : DRY SHAVE-VACUUM MOTOR-DRIVEN 1 0
o | RAZOR
WET SHAVE-SAFETY RAZOR/VACUUM - 0
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SPACECRAFT v Shuttle

HABITABILITY SUBSYSTEM Personal Hygiene HABITABILITY FUNCTIONPersonal Gngom14;L
. APPLIANCE FUNCTION_ Shaving

APPLIANCE CONCEPT NO./TITLE 1/Wet Shave~Safétv Razor and Cream

INDEX NO.___ 2.3.1.1 REF. NO.__ 236,207
DESCRIPTION ’

L4

The safety razor and cream wet ‘shaving concept consists of a safety razor ..nd
cream. The safety razor is -an injector type and the shaving cream is conta1ned
in aerosol cans. The Skylab crew felt shaving cream should be dispensed using
an aerosol can. The safety razor is provided with an arm which is actuated

to remove the hair particles and cream prior to wiping the razor. One new -

blade is provided for every three days of usage. This concept was flown on
Apollo. . ‘ ’

n
L]
S1AE
FUSSER EGE ~—
GUARD < >
\
CrET An
" ; Y \
L) : b ‘ é,
THRE LIVER h
. ‘4'"
! \ ¢
.
(4
\
[
1
- 1
g
- 1
A s
3
S\
. e
“ N
- -~
’ . L , Lot 2 . S
- L3 .
o B2259 . LT
. SN . . ’ B :




CONCEPT M\NE’Y SUAVE - SAF

[0 DR P AL AR A

DZ~~!1856I -2

eTY ‘hz.ol ¥ CREAM.

AC . POWER

APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS

INDEX NuMBER 2o D . 1o T

I T A T DT FYUTI

. D ' @ @
y USE Qxyg ® DEMAND ® ® DEMAND
CYOLE . PEAK aversce  (RATT-HR/ PEAK average  (HATT-NR/
COMPONENT (REF) (HR) (WATTS) (WATTS) Dx (WATTS) (WATTS) xd
.M/N ’ . T '
. Lt MAXIMUM TOTAL MAX IMUM TOTAL
THERMAL REQUIREMENTS
’ LATENT SENS!BLE HEAT LEAK TO COOLANT
SOURCE (BTU/HR) (BTU/HR) (BTU/HR) (BTU/HR)
N /A
, TOTAL S ,
‘ WATT (BTU/HR) WATT (BTU/HR) WATT (BTU/HR) WATT (BTU/HR)
OPERATIONAL PENALTLIES
, vear tene AL oLt ELECTRICAL WEIGHT VOLUME
\ SOURCE (BTU/HR/CYCLE) (BTU/HR/CYCLE) (K WATTS/CYCLE)  (LB/MISSION) (FT3 /MISSION)
N / A -
TOTAL . v _ _
HATTSTCYCLE WATTS/CYCLE KGZMISSTON H3/MTSSION
W (BTU/IR/CYCLE)  (BTUZNR/CYCLE) (LB/MISSION) (FT3/MISSION)

- B2-260
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS (CONCLUDED)

inoex wumseR_2. .3, L, 2

CONCEPT_L [ LVET SHAVE - SRFETY £A20K ANG CoEHIN

-

F1XED  WEIGHTNOLUME REQUIREMENTS
N
' , WEIGHT VOLUME
. COMPONENT ) «(REF) (LgS) (FT3)
Lh2ol/tocperr  (236) A46 0%
BLADES LD - 0943
o | .928 (2.044) | [ .c023 (cg53)]
K6 (LBS) M3 (FT3) °,
sSoLID EXPENDABLE WI/NOL &EQQL&E&EEI@_ ’
o . m/unn®(rzzr) ’wc@cu von/um@ (REF) vouc%w
: _ (PKG.WT/UNIT) (REF) @xgz) (PKG.VOL/UNIT) (REF) X
_ - TYPE UNITS/CYCLE (REF) (LB). © LB (F73) FT3
L OBAOS 333 [(23¢) 256) 01957  LoOISRT(23,) 000529
O 7 - o Yo) “
2@) TOT7\{ %CLE z @ T(ﬁt’\?%sc;ﬁg‘
. - (LB) (F73)
TOTAL MT. _ ) = ;
WISSTON ™ © X 20.5  x __.0/9: d L .728 (teo) )
CVCLES/DAY DAYS/HISSION ror.»(:[égms KG (LB) i
TOTAL_VOL ' -
~WISSTON * X 20.5 - x __.0pOSc9 - [ .00l23 (.o43] ]
CVCLES/DAY DAYS/MISSION TOT.\(I?}L'B/SZYCLE W (FTN i
HRE GAS/LIQUID EXPENDABLES B_QQQLEH.:E.E.LS.
@ Rsccs)snv AMT.RECOVE®RED/CYCLE AT LOS@r) CYCLE -
: AMT.USED/CYCLE(REF) 7 X -é)
« TYPE P (LB) FACTOR (Lg (LB
. N/& : '
\
: i \@f *® SoF ¢ :
s T JOTAL WT. , - .
CRF O IRSTON " X X : s i
_‘ CYCLE/DAY DAYS/MISSTON YOTAL 10ST/CYCL KG {LBY
5 ' @ (L8) L0
j \
- B2~
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SPACECRAFT ‘Shuttle

“ g 'HABITABILITY SUBSYSTEMPersonal Hygiene HABITABILITf FUNCTION_Personal_Grooming
APPLIANCE FUNCTION___ Shaving

APPLIANCE CONCEPT NO./TITLE' 2/Dry Shave-Electric Razor/Vacuum Collection
INDEX NO.____ 2.3.1.2 REF. NO.___ 236,207

DESCRIPTION

-

The electric razor/vacuum collection dry shave concept consists of an electric
razor with vacuum collection of the cut hair particles. The electric razor
incorporates a hood to aid vacuum collection. The unit requires a vacuum for
collection of the hair particles. The concept, therefore, is penalized for

a vacuum unit based on operating time. The vacuum unit used is identical to
the Skylab power module. . ‘ :
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AP:‘UANC[ CONCEPT REQUIREMENTS -AND P[N)’\LTI[S CALCULATIONS

tonctPT_z_/QL. Ké KA E = ELECTEIC INZOR VA Cwvm coteciions — Wk siR 2,3 [, 2

T . o .
(i ., ELECIRLICAL PONER REQUIREMENTS
e ' ' , AC . POWER DC__POWER
f | (OIS ‘ ()
? : ) ms @ - 06 DEMAND ® ® DENAND
§ o cYeLE PEAK averace  (HATT-UR/ PEAK averace  (RATI-NR/
’ COMPONINT (REF) (HR) (WATTS) {WATTS) x (WATTS) (WATTS) O
b ' 2 Vd A . 3 ' —
L. &nzez pore(ezs) . 30 . 30 .O — =
1 . : : :
i * '
" . . N . b
. H ’ .—-22__‘ $ . ‘ \3'0 . * ————————
. MAXIMUM . TOTAL MAXIMUM . TOTAL
; L] A ) ’ ¢ |
; . ' 2 4 ‘
’ ;
e THERMAL REQHLE&&EEI_S_ :
: ' : ‘ o LATENT " OSENSIBLE HEAT LEAK 10 COOLANT i
; ¥ source R {1 (177:) I (BTU/HR) (BTU/HR) (BYU/HR) g
- : . o . . 1
BH202. HOTDE. - 4l F( —
| . .
\ . . - .
' o . L2 #) L2 (#H)
. : WATT (BTU/HR) . WATT (BTU/HR) WATT (BTU/HR) WATT (BTU/HR)
¢ * . - T ” )
. ¢ N - , ’ -
) * 1 .
.Q!LE&.A.ILQ.N_AL PENALTIES :
. . - ’
r ' T AT e 'T”E””“Lm cooumt . ELECTRICAL WEIGHT VOLUME .
. a SOURCE, (BTU/HR/CYCLE) (BTU/HR/CYCLE)  (PK WATTS/CYCLE)  (LB/MISSION) (FT3/1ISS10N)
: VAL Powe. - - 4o R Ay / - S 25,02
g (51 . - - )
s "
- «f .
T DN ST R r
Cf ko — .
S L "7 , . .3F 0005 7 | i
o AL (O _— S () (TS Ged) o
| ! . : . WATTS/CVELE WATTS/CYCLE . KG/MISSTON MI/HISS 10N
: . RREEN «, (BTU/NR/CYCLE)  (BTU/HR/CYCLE) {LB/MISSI10N) (TT/11SSION) ~

C B2-263 . | [}




<

e ¥ 4

’

o

D2-11856 -2

I

i

APPLIANCE CONCEPT REQUIREMENTS AND PENALTILS CALCULATIONS (CoNCLUDED)

© CONCEPT_ 2/ PBY SHMNE - ELECTRIC [RAZOR/VACLIUM COLLECTION

.

inex numser_2..3. /1.2

. '

F.F.!.!.LO. WEIGHI/VOLUME REQUIREMENTS
WEIGHY VOLUME
_ COMPONENT «(REF) (LBS) , (F12) .
' BAzZar. 4.0 = . :
ToTAL | .8 @Eo | [ .oz (¥ |
‘ kG (LBS) M3 (FT3) °,
$0L1D EXPENDABLE HI/NOL &EQ'QLEE_MEB.Ié '
) ® ®
® wuun®( REF) JCYCLE VOL/UNIT (REF) VOL/CYCLE
(PKG.WT/UNIT) (REF) O (PKG.VOL/UNIT) (REF) X ?
TYPE UNITS/CYCLE(REF) (LB). © (LB (FT3) T2
N/4
v
- _
2 ® TYOTAL WI/CYCLE E TYOTAL VOLFoYCLE
. (LB COFTY)
TOTAL WT. _ . .
3 X [ |
CYCLES/OAY DATS/MISSTON Tor.v(n/():'faz K6 {LB)
LB
JOTAL VOL = : '
WMISSTON : [ ]
CYCLES/DAY DAVS/HTSSION TOT.\(IOLg():YCLE W3 (Fi3)
T
EREER T, GAS/L1QUID EXPENDABLES B__E_Qul_ﬁéﬁiﬁlé
o o ©] - ®
; RECOVERY AMT  RECOVERED/CYCLE AMT LOST/CYCLE
AMT . USED/CYCLE (REF) : Ox 0-G
A /YYPE ' * (LB) FACTOR (L8 (LB

.

TOTAL WT.
“HISSTON

X0

¢

2O

K6 {LB)

CYELE/DAY

-

X .
DAVS/MISSTON —  YOTAL 10ST/CVELE
‘ @

i
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SPACECRAFT Shuttle _
HABITABILITY SU}BSYSTEM Personal Hygiene HABITABILITY FUNCTION Personal Grooming

APPLIANCE FUNCTION Shaving_
APPLIANCE CONCEPT NO./TITLE__3/Dry Shave-Windup Rdzor (Skylab)

INDEX NO.  2.3.1.3 . REF. NO. . NASA JSC, G.E.
DESCRIPTION '

.

The windup razor dry shave concept consists of a mechanical windup motor
shaver with a hair particle reservoir. The unit was used on Skylab and the
weight and volume figures specified are for the flight weight urit.
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o L | |

| - ’ e APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS W3 |

, : CONCEPT > [TTa DUWE. - LUIND VP RAZOR, (-'54<-‘>1 LARD INDEX NuMBER 2 s D U4 ,

- LS ) ‘

: ELECTRICAL POWER REQUIREMENTS oo |

3 Y 4 ) ! 1

| . : « AC . POWER . 0C _POMWER - |
B . 1 :

: ; . USE_YIME ® ©) oz&n ® ® DEMAND i
| : ' CYCLE . PEAK averace  (HATT-HR/ PEAK nverace  (RATT-HR/ |
i COMPONENT (REF) (HR) (WATTS) (WATTS) Ox (WATTS) (WATTS) OxQ |
| ‘ . . N/A o . ! ‘ e i«
X . - |
s : |
| . |

- i
. . i
J . . c0 T MAKIMU TOTAL MAXIHUN TOTAL
1] ' ) N
! i . ' THERMAL REQUIREMENTS
- LATENT ' SENSIBLE HEAT LEAK T0 COOLANT
T SOURCE © (BTU/HR) (BTU/HR) (BTU/HR) (8TU/HR) ’
: va . N/A : N . . i - o ‘
, . TOTAL : : , |
_ WATT {BTU/HR) WATT (BTU/HR) WATT (BTU/HR) WATT (BTU/HR) {
OPERATIONAL PENALIIES
: : THERMAL ' : |
- A HEAT LEAK 10 COOLANT ELECTRICAL WEIGHT VOLUME .
SOURCE (BTU/HR/CYCLE) (BTU/HR/CYCLE)  (PK WATTS/CYCLE)  (LB/MISSION) (FT3 /MISSION) 5
. M/A
-t : .
g
3 P 7 ’
g A
' - TOTAL . .
. WATTS/CYCLE WATTSJCYCLE KG/MISSTON M3/M1SSION
«  (BTUAR/CYCLE)  (BTU/HR/CYCLE) {LB/HISSION) (FT3missIoN)
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APPLIANCE CONCEPT REQUIRLMENTS AND PENALTIES CALCULATIONS (CONCLUDED)

CONCEPT,3/DRY SHAVKE = WINDUP ENBOE (SKYLAE)

INDEX numper 2.3, 1.3

FIXED MEIGHI/NOLUME REQUIREMENTS
' ) NEIGHT VOLUME
_ COMPONENT «REF) (L8s) . (FT3) ‘
' : 977 " 0229
ww | 443 (977)) | .ocvs3 (o224)]
G (LBS) M3 (FT3) °,
SO0LLID EXPENDABLE wi/NvoL B.EQ!IB.E&E&I.S. ’
A ® - @ ' ® ®
® _ MT/UNIT (REF) WI/CYCLE VOL/UNIT (REF) VOL/CYCLE
(PKG. T /UNIT ) (REF) @xgz) (PKG. YOL/UNIT ) (REF) (Px
IIY/P/E UNITS/CYCLE(REF) (L8). ) (FT3) FT3
L4
2@ TOTAL WT/CYCLE 2‘ @ “JOTAL VOL/CYCLE
. (LB )
TOTAL WT. _ . .
“HISSTON « I ]
CYELES/DAY DRVS/MISSION TOT.P(JT/():YCLE ()
LB
r
TOTAL VOL . -
“WISSION L. |
CYCLES/DAY DAYS/MISSION TOT.\(IOL:{SZYCLE M3 {FTY)
FT
ot GAS/LIQUID EXPENDABLES REQUIREMENTS
@ ©)] : @
) i RECOVERY AMT , RECOVERED/CYCLE AMT LOST/CYCLE
. AMT.USED/CYCLE (REF) X :
TYPE he “{(LB) FACTOR . (L8 (L8
. V/// : -

. ‘(’ : | Z@

JOTAL WT.. ' . [—
MISSION X X . + ,
’ TTEYCLL/OAY T DAYS/MISSTON YOTAL LOST/CYCLE ; KG (LB}
' @ (LB) O
\ .
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SPACECRAFT Shuttle

0, : .
T HABITABILITY SUBSYSTEM Personal Hygiene HABITABILITY FUNCTION Personal Grooming
| _APPLIANCE FUNCTION___ Shaving

APFLIANCE CONCEPT NO./TITLE 4/Dry Shave-Vacuum Motor-Driven Razor

INDEX NO. 2.3.1.4 REF. NO. 280
DESCRIPTION

" The vacuum motor-driven razor dry shave concept consists of a vacuum driven
motor with a hair particle reservoir.
The motor runs on space vacuum which turns the shaver at 2500 RPM.
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APPLIAMCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS
Driven Bhzon
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moex nuvoer Z .34 0 4

ELECTRICAL POMER REQUIREMENTS , "
) AC . POMER D¢ POWER o
) . 7
USE_TIME ®@ ® N ® DEMAND
' ' CYCLE PEAK AVERAGE (‘c‘egg“"/ PEAK AVERAGE (;’QHE”“/
COMPORENT (REF) (HR) (WATTS) (WATTS) x (WATTS) (WATTS) Dx
WA . ’ 5 . .
4
. . .t MAXIMUM TOTAL MAXIMUM TOTAL
, :
THERMAL REQUIREMENTS
i LATENT SENSIBLE HEAT LEAK TO COOLANT
. SOURCE {BTU/HR) (BTU/HR) (BTU/HR) (BTU/HR)
N/ :
, TOTAL i : —_—
VATT (BTU/HR)  ©  HAST (BTU/HR) WATT (BTU/HR) WATT (BTU/HR)
OPERATIONAL PENALTIES
THERMAL '
- Y HEAT LEAK 10 COOLANT ELECTRICAL WEIGHT VOLUME
SOURCE (BTU/HR/CYCLE) (BTU/HR/CYCLE)  {PK WATTS/CYCLE)  (LB/MISSION) (FT3/MISSION)
. M/g_' .
: 'y TOTAL .
, WATTS/CYCLE WATTS/CYCLE KG/MISSION MI/MISSION
C o (BTU/IR/CYCLE) {BTU/HR/CYCLE) {LB/MISSION) (FT3/MISSION)
e . B2-269
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. APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS (concLuoco)

concert 4 /DL ST YL MOTOR - DEI LERL A ZOK-

woex wumeer 2. 3, 1. 4

VOLUME

(3':\",/ FIXED MEIGHI/NOLUME REQUIREMENTS
A ; . * WEIGHT
COMPONENT +(REF) (LBS)

(F13) ’

. 0’/;56’

&@fz—/é&z: 2524 (ig@ . '37 -

YOTAL ' T, ,755 ‘(37)

‘ I -(:l:2:7/£§ (C#5) l .

Lo . _— KG LBS) M3 (F73) 7,
. soL1p EXPENDABLE HI/NOL EEQ!l&&ﬂE!‘.lé ‘
@ O] ®-
o WT/UNIT (REF) WI/CYCLE VOL/UNIT (REF) VOL/CYCLE
(PKG.WT/UNIT)(REF) @x? {PKG.VOL/UNIT) (REF) (Px
. TYPE UNITS/CYCLE(REF) (LB). ©oe)y (FT3) {FT3
. — A4 - »
R 4
\]
ey
.'.‘ ,}“S
E® TOTAL WI/CYCLE ZE@ TOTAL VOL/CYCLE
- (L8 - tO(FT3)
TOTAL WT. ‘ . .
“WISSTON ~ X X . [ R
CYCLES/DAY DAYS/MISSION TOTJ(«T/%YCLE KG {LG)
] .
TOTAL YOL ~ . -
MISSION = X X |- }
" CYCLLS/DAY DAYS/MISS 100 TOT.VOL/CYCLE CENGE I
. (FT3) :
DETERN GAS/L1IQUILD EXPENDABLES REQUIREMENTS
Q@ ©)] : ®
@ . RECOVERY AMT . RECOVERED/CYCLE AMT LOST/CYCLE
. AMT.USED/CYCLE(REF) Ox D-G
TYPE . ©(LB) FACTOR (L (LB
. - /V//] — . , )
. V4 N .. . B
)
‘n .n 2.0 X0
! A ' ‘ ) . .
", ti - TOTAL WI. : ' .
o, HISSTON ) X ) . +
R CYCLE/DAY DAYS/NISSION YOTAU LOST/CYELE ¥G {LB)
.t ‘ € Q@ (8} Q@
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" SPACECRAFT Shuttle

‘ HABITABILITY SUBSYSTEM Personal Hygiene HABITABILIT? FUNCTION Personal Grooming
APPLIANCE FUNCTION  Shaving '

1 APPLIANCE CONCEPT NO./TITLEs/Wet Shave-Safety Razor/Vacuum Collection

INDEX NO. 2.3.1.5 REF. NO.___ 226,206

DESCRIPTION

The wet shave safety razor/vacuum collection concept consists of the same
razor described in Concept 1 with the addition of vacuum collection. The
vacuum unit used is identical to the Skylab power module. The concept is
perialized for a vacuum unit based on operating time. -
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APPLIANCE CONCEPT REQUIREMENTS, AND PEMALTIES CALCULATIONS

CONCEPT ‘sﬁ gggz;sw//g: .5!/;575/,&/502/1/461/(//)7 COLLECTION

D2-18561:2

inoex nusstr 2.3, L5

- ELECIRICAL POWER BREQUIREMENIS
S ‘ AC . POWER DC__POWER -
: ‘ - 7
st YinE ®@ ® eI ® DEHAND
. CYCLE PEAK . AVERAGE  (RATT-UR/ PEAK Averace  CMATTEIR/
; *  COMPONENT (REF} (HR) (WATTS) (WATTS) Ox (WATTS) (WATTS) OMG
RABCR TN, (27) ol S0 30 3.0 —_ = =
' . . . »
' [ 4
i
i . --‘3—Q-—— ! 2.0 . :
" HAXIMUM, TOTAL MAX [MUM « TOTAL
. ‘ N .
. . [ 4
- Ld v —.
. THERMAL ngu&guug ‘
s ' : LATENT SENSIBLE HEAT LEAK 0 COOLANT
Y source (BTU/HR) (BTU/HR) (BTU/HR) (BTU/HR)
LH20L metiE. - #/ H —
° L8
\ L. -~ - P .
| ToraL sz (£) iz ()
: WATT (BTU/HE) WATT (BTU/HR) WATT (BTU/HR) " WATT (BTU/HR)
0 : )
Y .t 3
o ¢ . -
~ . .
OPERATIONAL PENALTIES :
. . ,
., » - .
r S S ELECTRICAL WETCHT VOLUME
\ SOURCE. (BTUZHR/CYCLE)  (BTUZHR/CYCLE) . (PK WATTS/CYCLE)  (LB/MISSION) (FT3/MISSION)
OO o2 f0 - — T )& .75 .02
7 o ».;1 .
\1%:: T r . ‘
s (e
/ N » //o . . 034‘ .0005‘
/7 . TOTAL ___{f — 1S _(#2) _ (.75) Le 02)
. TTS/CVCLE WATTS/CYCLE Ro/MISSTON N3 UISS1GH
i ; o . . (BTUWR/CYCLE)  (BTU/HR/CYCLE) (LB/MISSI0N) (FT3/MISS10N)
' . . .
' . B2-272
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APPLIANCE COHCEPT REQUIREMENTS AND PENALTIES CALCULATIONS (concLuncp)

D2-118561 -2

CONCEPT ,{/éz T SHAE - SHFETY BRAZOR [VACULHT COLLELTION  INDEX NMBER_ZoFe /o S
EIXED WEIGHI/NOLUME REQUIREMENTS
: WEIGHT VOLUME
~ COMPONENT «(REF) (LBS) (FT?)
' WDREL  (236) A LOF
BL,:?QES (z23¢) [-60 - ol
TOTAL | .928 @G.0%)] | 0023 (u83)|
KG (LBS) M3 (FT3)
s0L1D EXPENDABLE WI/NOL REQUIREMENTS f
4 5
wr/unn®(r<:r) WT/CYCLE vouum(r) (REF) voucochE
@ (PKG. NT/UNIT)(REF) @X 2 (PKG. VO(/LNIT)(REF) (PX
TYPE UNTTS/CYCLE (REF) (LB). ' (FT3)

_B(AQCS_ 333 (23¢) ._.OSR7 (23¢) __,__1257__ D OCIEB7(238) W CpOE2Y.

S

(3

\
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A5 7 - 529
2O ~f0]l\{'?HT/CYCLE Z@ “TOTAL vouch
- (8) (FT3)
TOTAL WT. _ —
NISSTON = 4 X . X /9 = [ L7285 (£&0) )
CYCLES,; DAY DAYS/MTSS 10N — TOT.V(JI/%YCLE KG (LB)
B
TOTAL VOL _ 5’ . -
HISSTOR 4 X 20, X LS 29 [.oo/23 /.0¢3} ]
TYCLES/DAY DAYS/MISSTON o7, x(/ougvcu [ENTSEIS
FT3
o GAS/LIQUILD E&BEKEAELEEV REQQLRE&E&IE
" @ @ ' ®
@ i RECOVERY AMT . RECOVERLD/CYCLE AMT LOST/CYCLE
, AMT . USED/CYCLE (REF) Ox D-G
/TYPE v 7 (LB) FACTOR (LB (LB
‘} 20 > ®
+ ’
TOTAL WT. . )
WISSTOH X X " ’ +
CYCLE/OAY ~DAVS/WISSTON ~ TOTAL LOST/CYCLE %6 (LB}
' @ (L) @

e

L

P I P T VS P N

U N




RN

L “ - D2A1gseEl-2 -

i HABITABILITY gUBSYSTEM 2.0 Personal Hvaiene

HABITABILITY FUNCTION___ 2.3 Personal Grooming

APPLIANCE FUNCTION '2.3.2 Hair Cutting

NUMBER OF CONCEPTS CONSIDERED 2

ASSUMPTIONS

(1) The hair cutting concepts are mechanical and electrically operated with
methods incorporated to retrieve cut hair particles to prevent cabin

contamination.
(2) The study assumed one haircut every 14 days for Concept 1 and every

7 days for Concept 2.
(3) Hair cutting is assumed to take 15 minutes for Concept 1 and 5 minutes

for Concept 2 per haircut.
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" APPLIANCE CONCEPT FUNCTION MATRIK __ -
D INDEX NOe 203,2__ _9%se_ HAIR CUTTING (SHUTTLE; ——— e e e . .- e e
~ —— - e e e e . I . — - e e e am e
CONCEPT _US,aGE. CONSUMABLES _AND_FLOW _REQUIREMENTS _ THERMaL REQMTS ELEc _PWR_ReQuIS _WT VoL ReQMTS__pEYELOPHMENT__RpsuerY
NO, TIME cosT
O LA AN L LA AL L IWE DL A d LIIZ T AL L YT L AN DIl L L i L ST L L0 P T 2 2 - | SetemmemommS wam:e P L TP cCovewew A LT L T Ty | Tevgeaew
AMT, PK PWR  AVG PWR
_..USES/DAY__TYPE__ USED __ _FLOW __PRESS _ TEMP _ _¢cOOLANT ®Y LEAx__ AC ___ ac _ WEIGHT VOLUME AVAIL INDEX _ WEIGHT _
o} MRS /USE {®) «KG/USEe . eHNHGe =DEG Cw» «WATTSe oWATTS. oC 14 «KG= =CU Ma (%) (oee) -XGe
tLB/USE} te) (PS1G) _(DEG F1__ (RTU/HR)_LBRTU/HR) ~WATTS= _ =WATTS= (LBS)_{(CU_rT) (LBS?
hd o Q.QOQ.Q.QQ.O.Q..I.oOoo.COcoO.o....o..'.v.o"c'o.Io.!oooooco'lcot.o.‘ct.-.o...o-o.o.-.l.-.0.coo.»-oo.o'...oo"00.0‘.0000..0.’000'0
3 .078 Oe. 33, S0.0.. Y. .y Q1__0___10 0. __
o 017 : Dot b1y 11500 e0 & 2400 (  e251 « .0}
2 el M0 Ce 3 o0 0 7 01 ] 10 [Y+]
o) — 203 f— Oai—t——Jle)—_ _.115,0 00— 1e5Y..0__a25). . L 20}
i 0 e P e e -
t O ___ APPLIANCE o - e
CONCEPT (*) i
~ NO« CONCEPTI__NAMHE. - 1 - CABIN AIR (CIRCULATED), LITERS/SEC »(Fr3/mu)
: ~ . 2 -~ CABIN AIR (LOST) s KG/HR {LB/HR)
; 5 1__> _POWER CLIPPER/VACUUM COLLECTION 3 - OXYGEN 110ST) , KG/HR (LB/HR)
5 . 2 - RAZOR COMB/VACUUM COLLECTION 4 - COOLING WATER (CIRCULATED), KG/HR . (LB/HR)
§ 3 - 5 - HATER (LosT » KG/HR {LB/HR) :
! ot -6 - NITROGEW §CIRCULATED), KG/HR (LB/HR%
PN 7 - NITROGEN USED) » KG/HR (LB/HR
8 -~ FREON (CIRCULATED), KG/HR (LB/HR)
9 - WATER {PROCESSED) , KG/HR {LB/HR)
2 QO
;, k-] : (#++)c0ST
g [p) (**)AVAILABLE INDICATOR
: (1) AVAILABLE 0-25%
531"1: (2) STATE OF THE ART 25-50%
F'») L (3) SOME DEVELOPMENT REQUIRED 50-75%
Sy (4) EXTENSIVE DEV. REQUIRED 75-100%
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" APPLYANCE oo e e e 1 ———
GONCERT .
oo N0 o CONCEPT _NAMHE

|_= __ POWER _CLIPPER/VACUUM COLLECTION

2 = RAZOR COMB/VACUUM COLLECTIoN
L L] ] it "

o 8.0 (v,
CONCEPT NUMBER .
. Hair Cutting (Shuttle) Concept Trade
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- N\ “
A\
b e S
¥ — e
T NUMBER OF DAYS = 20,5 ( .06 YEARS)
______USES MoD SusROuTINE © )
THERMAL PENALTY « DIRECT TO COOLANT (L B/8TUH) «02%0
—— __THERMAL PENALTY = C ABln__HEAT_LEAAJ(_.'__!LBI.B.-'I’_U_E’__'_O.S.SU
POWER PENALTY (LBS/WATT) TYPE | »5300
— POWER _PENALTY (LBS/WATT) TYPE. 2 " .4300.
SELECTION MATRIX o e o * o HAIR CUTTING (SHUTTLE)
.- e X127152782 e
e _HIN MAX ' cCONCEPT
FACTOR VALUE VALUE. PTS 1 2
NEIGHT. 1.5400 2.0000 15 .00 3,45
POWER .. 49¢450 ____75+950 15 o000 523
VOLUME «25000 «25000 10 +00 - 00
THERMAL 61270 6.2708 15 00 ___13,+53
DEV COST 10+000 10.000 is »00 +00
TOTAL PT-—,0052) 70.000 70 «06-—22,22 Eg
RATING *00005 ipoeao__ 10p_- sop_ 3174 o N
o0
&3
o2 ~
=
N -
N ‘ |
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- SENSITIVITY ANALYSIS
RATING FOR EACH ¢ONCEPT AFTER INCREASING
SINGLE. SELECTION _PARAMETER WEIGHTING.FACTOR EY 50 g
{BASED ON 100 % MAX POINTS)
c onCEPT
3 2
NORMAL .00 31.74
NEIGHT .00 30,89
POWER_ 200__32.04
VOLUME 200 29,62
THERMAL. +08 37440
LDEV coST «00 28447
o e e i e o9 )
SENSITIVITY AnALYSIS =] ™
—- e T e e ) —
- gg = co
RATING._FOR_EACH . .CONCEPT.. AFTER._INCREASING SN (&3
SINGLE SELECTION PARAMETER WEIGHTING FACTOR BY =50 § ] o))
..-~{BASED._ON..100.%-.MAX_POINTS) _ﬁéé%¢v =
N
_ B2
CONCEPT =4 I
1 2
NORMAL 00 _31.74
___ _WEIGHT _ 00 _32.79
POWER 200 31436
VOLUME «00.__34.:18
« THERMAL 00 24472
L DEY_COST_______ ,00__35.55

D




6.g-28

‘/‘»\\, N - {\: ‘
TR ek )
¥
APPLIANCE CONCEPT COMPONENT SUMMARY MATRIX
APPLIANCE FUNCTION: 2.3.2-HAIR CUTTING
NUMBER OF COMPONENTS
COMPONENT TYPE . ' . B NUIBER
. 1DC7
: . ' OF
: | SAFETY
[~ .
: g | | - . CRITICAL
51 = ITEMS
FPPLIANCE TYPE - OO [OJOIOIO[OIOI0[OIOIO0I00I0[0]0
POWER CLIPPER/VACUUM COLLECTION | 1 0
- N 0

RAZOS COMB/VACUUM COLLECTION
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. D2-118561:2
- SPACECRAFT Shuttle :
HABITABILITY SUBSYSTEM Personal Hyaiene HABITABILITY FUNCTION_Personal Grooming

‘!PPLIANCE FUNCTION___Hair Cutting
APPLIANCE CONCEPT NO./TITLE__1/Electric Clipper/Vacuum Collection

INDEX NO. 2321 ~_REF. NO. 236,207

DESCRIPTION

The electric clipper/vacuum collection concept consists of an electrically
driven clipper with vacuum coliection of the hair clippings. The clipper is
similar to the terrestrial barber type. The unit used for vacuum collection is

the power module used on Skylab. A hood is employed over the clipper area to
assist in the pickup of the hair clippings. = :
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SPACECRAFT Shuttle
HABITABILITY SUBSYSTEM Personal Hygiene HABITABILITY.FUNCTION Personal Grooming

APPLIANCE FUNCTIQN Hair Cutting

i . APPLIANCE CONCEPT NO./TITLE__1/Electric Clipper/Vacuum Collection

INDEX NO. 2.3.2.1 ___REF. NO.___ 236.207
. DESCRIPTION

-

il g

Y
t«.‘ #
. .

The electric clipper/vacuum collection concept consists of an electrically
driven clipper with vacuum coliection of the hair clippings. The clipper is
similar to the terrestrial barber type. The unit used for vacuum collection is
the power moduie used on Skylab. A hood is employed over the clipper area to
assist in the pickup of the hair clippings. .

VACUUR

HOOD

ON OFF
SWITCH

N—CLIPPER FOR
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CLIPPER ATTACh“ENT
FOR LONG HAIR
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APPLIANCE CONCEPT REQUIREMINTS AND PENALYIES CALCULATIONS

CONCEPT[/ELCCTRL & _@ULLIEPERS L AHCIUNT COLLECTION

INDEX NUMBER_ 2, Fo &0 /

: ELECIRICAL POMER REQUIREMENIS
, . ' AC . POWER : DC __POWER
w® g ’
USE TIME ® ® DEMAND ® ® DCMAND
CYCLE PEA © avemoe  (HATT-HR/ PEAK averace  (HATTAUR/
COMPONENT (REF) (HR) (WATTS) (WATTS) DX (HATTS) . (WATTS) @x
momg (2%) - _so S0 - 7 — = =
14
] _'_.S_Q.__' ) J . K
' HAXIHUM, . TR MAXIMUM . TOTAL
e - T . ¢
’ . K4 he
THERMAL REQUIREMENTS ' |
. . LATENT SENSIPLE HEAT LEAK TO COOLANT
SOURCE (BTU/HR) (BTU/HR) (BTU/HR) (BTU/HR)
MoTeZ (2.36) _ L1 VA S —
\ . . : :
TOTAL 33.4(11¢) B3¢ (1/4)

. ) WATT (BTU/HR) -

OPERATIONAL

WATT (BTU/HR) WATT (BTU/HR)

LONAL PENALTIES
v

~

WATT (BTU/HR)

N 0

. THERMAL y
r HEAT LEAK 10 COOLANT ELECTRICAL WEIGHT VOLUME
‘ SOURCE . {%._/HR/CYCLE) (BTU/HR/CYCLE) . (PK WATTS/CYCLE)  (LB/MISSION) (FY3 /MISSION)
VACOUT _PoueZ. - 2.7 — o lus 04 _J@g§;*
_Dppoee (SKUAB) '
;;A
9 ;
S 77 * /8// ‘- : :
o __(2.7) — 115 (ve) _(0f] (129,
WRTTS/CYCLE WATTS/CYCLE z KG/M1SSTON BOES(
(BTU/HR/CYCLE)  (BTU/HMR/CYCLE) (LB/MISSION) (FT3/MI5510N)
B2-281
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APPLIANCE CONCEPT REQUIREMCNTS ANO PENALTIES CALCULATIONS (CONCLUDLD)
CONCEPT /'/ ELECTRIC CLIPPER/LRCI? Aol eCT70KL INDEX NuMBerR_ 2, 3. 2. |
2, ELXED !ELEEI/!QLQ_.M_E-. REQUIREMENTS
: : . " . WEIGHT VOLUME
COMPONENT «(REF) (LBS) .. (F73)

' CUIPP oDt (2.36) - 2.0 . 2S

o [ ;907 2.0 | | QOO7D ¢2S) |

KG ‘(LBS) M3 (FT3) " .
‘ S0L1D EXPENDABLE wI/ivolL EEQQLEE,MEEIé '
. ® ® ' ® ®
1) WT/UNIT (REF) WT/CYCLE VOL/UNIT (REF) VOL/CYCLE
= " {PKG.WT/UNIT) (REF) ®Ox (PKG.VOL/UNIT){REF) X
TYPE UNITS/CYCLE(REF) (L8). . (L8 (F73) FT3
. A/A
(4
Z ® TOTAL WT/CYCLE Z ® “TOTAL VOL/CYCLE
. , - (LB) (F73)
TOTAL WT. : ’ ) .
“WIESIOv- = X X ‘ : L ]
CYCLES/DAY DAYS/MISSION Tor.xzn/g'{us , X6 {LB)
LB .
TOTAL VOL _ ' . '
—HISSTON ~ X " L |
CYCLES/DAY DAYS/MISSION TOT.\((I?L:{()IYCLE m (FT3)
Y .
et GAS/LIQUID | ELE'EM.A&LES’ REQUIREMENTS
’ @ ' ® : ®
o N RECOVERY AMT . RECOVERED/CYCLE AMT LOST/CYCLE
: AMT.USED/CYCLE (REF) Ox -
TYPE e *(LB) FACTOR . (LB (LB
NS :
A ' ' -
PR g L 20 2®
A ’ . i ’ . '
T O TOTAL WT. - .
\ . s “HISSTON X X ] : +
v : CYCLE/DAY TDAVS/MISSTON ~ YOTAL LOST/CYCLE KG (L8)
. e @ (LB) Q)
\ ’ .

B2-282
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/
SPACECRAFT | Shuttle
HABITABILITY SUBSYSTEM Personal Hygiene HABITABILITY FUNCTION Personal Grooming
,APPLIANCE FUNCTION Hair Cutting
APPLIANCE CONCEPT NO./TAITLE 2/Razor—Comb/Vacu9m Collection
INDEX NO. 2.3.2.2 REF. NO.___ 236,207
DESCRIPTION ' . | ' L

The comb/vacuum collection concept consists of a razor comb with a hand-held
vacuum pickup device. The concept requires two men to operate which is a
disadvantage from the crew time aspect. The unit used for vacuum collection
is the power module used on Skylab. : .
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., .
. A
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.

) / o APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS
CONCEPT_C / PAL O = COMB, /YACLOUML CollE CToN

2 ‘ I TN I/ B . S S e ot i

!
i
|
'

INDEX NUMBER C e D.Z+ Z

ELECTRICAL PORER REQUIREMENTS , .
Sy L g
) AC . POMER DC__POWER -
: 7
USE YIME 0) ©) ocygr?m ® DEMAND
: ' CYCLE . PEAK AVERAGE (WATT-HR/ PEAK AVERAGE (HATT-HR/
COMPON7T (REF) (HR) (WATTS) (WATTS) Ox@3 (WATTS) (NATTS) x
N : : t '
4
| ! . ) ’ : N
: . : o MAX IMUM TOTAL MAXIMUM TOTAL
o ' .
THERMAL REQUIREMERTS
i . > ' LATENT SENSIBLE HEAT LEAK 10 COOLANT
: C : SOURCE - (BTU/HR) (BTU/HR) (BTU/HR) (BTU/HR)
T N/A -
: , . T0TAL ) . o ‘
o ‘ WATT (BTU/IIR) WATT (BTU/MR) WATT (BTU/HR) WATT (BTU/HR)
3 . )
OPERATIONAL PENALTIES .
. TERMAL ' g
o~ HEAT LEAK 10 COOLANT ELECTRICAL WEIGHT VOLUME
SOURCE (BTU/HR/CYCLE) (BTU/RR/CYCLE)  (PK WATTS/CYCLE)  (LB/MISSION) (FT? /MISSION)
N
% 2
TOTAL . .
VATTSJCYCLE WATTS/CYCLE KG/MISSION M3 /MISSTON
' W (BTUZIR/CYCLE)  (BTU/ZHR/CYCLE) (LB/MISSION) (FT3/M1SSI10H)
X | B2-284

kot e i SRas L e




QUSL w
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APPLIANCE CONCEPT REQUIRTMENTS AND PENALTIES CALCULATIONS (CONCLUDED)
CONCEPT = EOWIB VACULNIT Coct 6C770KL 1noex humser_Z. 3. 2. 2
S FLXED MEIGHINOLUME REQUIREMENIS .
’ . CT L WEIGHT C voLuME
 COMPONENT «(REF) (LBs) . (F13) .
R0l Loy DLX2Z (235) [l.5 i . :

CYoTRL T 68 @-5) | | 007 ¢28) |

' N K6 (LBS) NGO

3

® - ® O] ®
o WT/UNIT (REF) WI/CYCLE VOL/UNIT (REF) VOL/CYCLE
(PKG.WT/UNIT)(REF) X (PKCG.YOL/UNIT)(REF) g)x Q?
TYPE UNITS/CYCLE(REF) (L8). . (L8 (FT3) FT3
. N
v L4
-
2 TOTAL WT/CYCLE Z ® “TOTAL VOL7CYCLE ~
(L8 ©(FTY)
JOTAL WT. | .
“MISETON X X : [ i
: CYCLES/DAY DAYS/MISSTON TOT.WI/CYCLE K6 (LB)
LB .
TOTAL VoL ‘ . '
MISSTON X X | . ]
CYCLES/DAY DAYS/MISSTON TOT.\(IOL!()IYCLE M (FT%)
FT
GAS/LIQULD EXPENDABLES BEQ!LEE&E:&IQ
@ ©) : ®
@ , RECOVERY AMT ,RECOVERED/CYCLE AMT LOST/CYCLE
o AMT,USED/CYCLE (REF) X -
. T? . *(LB) FACTOR . (LB (LB
\ ; ;
C ':t Z @ : Z @
L , ) ) .
\.'(\ P ,I.OT!.\L "’_T. . A . ..
, MISSTON X X = + ‘
CYCLE/DAY DAYS/MISSTON TOTAL COST/CYCLE KG (LB}
) € @ {LB) Q@
N . ) ’ \
B ,B2-285
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS
INDEX NUMBER 23 2oL

CONCEPT é/[ZQZQ@ —(0

WIB VAN Coelelliond

M, ‘ ELECTRICAL POWER REQUIREMENTS
v . ' AC . POMWER DC_ POWER ;
. . : 7
. : ﬁE_SP_lliE_ ® O ® ® bEHD
: CYCLE PEAK averace  (HATT-HR/ PEAK AVERMGE  (WATT-HR/
COMPONENT (REF) (HR) (WATTS) (WATTS) O (WATTS)  © (WATTS) Ox
. — M/ = L :
N .
(4
[ Y
— ! [,
MAX IMUM TOTAL MAXTMUM T, TOTAL
. . !
) B
, 3
. THERMAL REQUIREMENTS '
. : v : LATENT SENSIBLE HEAT LEAK TO COOLANT
SOURCE (BTU/HR) (BTU/HR)

(BTU/HR)

(BTU/HR)

TOTAL —
. WATT (BTU/HR) WATT (BTU/HR) WATT (BTU/HR) WATT (BTU/HR)
. : o i
OPERATLIONAL PENALTIES .
’ * THERMAL '
r HEAT LEAK T0 COOLANT ELECTRICAL WEIGHT VOLUME
. . SOURCE, (BTU/HR/CYCLE) (BTU/HR/CYCLE) . (PK WATTS/CYCLE)  (LB/MISSION) (FT2 /MISSION)
WHcldm poui L1 — /5 OF 2]
PR Y
S B A , .
L
* s 3.2¢ . oot ’ 0/8
: wn (L) o — (1S (2e)  __(oF) s,
. ATTS/CTCLE WATTS/CYCLE ) Kb/MISS 10N M3 /M1 10N
“. {BTUZNR/CYCLE)  (BTU/MR/CYCLE) (LB/MISSION) (FT3/MISSION)
i O ’
' B2-286
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JHABITABILITY FUNCTION
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HABITAGILITY SUBSYSTEM 2.0 Perscnal Hygiene

2.3 Personal Grooming

APPLIANCE FUNCTION 2.3.3 Nail Care
NUMBER OF CONCEPTS CONSIDERED____ 2
ASSUMPTIONS “

(1) The nail care concepts considered are manudal operations using bag and
vacuum collection of nail clippings.

-(2) The study assumed nail cutting once every 14 days.

(3) Nail cutting is assumed to take 5 minutes per use.’

B2-287
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APPLIANCE CONCEPT COMPONENT SUMMARY MATRIX
APPLIANCE FUNCTION: 2,3,3-NAIL CARE
NUMBER 0OF - COMPONENTS
COMPONENT TYPE
NUMBER
OF
SAFETY
) , CRITICAL |

NO MECHANICAL/ELECTRICAL COMPONENTS
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" SPACECRAFT Shuttle
_HABITABILITY SUBSYSTEM Personal Hygiene HABITABILIT? FUNCTION Personal _Grooming

APPLIANCE FUNCTION Nail Care
APPLIANCE CONCEPT NO./TITLE__ 1/Manual Nail Clipper/Bag Collection

INDEX NO. 2.3.3.1 REF. NO.____ 236,207

DESCRIPTION

The manual nail clipper/bag collection concept consists of a terrestrial type
nail clipper enclosed by a bag to contain nail clippings. The bag incorporates
a finger cuff and ring to form a seal around the finger during nail cutting.
The collection bag is transparent to observe nail clipping.

FINGER CUFF AND RING

i s oty
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CONCEPT ‘/mmou AL MALL

APPLIANCE CONCEPT REQUIREMENTS AND PENALYIES CALCULATIONS

D2-118561-2

INDEX NUMBER Z o D« . |

CLPPER. /BAG coll ECTION

ELECTRICAL POWER REQUIREMENTYS . "
. AC . POWER be POUER
) 7
USE Cx)me ® ® E0 ® ® DENAND
CYCLE . PEAK avernge  (WATT-HR/ PEAK averne  (HATT-HR/
COMPONENT (REF) (HR) (WATTS ) (WATTS ) O (HATTS) (KATTS) Ox{
. Njk . L e ‘.
4
. MAXTHUM TOTAL MAXTHUM TOTAL
THERMAL REQUIREMENTS
LATENT SENSIBLE HEAT LEAK T0 COOLANT
SOURCE (BTU/HR) (BTU/HR) {BTU/HR) (BTU/HR)
t\S/f& -
, TOTAL : ' -_
WATT (BTU/HR) " WATT (BTU/HR) WATT (BTU/HR) WATT (BTU/HR)
OPERATIONAL PENALTIES
: THERMAL '
\ WEAT LEAK 10 COOLANT ELECTRICAL WEIGHT VOLUME
SOURCE (BTU/IR/CYCLE)  (BTU/HR/CYCLE)  (PK WATTS/CYCLE)  (LB/MISSION) (FT3/MISSION)
. N/A
TOTAL .
VRTTS/CVCLE WATTS/CYCLE KG7MTSSTON MI/HISSTON
w  (BTU/IRJCYCLE)  (BTU/MR/CYCLE) (LB/MISSION)  (FT3/MISSION)

B2-290
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D2-18561-2

APPLIANCE CONCEPT RCQUIREMENTS AND PENALTIES CALCULATIONS (CONCLUDLD)

INDEX NUMBER 2, 53. /

e ELXED MEIGHINOLUME REQUIREMENTS
' ) NEIGHT VOLUME
. COMPONENT «(REF) (LBS) gFT3)
MNAN CLpPE Bl (236) : .32 008
oL /#S (32)] | .00092 (coed)]
KG ‘(LBS) M3 (F13) .,
SOLID EXPENDABLE WINOL REQUIREMENTS '
. o i, e eeden, oyl
. . U R
TYPE UNITS/CYCLE(REF) (L8). : ’ (I.ESa (F43) CR:TS)
W, o/t 0555 00093

"~ QowreeTion Bag_.ole7 (23

n

1O el . 1O _ooo23
TOTAL WT/CYCLE TOTAL VOL/CYCLE
- (LB) tO(FT3)
TOTAL WT. . e
WISSTON © ___ . 285 X 20.5 O =1=11"1| | 0094 [009)]
CYCLES /DAY DAYS/MISSTON TOT. HT/CYCLE G (LB < 7
OTAL VOL ) £
WS * 286 X . "X o093 - [ . a0i8F L.05]]
CYCLES/DAY BAYS /1SS TON “‘—‘Tf)%\(fo%gvcu CERIGENAS 7
FT
! GAS/LIQUID | E.X_E_'E_N_L‘_AQLES REQUIREMENTS
@ ©) ' ®
@ . RECOVERY AMT .RECOVERED/CYCLE AMT LOST/CYCLE
AMT. USED/CYCLE (REF) X (?
. TYPE 7 (LB) FACTOR (L8 (LB
K/ :
\ ;
o N Z @ Z @
2a - ’
R T0TAL WT. | : .
» “MISSTON X X = +
' CYCLE/OAY PAVSTRISSTON —  TOTAL TOST/CVCLE (D)
) @ (L8) Q@
< \ .
h ' B2-291 ,




T

D2:-1856l:2
|

.. SPACECRAFT Shuttle

HABITABILITY SUBSYSTEM Personal Hygiene HABITABILITY FUNCTION Personal Grooming
APPLIANCE FUNCTION__ Nail Care '

APPLIANCE CONCEPT NO./TITLE_2/Metal Nail File/Vacuum Collection

- INDEX NO. 2.3.3.2 REF. NO. 236,207
| DESCRIPTION

The metal nail file/vacuum collection concept consists of a nail file with
vacuum collection of nail filings. The file has a hood around the file to
improve the vacuum collection efficiency. The concept is penalized for a
vacuum unit based on operating time. The vacuum unit used is identical to
the Skylab power module.
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS

CONCEPT 2 //METHL NA N FILE LA CoLLECTION,

AN A S A IR AR AP —_—— -

INDEX NUMBER 2. 3.3.2Z

DC POMWER

, AC . POWER o
USE_Y1HE ® ® usg\)no ® DEMAND
CYCLE PEAK AVERAGE (HATY MR/ PEAK AVERAGE (haTT R/
COMPONENT (REF) (HR) (WATTS) (WATTS) OxG (WATTS) ~ (WATTS) dOx
NMA ' '
1]
[
1 —;—-“—_--‘ ’ ' :
MAXINUM T TOTAL MAXIMUN . TOTAL
[4
THERMAL REQUIREMENTS
S ' LATENT © SENSIBLE HEAT LEAK TO COOLANT
SOURCE {BTU/HR) (BTU/HR) (BTU/HR) (BTU/HR)
Al/4 :
7
X - :
TOTAL :
: WATT (BTU/HR) WATT (BTU/HR) WATT (BTU/HR) WATT (BTU/IR)
. " .. .
.
C - .
OPERATIONAL PENALIIES '
v v + , \ . []
[ N - .
: , THERMAL '
I HEAT LEAK 10 COOLANT ELECTRICAL WEIGHT VOLUME
SOURCE, (BTU/HR/CYCLE) (BTU/HR/CYCLE)  (PK WATTS/CYCLE)  (LB/MISSION) (FT3 /MISSION)
YA BXIETR Sl —_ N5 02 A-2g
/: -~ : ; E Lt ;. 2! . X '
b
A , :
. . /064‘ : omq .
TOTAL (S o) — 75 ‘Er. OZ) en
WATTS /CYOLT WATTS/CYCLE KG/M1SSTON M3/ SEION
SUTU/HR/CYCLE) (BTU/HR/CYCLE) (LB/MISSION) (FT3/MISSION)
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APPLIANCE CONCEPT REQUIRCMENTS AND PENALTIES CALCULATIONS (CONCLUDED)
CONCEPT2 /P =7 A L VLE/ VRN CoLeGETI oL INDEX NUMBER 2.3. 3. 2
ELXED H.E.L'.G_"_'I/Y.Q.Ly_ﬂ.f. REQUIREMENTS
NEIGHT VOLUME
_ COMPONENT «(REF) _ (LBS) L (FT3) .
FUEL HooD 23s) [-2 - L0

on [ Gzl) [ Leni o]

KG (LBS) M3 (FT3) ~,

. AR AN R IR A R Y —— = —_— e am e S e S

@ o) ® ®
10 WT/UNIT (REF) WT/CYCLE VOL/UNIT (REF) VOL/CYCLE
' (PKG.WT/UNIT)(REF) Ox (PKG, YOL/UNIT) (REF) X
TYPE UNITS/CYCLE(REF) (LB). ©T(LB (FT3) FT3
N/A _
.
Z@ TOTAL WT/CYCLE Z ® “TOTAL VOL/CYCLE ™
- (LB) . ©(FT3)
TOTAL WT. .
THISSTON X X ' l ]
CYCLES/DAY DAYS/MISSION TOT.Wi/CYCLE K6 (LB)
LB .
7
TOTAL VOL _ .
“HIEsToN X X : L. |
CYCLES/DAY DAYS/HISSION TOT.\(IOL:{():YCLE TENGIED]
: FT
TN GAS/LIQULD ELE'EEQ&ELES B.EQQL&E—.&EN_T_i
) ©) E @
) N RECOVERY AMT .RECOVERED/CYCLE AMT LOST/CYCLE
AMT . USED/CYCLE (REF) Ox -
. TYPE ’ (LB) FACTOR : (LB (LB
N : -
TOTAL WT.
MISSTON

CYCLE/DAY

X X . 4 ol '
DAVS/HISSION —  YOTAU LOST/CYCLE L“‘(")"““xe 18
: @

{LB) @

A
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i

-HABITABILITY SUBéYSTEFi 2.0 Personal Hygiene

HABITABILITY FUNCTION__2.3 Personal Grooming

APPLIANCE FUNCTION  2.3.4 Teethbrushina

NUMBER OF CONCEPTS CONSIDERED 3

ASSUMPTIONS

(1) The dental concepts are manual and electric. Manual brushing and water
flushing are the concepts considered by the study.

(2) The study assumed four brushings per day per man.

(3) Teethbrushing is assumed to take 5 minutes per brushing.

(4) Dental floss is provided for each concept for cleaning the crevices of
the teeth. Each crewman is supplied a number of 50-foot rolls of dental
floss as determined by mission length. The usage félbasedvon approximately
one foot ﬁér'qay‘per crewman. ~ ' Tt
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APPLIANCE CONCEPT FUNCTION MATRIX
IHDEX NUOs _24304___ ®e%e. TEETH BHUSHING ESHUTTLE) . . . . . . e e e e - e ——— ..
e CONCEPT  USAGE COMSUNABLES ANp FLOUW REGUIREMENTS THERMAL REWMTS ELEC PWR REWMTS WT/VOL REOMTS ppYerL0PugnT RESUPPLY
NOo TIME coST
__WeT etcrmane® Seacntretacereatracesnteteteterreettrenn Bz eeeecRereBatecen ECocrerrCrTCRenn, SateTcctacacE® peeReTeSens _NEoceCaoe
AMTe PK PWR AYG PWR )
— __VUSES/DAY._IXPE___ VSED. FLON___PRESS __ TEMP _COOLANT MY LEAK . __AC - _AC. WEIGHT. _VOLUME _AVAIL INDgX __®ElGHT ___
HRS/USE (e} wKG/USE= . eMMHGe «DEG (= eAATTIS® wppATTSe oC v epnGe =cU M- (ee) (evg) kG
et i a e ALBAUSE) .~ te) . (PSIG).(DEG FJ). (BTU/HR! {BTU/HR) ehpATTS» . oWATTS= — (LBS) -(CV FT} - - — -{LpSY -
.....0!‘0000.05'.'..0.,..I..'.Q.OQ.'IO.'.'.......l...'l.Q...0.0..000‘QQ'......D‘.O.....I.O..C'!.ll..'l.9".l.l".o....l....‘o....
—————— 1be300 Qe Ge- .0 —0 ek 83 + o *g—
82 ( o) age) G sU {1400 ( 3e20) 4 *0)
- 2 ié-ug‘;a 5 567 68 ]5;]0": 211 ' _‘Do* N —.El o ""2"‘.0 G ]oé -Qu ] 26 0 o
£082 {— 012500 4—-1e50)-- 43000} —(- 7000} ~(——Co)t--270) =m0 om0 = (- 20T} —- 209 )— ——mms {00} -
3  $64000— o 24— b oD [+] 5¢9 (32 ] 10 o
«082 { TQe} 79} [3¢] G 130G 37 { Q)
APRPLIANCE - T/ T T T T
CONCEPT ___ . . .. _ ... - 3 2
NO. CONCEPTY NAME 1 - CABIN AIR (CIRCULATED), LITERS/SEC (FT>/MIN)
e : 2 - CABIN AIR (LOST% , KG/HR . (LB/HR) o
} =  T00THPASTE #ITH DENTIFRICE ; 3 - OXYGEN {Lost » KG/HR LB/HR)
2 - “‘TER_PJXE € Ic g_g 4 - COOLING WATER (CIRCULATED), KG/HR LB/HR)
3 - ELEZTAIC TOUTHBRUSH [ 5 - WATER (LOST) » KG/HR (LB/HR)
Q 6 - NITROGEN {CIRCULATED), KG/HR éLB/HRg .
7 - NITROGEN (USED) ,» KG/HR LB/HR
< 8 - FREON (CIRCULATED), KG/HR (LB/HR) .
-~ 9 - WATER (PROCESSED) , KG/HR -(LB/HR)
e w B —
- E ) (***)COST S
ol (**)AVAILABLE INDICATOR e
. E E {1) AVAILABLE 0-25%
(2) STATE OF THE ART ’ 25-50%
(3) SOME DEVELOPMENT REQUIRED 50-75% — -
(4) EXTENSIVE DEV. REQUIRED 75-100% ° . -
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appLlANCE

e CONCEP T et e oo e
NOs CONCEPT NAME

B

I = TOOTHPASTE WITH DENTIFR{CE
2_e_ _WATER P1X _ ... —_—

3 - ELECTRIC TOOTHBRUSH
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NUNBER OF pLYS = 2Ge5 |
USES MOp_SUyROUINg 31

«G6 YE4RS)

THERMAL PENALTY = DIKECT 10 COOLANT (La/aTUH) 40250

THERMAL PENALIY o CABIN nEAT LEAK _ _(LB/BTUH) __+C550

: POWER PENALTY {LBS/WATT) TYPE ! 05300
i
- SELECTION MATRIX__e o o e o TEETH BRUSHING. (SHUTTLEL i
{91/15/75)
;") T - -
- . MIN MAK CONCEPT
< FACTOR VALUE. VALUE PTsS 1 .2 3.

- KEIGHT . - 297000 o b4 046U ———145 = sGC —12°0) - V057

o PUKER sCOUUU 120720 15 15euu vu0  11e¢5
YOLUME e 9230uaGi—I1 200D 16— eGu-——T9823— 6092
THERMAL »00GO0 ledu5g 15 1540 Uy 11625

N
we e e ph——" A mAo—— ot o M
1

Y o KELIAB=Y— «99967 1 el5LE ——— S5— Beul eGd — 3445

NAINTENC 99999 1ewidG 5  5e00 oD 2091 J

P GEV COST._.eLOGUU 20620LGY 15_ 1580G— oWl —- 750 P2

¢ T TUTAL PT  +U0OUU 8ye0LY 80 55euu 2134 4435 U
W - 6:
T’i ~ RATING  «GOUGO 16000 1D0 68e75 26468 55444 : . A .o
281 — S
(oo} - ':‘:
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SENSITIVITY ANALYSIS

RATING FOr EACH CONCEPT AFTER INCREASING

SINGLE SELECT]ON.PARAMETER. wEIGHTING FACTOR BY - 50-%

' {BASED ON 108 % MAX POINTS)
- ? - — —_ C_Q-N_-C_E-P T
! i 2 3 -
P T NORMAL | 68475 26468 55444 i CD
H WEIGHT 62486 33931 51030 Fﬁ%ﬁ
S, PUKER  __ 71e43 _24+39 _57.12 vy @2
VULUME 64¢71 30+54 56425 o2
THERMAL 7143 ..24439._ 5742 O i
) RELIAB=Y 69476 25¢87 55485 el
—_MAINTENG ___ 6%.7n._ 25¢87__55+52 %.g:
DEV COST 71e43 24439 G4e97 o -
9] , . v %

-

e . o éﬂ w)
-3 ) Do
: '}’ . ) 2
N «
- N SENSITIVITY ANALYSIS o)
WO o e e e e i x|
: : (&)}
: _ . RATING .FOR EACH CONCEPT AFTER INCREASING i
} SINGLE SELECTION PARAMETER WEIGHTING FACTOR BY 53 § )
: (BASED_ON__1GG_3_NAX_POINIS)
: o ' CORCEPT
U SN ZU:
S NORMAL 68 e75__26¢68 _ 55«44
: WEIGHT 75036 21039 . 6ue44
PONHER 65652 29 +44 53e42
VOLUME _____73¢33 . 2230 54.5¢
TAERMAL 65052 2%9e¢44 53642
e RELIAB=Y 670742754 __55e00
MALINTENC 6774 2754 5535
. ———LEVN.COST___65s52__29¢44. 56000
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APPLIANCE FUNCTION: 2.3.4-TEETH BRUSHING

APPLIANCE CONCEPT COMPONENT SUMMARY MATRIX

ULTRASONIC CLEANING DEVICE

NUMBER 0F COMPONENTS
COMPONENT -TYPE =
h=12 NUMBER
e a2 |Se
e =Y b
2 |12=2|Ea SAFETY
(=4 Em =W (s
, 215 EEIREIEE CRITICAL
[} =3 Ort | X | = O
2 & |SE|me |20 , ITEMS
APPLIANCE TYPE W @ @ @ @ @ O O O O O O !

.| TOOTHBRUSH WITH DENTIFICE - - - |- |- 0
WATER PIX 1 |1 1 - - 0
ELECTRIC TOOTHBRUSH WITH 1| - - - - 0

DENTIFICE - B
- - - 1 1 1

e e e R e i i

196811-2d
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SPACECRAFT Shuttle

...HABITABILITY SUBSYSTEMPersonal Hygiene HABITABILIT? FUNCTION Personal Grooming

APPLIANCE FUNCTION Teeth Brushing

APPLIANCE CONCEPT NO./TITLE___ 1/Toothbrush with Dentifrice

INDEX NO. 2.3.4.1 REF. NO.__ 236

DESCRIPTION

The toothbrush with dentifrice ctoncept consists of a terrestrial type toothbrush
with dentifrice. The dentifrice is digestible to te nonhazardous if accidentally
swallowed and is dispensed by a roll-up tube. Mouthwash is also provided in

a soft plastic "squeeze bottle." One squeeze bottle per each crewman is pro-
vide®t for hygiene reasons. The-mouthwash is used to mix with the dentifrice

and is expectorated into a sink or fecal collector. This concept has flown

on Apollo..

. £
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS

WATH DENTIFRICE

.

inoex nuvoer 2.3, 4. |

| ‘ ELECIRICAL POWER REQUIREMENTS ,
w o v
AC . POWER DC___POWER o
) 7
USE_YIME @ ® . ® DEMAND
CYCLE . PEAK AVERAGE (BATT-HR/ PEAK AVERAGE (HATT-HR/
COMPONENT (REF) (HR) (WATTS) (WATTS) @x@B (WATTS) (WATTS) OxG
‘ . N/A . N ’ T
]
3
. ’ MAXTMUM TOTAL MAXTMUM TOTAL
' :
THERMAL REQUIREMENTS
. , LATENT SENSIBLE HEAT LEAK TO COOLANT
) ( . - SOURCE (BTU/HR) (BTU/HR) (BTU/HR) (BTU/HR)
N /A
, TOTAL — . _
. WATT (BTU/HR) WATT (BTU/HR) WATT (BTU/HR) WATT (BTU/HR)
OPERATIONAL PENALTIES
: THERMAL
| o~ , HEAT LEAK 10 COOLANT ELECTRICAL WE1GHT VOLUME
SOURCE (BTU/HR/CYCLE) (BTUZHR/CYCLE)  (PK WATTS/CYCLE)  (LB/MISSION) (FT3 /MISSION)
| . N /A
'E
‘ |
\
TOTAL . ,
WATTSJCYCLE WATTS/CYCLE KG/MISSION MY /HISS 10N
o «  (BTUZHR/CYCLE)  (BTU/HR/CYCLE) (LB/MISSiON) (FT3/MISSION)
. ! B2-302
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APPLIANCE CONCEPY REQUIREMENTS AND PENALTIES CALCULATIONS {CONCLUDED)

INDEX HUMBER 2. 2. 4. [

CONCEPT 7 A, LT DPENTIFE/CE
F1XED MEIGHI/NOLUME REQUIREMENTLS
: . WEIGHT VOLUME
COMPONENT «(RZH) {LBS) gFT3)
TooIHBELSH  (2536) LBS .2
' i : 12,3 - 33
v | g4z (415)] | .035 (.23)]
KG (LBS) M3 (FT3) °,
soLID EXPENDABLE oL .&ERQ@&EMQHI& -
@ NT/UN1T(®(REF) .WT/CYCLE VOL/UI-H@ (REF) VOL/S%ILE
(PKG.WT/UNIT) (REF) Ox (PKG.VOL/UNIT ) (REF) (PXSD
_ TYPE UNITS/CYCLE(REF) (L8). (LB (FT3) F1o
DTS, — — —0375 (2%) - a2/ (236)
LULTIHIASH '
20O _.037 60 .ot
TOTAL Wi/CYCLE TOTAL VOLJCYCLE
. . (LB) T (FT3)
TOTAL WT. _ ) - ~
“HISSTON X__ 20,5  x__,p3785 | &858 (/2.3))
CYCLES/DAY DAYS/MISSION TOT.P(.'lT.é():YCLE K6 (LB} ™
.
OTAL VOL _ .
HISSTON = X 20.5 % __.oof [ .co93 ((328)]
CYCLES/DAY DAYS/MISSION TOT.\(.'?%._ggYCLE M3 (FT3)y
N GAS/LIQUID EXPENDABLES EEQELSE&EEIé
(D , RECOV®ERY RMT.RECOV%D/CYCLE AMT LOS$O'CYCLE
AMT,USED/CYCLE (REF) Dx 1 <3)
TYPE ' “(LB) FACTOR ~ (LB (Le
N /D : . -
¢
TOTAL WT. .
HESSTON CYCLE/DAY X DAYS/HlelON X TOTAL LOST/CYCLE - KG {LB)
LE/Df S
. : ’ € @ (L @
Soe i
B B2-303
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SPACECRAFT Shuttle
HABITABILITY SUBSYSTEM Personal Hygiene HABITABILITY FUNCTION Personal Grooming

APPLIANCE FUNCTION___ Teeth Brushing -

APPLIANCE CONCEPT NO./TITLE 2/Water Pix

INDEX NO. 2.3.4.2 REF. NO. 236,207

DESCRIPTION

-

The water pix concept is the same as the terrestrial type. One unit is
provided with individual tips for each crewman.. The unit is plumbed with

water and wired electrically for power. The water pix creates & high velocity
spray which is directed at the tooth crevices to loosen debris. The water is
collected in the mouth and expectorated into a sink or fecal collector. The
water is assumed to be recoverable by the study with the exception of the water

- loss due to suspended solids.

>
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS '
]

0

wwoex woveer_2, 3.4, 2.

‘ . AC . POWER De POWER o
. . :
USE YIME ®@ ® orD ® ® DEFAND
CYCLE PEAK . AVERAGE (;‘Qgg”“’ PEAK _AVERAGE (‘C’QHE“R/
COMPONCNT (REF) (HR) (WATTS) (WATTS) @« ) (WATTS) ~ (WATTS) OxG
. L]
L
\
. L—‘. .
,- 2% . 2.0 .
MAXTHUM, TOTAL MAX TMUM T T0TAL
o i} . v ¢
THERMAL  REQUIREMENTS
T LATENT SENSIBLE HEAT LEAK TO COOLANT
SOURCE o {BTU/HR) (BTU/IR) (BTU/HR) {BTU/HR)
Ho7OZ — : =27 27 .
‘-
\ ~ ) .
ToTAL — 79 27 7927 =
' WATT (BTU/IR) WATT (BTU/HR) WATT (BTU/HR) “ WATT (BTU/HR)
. . :
. .
) s . - .
OPERATIONAL PENALTIES
’
. ; - _ . ,
r : it Leik T TERL LT ELECTRICAL WETGUT VOLUME
" SOURCE. (BTU/HR/CYCLE) (BTU/HR/CYCLE) = (PK WATTS/CYCLE)  (LB/MISSION) " (FT3/MISSION)

.

‘JV, /3 . .

TOTAL

HATTS/CYCLE
(BTU/HR/CYCLE)

WATTS/CYCLE
(BTU/HR/CYCLE)

B2-305

KG/HISSION
{LB/MISSION)

M3/ISSICN
{FY3/HISSION)
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APPLIANCE CONCEPT REQUIRCMINTS AND PENALTICS CALCULATIONS (CONCLUDED)
CONCEPT 2 /w/}/'Z‘/Z PLX 1nocx numser 2, 3. 4.2,

' ; , : WEIGHT VOLUME
. COMPONERT +«(REF) (LBS) . (FT3)
WAL PIXASSY,  (236) : 272 L L0924

oA | ‘ /.23 (2.72)) I .002.6 (0929

KG ‘(LBS) M3 (FT3) ",

$0L1D EXPENDABLE WI/NOL REQUXREMENTS

2
o m/umouuzr) m/cvcuz vouum@ (REF) voL/ c CLE
" (PKG.WT/UNIT)(REF) (DXS) (PKG, VOL/UNIT) (REF) (Px
_ TYPE UNTTS/CYCLE(REF) (L8), B (F73) FT3
: - N4
, E@ TOTAL WT/CYCLE Z ® TTOTAL VOL7CYCLE
- {LB)} T(FT3)
TOTAL WT. _ '
“WTSSTON ™ X X ) = [ )
CVCLES/0AY DAYS/HISSTON TOT.b(Jlé()IYCLE KG {LB)
' r
TOTAL VOL _ :
T MISSION ~ X X " | . )
CYCLES/DAY DAYS7HISSION TOT.\(I?H?YCLE W (F19)
NN GAS/L1QUID  EXPENDABLES RERQL&E&EEI& .
& © AMT.RECOVE@MZD/CYCLE AMT Los@ CYCLE
» RECOVERY
' AMT, USED/CYCLE (REF) Ox (%
TVPE ' (LB) FACTOR . (Le (LB
LWATEES _ __.12S (23¢) AN : N/ 125
‘ . .o O
TOYAL '
Wb _ /6 x_zoS x y26 - 41 .« s |8 é (4/) ]
CYCLE/DAY DAYS/HTSSTON TOTAL LOST /CYCLE () N
L NO) {L8) @

\ . .

B2-306
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SPACECRAFT Shuttle
HABITABILITY SUBSYSTEMPersonal Hygiene HABITABILITY FUNCTION Personal Grooming

,APPLIANCE FUNCTION Teeth Brushing'

APPLIANCE CONCEPT NO./TITLE 3/Electric Toothbrush with Dentifrice

INDEX NO. 2.3.4.3 REF. NO. 236,207

DESCRIPTION )

The electric -toothbrush with dentifrice concept consists of a motor-driven
tgothbrush with individual brushes for each crewman. The same dentifrice

and mouthwash used for Concept 1 are utilized for this concept. * The vibratory
action of the toothbrush has the advantage of massaging the gums as well as .
cleaning the tooth. The unit is wired electrically to provide power to the-

unit. .

/—— ON-OFF SWAITCH
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APPLIANCE CONCEPT REQUIREMENTS AMD PEMALYIES CALCULATIONS
coricm-f/é‘ CCCTRUC TOLTHBLISH trTH DﬁN7//‘é/Cc 160EX HuMBER_2 3. F. .S

.
I

s (“9/ ‘ LLEEIE.’.EZ‘.L POMER REQUIREMENTS .
) . AC . POWER bc_POWER

o . N O) : () @,

i . : USE TIHE @ O] DEHAND ® ® DEMAND

] . cYoLE PEAK averge  (HATT-IR/ PEAK verace  (HATT-UR/
COMPONEAT (REF) (HR) (KATTS) (WATTS) DX (WATTS) (WATTS) OY16

) HoTek.  (23C) L0233 6.0 _6.0 .5 ‘

—_—

so. - &

C MAXIHUN, T TOAL MAXIMUM T.OToTAL

THERMAL RE g,u TREMENTS

* . ' ' ! LATENT ) . SENSIBLE HEAT LEAK TO COOLANT

\ ‘ . SOURCE : {8TU/HR) . (BTU/IIR) (BTU/HR) (BTU/HR)
) ' : : ) .
C» ororZ. - = £.75 6. 75 o~

' ' o —_ Lfﬁ(é 75) L%(_JSJ —_

WATT (BTU/HR) . WATT (BTU/HR) WATT ( BTU/HR) WATT (BTU/HR)
. .

OPERATIONAL PENALTIES !

. N N 0
] - N . * THERMAL : :
‘ HEAT LEAK T0 COOLANT ELECTRICAL WETGHT VOLUME
. . SOURCE, (BTU/HR/CYCLE) (BTU/HR/CYCLE) | (PK WATTS/CYCLE)  (LB/MISSION) (FT3 /MISSION)
F ™ "3 ‘
N,
. (ijiﬁr 4 . . )
e ' . N
TOTAL -
WATTS/CYCLE WATTS/CYCLE KG/HISSION MI/MISSION
' {BTUAIR/CYCLE) (BTU/HR/CYCLE) {LB/HISSION) (FT/MISSION)
: + B2-308
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS (CONCLUDED)
coucsvr‘zz.{gggfg/c TEXTHECUSH ct78 PENTIFIZICE INDEX HuMpER_2, 5, 4. 3

—— . = - - e e e =% —

‘ - C : NEIGHT VOLUME
. COMPONENT «(REF) {L.8S) . gFT3)
| ELECTRIC T RAUSH AL 236) : -7 K 0425
DENTIELICE LI pUTH UK (2.38) 12,3 - - 32
LU [ 5.9 (73.0) | | .oro# (3705)]|
KG (LBS) oM (FTy) T,
so0L1D EXPENDABLE HI/NOL REQUIREMENTS ’
O] - ® ' ® ®
. o  WT/UNIT (REF) WT/CYCLE VOL/UNIT (REF) VOL/CYCLE
(PKG.WT/UNIT) (REF) @x%:) (PKG.VOL/UNIT) (REF) (?x(?
‘ ) TYPE UNITS/CYCLE(REF) (LB). () (FT3) Fr3
C LENTIERICES . — — L0375 (22) — Lo/ [236)
PUOTH LS L '
L0037 - L0000
E @ romL’S»ﬁz;%c‘L'E‘“ E ® 1017 IT‘\legc‘Y‘C‘ £
- {LB) O {F13)
TOTAL WT. _ » i . .
“WISSTOR ™~ /6 X 20.5 x o375 = L &8.88 (/23]
CYCLES/DAY DAYS/MISSTON mr.mgycu K6 (LB}~ 7
TOTAL VOL _ .
“WMISSION * X 2, 5 X __ O/ - L ~co93 [328]]
CYCLES/DAY DAYS/RISSION TOT.\((F)%():YCLE Wy < 7
N GAS/LIQULD Eiﬁiiﬂgﬁﬁkii B_EQQL&H‘.E?LT_S
©) RECOC\?ERY M.RECOVECE?ED/CYCLE AMT LOST/CYCLE
. AMY,USED/CYCLE(REF) ~ X ] -é
TYPE e * (LB) FACTOR . (LB (Lo
Sy 7 : . - .
. ; ;

' 20 20

\;3

o, ﬁ ‘ : N
N TOTAL WT. | -
, MISSTON X X = +
CYCLE/DAY DAYS/HISSTOR YOTAL L0ST/CYCLE KG {LB)
: O {LB) O]

\ ‘ .
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