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HABITABILITY SUBSYSTEM Housekeeping

APPLIANCE FUNCTIONS CONSIDERED

3.7.1 Surface Wiping
3.2.1 Manual Collection
N 3.2.2 Vacuum Collection
3.2.3 Refuse Transfer
3.2.4 Refuse Processing
3,2.56 Refuse Disposal
3.3.1 Washing
3.3.2 Drying
3.3.3 Washing/Drying Combination
DESCRIPTION

The housekeeping habitability subsystem was designed to provide the cleanup,
collection, processing, transfer and storage of refuse generated during a
mission and crewman garment/Tinen maintenance. The study assumed refuse trans-
fer would be accompliished manually for the missions under consideration. Longer
term missions may eventually require some forms of automatic transfer. -The
housekeeping routines and equipment interface with all of the crew tasks,
including experiments, medical research and care, system operations, dining,
recreation, sleep, and personal hygiene.
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NUMBER OF CONCEPTS CONSIDERED 12
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HABITABILITY SUBSYSTEM_3:0 Housekeeping

HABITABILITY FUNCTION 3.1 Equipment Cleaning

APPLIANCE FUNCTION 3.1.1 Surface Wiping

ASSUMPTIONS

1) Equipment cleaning includes all methods which use a moist wipe, cloth or
sponge and a means of drying the item cleaned. : .
(2) The equipment cleaning function was assumed to be performed 15 times per

‘day. Three times for meal cleanup, six times for cleanups of the personal

. hygiene area, three times for cleanup of spills, etc., and two for continency

cleanup. ,

(3) Ugage of a wetting unit, or equivalent, was based on 2.25 minutes per use.
(4) Washer/dryer penalty was based on washer concept 8, Water Spray Agitation

and Dryer concept 1, Forced Hot Air - Electric Dryer.

(5) MWater used for Space Station equipment cleaning was assumed to be recycied
minus the water lost associated with the suspended solids. Shuttle water used

is not recycled. :

-
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HORHAL 32¢73 37401 94589 46485 38468 7Toedk  9aBS 1413 13448 53,58 37464 77.70
WEIGHT 37033 H1e34  F9e74  SQeB9  H2+75 7742 FeDZ 13403, [Ze32 49,14 42410 78,470
POWER 22192334 BT e — S0 50355 3675352 F4 002192 —12% 32544 6334 0427 5567
VoLUNE 33096 39.91 94088 4652 H}a29  T6eR3 Fe27 15121 144 52427 40es2 TB,.57
THERMAL 29492338495 1 4-H 34653536 77¢27 400 12¢927 123256440 3404278 44 —
RELTAB=Y 32405 36420 94485 45443 3860 V5002  FeB6 (401 13438 52,846 3648] - 76424 !
MAINTENC 3245436470985 45143 —38+75 75013 100361405 713088 52,9737+ 3176435
DEY COST 330356 2727 93«43 H24B3 3BT 77960 §2443 16035 15475 S4.71 372185 TB.75 .
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--NORMAL 3207337608 —F4+86F—46vB5-—3Bs68—T5v44-——F385 —149 13| 3148--53,58-37 ¢4 77470
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VYOLUME —~—31330 = 3340730969 —43aB2—35+72 75187 —10e50—12+90—12+42--55,07 — 34227 - 76,70
THERHAL A641] 40484 FelY% 5QeB83 42448 T5evq4p 1087 JSe59 14987 50,19 Hl+54  T6479
RELIAB=Y———33+45-—37¢B7—FHs52——48736—-38+86— 235 ""38453 — 79,24
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APPLIANCE FUNCTION: 3,1,1~-EQUIPMENT CLEANING

APPLIANCE CONCEPT COMPONENT SUMMARY MATRIX

COMPONENTS

NUMBER 0F
COMPONENT TYPE
2 L= NUMZER
S B3] =
- ezl = | S= - OF
= 2 SR = . - =
2| B [Suw| E| 2 188|Balxu|  |Zw! & (bl = |EB SAFETY
[Tigr=d = W= =T =2 =] 1]t [« jam Bl [ —t (=] [&3 g -
=o ] 3 |adilaal O |E=zlz=|lal] 2 |20 =< | a0 &= oo CRITICAL
ZUIE [SE|EE| & [ES(ISEIGE R (2] ¥ 1B 2 (25
WRLIRCETE OO [O[0]0]|0|6 00 060600 e
DISPOSABLE WET/DRY WIPES 1 t2432 (1|11 1 - -l -1 =111 0
REUSABLE WET WIPES/DISPOSABLE 1z f{2t14{1 (111 - - - -4 1] 0
WET WIPES
DISPOSABLE WET/DRY WIPES -l - -1 q- - - |- O T T 0
AUTOMATIC SPONGE MOP (ASTRO-VAC) | 1 | 2 { 2 {1 [~ |- |1 |1 {1 -1 -1 -121]1 0
REUSABLE CLEANING CLOTHS/ 1242 (101114141 {- - -4 -] 1 - 0
DISPOSABLE DRY WIPES )
DISPOSABLE CLEANING CLOTHS/ m = -1-f1l-11 11 |1 51 1 1¢ 1] - 0
DISPOSABLE DRY WIPES _ :
DISPOSABLE WET WIPES/REUSABLE 12214111 §1.]- -t -l -1l 0
DRY WIPES ,
REUSABLE WET WIPES/REUSABLE ilelz2i1]1 |11 1 |- - -1 -1111 0
DRY WIPES . . -
REUSABLE CLEANING CLOTHS/ 1 ]2z ]t 111 ]- -7 -] -1 1l 0
REUSABLE DRY YIPES _
DISPOSABLE CLEANING CLOTHS/ -l -l -1 =11 11 |1 51 1 1(1{ ~ 0
REUSABLE DRY WIPES
SPONGES/ENCLOSED WETTING UNIT 1 {2211 ]1 1 |- -l -1t -1 111 0
SPONGES/SKYLAB TYPE WETTING UNIT ] - | -~ | - { - | 1 {.- 1 ]1 5 1 1] 1} - 0
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D2-118561-3

SPACECRAFT | Shutt1e_

HABITABILITY SUBSYSTEM Ho'isekeeping HABITABILITY FUNCTION Equipment Cleaning

. APPLIANCE FUNCTION_Surface Wiping

APPLIANCE CONCEPT NO./TITLE_1/Disposable Wet/Dry Wipes
‘INDEX NO,_3.1.T1.1 REF. NO.__236,186

DESCRIPTION The disposable wet/dry wipe concept utilizes a wet wipe for clean-
up and dry wipe to soak up remaining moisture. A wetting unit with hand holes is
supplied for the function. The wetting unit has a water supply outlet and a fan
for providing water entrainment during use. A centrifugal separator is provided
upstream of the blower to collect used water. Water itemperature is controlled
by mixing hot with cold water in a temperature controlled mixing valve. The crew-
-man wets the wipe, uses it for area cleanup (disinfectant soap is Tocated at the
wetting unit) and can be rewetted if necessary for cleanup. The wipe is wrung out
" 1in the wetting unit and disposed of by deposit into a vacuum drier to remove excess
water. Dry wipe's are provided to dry damp areas Teft by the wet wipe. The used
wipes are deposited into the refuse system. The disposable wipes are 2 inch
squares of 4 ply "wet strength” paper. One wet wipe and one dry wipe are provided
per cleanup based on a maximum of 15 cleanup functions per day.
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APPLIANCE CONCLET REQUIPLMENIS AND PCHALYIES CALCULATIGHS

CONCEPT [ DUSIQSABLET LIETINICY AN FES ocx umstR_3. L Lo L

. ELECTRICAL POWER REQUIREMENTS
S , ' AC . POWER DC__ POWER
. q,) Q{) (@)
. UsE_Tine @ ® DEMND ® ® DD
' CYCLE PEAK AVERAGE “E’\@HE““’ PEAK AVERAGE “gﬁié""-’
COMPONENT (REF} (1R} (UATTS) (UATTS) oxQ (HATTS)  (HATTS) Dx
. WETTING thher [236) 0375 500 v 360 135 —_ == —
4 *
N ._L'E,O——a———' ' /3; 5 . —
C HAX THUM. . TOTAL PAXIMUN . TOTAL
¥ . . R
. IHERMAL REQUIREMEHNTS '
* : ‘ LATENT SENSTBLE HEAT LEAK T0 CODLANT
SOURCE {B8TU/HR) (BTU/HR) {BTU/HR) {BTU/HR)
; _ . . .
UIRTETE LENT LOSS_ _Be0 — — _ 360
LHOTRES — QER S48 —_

. ' - T0TAL /_0_5,,-_6;-_@@) _2_28__(2_‘»@) ,_?ZB_(QE&) [Qé}_é_fiéd)

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

*

. . -

.

OPERATIONAL PENALTIES

]

+ . . []
r ' HEAT eak R CooLANT ELECTRICAL WE TGHT YOLUME
" SOURCE {BTU/HR/CYCLE) {BTU/HR/CYCEEY (PR WATTS/CYCLE}  (LB/MISSION) (FT? /MISSTON)

M__ . . -

TOTAL . -
. MATTS/CYCLE WATTS/CYCLE . KOG/B1SS 10K MY/HISSTON
. {BTUHIRZCYCLE) {BTu/URCYCLE) {LOMISSTON) {FTH/MI5S10R)
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APPLIANCE CONCEPT REQUIRIMENTS ARD FEMALTILS CALEULATIONS {cuncLupen)

CONCEPT /[Ms;gggg& E LT/ /ORY WiteS InpEx huseR S, L /i /

- e e e — - —— - — e

- WEIGHT yOLUME
COMPOREXT «{REF) (LBS) . (F13)

WELDRY L FES | (23¢) : 9.23

w2945 (4492)) | _.595 (2102

K6 (LBS) Lomumy

SoLID EXPENDABLE HI/NOL REQUIREMENTS

(D WT/UNI 'i@)(R[F) \-IT/CC‘.;%L E VOLIUHIC;D (REF) VGl lC@CLE
{PKG. WT/UNIT H{REF) [O}1¢ (ch.vouurm)(n{r) x(?

, TYPE URITS/CYCLE(RLF) {LB). ({X:) (FT13) F13
LT eNPES . (236] 015 (23c) o, 0I5 0ol

DRy wiPES | (236) TUBIS (236) .05 | T8I T o0l |

20 ”I“f/@%%c’v’c[f" ' Z@ nom iy cu 0
- (LB) (F19)
RS0 - /5 K205 _x_ 030 " 15.23))
CYCLES /DAY BAYS/MISSTON TOT.}(.'%S,YCLE m “{w’l
At /5 20.5 po30 - | oY AA 553
155108 X A X - -
" TTTEVCLES/OAY T T BAYA/MISSION T g6l .1 'E?TL'{g‘vi:ﬁ“ LEN(AENY ( o ’)
. GAS/LIQULD EXPENDABLES REQUIREMERTS
At US[D/(SEZLE(REF) . REC(%ERY MT.R[CH‘JEO:ED/[YCLE AMT LOS@‘CYC&(
- . x -
TYPE ' {LB) FACTOR (D(Ln(? (Dué‘)l)
X s ] (i fon Ao &QQZL KA - M/ e 0T/ F
LIRTLE AL/A M IS S
fx/,ézazz/%) a45¢ V.47 N4 LOFEF
Wil U)o 2D #B KA XD
y SO 595/ _ - TO 595/
 TorAL . '
Tt - ) &3.0 (82
eIt "*C‘Y'cffg;ﬁ"" * -—5,\-%}07_,-;55,;" ‘lﬁg zuc/fcit 1823 vz r uﬁ(/—_')
. e® () L0
B2-320
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SPACECRAFT Shuttle

HABITABILITY SUBSYSTEM Housekeeping HABITABILITY FUNCTION_Equipment Cleaning
APPLIANCE FUNCTION_Surface Wiping
APPLIANCE CONCEPT M0./TITLE. 2/Reusable Wet/Disposable Dry Wipes

"INDEX MO.__ 3.1.1.2 . REF. NO. 236,186

DESCRIPTION The reusable wet/disposable dry wipe concept utilizes a wet reusable
wipe for cleanup and a disposable dry wipe o soak up remaining moisture. The
wetting unit described in concept 1 is also required for this concept. The re-
usable wipes, however, are wrung out in the wetting unit and reused. Three reus-
able wipes are provided for a maximum 15 cleanups per day. The wipe is used a
maximum of 5 times before washing. After sixty washings, the wipe is discarded
and replaced. The reusable wipes are 10 inches square of 4 ply "wet strength" paper.
The disposable dry wipes are 12 inch squaresof 4 ply "wet strength" paper. One
dry wipe per cleanup are provisioned which are disposed of by depasit into a vacuum. .
drier to remove excess water. The dry wipes are provided to dry damp areas left
by the wet wipe.
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APPLIAHCE CONCEPT REGUIREMENTS AND PEMALTIES CALCULATIONS

CONCEPT. 2/ BERASNBLE T/ DISFOSABLE DY te)#ES

HDEX NUMBER R, /. /.2

ELECIRICAL POWER REQUIREMENRIS
) AC . POMER __ DC__POWER -
. 7/
USE TIME @ ©) orsio ® DEFARD
| ool PEK avernge  (HAIT-HR/ PERK wemce (AT
COMSOHENT {REF) (HR) {WATTS) (MATTS) Dx {UATTS) (UATTS) (O}
[}
»
‘ S /3.5
MAXTHUK T TOTAL MARIMUM T . TOTAL
IHERHAL REQUIREHENTS
. : ' LATENT SENSIBLE HEAT LEAK T0 CODLANT
SOURCE (BTU/HR) {BTU/HR) {BTU/HR) {BTU/HR)
LI ERE T LOSS =7/~ Ye NI — s Bl
HOTDES — FLA P45 —
\ . L )
TOTAL ,_/Qﬁ:_ééé@ w M 1654 (Beo)

WATT {BTU/IR) WATT (BTU/ZHR) WATT (BTU/HR)

»

THERIAL ELECTRICAL HEIGHT

HATT (BTU/HR)

*

YOLEME

I HEAT LEAK T0 COOLANT :
SQURCE, {BTU/HR/CYCLE) (BYU/HR/CYCLE)  (PK WATTS/CYCLE)  (LB/MISSION) (FT? /m1ssioN)
UMESHER 55 = .3 e 22 L O2
Vo)A d =y A N S -] 07 22
LY
ﬁ— L}
(.73 - 21 - Nial OO
TOTAL 29) _q ;% ) A ( _,5_’.‘;)_._ 2 - N
_ﬁ%/c\ru MATTS/LYCLE R ;ms.mu BiMIssion
{BTUZHR/FCYCLE) {eTU/HR/CYCLEY {LB/HISSION) {FT3mIssic)
B2-322
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTICS CALCULATIONS (CONCLUDED)

CONCEPT, Z[ﬁ. {ISABLE QMT [ DISFPSABLE DY LHPES

—— e —_——a — = — s Xdn - - —

s . WEIGHT VOLUME
COMPONENT «{REF) {LbS) . (FT3)
WETIING UMNIT (23¢) : 28 49 24
Q!EZ(Q&SEQSQ&M" Q@l/ . -
GUPES (236) 4. 63 71Tt
o | /50 (3342)] [ vz (33|
K6 {LBS) . om (FT3} °,
S0LID EXPENDABLE !UVUL REQUIREMENTS '
WIUNIT@)(REF) HFICYCLF. \'OLIUHIC?(REF) \‘OL/g)CLE
@ (FEG.MT/UNIT) (REF) @x(? (PKG. VOL/UNIT ) (REF) q)x
TYPE UNITS/CYCLE(REF} (LB}. LB {FT:‘) F13

WETLPES  _DI6T (238) __OnF [23) . 00006ER_ L0252 (236) . omndZ]
IYSRSBALE DEY

UNZES [__(236) SOTE IR 015 '.mgé'c’zzgj L0015

2@ LSS - z@ OIFEES

TOTAL WT/CYCLE TDTAL VDL/CYLLE
+ (LB) {F12)
TOTAL WT. _
“WISSToN™ = Zs X 20.5 % _ /506E T =1 (4.63))
' CYCLES/DRY DAYS/HISSION TUL?I{;):YCLE kG (L8} =
TOTAL ¥C*
“TISSIon © /5 20,5 X _LOIEE2]C | ol3E [ 7‘ 7] |
CYCLES/DAY DAYS/MISSIOR TOT.\(’EH(}ZYCLE NG 7
to BAS/L1QULD EXPENDABLES REQUIREMENTIS
@ RECE\?IRY W.RECOV%D/CYCLE AT LOS@CYCLE
N AMT.USED/CYCLE(REF) 7 @Dx . (is)
TYPE v * {LB} FACTOR (LB (LB
D TERE 25 (23¢) Y7/ Al 5
LUASHER . - ) .
LOSS PLMALTY 08 A4 N W]
dzz;xg (oS 5(Qﬂ yektt) . 0F90 ALLA A QIO
LGN (s pisosat) Q00719 7 AL 200719
5 ' 2O 2972 T® 62972
TOTAL WT. .
TSSO " X A [9.3. é ﬁ 87.8(173-6.
CY({EIBM Df\?!?/%?gf;;‘\r mi. LI:OSC‘B)%YCLIE “A/ I kG (L(l") }

(LB)

.
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SPACECRAFT Shuttie
HABfTABILITY SUBSYSTEM Housekeeping HABITABILITY FUNCTION Equipment Cleaning

APPLIANCE FUNCTION Surface Wiping
APPLIANCE CONCEPT NO./TITLE_3/Disposable Wet/Dry Mipes (Prepackaged)
‘INDEX NO.__3.1.1.3 REF, N0.250,283

DESCRIPTION The disposable wet/dry wipes concept consists of prepackaged wet
wipes which were used on Skylab. The wet wipes are contained within a package to
eliminate water evaporation during storage. The dry wipes are dispensed from a
196 count container. The wet and dvy wipes are used for cleanup and discarded.
The Skylab size wet wipe weight and volume were ratioed (6.3) to the 10 inch
square wipes used in Concepts 1 and 2 in order to provide a equivalent trade.

Wipe Dispense_r
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APPLIANCE COHCEPT REQUIREMENTS AND PENAELTIES CALCULATIONS -
CIJNCEPT_&':/_QJE,Z ASABLT (2 TS DRY wmes(x)/-zrﬂﬁc'f(% D) tioex wumoeR_ %, [ [. 5
: ELECTRICAL POMER REQUIREHENTS ,
; AC . POHER 25 0C POLER c
. 7
; ~. USE TIVE, @ ©) o ® ® DEHA:
C Viooe . eem wenage  (HATEUR/ PEAK averace  (HATTENR/
COMPONENT {REF) (1R) {HATTS) ~ - {WATTS) G (WATTS) (WATTS) o}
. N/ SR
. C T MAXTHUM TOTAL MAX 115U TOTAL
THERMAL REQUIREMENTS
LATEHT SENSIBLE HEAT LEAR TO COOLANT
$OURCE (BTU/HR) (BTU/HR) (BTU/HR) {BTU/HR)
fwi/ﬁ%}
TOTAL

WATT {BTU/NR)

THERMAL

WATT (BTU/HR}

WATT (BTU/HR)

WATT (BTU/HR)

; HEAT LEAK G CODLANT ELECTRICAL HEIGHT VOLUME
SOURCE (BTU/MR/CYCLE)  {BTUZHR/CYCLE)  (PK WATTS/CYCLE)  (LB/MISSIoN)  (FT3/mIssion)
Futig—t
TOTAL . :
VIRTTS/CYCLE HATTS/CYCLE KG/H1SSION H/MISSION
w (UTUAMCYCLE)  (BTU/IIR/CYCLE) (LB/AISSION)  (FT*/MISSION)
B2~3z5
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS (CONCLUDED)
CONCEPT. B /DS BN S A RLLT LIETF/ D2 Y CItPES (PREHCrA G ED)

InDEX huMeeR_3. L/ 5’

“] f.i.X..EQ HELGHT/NOLUHE REQELEE&EEL&
‘ : HETGHT YOLUME
' . COMPOHENT (REF) {L8S) (F72)
WET DR whPEY | ((236,250) S6-25 2.33
FOTAL _l 39.] (86.2S) ! 08 (z.83)]
; : : . " KG (LBS) k3 (FT?)
S0LEID E&EEEE&ELE HyvoL REQE.I.EE&EL'I.E .
) m;uun®(nm WC@CLE vouum@ (REF) vou.:@) CLE
@ {PXG.HTZUNIT ){REF) D {PKG.VOL/UNIT) (REF) Dx@E
TYPE UNITS/CYCLE(REF) (LB} (L {F72) (+1?

WErwias .5 [230) 54 ben) 1172
&MMGM)W 155

MZ@JM&QQZJ__
= QOS8

' pey p i PES / fz‘:?é) m L0103 mk.&ml_&
L2805
PN TOTAL WT/CYCLE : Z ® & TOT!\L vuucvm '
: {L8)
TOTAL W1, . .
“HISSTON * /5 X 20,5 X o 86.25)
. CYCLES/DAY DAYS/NTSS 10T ——mr.m%ms xs 16
TOTAL VOL _ )
“HISSTON ~ [ X 20,5 0092 - | 08 (2. B3]
TYCLES/TRY DATS /HISSTON Tor.‘(rg%gn):ma : TR
GAS/LIQUID EXPENDABLES REQQlBE!ﬁEL‘,li
@
©) REI:(ﬁRY AT RECOVERED/CYCLE AMT LOST/CYCLE
AT USED/CYCLE(REF) Ox (D-L?
TYPE (LB) FACTOR {LB e
M LA - ’

r

e e T - . To

s ‘
(NS ‘) . .
o { . : 7 TOTAL MT. . u
N THISSTOR X X " +
T . , CYCLE/DAY DAYS/HISSION TOTAL LOST/CYCLE %6 (LB}
. T . & @ {Lp) @
o U .
R B2-326
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SPACECRAFT Shuttle
HABITABILITY SUBSYSTEM Housekeeping HABITABILIT? FUNCTION Equipment Cleaning

, APPLIANCE FUNCTION_Surface Wiping

APPLIANCE CONCEPT NO./TITLE 4/Automatic_Mop
"INDEX NO. 3.1.1.4 REF. NO.__236,100

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

is fed into a sponge in the scrubber head for use in cleaning equipment. A water
pick up housing connected to the vacuum line surrounds the sponge. A water separator
is used to collect water from the cabin air. A pump unit injects water into the
water waste management system. One new sponge is provided per week. :
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APPLIANCE CONFPT REQUIREMCHTS AND PENALTIES CALCULATIONS
CONCEPT MM[&W woex wuoer_ 5, /o Lo F

ELECIRICAL ROWER HEQQLEE&EEI&
, . AC . POWER DC__ POMER o
. 0] ;
USE_YINE ® . ® orsii ® ® DEHANO
’ CYCLE PEAK averge  (HALT-UR/ PEAK averace (NI
COMPONENT (REF) {HR) (HATTS) {MATTS) x (HATTS) (HATTS) Mx
AMromnrie '
&ﬂ&&&&zz;dﬁ%)._aizs .ﬁﬁ&__ BT IR '
r
"-
A} .
. * e N
, L2880 (19 CT
© Wm0 - TOTAL MAXIHUM . TOTAL
. ‘ _ ._
IHERHMAL REQQLEEEEHI&
' : LATENT SENSIBLE HEAT LEAK 70 CODLANT
SOURCE {BTU/HR) {BTU/HR) (BTU/NR) {BTU/HR)
LSTEW HENT LOSS  _Zled | — — ..  elCO.
HO7DE 6.7 36.7 -
' . -
TOTAL £33 (2 (o) 10 8 (5%: Z) /0.5 (%'}ﬂ £33 ( £/ 60
WATT (BTU/HR) WATT {BTU/HR) HATT (BTU/HR) WATT (BTU/HR)
\ .
QE‘.ER&I‘.Q!‘.&L BERALTIES
. R +
r ' HEAT LEAK “ER"”‘LTO COOLANT ELECTRICAL WETGHT VOLUME
p SOURCE, (BTU/HR/CYCLE) (BTU/HR/CYCLE}  (PK WATTS/CYCLE)  (LB/HISSION) (FT? /11SS100)
Y/ 2 : :
) '
’ .
TOTAL . —
. WATTS/CYCLE RATTS/CYELE KG/MISSION I HISST0N

‘

{BTU/NR/TYCLE) {BTU/HR/CYCLE) {LB/HISSTON} {FTI/HISSION)

. -B2-328
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APPLIANCE CONCEPT REQUIREMENTS AHD PENALTIES CALCULATIONS (CUNCFUDED)

conceer_&-/ANDIIATIC 0P | oex panger 3, £, /o S

—— e e —— _—— k- o L LA

HEIGHT ' YOLUHE
COMPONENT (REF) (Les) (FT%)
LRI E DL I (276) 20.4 . L5
DPoNGES A7 A ‘ 02

o .| '9,4—. (,?b.75)| | o3 (52) |

; . . e . Ke(LBS) C M (FT3)
S0LLD EXPEHDABLE HI/yoL REQUIREMEHNIS
. ' @ ® @ &)
o) WT/UNIT (REF} WT/CYCLE YOLAUNIT (REF) VOL/CYCLE
(PKG. WT/UNIT) (REF) @x%) (PKG.VOL/UNIT) (REF} @x @
TYPE UNiTS/CYCLE(REF) {Le} (LB (FT3} FT3]

S OGS 143 (23¢) 002989 (2%) (Sondll . Op0F8/ @) 00006 ] |
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SPACECRAFT Shuttle

HABITABILITY SUBSYSTEM Housekeeping HABITABILITY FUNCTION Equipment Cleaning
APPLIANCE FUNCTION Surface Wiping
APPLIANCE CONCEPT NO./TITLE 5/Reusable Cleaning Cloths/Disposable Dry Wipes

'INDEX no._3.1.1.5 _ REF. NO._236,237,245,209

DESCRIPTION The reusable cleaning cloth/disposable dry wipe concept is the same

as Concept 2; however, terry cloth are used for cleansing cloths. “he terry wash
clothes are 6 inches square. The cleaning cloths are provisioned 3 »er day for a
maximum of 5 clean up functions. The cleaning cloth is used for sixt; washings

then is discarded and replaced. The cleaning cloth is washed and dried daily using

a washing machine and dryer. The disposable dry wipes: are 12 inch squares of 4 ply
"wet strength" paper. Once disposable dry wipe is provided per clean up based on a
maximum of 15 cleanup functions per day. The wipes are disposed of by deposit in

the refuse system. The concept is penalized for theusage of a wash/dryer for recycling
the terry cloth cleaning cloths.
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS (COMCLUDED)
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SPACECRAFT __ Shuttie
HABITABILITY SUBSYSTEM Housekeeping HABITABILITY FUNCTION Equipment Cleaning

APPLIANCE FUNCTION _Surface Wiping

APPLIANCE CONCEPT NO./TITLE &6/Disposable Cleaning Coths/Disposable Dry Wipes

"INDEX NO._ 3.1.1.6 REF., NO._236,283

DESCRIPTION The disposable cleaning cloths/disposable dry wipes concept is the
system used on the Skylab applied to equipment cleaning. The terry cloth cleaning
cloths. 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 cleaning cloth is assumed to
be recovered and routed to the water waste management system. Three cleaning cloths
are provided per day for a maximum of 15 cleanup functions. The cleaning cloths
are d1sposed of by deposit into a vacuum dryer to remove excess water. The dried
cloth is then deposited into the refuse system. The disposable wipes are 12 inch
squares of 4 ply "wet strength" paper. One dry wipe is provided per cleanup based
on a maximum of 15 cleanup functions per day. The used dry wipe is deposited into
the refuse system. .
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APPLIANCE CONCEPT REQUIREMCNTS AD PENALTIES CALCULATIONS '
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS {CONCLUDED)
CORCERT (/IS FOSHIERLE O 6 1K G CLOTH S/ EVSPOSABLE DY Ll PrS Moex wumoeR % Lo /o G

L f.ii_'::.g HEILGHINOLUMKE REQUIREHKEHNTS
¢ +
: WEIGHT YOLUKE
COMPORENT (REF) {LBS) {FTY)
‘ & (heldic) F2. 4 - LlS

Ma‘ﬁ E.CLENNIAG CLOTHS (o 76 236
LISFVSABLE DLY tPES : 4,64 A5

e L | /9,9 @5,8:)] L_./40 (#94)]

. . kg {LBS) H3 (FT3)

SpLID EXPEHDABLE HWT/NOL REQUIREHEHNTS
S ® @ ®
) m/umr@)(nsr) . HI/CYCLE YOL/UNIT (REF) VOL/CYCLE
{PXG.UT/UNITH{REF) @x(%’) (PKG, YOL/UNIT) {REF) (?x(e;)
TYPE UNITS/CYCLE(REF) {LB) {ts (F73) Fr3

. BRECLINY. 2 o7 __Le2Z . Jed2 @ _.0/0%92
. %?%}%255@9@;/ [_(23¢) :% OLS | TTAAIREE) L0015

/F—\

, 037 “® LOI2E"
. 20 TOTAL WT/CYCLE : 20 ”‘fﬁihvam%v‘c‘L‘f'“
: (LB) (FT3)
T e x 20,5 _ x___.p33 - [ &7 (/&)
. TYCLES70RY BAYS/HT S STO oW . (G (1)
\ - LB
TOTAL yoL ) :
RISSION - /5 X 2o0.5 1 < = L1085 3.5
CYCLES/DAY DAYS/M15S [0 *LT%(%TC—L-YCLE L_—‘_‘ﬁ 7 "(“n?T“Q" "-B
. ¥ (F73)
GASLIOQUID EXPENDABLES REQUIREMENTIS
) @
. . @ asc?vsnv ' mﬂ.aacuvzcg)twcvcu AMT LOST/CYCLE
AMT . USED/CYCLE (REF ) D x ®- @
WPE . ws)y - FACTOR (s L8
LIATET. .5 (23¢) . N/A M/ﬁ ey
ML

- Clop)_ 0L - A/A : —eDZS
3 Z7 4 _MQ‘E‘) _ﬁ ZQ . ﬂ/ﬂ- /\/"/44 P 04@0

_ O __.575 - SO 575

s Ny .o
T - s TIOTAL T, .
o SRt /5 20. 5 575 - 176.8 - | Bo.2 (17.8)
. “ . H. o CYCLE/DAY * UAYS/HISSION ! oAl éos&gcvcw ) ! %ﬁ r £ {LB{77

&

B2-335




. ¥

R AR N I R R R

D2-1856] -3

SPACECRAFT . Shuttle
HABITABILITY SUBSYSTEM Housekeeping HABITABILIT? FUNCTION Equipment Cleaning

. APPLIANCE FUNCTION_ Surface Wiping

APPLIANCE COMCEPT NO./TITLE 7/Disposable Wet Wipes/Reusables Dry Wipes

"INDEX No. 3.1.1.7 REF. NO.__286,186

DESCRIPTION The disposable wet wipes/reusable dry wipes concept is identical to
concept 1, however reusable dry wipes are used for equipment drying. The terry cloth
reusable dry wipes are 15 inches x 30 inches and are used a maximum of 5 times before
washing. 1  wipes are washed and dryed after one day of usage and are discarded
after 60 was ngs. The dry wipes are provisioned 3 per day for a maximum of 15
cleanup funciLiuns. The concept is penalized for the usage of a washer/dryer for
recycling the drying cloths. '
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APPLIANCE CONCEPT REQUIREMENTS AND PLRALTIES CALCULATIONS
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ADBLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS (CONMCLUOED)
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SPACECRAFT ___ Shuttle
HABITABILITY SUBSYSTEM Housekeeping HABITABILITY FUNCTION Equipment Cleaning

APPLIANCE FUNCTION Surface Wiping
APPLIANCE CONCEPT NO./TITLE 8/Reusable HWet/Dry Wipes

‘INDEX NO.__3-1-1.8 | REF. NO.__ 236,186

DESCRIPTION  The reusable wet/dry wipes concept is identical to concept 2; however
reusable dry wipes are used for equipment drying. The terry cloth reusable dry wipes
are used a maximum of & times before washing. The wipes are washed and dried after
one day of usage and are discarded after 60 washings. The dry wipes are provisioned
3 per day for a maximum of 15 cleanup functions. The concept is penalized for the
usage of a washer/dryer for recycling the cleaning and drying cloths.
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APPLIANCE CONCEPT REQUIRERLNTS AND PENALTIES CALCULATIONS
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APPLIANCE CONCEPT REQUIREMFNTS AND PENALTIES CALCULAT!GHS (CONCLUDED)
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SPACECRAFT . Shuttie
HABiTﬂBILITY SUBSYSTEM Housekeeping HABITABILITY FUNCTION Equipment Cleaning

APPLIANCE FUNCTION_Surface Wiping
APPLIANCE CONCEPT NO./TITLE 9/Reusable Cleaning Cloths/Dry Wipes

'INDEX no.__ 3.1.1.9 REF. NO.__236,237,245

DESCRIPTION The reusable cleaning cloths/dry wipes concept is identical to concept

55 however, reusable dry wipes are used for equipment drying. The terry cloth reusable
dry wipes are used a maximum of 5 times before washing. The wipes are washed and

dried 2fter one day of usage and are discarded after 60 washings. The dry wipes are
provisioned 3 per day for a maximum of 15 cleanup functiuns. The concept is penalized
for the usage of a washer/dryer for recycling the cleaning and drying cloths.
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APPLIANCE CONCEPT REQUIRCHLNTS AND m:nm.ms CALCULATIONS
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS {CONCLUDED) o
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SPACECRAFT | Shuttle

HABITABILITY SUBSYSTEM Housekeeping HABITABILITY FUNCTION __Fquipment Cleani

APPLIANCE FUNCTION_ Surface Wiping

APPLIANCE CONCEPT NO./TITLE 10/Disposable Cleaning Cloths/Reusabie Dry Wipes

"INDEX MO.__ 3.1.1.10 _ REF. NO._236,283

DESCRIPTION The disposable c]ean1ng cloths/reusable dry w1pes concept is identical
to concept 6; however reusable dry wipes are used for equipment cleaning. The terry
cloth reusab]e dry wipes are used a maximum of 5 times before washing. The wipes
are washed and dried after one day of usage and are discarded after 60 washings.

The dry w1pes are provisioned 3 per day for a maximum of 15 cleanup functions. The
concept is penalized for the usage of a washer/dryer for recycling the drying cloths.
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. APPLIANCE CONCEPT REQUIREMENTS AND PENALTICS CALCULLATIONS
CONCEPT /D) @M&ﬂﬁjﬂ/ﬂr C?éo//f.f/f(_ USHBLE PEY aPES
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APPLIANCE CONCEPT REQUIREMENTS AMD PENALTIES CALCULATIONS (CQNCLUDED)
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SPACLCRAFT Shuttle
HABITABILITY SUBSYSTLM Housekeeping HABITABILITY FUNCTION Equipment Cleaning

APPLIANCE FUNCTION__ Surface Wiping

APPLIANCE CONCEPT NO./TITLE 11/Sponges/Enclosed Wetting Unit

"INDLX HO. 3.1.1.1 REF, HO._ 236,170

DESCRIPTION The sponges/enclosed wetting unit concept uses the wetting unit de-
scribed by concept 1. The sponges are compressed and are used for pickup of spills
of any type and general cleanup. The sponges are made of cellulose material which
expands to approximately 15 times its compressed volume when soaking up Tiquid. A
singie compressed sponge is 5 inches long by 1.6 inches wide by .25 inches depth.
The sponge volume is 2.0 cubic inches and weighs 18 grams. The wetting unit is
used for wetting/wringing the sponges during cleanup. The sponges are used for
cleanup and drying. Five 3ponges per day are provisioned for a maximum of 15
cteanup and drying functions. Each sponges is used 3 times and discarded into the
refuse system., '
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g , ' APPLIANCE CONCEPT REQUIRLILKTS AMD PENALTIES CALCULATIONS
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APPLIANCE CONCEFT REQUIREMENTS ARD PENALTIES CRLCULATIGNS (CONCLUBED)
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SPACECRAFT Shuttle

HABITAGILITY SUBSYSTEM Housekeeping HABITARTLITY FUNCTION Equipment Cleaning

Surface Wiping

APPLIANCE FUNCTION
APPLIANCE CONCEPT NO./TITLE 12/Sponges/Skylab Wetting Unit
REF. NO. 236,170

"INDEX No. 3.1.1.12

DESCRIPTION The sponges/Skylab wetting unit concept is identical to concept 11;

[
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however the Skylab wetting unit is used for sponge wetting/rinsing.
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APPLIANCE CONCEPT REQUIREMLRTS AND PENALTIES CALCULATIONS
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APPLIANCE COHCEPT REQUIREMENTS AND PEMALTIE; CALCULATIGNS (CONCLUDED)
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HABITABILITY SUBSYSTEM 3.0 Housekeeping

YABITABILITY FUNCTION 3.2 Refuse Management

APPLIANCE FUNCTION 3.2.1 Manual Collection

NUMBER OF CONCEPTS COMSIDERED 3

ASSUMPTIONS

1. The manual collection of refuse utilizes crewman collection of refuse. The
collection devices considered were bags and stationary containers.

2, The refuse mix used for the compressible/noncompressible refuse is summarized
on the next page. The refuse mix was based on reference 203.

3. The total compressible and uncompressible refuse volume was divided by the
volumetric capacity of the collection devices to obtain the total number of devices
required for the missions.

4, " The study assumed no compaction for the compressible trash collection devices.
Reference material stated that 20 percent compressible was possible by manual
compaction by the crewman. However, the conservative approach was taken by
gssiming no trash compaction because of the variety of collection devices presented
the 20 percent might not always apply.

5. The weights and volumes of the refuse from all sources are summarized in

Table. C2-6.
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TABLE B2-6
SPACE STATION/SHUTTLE REFUSE SUMMARY .
/ SPACE . SPACE
STATION SHUTTLE  STATION  SHUTTLE
(LBS) (LBS) (FT3) (FT3)
COMPRESSIBLE
Health & Safety 11.10 1.296 11.59 .372
Crew Quarters 120.62 115.4 128.7 2.39
Food/Drink 566.2 32.93 13.08 .993
Crew Hygiene 171.32 107.58 129.36 2.48
ECS 0 0 0 0
RCS 0 0 0 0
Power 0 0 0 0
Structural Maintenance 21.15 .236 .281 .030
Communications 0 0 ¥ 0
Data Collection .25 0 .006 0
COMPRESSIBLE REFUSE TOTAL 890.64 ~ 257.44 283.02 6.265
NONCOMPRESSIBLE
Health & Safety 0 0 0 0
Crew Quarters. 0 0 0 0
Food/Drink 0 0 0 0
Crew Hygiene 0 0 0 0
ECS 0 0 0 0
RCS . 0 0 0 0
Power 0 0 0 0
Structural Maintenance 0 0 0 0
Communications 0__ 0 0 0
NONCOMPRESSIBLE REFUSE TOTAL 0 0 0 0
COMPRESSIBLE :
Health & Safety 144.0 10.80 5.14 .386
Crew Quarters 0 0 0 0
Food/Drink 3875.56 314.12 158. 37, 12.237
Crew Hygiene 61.42 2.67 3.64 .095
ECS 36.98 6.95 .57 .43
RCS 1.75 0 .04 0
Power 0 0 0 0
Structural Maintenance 0 0 0 0
Communications 0 0 0 0
COMPRESSIBLE REFUSE TOTAL 4219,71 334.54 167.76 13.15
NONCOMPRESSIBLE
Health & Safety 0 0 0 0
Crew Quarters 0 0 0 0
Food/Drink 0 : 0 0 0
Crew Hygiene 11.38 .39 .72 .002
ECS 26.17 0 .14 0
RCS 207.03 0 13.43 0
Power 55.16 0 .730 0
Structural Maintenance 51.25. 0 .206 0
Communications 06.998 0 1.82 0
Data Collection 8.31 0 .078 0
NONCOMPRESSIBLE 456,30 .39 17.12° .002
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SPACCCRAIT _ Shuttle

HABiTAnlLlTY SupsysT Housekeeping HABITABILITY FUNCTION Refuse Management

APPLIANGE FuicTION Manual Collection

APPLIANCE CONCEPT NO./TITLE1/Waste/Trash Bags
"INDEX NO.__3.2.1.1 REF. NO. 283,203,170,297

DESCRIPTION The waste/trash bags concept employs trash bags and disposable bags
for refuse collection. This concept uses the bag concept used on Skylab. The trash
containers are mounted on the back side of collector doors. The coliector areas

are located in the food management, personal hygiene, and other areas where signi-
ficant amount of bulk refuse is generated. The study assumed 15 collectors for
Space Station and 3 collectors for Shuttle. Trash entry into the bag is through the
front of the collection door through a slit in the bag. The refuse collection was
hased on its uncompressed volume. Disposable bags were applied for uncompressibie
trash, The disposable bags are held during use by snaps located at various locations
throughout the vehicle. Both types of bags have bag closure devices to seal the bag
after filling.
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS
tnoex nuvser 3, 2. 1, |

coveert. [ JL) A STE/TRASH B S

T

ELECTRICAL BEOWER REQUIEEMENTS
!
® AC . POWER DC___POWER -

@ 7

USE_TIME ® G) DEHAND ® ® DEHAND
CYeLe PEAK AVERAGE (AT T R/ PEAK AVERAGE (AT W/
COMPONENT (REF) (HR) {HATTS) (HATTS) @ (WATTS) {UATTS) Mx
7
[}
HAXTHUN TOTAL MAX TN TOTAL
THERMAL REQUIREMENTS
LATEHT SENSIBLE HEAT LEAK TO COOLANT
SOURCE {BTU/HR) {BTU/HR) (BTU/HR) (BTU/HR)
TOTAL
HATT (BTU/HR) WATT (87U IR) WATT {BTU/HR) WATT (BTU/HR)
OPERATIORAL PEHALTELES
THERMAL : '
- , HEAT LEAK 70 COOLAHT ELLCTRICAL | WEIGHT  YOLUME
: SOURCE (BTU/HR/CYCLE) (BTU/HR/CYCLE) (P WAITS/CYCLE)  {LB/MISSION) (FT? /mission)
/A
»
TOTAL -

WATTS/CVCLE WATTS/CYCLE ¢ RG/MISSION MIMissIoN

{BTU/HR/CYCIE) (BTU/HR/CYCLE) (LB/MISSION) (FT/8]SSI0N)
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APPLIANCE CONCEPT REQUIREMENTS ANMD PEMALTIES CALCULATIONS (CONCLUDED)

CONCEPT_{ JLIASI (- [T2ASH BNGS | “Inoex tumeER_ T, Lo L S
E1XED EELQHJ!QLQEE REQUIREMENTS
WEIGHT VOLUME
COMPORENT (REF) {LbS} (FT3)
. - o ‘ - - 2 ) 3{ O . ;f 762
TASH BAEG.S 5. b L5
DISPosA BLE_BAGS : ol " A5

TOTAL | Gle8 (47) ) | L0886 (3.05)]

. " K6 (LBS) K (FT?)

SoL1D EXPENDABLE EI/VOL REQUIREMEHTS

® ®
HT/UNIT (REF) L1 Eﬁﬂﬁm‘f’ VOLJURIT (REF) VOL/E58-F DAY

PKG. WT/UNIT {REF X PKG. 'J(}L/UNIT (REF) X4

TYPE UHITS/C&E(REF) ( (LB) ) ) @ @ { 13} ) %'ﬁ(’)
TLHSH BAGS. .7 (h!emr.)_._Z_Z.L__ IR (e g 0072

mﬁ&%_ﬁ_—_ __*zs_m,am 293 L oZrE DY 208

TO 566 SO _.@ls59

TOTAL WT/CYCLE - TOTAL VOL7CYCLE
(LB} A (F12)
TOTAL WI. _ ' o .
“WISSTon - AL x __ _go.5 X o 826 [/ Q)__]
CYCLES/DAY DAYS/MISSION TOT.WT/CYCLE ; kG {LB) ~
A - {L8)
TOTAL_VOL _ ‘ .
RISSTON - ALA x_ 20.5 X, Q{g’p’_’? . [ .o092 (.32¢)]
LYCLES/DAY DAYS/MISSION TOT.VOL/CYCLE - B{FTA) N
1 3
-GAS/LIQULID EXPENDABLES REQD.LEE.&EEIE
: @ 6] @
: @ RECOVERY AMT.RECOVERED/CYCLE AMT LOST/CYCLE
AMT,USED/CYCLE (REF) @ i é)
TYPE (wy FACTOR (L8 LB
-N/A - L ~ :
¥
TO a TO
r, -
. TOTAL WT. ' . ) : .
“HISSTON X o X - +
——n\—_‘cvcu DAY “TOAVS7HISSION  TF AU (OST/CYCLE %G (L8}
@ (LB} et @
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SPACECRAFT Shuttle

[ABITARILITY SUBSYSTF!Housekeeping HABITABILITY FUNCTIOHN Refuse Management

APPLIANCE FUHCTION Manual Collection

APPLIANCE CONCEPT RO./TITLE 2/Waste Receptacles/Reusable

‘INDEX 0. 3.2.1.2 REF. KO, 170,160

DESCRIPTION The waste receptacles/reusable concept utilizes aluminum rigid trash
containers with tops with perforated slits. Replaceable plastic liner bags are

used for refuse transport. The containers are held to structure with steel spring-
finger retainer strategically placed throughout the vehicle. The number of containers
used for space station were 30 and 6 for Shuttle. The number of containers was based
on the fact the collectors are at fixed locations within the vehicles. The same
container was used for compressible and uncompressible refuse. The number of plastic
Tiners provided for the concept were based on the refuse volume. The plastic liners
were assumed to be changed every 5 days based on volume of .68 FT3/collector (15
Tiners/5 days for Space Station, .634 liners/5 days for Shutt1e) The Tiner volume
was. assumed to be .27 FT3 Jess than container volume to aI]ow for p051t1ve closure.
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APPLIANCE CONCLPT REQUIREMENTS AND PEMALTIES CJ'\I:CULATIONS v

COPICEPTW&EE&&Q&S/QeySMuf . INDEX NUMDER_S, 2. . /s &
ELECTRICAL POMER REQUIREHMENTS
- o - Ll
' ® AC . POWER DC _POWER o
¢
USE_TINE ® ©) namg%u ® ® DEMAN;
_ cYeLe peak  avemse  (HATTCUR/ PEAK aveasce  (EpTT-AR
COMPONENT (REF) {HR) (HATTS) (WATTS) Ox@G (WATTS) (WATTS) (:)x(%)
MAXTHUM TOTAL HAXTHuH TOTAL
THERMAL REQUIREMENTS
LATENT © SEMSIBLE HEAT LEAK 70 COOLANT
SOURCE (BTU/HR) (BTU/KR) {BTU/HR) {BTU/HR)
N/B
) TOTAL — —_
ATT (BTU/HR) WATT (BTU/HR) WATT (BTU/HR) WATT {BTU/HR)
OPERATIOQHNAL PENALTIES
. THERMAL
. WEAT LEAK 10 cooumt - ELECTRICAL WE 1GHT . VOLUME
SOURCE (BTU/HR/CYCLE) (BTU/RR/CYCLE)  (PK WATTS/CYCLE)  (LB/MISSION) {FT? /M15SEON)
LA
Fd
TOTAL :
HATTS/CVCLE WATTS/CVELE £G/RISSION WIZHISSION
(BTU/MR/CYCLE)  (BTU/HR/CYCLE) {LB/MISSION) (FT2/115S10K)
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APPLIANCE CONCEPT REQUIREMENTS AND PEWALTIES CALCULATIONS (CONCLUDED)
COKCEPT Z['g)_d Sit Ll ce.FiRcee s/,e&y_g,;& & tioex tuMpER L3, 2, L, 2
F1XED WEIGHI/VOLUME REQUIREMERTS
WEIGHT YOLUME

COMPOXENT (REF} {LBS) (F1Y)

LLECTD, / 102.38 L.2%¢
docl (-cTOrRe LLTRNERE A ' .03
Lr ASTHC. _LINERS : 5.9 YA

TOTAL o '/0.3 _EZZ78)| | ./93 (&.,,S.S')I

; : . . " K6 {LBS) < MY {FTY)
T soLID EXPEHKDABLE HI/NOGL REQUIREMERTS
m;urm@(asn m/g@smf an/uru@ (REF) vnuc@m LAy
&,{ (PKG.WY/UNIT) (REF) @x(z? (PXG.VOL/URIT) (REF} (Px%t)
TYPE URITS/ (REF} {LB) (LB (F79) F1?

PLASTIC LINEES 634 _ 448 (43) 2834 L0429 (120). 027

. .28 2
ZO ~YOTAL wf%’c_z L® ‘T)'fhf'vb'l.:/?cmt
(18) (F1)
TOTAL WI. ) .
“RISSTON MN/A X 20.5 x . 284 [ 2¢¢ (5.8)]
\ CYCLES/DAY DAYS/MISSTON TOT.%{T’T%YCLE . kG {LB)
- L8
I0TAL YOL _ X i} :
RISSION = % 20.5 X 027 [ .or58 55'5_7)]
CYCLES/DAY DAYS/MISSTON TO7.Vul/CVILE . AT (FT7) ©
R s . {FT3)
-GASLIQUID EXPENDABLES REQUIREMENTS
: O) RECSERY m.nscov%wmcu T Los@ CYCLE
AMT,USED/CYCLE (REF) X - é}
TYPE : L8y . - FACTOR (L8 oL
— K LA - :
r
. pHO) ' ' )HO)
n
l*rm'm T, o .
HISSTON X X = )
CYCLE/DAY DAYS/MISSION GTAL 1OST/CYCLE KG {LB)
. r @i (LB) @
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SPACECRAFT | Shuttle

HABITABILITY SUBSYSTEH Housekeeping HABITABILITY FUNCTION Refuse Management

APPLINICE FUNCTIGH Manual Collection

APPLIANCE COHCEPT NO./TITLE 3/Maste Receptaclies/Disposable

‘IMDEY HO. _3.2.1.3 REF. No. 170,160

DESCRIPTION The waste receptacies/disposable concept is identical to concept 2

using disposable plastic containers. Plastic Tiners were not used since the disposable
container provides the means of refuse transport. The disposable plastic collectors
are held to the structure with plastic spring-finger retainers. The spring retainers

are strategically located throughout the vehigles (30 for Space Station; 6 for Shuttle).

The number of plastic collectors were based on the trash volume (2.16 per day for
Space Station; .83 per day for Shuttie) based on .95 FT3/cotlector. The storage
volume of the containers was based on a stacked configuration, i.e. like paper cup

storage.
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APPLIANCE CONCEPT REQUIMLMENTS AND PENALTICS CALCULATIONS
CU"CEPWW«& S DISPASHEBLE woex wroen_3. 2 .40 3
ELECTRICAL POMER REQUIREMENTS
T ® AC . POMER . DCe POMER 0
(1) 7
USE_TIME ® ® DEHRND ® ® DEMARD
CYCLE . PEAK aerace (AT PEAK mere  (HATTUR
COMPONENT {REF) (HR} (WATTS) {HATTS) [0}16 {MATTS) (WATTS) Mx
ALLB : —
. o HAXTHUM TOTAL HMAX IMUM TOTAL
THERMAL REQUIREMERTS
LATENY SENSIBLE HEAT LEAK T0 CODLANT
SOURCE {BTU/HR} (BTU/HR) (BTU/HR) {BTU/HR)
S ALLF
. TOTAL
; . , WATT (BTU/IR) WATT (BTU/HR) WATT (8TU/ZHR) WATT (BTU/HR)
OPERATICHAL PEHRALTIES
THERMAL
L~ . HEAT LEAK 10 COOLAUT ELECTRICAL WE IGHT VOLUME
SOURCE {BTU/HR/EYCLE) (BTU/HR/CYCLE)  (PK WATTS/CYCLE)  (LB/MISSION) (FT3 /mission)
' LD
j,
TOTAL .
WATTS/CVELE WATTSFCYCLE RG/MISSION HI/MISSION
{BTO/MR/CYCLE) {BTu/MR/CYCLE ) (LB/MEssion) {FT3/MISSION)
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTEES CALCULATIONS (CONCLUDED) )

CONCEPT, F/ UM STE 26 L PIRELE S JOISPASHELE

ey twmetR R, 2. /. 3

-

Eiiﬁ@. HEILGHI/NOLUME REQUIREMENRTS
' NE1GHT ' YOLUME
COMPORENT (REF} (Los) (F73)
BeTHNERS * (r70) 2.2.2 =X ‘
ZUSLPOS AL b CONTHARES 13,9 241

o[ 730 (edz)] [_Lo69  (z2.44)]
; . « . X6 (LBS) M3 (F13)
T SO0LID EXPEHNDABLE Hi/vot REQUIREMEMNTS .
) m/umr@{nss) HT/BC?G;&DA‘\‘ vouuru@ (REF) vnu@m DAY
& (PKG.WT/URIT}{REF) D {PXG.VCL/UNIT ) (REF) Q)x 4
TYPE uRITS/ (REF) {LB) L8 (FT3) FT3
' — E‘:fang‘f) —
7.
CONTIAINER. .23 Y= 7= S~ & TSI | . O6S6
~ - &79 NG &
: IO “TOTAL WI7CVELE - Z® “f‘mﬁév‘c&?‘céfuz""
{L8) {(FT%}
Tk - Y- T - 79 " [ Z.3 (/39
{] . - .
\ CYCLES/DAT DAYS/MISSI0N “_ﬁ’f.»(nfg A S T (1)) ?]
. LB
tson * MIA v _20.5 pLRe  +Loi-[ 043 23]
CYCLES/DAY DAYS/MISSICH TGL'&JGL:{?YCLE'__ . H7 (F19) °
' . (FTY)
VBASLIQUID EXPENDABLES REUUIREMENTS
: @ REC?\Z:ERY mﬂ.nscovc@rwcms AT LOSGTD CYCLE
HT, USED/CYCLE (REF) X i (%
TYPE : (Ls) . FACTOR (L8 {18
= A = : - :
r
pPM O] 2®
ﬁ@{%%{_- - ¥ ‘ B
PAISSTON - +
CYCLE/DAY DAYS/MISSIOR YOTAL LOST/CYCLE XG (L8}
. @ {LB) Q@
“ .
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!
HABITABILITY SUBSYSTEM 3.0 Housekeeping

HABITABILITY FUNCTION 3.2 Refuse Management

L ]

APPLIANCE FUNCTION  3.2.2 Vacuum Collection

NUMBER OF CONCEPTS CONSIDERED 3

ASSUMPTIONS

1. "The vacuum collection of refuse utilizes various types of vacuum cleaners.

to assist in cleaning of the vehicles., A central vacuum system was not considered
because sizing of the unit is dependent on the detailed vehicle configuration.

The configuration was not defined well enough to size a representative system

for trade purposes, therefore only hand held units were considered for the study.
2. The vacuum usage was based on 24.5 minutes per day. This was based on the
foliowing rationale.

(1 use/day) 8.5 minutes/day (1 hr/week)-general cleanup
(3 uses/day) 6.0 minutes/day (2 min/mea1g-mea1 cleanup
{1 use/day) 10.0 minutes/day - emergency cleanup

——

24.5 minutes per day (.408 hrs/day)
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- {LB/VSE) La) (R516G) _HDEG_F)_ 1aYU/HRI_(BTU/MR} __ =WATTSa__»WaATTS=___(Lp5)_ICU FT) 551
O ...0lln..cwllcvoloco;l|oiaolo..l!n.....l|-.c..n.clool-.Oooo..-toc-'o-'.O.utlclD.lc.op!nocuCl-'CQCIOGOJCCn!-ll'l!uo!'-'0-¢5lilol--
1 $.000 O 77, .00 10 13+8 «02___ ) __ 5 _ _____..__*0
0 ,082 t Ged  ( 2624) 11540 0 L 0.l & 4793 t )
2 5,000 ‘ 0. 16G 298,90 "0 ' o1 1 20 10
2 L4082 [ Qvl _ 546s) Te0 10t 10400 .t _a30L._ _____ t 1)
—_2 5.000 3 sb214% 454 0 2121 Os O — a0 e e ——— ke . _sD)}.—}. 25 .. 1Y
O 032 [ 14370008 164000 [ 40 § 70000 &  Ded ¢ Qo) 0 50 | 1H7s51 1 4191 U egy
5 — —— - . — - —_—
T T aRsLIANCE Tt - - i T
3 CONCERT {*) 3
h N, CONCEPT HAPE 1 - CABIN AIR {CIRCULATED,, LITERS/SEC (FYS/MiN)
) ~ e 2 - CABIN AIR {L0ST) , KB/HR {LB/HR} = o
=~ I "«  YACUUN CLEANER {SRYLABI 3 - BXYGEN (LDST} . EG/HR {LB/HR)
2_w__ VACUUM ELEANER [COMMERICAL).__ —— 4 - COOLING WATER (CIRCULATED}, KG/HR (LB/RR)
3 *  YACUUM CLEANER=VENTED To SPACE § - LATER {LOST} » KG/HR (LS/iR}
6 - NITROGEN {CIRCULATED), KG/ER Lamag
7 - RITROGEN {(USED) . KB/HR LB/HR
B - FREON (CIRCULATED), kG/HR {LB/HR)} I
9 - WATER {PROCESSED) , KG/HR {LB/HR)}
) (***)COST _—
Y g (**)AVAILABLE 1KD*CATOR .
_ﬁu C’?{: {1) AVAILABLE 0-25%
3’%‘ (2) STATE BF THE ART 25-5G% - -
ok & L& {3) SOME DEYELOPHMENT REQUIRED 50.75%
g "’o" {4) EXTENSIVE DEV. REQUIRED 75-100% e
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NUMBER OF pAYS = 20,5 | 406 YEARS)
. _._USES MpD SUBROUTINE 33 __ ... __.
THERMAL PENALTY = DIRECT T0 COOLANT (LB/BYUH! 0250
— THERKAL PENALTY_= CABIN_HEAT _LEAXK_ __ (LB/BYUH) LRSS0
— PO¥ER FENALTY (LBS/WATY) TYPE §  ,5300
— POWER_PENALTY _ILBS/WATY) _TYPE 2___.4300
!
b e e
4
[
L SELECTION MATRIX ® » ¢ o & yacUUM REFUSE COLLECTION {SHUTTLE}
! —. I (. SWATL ¥T -]
‘ - . ) —_—
! _— -HIN. HAX L o N.CE P Y
! - FACTOR VALUE VALUE P1S 1 ) 3
- p— = ———— ———- = - — - - —
! WEIGHY . 10040 187454 15 1191 13+98 00
! — PORER _ _ ,00000 ___._ 127+20__- . 15__ 9¢17___ . .«00_15.00 ’
e YOLUME + 17000 479000 10 +00  4e20 7459 ———
___THERHAL____,00000 30.030 15 ___7+80____ +00.__15400
l - RELIABmY 4977984 199994 5 + 00 '00  2.98 )
| 7 — HAINTERC 97999 . _1,00000 5 100 1003465 N
} SAFETY +00000 1.0000 & 500 5400 «00 N
R — DEY .€0s5T__5.0000 25.:000 15 __12:400..._3s00 «00 %
o 7 ToTAL PT .00O0O0O 85+000 85 45488 28418 44,23 b
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& RATING 00000 100400 100 653498 33:16 52403 21
-t — - L
w 4%
[
’
1
o
-t
ra
c2
fa -
>

R




[JA%4"

”

J.

'

D —

SENSITIYITy_ARALYS1S

RaTING FOR EACH CONCEPT AFTER INCREASING
SINGLE SELECTION_ PARAHMETER WEIGHTING FACTOR BY

{BGASED ON 100 % MAX POINTSI

:14]

CoONCEPT

i 2 3
T TNpRHAL 53,98 33,16 52+02
T WEIGHT G604 35,062 47461
— POWER o 5H456._30,47 55392
VOLUME 50,98 34,746 53936
_ THERMAL.____ 53,82 _30,47_.55492
RELIABeY. G2443 32,21 52425

_ HMATHTENG __ 52443 __ 32,21 _ 52443

SAFETY

o DEv_COST ____ S4,0% __32,09.__47+B]

65429 35,06 B50eGH

SENSITIVITY. ANALYSIS

E-19681{-¢{]

RATING FOR EACH CONCEPT AFTER INGREASING

SINGLE SELECTION PARAHETER WE[GHTING _FACTOR BY 50 %

{BASED ON 100 § MHAX POINTS)

e G O NG EPRT

1 2 3

NaRHMAY 5378 334186 52403
WEIGHT BE1452 27434 57407
___POWER ____ 53428 24,346 471239
VOLUME 57435 31435 50+54%
___ THERHAL ____ B%ei7 _35,36_ 4739
RELIAB=Y 55.4] 4,16 Gl18D
___MAIHTENE 55,61 __d4,146_ Sl+40
SAFETY ~ 52,58 31,13 5leé}
__ﬁDEVﬁFOSI“___ﬁlgqé_“JE.HS__§ZgDT
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APPLIANCE CONCEPT COMPOMENT SUMMARY MATRIX
APPLIANCE FUNCTION: 3.2.2-REFUSE/VACUUM COLLECTION

NUMBER DF COMPONENTS
COMPONENT TYPE
NUMBER
E o . QF
P =l o [ ] fam | -
25l o | D g Ex|o SAFETY
s w3z B 35 1825628
2182 5| 3 IEEIEaIEEIES CRITICAL
212 0128 |28 52| dF( 32 [TENS
APPLIANCE TYPE w @ @ @ @ @ @ @ @ O O O O "
| PORTABLE VACUUM CLEANER (SKYLAB) 111|111yt |- 0
PORTABLE VACUUM CLEANER 1 11 y R T T T A T N S 0
{COMMERCIAL)
YACUUM CLEANER VENTING TO SPACE -5 - {1 - {1 j1 {1 1

£-196811-2a
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" SPACECRAFT Shuttle

HABITABILITY SUBSYSTEM Housekeeping

HABITABILITY FUHCTION Refuse Management

APPLIANCE FUNCTION Vacuum Collection

APPLIANCE CONCEPT NO./TITLE 1/Portable Vacuum/Electric (Skylab)

‘INDEX MO. 3.2.2.1

DESCRIPTION The portable vacuum/electric is identical to the vacuum used on SkyTab.‘
The vacuum has a hose and pickup attachments to assist in vacuum pickup.

REF. NO. McDac, 297,283

has a.strap and handle for carrying/using the unit. Vacuum cleaner bags were
assumed to require changing once per week (.142 cycles per day).

YACUUM CLEAKER
IKLET FITTING

LRUICIFOAM
s10t :

T seawante
ELOSYURE

VATOR POAT
A4} LIPDRE
FILILR

VACUUM CLEARER DAG

ACHVINT A
ARUSH ATTACHVIN . S
ABAPUR NG

BLOWER L4 INTIGRAL
ORIK

CARRYIRG
HAHERL
A ro-
YACUUM CLEANCK 845 \fﬁwfuu
O At RlaR OF
o NHULING

TRVICTTOR - z .,) A%
e .' 4
sumct! / /

i atmnummnu AR

’ AT T n g Z

/-H‘.Iﬂi“ﬂl 1

et

ﬂsh‘"t

\ctmmmw
VACUUM CipAR
1 [T FIETinG

INLER ADAFTE H
ALCISS DOOR LATCH

VACEANA CLIAKTH BAC
RCEESS DOOR (HINCED.

WLET ADAFTIR LAICHSS 1y
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APPLIANCE CONCEPT REQUIREMENTS AUD PEWALTIES CALCULATIONS . -
CONCERT é[ﬁmgg.(f YACUO [ ¢:2 ¢ 7 LrC (Srsei8) IHDER NUMBER_ P, Zn 2o )
(?r ELECIRICAL" POWER REQUIREMEHTIS
L AC . POWER ' BC _POWER -
. . )
USE_TIKE @ ® oesio ® & DEMAND
CYCLE PEAX .  AVERAGE (‘c’ﬂ{g““’ PEAK AVERAGE, ‘gﬁé{;““/
® COMPONENT {REF) {HR) (WATTS) (WATTS) Ox (HATTS) {HATTS} x
prorel  (Helnc) LOZ. — — — /15 [La . _H73
o
. . : 115 AL73
‘ HAXIMUN * : TOTAL HAXIMUH . TOTAL
THERHAL REQUIREMEHNTS
) LATENT ' SENSIBLE HEAT LEAK 70 COOLANT
. SOURCE (BTU/HR) (BTU/HR) {BTU/HR) {BTU/HR)
{ IHoTnf — 262 262 —

. 3 TOTAL S '—7@5’—@&— Z —“9 m—z)

WATT (BTU/HR) HATT ({BTU/HR) HATT {BTU/HR) HWATT {8TU/HR}

\ .
. . OPERATIOHAL PENALTILES
THERHAL ' Ce )
HEAT LEAK +0 COOLANT ELECTRICAL WEIGHT VOLUHE
, SQURCE {BTU/HR/CYCLE) (BTUZHR/CYCLE)  (PK WATTS/CYCLE)  (LB/MISSION) (FT? /1S5 I0N)
\ . ' '
— AL — . -
AL, . .
L] ) '
l ‘%f - -
*C: . . ){ ‘ .
L . .o T0TAL
: ~ TWATISJCVCLE WATTS/CYCLE XG/MISSI0N FIuIssIon
{BIUZHR/CYCLE)  (BIU/HR/CYCLE) {LB/HISSION) (FTO /M55 1OK)
. ' B2-377
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS {CONCLUDED) '
CONCEPT / [@@m il g (w2 /:_x_zz(_,mg/c (SAcyent &) IHDEX HLIHBE.R 3.2.2./

’ "WEIGHT YOLUME
COHPORENT (REF) (LBS) (F72)
' (#a Dae) 20.00 : 75
(IMELLDING HASCS_AMD '
BITHLH LI MLS ) : "
< 7 e 049 e 09

TOTAL | /3.43 (30.0?} | 022 (79)|

: : : ¢ K6 (LBS) oW (Y
T S0LID EXPENDABLE HI/YOL REQUIREMENTS
o ’ (Pug/g[flyr@)g%:) ) wé)/g)m (Psz/uu}@ ﬁ%? , vouc@:te
RG. WT/UNIT ) (REF X -VOL/UNIT) (REF X
TYPE UNITS/CYCLE(REF) {LB) (La@ (FT3) (?rﬂ(?
: ’ e
LM LRSS [ 7T 1778) 7 LDO30AT(170) 03067
‘ Neotird o0 306
X Z0 TOTAL WT/CYCLE - 20 —ToTAL vm?th’r -
(Le} (FT3)
TSk = 472 x_ Po.S. x__Lor7 - 52z
h . - - »
\ TYCLES /DAY DAYS/MISS 10N rm.?zggvua ] Y6 LaT‘L‘Qﬁ' ')]
TOTAL VOL _ o o
HISSION = 42 x  20.5 {03067 [ .ooozs [.oo3)]
CYCLES/DAY DAVS/HISSTON TOT.‘{?#{?YCLE . R L) S

LY

+GAS/LIQUID EXRPERDABLES REQUIREHEHRTS

@ @

©) ®
AHT  RECOVERED/CYCLE AT LOS'@CYCLE
X

AT USED/CYCLE {REF) RECOVERY -
TYPE (L) FACTOR (L8 qLe
N/A - L
l“l ’ .
TOTAL WT. | e ’ : . r
HISSIGH X X - +
CYCLE/OAT DAYS/FRISSION ~  TOTAL LOST/CYCLE ()
o @ (LB) e @
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SPACECRATT __ Shuttle

HABITABILITY SUBSYSTEM Housekeeping HABITABILITY FUNCTIONRefuse Management
APPLIANCE FUHCTIQN Vacuum Collection

APPLIANCE CONCEPT KO./TITLE 2/Portable Vacuum/Electric (Commercial)

"INDEX NO._3.2.2.2 REF. HO. 170

DESCRIPTION The portable vacuum/electric (commercial) concept is the same as
concept 1 except the unit is made of plastic and is a commercial unit operating on
AC power. The unit is Tighter than the concept 1 version, therefore was presented
for the purposes of trade. The unit would require considerable deveiopment and
was penalized for its development cost. The vacuum cleaner bags are identical to
concept 1 and are replaced at the same frequency.

Es_—g--r--- gt ’..—.-. e ',;:_‘:;E:"
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APPLIANCE COMCEPT REQUIREHENTS AND PENALTICS CALCILATIONS

JNDEX HUMBER T, Zu 2. &

B2-380

CONCEPT, 0 : LI/ LECTIEIC (Co1r1trICR2CLAIL )
. ELECTIRLCAL EOMER REQUIREMENRTS
AC . PONER pC __POWER —
] @
USE T1HE ©) @ DEMRAD ® ® BEMAND
, CYCLE PEAK avemace CHATT-HR/ PEAK nvgrage  (HATT-R/
COMPORENT {REF) {HR) (WATTS) (WATTS) o xé) (WATTS) (WATTS) (O}
porel _(170) _[le2 290 240 _24.5 —
+
. L]
_ RAXTHUH * TOTAL HARIHUM . TOTAL
. . . '
THERHAL REQUIREHMEUHUTS
LRTENT SENSIBLE HEAT LEAX 70 COOLANT
< SOURCE {BTY/HR) {BTU/HR) (BTU/HR} (BTU/HR)
M7 — 590 2~ .
\ _ TOTAL - /60 \(g%fé) /60 \@’;ié/)
WATT (BTU/HR) HATT {BTU/HR) WATT {BTU/HR) HATT (BTU/HR)
' . )
‘ -
. OPERATIOHAL PESALTIES
. . ’
‘ wear Leax R oL ELECTRICAL WEIGHT . - VOLUME
SOURCE (BTU/HR/CYCLE)  (BTU/HR/CYCLE)  (PK WATTS/CYCLE)  (LB/MISSION) (FT3 /HISSI0N)
E4
}
. TOTAL : .
WATTSCYCLE WATTS/CYCLE XG/HISSION HI/HISSI0M
(CTUZR/CYELE)  (DTU/MR/CYCLE) {LO/NISS10K) (FT1/K1S5104)
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APPLIANCE CONCEPT REQUIREMERTS AND PENALTIES CALCULATIONS (CCHCLUDED) :
CONCEPT %@M&M&)ﬂfﬂ/{d CTIT2IC. (Borr A1E7EC 1172 ) HOEX NUMBER T 2. 2
FLXED HELGHI/NOLUMHE REQUIREMENTS
: WEIGHT VOLUHE
COHPONENT (REF) {LBS) 1GE)!
LACLNYI? LA T . 1770) : 1.2 293
(B2 1Y =, '
ATTHCHRTERTS ) - ’
Z_B46S 299 LD,
[ 456 (pos [ .oo? (302)]
: . . . " K6 (LBS) - W (FTY)
. 50LID EXPENBABLE HIi/vGL REQUIREMENRTS .
o ) HT/Ul‘{I‘l@(REF) -.rr/cv@cLs vouum@ {REF) vcuc@cl.e
(PXG.HT/UNIT) (REF) @x (PKG. VOL/UNIT ) (REF) X @)D
TYPE UNITS/CYCLE(REF) (LB) (Le (F13) FT3
e/t i27 ' : '
CoezdeZ Agges_ [ W TFTT G .o/7 ~EOERET (17 003067
. L7 7 L3706 ]
. z @ TOTAL WI/CYCLE - Z @ TYOTAL VOL/CYCLE
(LB) FT3
T0TAL WT. _ :
“FIssTOn /2y 205 v .ol7 - [ o2z  [oF39])
\ CYCLES/DAY DAYS/HISS!GE‘ TOT.!:EQ():VCLE . K& {LBY * -
TOTAL VOL )
“HISSTON * JIEZ %

y L oo3ea7 = [ coozs (.e59)

L4
CYCLES/DAY TDATS/MISSION TOT.}‘DL azgcha : D)
' . (FTY)

-

-GASLIQUID EXPERDABLES REQUIREMENTS

: 16)
. : O RECOCV)Z’ERY AMT.RECOVERED/CYCLE AT I.DSG‘}) CYCLE
AHT . USED/CYCLE {REF) X N é)
TYPE (LB) . FACTOR (LB {18
r
)TOTAL Y. ' o ' i
WISSion X I - + I
CYCLE/DAT BAYS/HISS 10N TOTAL LGSY/CYCLE S (LE)
@ {LB) @
, B2-381
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SPACLCRAFT ' Shuttle
HABfTABILITY SUBSYSTEM Housekeeping HABITABILITY FUNCTIONRefuse Management

APPLIANCE FUNCTIQL Vacuum Collection -
APPLIANCE CONCEPT NO./TITLE 3/Portable Vacuum/Space Venting

"INDEY NO. 3.2.2.3 REF. NO. 1022

DESCRIPTION The portable vacuum/space venting concept uses a vacuum unit vented to ’

space. A maximum 14.7 psi delta pressure is available, however the filter required
will reduce the possible suction at the pickup nozzle. The concept was tried on
Apollo, but did not provide enough suction. Proper design of the hose and pene-
tration in the vehicle shell can make this unit operational. The collection bag
used in concepts 1 and 2 serves as the filter and refuse trap. The flow used

was based on the concept 1; 10 CFM. Venting overboard is allowed, since the
vented gas is filterd and clean. :

B2-382
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APPLIANCE CONCEPT REQUIREMENTS AND PCNALTIES CALCULATIONS

.

QNNv/SPmquEHTwﬁ}

INDEX HUMBER_ 2.2 .2 . S

ELECTRICAL PUYER REQUIREHENRTS ,
AC . PONER DC POWER -
1 7
use_¥InE ® ©) pER0 ® DEMAND
CYCLE . PEAK AVERAGE (HATT-MRY PEAK AVERAGE (HATT MRS
COMPONENT {REF) (HR) {WATTS) (WATTS) ) x(;la,) (HATTS) {WATTS) x
. K /A v ' te T
. L0 HAXIMUM TOTAL HAX IMUM TOTAL
' THERHAL REQUIREMENRTS .
' LATENT SENSIBLE HEAT LEAK TO COOLANT
SOURCE (BTU/HR) (BTU/HR) (BTUZHR) {BTU/HR)
N A '
TOTAL ’ : ) -
NATT (BTU/HR) HATT (BTU/HR) HATT (BTU/HR) HATT (BTU/HR)
CPERATIOQONAL PERALTLES
. THERMAL ey
. HEAT LEAK T0 COOLAIT ELECTRICAL WE IGHT YOLUME
SOURCE (BTU/HR/CYCLE) (BTU/HR/CYCLE) {PK WATTS/CYCLE) {LB/HISSION) (FT3 JUISSION)
N A .
TOTAL .
WATIS/CYCLE WATTS/CYCLE KG/MISSION HI/MISSI0N
w  (BISAR/CYCLE) (BTU/HR/CYCLE) (Lp/MIssION)} {FT3/M155100}
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'

APPLIANCE CORCEPT REQUIREMENTS AND PENALTIES CALCULATIONS (CONCLUDED} ’

ConCerT, 3 [PRGIIBLE eIy fSHBEE VEILTING

1oex kumeer_3. 2 2.8

ELXED MELGHIMOLUME REQUIREMENTS
: HEIGHT ' VOLUME
COMPONENT {REF) (LBS) {Fi3)
 YBCUIDHT LA T )
LMNCLUIDES HASES. A2, 7O 175
AACiIng CLEANER BAGS L9 209

TOTAL -1 B.i97 _(705-)‘ l

o025 [ /&m

N . . . . KG (LBS) M (FT3)
' §0LI1IB EXPENDBABLE HI/NOL REQUIREHMENTS ’
. ® @
® HT/UHIT@)(REF) WT/CYCLE VOL/UNIT (REF) vouc@cm
{PXG.WT/UNIT) (REF) D« (PKG.VOL/UNIT)(REF) @x@
TYPE UNETS/CYCLE(REF) (LB} {LB {FT3) FTd
VAC /L mT . :

LN BIGS L Tor778) _ .o/7 | JEO356TIh) 003067

' _ 20 __of

O 003067

TOTAL WT/CVCLE TTOTAL VOL/CYCLE
{LB} (F17)
JOTAL WT. _ :
WISSTON ~ L JEE X Zo.S 2 LOl7 : | goz% Goﬁ‘ﬂ |
\ CYCLES/OAY DAYS/MISSIGH TOT.lilI/():YCLE . ¥G (LB
. B
JOTAL VOL _ . ‘
“wission © ., M2 X o, X 03067 [ .poe2s (oo |
CYCLES/DAY DAYS/H{SSION TDT.‘(!EL;S:YCLE - WS (F17} 7
] ) .
-GASMAIQUID EXPEHDABLES B..E.Q.Qlﬁiﬁ.ﬁ_l‘_li
: O RECt?ERY ’ AHT.RECBVEC:)ED/CYCLE AT Li’;i@ CYCLE
AMT,USED/CYCLE (REF) D ®-S{$
TYPE : {LB) ‘ FACTOR (18 {L8
LXEES 137 b AL .37
4
Yo L3237 - . e _ LI7

. .
. .i'mm WI. 5

“HISSTON

B2-384
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HABITABILITY SUBSYSTEM . 3.0 Housekeeping

“HABITABILITY FUNCTION 3.2 Refuse Management

APPLTANCE FUNCTION 3.2.4 Refuse Processing

NUMBER OF CONCEPTS CONSIDERED - 12

ASSUMPTIONS

1. The refuse processing of refuse utilizes, compaction, shredding, incineration,
and decomposition methods for processing. The shreddeys were combined with other
processing concepts,such as compactorsto increase the efficiency of refuse volume
reduction. Shredders were not considered as a separate method for trash processing
since it actually increases the refuse volume and requires the aid of a compactor

or incinerator for reducing refuse volume.

2. The refuse mix used for the compressible refuse volume is summarized on the next
page. .

3. The incineratior and- decomposition concepts 9 through 12 were considered only with
shredders. Reference data indicatec shredders are necessary to achieve efficient

- performance of these units.

B2-385
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TABLE

SHUTTLE REFUSE SUMMARY

SPACE

K SPACE :
STATION SHUTTLE  STATION  SHUTTLE
(LBS) (LBS) (FT3) (FT3)
COMPRESSIBLE
Health & Safety _ 11,10 1.296 11.59 .372
< Crew Quarters 120.62 115.4 128.7 2.39
Food/Drink 566.2 32.93 13.08 .993
Crew Hygiene 171.32 ~ 107.58 129.36 2.48
ECS 0 0 0 0
RCS 0 0 0 0 ’
Power 0 0 0 0
Structural Maintenance 21.15 .236 .281 .030
Communications 0 0 0 0
TRASH Data Collection , .25 0 .006 0
COMPRESSIBLE REFUSE TOTAL 890.64 257.44 283.02 6.265
BAGS NONCOMPRESSIBLE
) Health & Safety 0 0 0 0
Crew Quarters 0 G L] 0
Food/Drink 0 0 0 0
Crew Hygiene 0 0 0 0
ECS 0 0 0 0
RCS . 0. 0 0 0 '
Power 0 0 0 0 |
Structural Maintenance 0 0 0 0 '
Communications 0 0 0 0
NONCOMPRESSIBLE REFUSE TOTAL 0 0 0 0 5
COMPRESSIBLE
Health & Safety . 144.0 10.80 5.14 .386
Crew Quarters 0 ’ 0 0 0
Food/Drink 3875.56 314,12 158.37. 12.237
Crew Hygiene 61.42. 2.67 3.64 .095
ECS 36.98 6.95 .57 .43
RCS 1.75 0 .04 0
Power §] 0 0 0
¥ Strictural Maintenance 0 0 0 o
DISPOSALf Communications , 0 0 0 0
COMPRESSIBLE REFUSE TOTAL 4219.71 334,54 167.76 13.13
BAGS NONCOMPRESSIBLE
\ Health & Safety 0 0 0 0
Crew Quarters 0 0 0 0
Food/Drink 0 0 0 0.
Crew Hygiene 11.38 .39 .72 002
ECS 26.17 0 .14 0
RCS 207.03 0 13.43 0
Pover 55.16 0 .730 0
Structural Maintenance 51.25 0 .206 0
Communications 96.998 0 1.82 0
| Data Collection 8.31 0 .078 0
% NONCOMPRESSIBLE 456,30 - .39 17.12 .002
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_APPLIANCE CONCEPT FUNCTION HATRIX

- Y g 2 e O S gy W

IBRDEX HQa JeZef

efop HEFUSE PROCESSING (SAUTTLE]

T CURCEPY  US)GE

T cONSUMARLES AND FLOD REQUIREHENTS

T THERMAL REQHTS T pLEe PWR RpQnTST WT,VOL REQuTST pEYeLOPRENT TRpSURRLY T

N, THE . —_— . - ————— -—.LOST __
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CONCEPT *) ‘
- P.T.—-N.a N.

HO coHCE A H-E 1 - CABIN AIR (CIRCULATED), LITERS/SEC (FT3/MIn)
] = __COHPACTOR=AIR PRESSURE - 2 - CABIN AIR - (LOST) » KB/HR (LB/HR)
2 =  COHPALTOR=VACYUH 3 - OXYGEN {LOSTJ » KG/HR ELB/HR

.3 _~_ COMPACTOR-HDTOR . —— 4 - COOLING WATER (CIRCULATED), KG/HR LB/HR
W =T COMPACTAR~HANUAL ) 5 ~ WATER LOST) » KG/HR (LB/HR)
5 = COMPACTOR~A[R® PRESSURE w/SHFIDDER 6 - NITROGEN CIRCULATED), XG/HR stmn
& = COHPACTOR~YACUUM W/SHREPDESR 7 - NITROGER USED) » KB/HR LB/HR
7 _ - COHPACTOR~HOTOR W/SHREDRER —_— B~ FREON (CIRCULATED). KG/HR (LBIHR
8 =~ COMPACTOR=HANUAL W/SHRENOER 9 - HATER {PROCESSED) , KG/HR (LB/HR)

_9._= . IHTEGRATED YACUUM DECOMPOSTIQM/SHREDDER —— .

10 = FLUSH FLOY OXYGEY INCINERATION/SHREDDER

1i__= PYROLYS!S/BATCH _INCINERATION/SHREDDER —

12 =~ WET OXIpIZATIOM/ SHREDDER {***)CoST
c IR {**)AVAILABLE . IKDICATOR

(1) AVAILABLE 0-25%
(2} STATE OF THE ARY 25-50% :
(3) SOME DEVELOPHENT REQUIRED 50-75%
—.——-~ (&) EXTENSIVE DEV. REQUIRED 75-100% .o
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COHPACTOR=HANUAL .
COHPACTOR~AIR PRESSURE w/SKWREDDER

CONCEPT
RO COHCEPT..-.N.&A-ME
——a. 1 = COHPACTOR~AIR PRESSURE ——— t ——
2 = COUPACTOR~VACUYUN
A« COUPACTOR=HNTOR . S —
§ - :
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— 4 amm——

L CONPACTOR=-VACUUM W /SHRENCER

e = COMPACTQR=MQTOR W/SHREDPER B e e
B =~ CCOMPACTOR-=MANUAL W/SHREPHER

e % w __ INTEGRATYED VACUUH DECOMPOSTION/SHREQDER
10 = FLUSH FLOW OXYGEWN INCINERATION/SHREODER
J = PYROLYSIS/BATCH INCINERATION/SHREDDER
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WET OXIDIZATION; SHREDDER
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HYHBER OF DAY 2045 [ <04 _YEAR®)

USES MDD SUBROUTINE 34
- THERMAL PEN:LTY =~ DIRECT T COQLANT (LB/BTUH)} _+0250

THERKAL PENALTY = CABIN HEAT LEAK, [LB/RTUH) «0550
—_—PONER PENALTY _(LeS/%ATT | THPE_} +5301
«4300

POWER PENALTY {LBS/WATT! TIPE 2

r

SELECTION HaTRIZA ¢ « o & ® REFUSE PROCESSING {SHUTTLE)
i~ t01/25/75)
~ .. —e e o ———— o e e o e e e
’ HIN HaK ' € 0ONCEFP.T
e FACTOR YALUE VALYE PYs 1_ 2. 3 e 5 & 7 8 _ 9 10 1l 12
o WEIGHT __ 284450 55770 15 _ 1292 _ 12484 12,79 __ 14923 _Jge71 _1De87 _ 10477 _ 12422 __TFe%&__ Be30 ___9e30 ___ 0O,
POWER +00000 742400 15 14997 14491 7.02 1500  £+93 6293 7ep2 702 * 30 He29 *00 5438
' A YOLUHE _ 3,0000 _75.300 10 _ 9440 .58 9.60 _ Be0F _ 9439 9439 _ 9439 _ 7488 a3 __ 14869 _3¢@5 _ 00 e
HERHA Q0o 2618 15 15.q 15¢00 1947 15400 13«40 1340 12+886 13edg +q0 4425 00 5,33
;EE”BET .ggg%g 1.00008 % =.08 S.00 5:00 __5+00__5.00__5+00__5s00___5e0Q -92 L) _«00 +30
AINTENC ,.9999% 00073 5 3e2 3,51 2,863 4,97 67 2.89 2 4435 g 3 Y oo
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pEY COST 30.000 75,000 s 9.00 9.00 ?,00 S5.00 7,00 7,00 7,00 7.0p0 3.c0 2,60 f.08 .00 N
. ____TRTAL PT_ »00000 _BS5.000 CBS_ 72420 72434 83,00 _67+30_54429__ 65.47 BHegld Bbe85 _}Be75_ 24e22 1727 1098 .
@ —_ — -
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SENSITIVITY ANALYSIS
RATING FOR EACH_CONCEPT AFTER _INCREASING
SINGLE SELECTION PARAMETER WEIGHTING FACTOR &f 50 % . T
- - ABASED ON_100 % HAX POINTS) _ - . R
T T T Ceneer T - N
1 2 i) -4 5 & y SR 8 9 10 11 12
—~
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APPLIANCE FUNCTION: 3.2.4 REFUSE PROCESSING

APPLIANCE CONCEPT COMPONENT SUMMARY MATRIX

NUMBER 0F COMPONENTS
COMPONENT TYPE
NUMBER
QO: = 4 N OF
~ — et
N 2 =5 g S |& <
o = = |o=x|3 L = | S= =x| e | e SAFETY
Zw| E| W |oma Fee|ww| < |PO| o2 [ =) o | setd| o
> 51 EloD|ewlimaz=| S vl 8 gl 2 (|83 £ | & CRITICAL
\ 22 3| 2 |£8|52132| 5 |E5| B 8513 |82 5| &
APPLIANCE TYPE - =] £ v laxlorlesl & bl = |lnl &8 |ox]l =1 & ITENS
N0 [e®0le|® @ @0
COMPACTOR/AIR PRESSURE 1 1 1 1 1 1 1 1 - 1 - - - - 1
COMPACTOR/VACUUM PRESSURE 1 1 1 - 1 - 1 1 - 1 - - - - ]
COMPACTOR/MOTOR - 1 1 - 1 - 1 1 1 1 - - - - 1
"COMPACTOR/MANUAL - 1 1 - - - 1 - - - - - - - 2
COMPACTOR/AIR PRESSURE & SHREDDER| 1 1 1 1 1 1 1.¢1 1 2 - - - - 2
COMPACTOR/VACUUN FRESSURE AND 1 1 {1 - 1 - 1 1 - 2 - < - - 2
SHREDDER .
COMPACTOR/MOTOR & SHREDDER - 1 1 - 1 - 1 1 ] 2 - - - - 2
COMPACTOR/MANUAL & SHREDDER - 1 1 - - - 1 - - 1 - - - - 2
INTEGRATED VYACUUM DECOMPOSITION/ | 10 2 Z - 1 - - - - - 2 2 2 - 1
SHREDDER
FLUSH FLOW OXYGEN INCINERATION/ 14 2 2 - 1 - - - - - 2 2 2 - 1
SHREDDER
PYROLYSIS/BATCH INCINERATION/ 14 3 2 1 1 - - - - - 2 2 2 - 1
SHREDDER
WET OXIDATION/SHREDDER 13 3 2 1 1 - - - 1 - 1 - 2 1 2
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SPACECRAFT Shuttle
HABITABILITY SUBSYSTEM Housekeeping HABITABILITY FUNCTION Refuse Manaqement

, APPLIANCE FUNCTION Refuse Processing

APPLIANCE CONCEPT NO./TITLE_!/Compactor-Air Pressure
NO. 203,123,170,270

‘INDEX NO. S-2.4.1 REF,

DESCRIPTION The compactor-air pressure concept uses air pressure against a piston
for refuse compaction., The compactor is used for dry and moist compactible refuse.
The unit provides a sterilant to the waste to prevent bacterial growth. The refuse
is placed into a waste storage bag in the compactor. The compactor is actuated
and compression of the refuse is accomplished using cabin air pressure of 40 psi.
The piston used for the study was 9 inches square which results in 4000# of com-
paction pressv-~e, The curve (see next page) from reference 123 shows 30 psi is
more than adequate to a%ta1n a 0.2 compression ratio. The gncompressed refuse
volume per day 2.45 FT?/day for Space Station and .947 FT”/day for Shuttle was
divided by the compactor volume of .A7FT3 to determina the uses per day. Prior to
tying the waste storage bag liner a.sterilant capsule is placed into the bag.

After tying, the capsule is broken releasing the sterilant gas.

SOURCE .ﬁ' \.A-:.-.:.v T
. . 5
f',i"ff';*'?“«ﬁ
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Force, pounds

30
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i 20
Pressure, psi Sears Compactor

COMPOSITE COMPACTION DATA FOR TRASH MIXURES
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Figure B2-1.
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, APPLIANCE CONCEPT REQUIREMENTS AND PENMALTIES CALCLATIONS
CONCEPT_/ /Lot ol 71 @ A1 PRESSURE otz worser_3, 2. 4, /
¢ ELECTRICAL POMER REQULREMENIS
L ' AC . POMER 0C _POMER
. (€)] @]
USE_TIME ©) ® DEMARD ® ® DEMATID
_ CYCLE PEAK AVERAGE (WAT1-un/ PEAK AVERAGE (LR 1R/
COMPORENT {REF) {HR) (WATTS)  (WATTS) é) (WATTS) (WATTS) é
YaLy e LONGT — — = &5 = A3
. (8l IV 2P AR 0167 — — — 2 2. 233
— ) —_—
. . - Wie. 6T,
" PAXIHUH * o TOTAL HAXTHUM . TOTAL
) . i . [4
.. B . . ‘
THERHAL REQL’._[B.EH.E.EIE |
_ LATERT ' SENSIBLE HEAT LEAX 7O COOLANT s
¢  SOURCE {BTU/HR) (BTU/HR) (BTU/HR) (BTU/HR) |
' ' . ‘ ' ’ ' ' 3
S e omnctar, o — . _Mea. . MG — ‘
. \ TOTAL —_ - M, AEG . .
WATT (BTU/HR) HATT (BTU/HR) WATT {BTU/HR) WATT (BTU/HR)
' . '
. OPERATIOHAL PENALTIES
. MEAT Leak TR LT ELECTRICAL WEIGHT - yoLume
. SOURCE (BTU/HR/CYCLE) (BTU/HR/CYCLE) (P WATTS/CYCLE)  {L8/MISSION) {72 /BISS10K)
! . ' .
/(Z///#! . - .
= / .. . ‘
L] , , -
_ Ve r') , .
o\ -
. B - TOTAL : '
o _ WATTS/CYCLE WATTS/CYCLE RG/MISSION - MiguISsion
{BIYMIR/CYCLE) {BIu/It/CYCLE) (LO/NISSIoN) (F1Y/n15510%) :
i B2-395 : ©
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APPLIAKCE CONCEPT FEQUIREMENTS AND PEKALTIES CALCULATIONS (CONCLUDED)
CONCEPT .(,@MWE P2LSSUCE wuoex kuses_ 2, 2. £ 7

—— o — - o - —_—=x o= SRR AL L L R

’ WEIGHT YOLUME
COMPORERT {REF) {LBS} (FT3)
STERLIANIIT BRLIEES )
LB T TG B8G.S : 2.25 215
‘ wa .| 35.04 (77.25) [ o085 (3.015)]
; . . . " OKG (LBS) H? {FT{)\
K SO0LID EXPENDABLE MWInOL agguagﬂgﬂié .
@ ) ‘JI'IUHIT@)(REF) ng\'CLE VDLIUHI(?(R[F) VULIC(?CLI{

(PXG.HT/UNIT){REF} {PEG.VOL/UNIT ) (REF) (Px ()
(LB} (FT3}

TYPE UNITS/CYCLE(REF) (s F13
LRSI STRERGE L2IR (70 25 (170) . OSES L0224 (178) ,OO52

Bezs

. 30 L0S25 0 _.0052
. Z® TOTAL WT/CYCLE - E@) TOTAL VO\LS_/.CZ‘!CL[
[{K:}] ) (FT¥)
TOTAL WT. _ ' . 5
“HISSTON 2.01 X 2o.b 3 L0548 \_lorg (2.25))
N CYCLES/DAY DAYS/HISSIUN TOT.%(HI?YCLE . K6 (LB} ™~
h LB
TOTAL VOL _ - .
TRISSION 2.0 «x 0.5 L LO052 | ooel  {.Z27r5)
CYCLES/DAY DAYS/MISSIOH TOT.VOL/CYCLE - [ EN GRS
. ' . {FT%)
.BASAIQULD EXPENDABLES REQUIREMENTS
P : @ RECB('?ERY A}{Y.RECDVU@ED/CYCLE AMT LOSC;DCVCLE
KT, USED/CYCLE(REF) Dx <3)
TYPE (LB} i ’ FACTOR {Le '(I_.B
~ M4~ : .
’
0 — - No)
imm WI. ' ’ ) . [
“HISSTOR - 1 % . +
CYCLE/DAY DAYS/MIS5ION TOTAL [OST/CYELE Kb {LB)
@ {L8) @

B2-396




. D2-g5gl-2
[ .

SPACECRAFT . S>hutt?e - | .
HABITABILITY SUBSYSTEM Housekeeping HABITABILITY FUNCTION Refuse Management

. APPLIANCE FuncTION Refuse Frocessing .

APPLIANCE CONCEPT NO./TITLE 2/Compactor-Vacuum
‘INDEX NO. 3.2.4.2 REF. NO. 203,123,170,270

DESCRIPTION The compactor-vacuum concept is identical to concept\l with the
exception that a vacuum is used to apply the compaction pressure. The maximum
pressure available is 14,7 psi, therefore, using the same size compactor, the
compression ration will be 0.35. The uses per day is the same as concept 1, how-
ever more bags will be used per mission due to the Tower compression ratio. Cabin
air is lost each time the unif is vented to vacuum. Venting overboard was allowed,

since the cabin air is not contaminated.

Sotlzce 3?..].33‘:%
f "%

n)
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G . z
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTICS CALCULATIONS

CONCEPT_ 2 /oI = YA C edrn

Lpex wumser 3 2 o 2

ELECTIRICAL POWER REQUIREHMERTS
' AC . POMER oc POMER -
USE TIHE ® on ® ® DEHAND
CYCLE PEAY AVERAGE "gf}gg““’ PEAX AVERAGE “c"mé""’
COMPONENT {REF) (HR) (WATTS)  {WATTS) o (WATTS) {WATTS) Dx
YA e Ol67 — —_ : & 58 L3
CPONTROL L& P L6 T — —_— = A L0373
*
. . ° )
. - e, - AaT7
f HAXTRUM TOTAL HAX LUK . TOTAL
' [4
THERMAL REQUIREHEHNTS
LATENT SENSIBLE HEAT LEAK 70 COOLANT
.  SOURCE (BTU/HR) {BTU/HR) (BTU/HR) (BTU/HR)
WAL E S O TR EF — Mty ALET . r—
A , TOTAL _ Al TS, Aes —

WATT (BTU/HR}

1 i

OPERATIONAL

HATT (BTU/HR)

PENALTIES

WATT (BTU/MR) WATT (BTU/MR)

. .f;- S

. L .
HEAT LEAX TO COGLANT WEIGHT VOLUME
. SQURCE (BTU/HR/CYCLE) {BTUZHRZCYCLE) (PR WATTS/CYCLE)  (LB/MISSION) {FT? /MISSION)
= AMLA = . .
, .
..
i T
TOTAL
WATTS/CYCLE WATTSJCYCLE KGAHISSION RIMISSION
(BTU/HR/CYCLE)  {BTU/1/CYCLE) (LB/mM155100) (F13M1ss104)
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS (COHCLUDED)

CONCEPT 2 /BB780 CTOIE —1/F C (It 477 INDEX HuMBER_ %, Z . 4. 2
FI1XED HELGHI/NOLUME REQUIREHENTS
' : HEIGHY YOLUKE
COMPONENT {REF) {LBS} _ {F13)
COMPACTOL (IHCLUDES (170) : 75 - 2-8
STER /L ANT_ADIPUES,) : '
LASASTE STRA6E BAGS. ) 3.75 LB55

w357 (775 [ .oB5 (3Je)]

' ‘ . ¢ . K (LBS) . M3 {FT3)
- T $0LID EXPENDABLE WI/NOL REQUIREMERHTS
. ' @
) wr/uun@)(raer) . WT/CYCLE \mumu(?D (REF) VOL/CC?CLE
(PKG.WT/URET } (REF) @x (PRG.VOL/URIT) (REF) g)x
. TYPE UNITS/CYCLE(REF) (L8) (LB {FT%) i3
. LIBSTE STRCAGE 36 25 () Q2L N2E (170) o087
Baes —_— |
. o9/ LOOST
. IO TOTAL HT/CYCLE . 2.0 TOTAL YOL/CYCLE
. : {LB) . (F13)
TOTAL WT. _ .
WISSON - = 2.0/ X 2o.5  x . | _A.70 (5.75) 1
\ CYCLES/DAY DAYS/MISSIU_H TOT.RQC)ZYCLE . KG (L8) v
TOTAL VOL _ P : - X
RISSION 2 Of X 20.5 X OO -1 (.355)]
CYCLES/DAY DAYS/I:IISSION TDT.}I%;(}:&'ELE SR L GID
) ~GAS/AIQUID EXPEHDABLES QEQ‘ELEEﬁEl‘.IE
. : @ : RECSER\, ) mﬂ.nscovg)am/cms AT Lns@ CYCLE
AHT USED/CYCLE (REF) % - é}
TYPE . (tg) ¢ FACTOR (LB LB
LCaBIN 81 L0306 NS MNLA .36
r
PHO) 236 - 20 __.036
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SPACECRAFT Shuttle . ,
HASITABILITY SUBSYSTEM Housekeeping _ HABITABILITY FUNCTIONRefuse Management

-~

. APPLIANCE FUNCTION_Refuse Processing
APPLIANCE CONCEPT NO./TITLE:3/Compactor-Motor- ,
‘INDEX NO.___3.2.4.3 REF.. NO. 203,123,170,270,202

DESCRIPTION The compattor—motor'uencept is identical to concept 1 with the
exception that a motor’ is used to apply the compaction pressure. The motor is
a linear actuator. The compactor actuation and loading was assumed to be identical

to concept 1. : *
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APPLIANCE CONCEPY REQUIRCHENTS AND PENALTIES CALCULATIONS -
CONCEP e INOTOR tnoex nometR 2, 2 £, 5
. ELECIRLEAL POWER REQUIREMENLS
AC . POVER - ' DC___POWER
e o
use YiME @ ©) bEMAND ® ® DEHAND
, cYCLE PEAK werace  (MATT MM/ PEAX averace  (MATIHR/
COMPORENT (REF) {HR) (WATTS)  (WATTS) O (WATTS) {vATTS) O
Lpred 208 .0/67 145 745, _l2.% _— == —
. e
] ) L) -
. . . Zis , - 12 ,4" ' .
L HAXIHY * , TOTAL HAXTMUM . TOTAL
' ’

- = — AL AL R

T _ LATENT SENSIBLE HEAT LEAX 70 COOLANT
v SOURCE (BTU/HR) (BTU/HR) (sTU/HR) {8TU/HR)

\ ™ — w_ﬂﬁj :

WATT (BTU/HR) WATT (BTU/HR) HATT (BTU/HR) WATT (BTU/HR)
) . .
. ]
. ' ) “ ; B - '
“ OPERATIONAL PENALTIES ‘
THERAAL ' 8
, HEAT LEAK 10 COOLANT ELECTRICAL WEIGHT . VoLuME
R SOURCE (BYU/MR/CYCLE) (BTU/HR/CYCLEY  (PK WATTS/CYCLE}  (LB/MISSION) {FT? /HISSIONY
- /(/' /fL"’ . .. *
v
t-‘ . -
. TOTAL :
WATTS/CYCLE VATTS/CYCLE XG/MISSI0N MI/MISSION
‘ . . (BTUZHR/CYCLE)  (BTU/MR/CYCLEY . {Lu/MISSIONY {FT/MISSION)
L ] . -* B2-40'1
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APPLIANCE CONCEPT REQUIREMENTS AKD PENALTIES CALCULATIONS (CONCLUDED)

CONCEPT_3 L0 E/IC e~ OT DA, woex woveer 2, 2, L, B

- - e e - - — —— e

’ ' WEIGHT © YOLUME
COMPONENT (REF) (L8s) (F13)
ComPRTOE (INCLUPES (I70) 80 g 2.8
LASTE STRRAGE BHGS : Z2.29 RN
» k .
;
: | we | 323 [(£382.25) | 085 (3.05)]
i : ‘ . oL G (es) C W (FT3)
- . SOLID EXPENDASLE HI/NOL REQUIREMENTS .
| - o umie, owhe  epfen e
i : TYPE UNITS/CYCLE(REF) e (Ls) G @m@
; y A .
o
§ : - : - asge 0052
4 . . 20 OTAL WI/CVLLE . 2.0 JOTAL VOL/CYCLE
, - (LB) ()
: TOTAL WT. .
i WS ___ 2.0/ x___ 20,5 _ « .05‘2(: . YA-Y, 225
\ CYCLES/DAY DMSIHISS{O:! TOTJ:L‘%Y LE . KG (LB
i ) TOTAL YOL . :
S “HISSIn * ___ 2.0 X %0.5' X ﬁrgosa . [aae/ €z2i5) ]
CYCLES/DAY D YSII:!SSIDN '¥%£§YCLE . LA (3]
: | CGASLLQUID EXPENDABLES REQUIREMENTS
: ) ‘e ‘ @ RECO?ERY i AMT .RECDVE%:D/ CYCLE AMT LOS@T)CYCLE
3 MIT.4SED/CYCLE(REF) X -<3)
. TweE ; FACTOR (L8 {LB
—,A/'/é s : ‘ : .
‘
. . . l 14
" ! .
o » TT0TAL WT. . |
,“" . ] — TV | —DAYSTTSSTO— Yy oS * " %% {LB)
" . . 3
. T . @ {LB} @ ‘
‘ -
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" SPACECRAFT___ . Shutyle : - .

MABITABILITY SUBSYSTEM  Housekeeping  waprTABILITY FuNCTION__Refuse Management

. APPLIANCE FUNCTION__Refuse Processing

APPLIANCE CONCEPT NO./TITLE:  4/Compactor-Manual

“INDEX 0. 3.2.4.4 REF. NO. 160

DESCRIPT!ON The compactor-manual concept is a manua11y actuated p1ston refuse
compactor. The manual compactor cannot be the same size as concepts 1 through 3
because of the crewman physical limitations. The concept requires a large amount
of .crew time because of its smaller size increasesits uses per day. The désign
utilizes a piston actuated by a lever which contains a doub?e acting ratchet
mechanism and a pinion gear which drives a gear rack shaft. By an up and down .
.pumping action, the piston compacts the refuse. The same waste bag weight and
volume is assured for this unit since it processed the same voTume of refuse as

- concepts ] through 3.

Rack and Pinion
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS

concept_L MBI = i1 A/ L

INDEX NUMBER ,i‘ . f" ﬁ

ELECTRICAL POMER REQUIREMENTS
AC . POMER ' D& POWER
useq)ms ® ©) oERND ® ® DEMAND
cece PEAK merace  (BATTMR/ PEAK averGe  (MTTMRS
COMPONENT {(REF) (HR) (waTTS) {WATTS) @x (WATTS) {WATTS) o}
A -
- L}
) ‘ .
‘ ’ HAXINUE * TOTAL MAXIMUM . TOAL
!
THERMAL REQUIREMENTS
* LATENY SENSIBLE KEAT LEAX TO COOLANT
' SOURCE (BTU/HR) (BTU/HR) {BTU/HR) (BYU/HR)
A/A
\ © TOTAL . .
MATT {8TU/HR) WATT (BTU/HR) WATT. (BTU/HR) WATT (8TuU/HR)
. -
" . DPERATIONAL PENALTIES
‘ »
HEAT LEAK Y0 CooLANT ELECTRICAL WEIGHT VOLUME
. SOURCE {BTY/HR/CYCLE) (BTU/HR/CYCLE)  (PK WATTS/CYCLE)  (LB/MISSION) {FT? /MISSI0N)
Mv—/lf ' o -
I
“
TOTAL
WATTS/CYCLE WATTS/CYCLE KG/MISSION M3 /MISSTON
. (BTU/HR/CYCLEY  (BTU/HR/CYCLE) {LB/MISSION) (FT3/MISSION)
' B2-404
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r APPLIANCE CORCEPT REQUIREMEKTS AND PENALTIES CALCULATIONS (CONCLUDE;) '
3 CONCEPT AYIC, = IAMLAL | woex nuper 3, 2, . &
e ELXED MELGHT/VOLUKME REQUIREMENTS
* ’ : "NEIGHT VOLUME
E ; CORPONENT (REF) (185) (FT%)
! o STCRILANL LORULS )
‘ .
ToTmL L_rs2.9 (28.49) | .F08 (/49|
e . K6 (LBS) L (2 )
- SOL1D EXPENDABLE MINOL REQUIREMENTS
i, owde gben, e
. XG. W
v . TYPE INITS/CYCLE(REF) . {LB) ) ®(LS) {F4’) . (RT3
. wasTE smeie. 160 0747  _0l2 _L007d | o014
258
. Z@

—_—ola
T0IAL WT/CYELE -
' {L8)

TOTAL WT. ' - i
“AISSTON " 2.:[5 X 40. X 9431 - [.0l9 (2.25,
\ YCLES/DAY DA S/M}é';my - 'To .;IL‘():\'CL - L [ {g) ZE
TOTAL VOL . : :
“WISSION 2,1@ x__20.5 X qﬁagl___ . [ Loo6r (2/5] )
YOLES/U DAVS7HISSTOR 10 .\(fg%ggvcu: EEN LN G B

L® Tﬁ%;égg-a‘{“

T . . Q nsct?sav ’ m.nscovc? D/CYCLE AT LOSGT) GYeLt
AMT.USED/CYCLE(REF) x@ (D-(?
TYPE . (L& . - FACTOR (%)) {LB
MN/A : ~
‘ - -
L ~. ’
a ' . 2 @ i v 2 @ .
. i . . * J
' ' . . .iIOTAL WY, ' o :
Eoor oy “HISSTON X - x - - . T
P TTIVCLE/DAY T T DAVS/MISSION  YOTAL LoSY/CvCLE
P @ (18} D _ \
Q%A ; B2-405 o §
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SPACECRAFT ShuttIe ’ ‘ h
HABITABILITY SUBSYSTEM Housekeeping HABiTABILIT* FUNCTION Refuse Management

. APPLIANCE FUNCTION___ Refuse Processing

APPLIANCE CONCEPT NO./TITLE: 5/Compactor-Air Pressure w/Shredder
‘INDEX NO. 3.2.3.5 REF. NO. 203, 123, 170, 270, 202

DESCRIPTION: The compactor-air pressure with shredder is identicag to concept 1
with the addition of a shredder. Reference 202 stated that dry waste can be
compacted more efficiently if previously shredded.- Reference 123, see curve at
front of appliance function section, test data dbes not indicate shredding will
accommodate any change in compression ratio since the curve becomes asymptotic to
the force line for this compactor. However, the shredder was added to the air -
.pressure compactor for the purpose of comparison. The shredder is a commercial
type used to shred paper and could with modification handle moist shredable

- waste, The units were based on one use for each of 3 meals, 2 scheduled cleanups,

3 spills (unscheduled), and 3 miscellaneous for paper, books, etc. The time per
use was assumed to be 3 minutes. Shredding of solid wastes was not considered
by this concept. : C . '
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APPLIARCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS

’cwaﬂﬁﬂﬁa@ﬂzunleuzikusuzc-agcwxzaaae

POMER

thogx omoen_3, 2,45

(‘” ELECTRICAL POWER REQUIREMENTS
: ’ __AC . POMER (X4 POMER 5
£ ' us:q‘)me ® ©) oERiD ® ® oERAD
4 crcLe PEAK aversoe  (HTIONR/ PEAK avenage (AT R/
E COMPONENT (REF) {HR) (WATTS} | (wATTS) x (WATTS) (WATTS) Dx
i VYALYE 067 — — — g 8 J3F
} H :Qﬁ@[’gl L Ez Qté:Z < 2 4@33__
: DR TR, 205 . 745 745, 32285 __— = =
. :_h' . :
: . 245 : S728 _10 167
J MAXIMUN TOTAL . XIMUM . TOTAL
" | . ‘
IHERMAL BREQUIREMENTS
LATENT SENSIBLE HEAT LEAK 10 COOLAKRT
’ ¢  SOURCE (BTU/HR) (8TU/HR) {BTU/HR) {BTU/HR)
,.. h * . . -
¢ VALY E/Pou TROLLERE. == _MNEG. . _MEG. —
o7 — 5 OQ S09 -
. \ , TOTAL — .3 /
WATT {BTU/HR) WATT (BTU/HR) WATT (BTU/HR) WATT (8TU/HR)
’ ' . *
LY ]
. . . |r . | .
' W ) : : . - .
. 95535110 PENALTIES '
< THERHAL \ ELECTRICAL WEIGHT VoLume
HEAT LEAX 10 COOLANT
. SOURCE (BTU/HR/CYCLE) (BTU/HR/CYCLE)  (PK WATTS/CYCLE}  {LB/MISSION) (FT? /MISSION)
- A //) . . .. .-t
LI E 4
' ! v
Lo ' '
P - TorAL : _ )
P WATTS/CVCLE WATTS/CYCLE Ka/MISS 100 MI7K1SSION
i . ) {BTU/HR/CYCLEY  (BTU/HA/CYCLE) (LL/MLSS10N) {FTI/MISSION)
i .
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APPLIANCE CONCINT REQUIREMENTS AND PENAL: (TS CALCULATILES (£L4CLUDEY)
CONCEPT S ONIPACTOR. - A e PR ESS JEC W/S JECODPEA wiock xumeir_ 3. 2. F.5

FIXED  WEIGHT/NOLUME REQUEIREMENTS {

‘ WETGHY VOLUME '

COMPONENT (REF) {Los) (Fr3)
QLMPACTOR ((NQLILES (170) 75 2.8
TCRUCANT_AMCPLOS. ) — s ¢
SHEECPPERZ 75 A
LASTE SIoRAGE BAGS 2:25 218

TOTAL | | é9.0c 052.25) i ./31 @_62)‘]

K6 (LBS) . M3 (FTY)

SOLID EXPENDABLE WI/NOL REQUIREMENTS

" @
© w‘r/um@(m) WT/CYCLE vuuuru(? (RET) voucc?cn.s
(PKG.WT/UNIT)(RET) @x (PKG, VOL/UNIT)(RET) (Px (:P
TYPE UNITS/CYCLE(REF) (LB) {L8 (FT3} T2

LASTE STORMGE 218 (170). 25 (170) _.0SFS _ __.oz24 (12) .05
Buags. .

20 "—N'J‘f?fsgz’g‘-’cu" 1O 'ﬁ?ﬁ;?é}gc&_“
(LB} (5,13
TOTAL M. ;
MESSIa * 2 X 25,5 X Xy 2 . A=Y { 2.25)
- cvﬁ%f‘u‘?—‘” DATS/HMISSION ”“T?)Tff{%"ﬁfle - Wy ]
(L ,
Pk 2o \_ 20.5 ) - (oo rzis 7]
‘ SelE oA DAY /HISSION ?cﬁﬁ:%:vcu : WFT)

) @ m.kscn\'g?ewcvcu.s AMT Losc? CYCLE
AMT . USED/CYCLE (REF) RECOVERY X -(@
TYPE {LB) FACTOR } {Ls (L8
. N/A _
20 pPA O’
JOTAL MT. | S s L
MiSSION | TS S *
T CVELE/DAY TOAYS/MISSTON TOTAU LOST/EYCLE , KG {L6)
. Q@ ; {LB) @
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SPACECRAFT Shuttle -
HABITABILITY SUBSYSTEM Housekeeping HABITABILITY FUNCTION Refuse ' _nagement

. APPLIANCE FUNCTION___Refuse Processing
APPLIANCE CONCEPT NO./TITLE__6/Compactor-Vacuum w/Shredder
‘INDEX NO.  3.2.4.6 REF. NO. 203,123,170, 270, 202

DESCRIPTION : The compactor-vacuum with shredder concept is identical to concept
2 with the addition of the shredder described in concept 5. The compression
ratio was changed from 0.35 to 0.2 based on the increase of compacting efficiency
using a shredder. *
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APPLIANCE CONCEPT REQUIREMINTS AND PENALTIES CALCULATIONS

INDEX NUMBER .E)" z .i. ‘g

. ELELTIRICAL POWER REQUIREMERTS
AC . POMER ,g,, BC  POMER
)
uSE_YIMe @ o DEMEND ® ® DEMAN
CYCLE PEAK AVERASE (WATT MR/ PEAK AVERAGE “"‘"E”"f
COMPORENT (REF) () (VATTS)  (WATTS) Q)xé) (WATTS) (NATTS) (b
yaLvE. 0167 —_ — — g - _ 8 . /3{
SHpoa otor. L0858 245 145 JAZ§ — =
_ 745 3728 _/o ) 167
d MAXIMUM TOTAL HAX IMUM . TOTAL
. | . . ” * .
L ] . % '
N THERMAL REQUIREMENTS
' LATENT SENSIBLE HEAT LEAK 10 COOLANT
T« SOURCE (BTU/HR) (8TU/HR) (BTU/HR) {8Tu/HR)
ALY E [CNIRILLER. _  __Neh. MEG. —
SHEEPLERR JpaTDel — L) Y~

" OTOTAL —_—

(49.3(509)

WATT (BTU/HR)

[93. SLSQ) —

WATT (BTU/HR) WATT [BTu/HR)

WATT (BTU/HR)

. THERMAL . ' :
HEAT LEAX 10 COOLANT ELECTRICAL WEIGHT :“‘""‘
SOURCE (BTU/HR/CYCLE)  (BTU/HR/CYCLE)  (PK WATTS/CYCLE)  (LB/MISSION) (F1* /LSS IoN)
7] —
, .
‘ L]
.o T0TAL .
VATTSJCVCLE VATTS/CYELE KGIHISSTON WY /MISSION
. (BTUAIRJEYCLE)  (BIU/MR/CYCLE) ) (LB/MISSION) (FTV/MISS 10N)
’ . B2-410




ey

A T T A R R

D2-118561-3

APPLIANCE CONCEPT REQUIREMENTS AND PL‘IJ\LHES CALLULATJONS (CUNCLUDED)

CONCEPT_ G LOMAHICTRLL. = VACLIMT e/ SI: DOGIE woex nowiR T 2, Felo

ELXED WE'GHYWOLUME REQUIREMENTS , -
. WEIGHT YOLUME ;

COMPONENY (REF) - {Les) (F1%)

Lot AT, (1M s (170) 75 2.8

STCRILANT. fHINS) : /

SHR DD, 75 lL —

UNSTE STRRAGE BAGS_ _2:25 215

TOTAL | &9.2¢4 (/5'2.&@] | ./3/ (4.£2) ]

, K6 (LBS} M3 (FT2}
so0L13 EXPENDABLE oL BEQUIREMENTS
@ @ @ ®
o WT/URIT VREF) WI/CYCLE VOL/UNIT {REF) YOL/CYCLE
(PKG.HT/U?I'T)(REF) ®xgz) (PKG. VOL/UNIT)(REF) Cpx
TYPE UNITS/CYCLE{REF) (LB) (18 (F13) FT3

WASTE STORAGE , 218 (I70) _ .25 (170) OE%S = .02¢ (17) L0052
8nss - :

Z@ 1017“. HTICYCLE Z@ me VOLICYCLE
(LB} {F12)
romL ur . .
“WISSTO % _ s0.5 X __OSES UV 1L0/9 (2.26'] B
TTCYCLES /DAY I vsmxssmn rm.xmgvcn.z | KG (LB}
T0TAL

L VoL '
FISSTON Z-OI X ‘20.-5- X 'msz - I 'M6; oZl‘.‘: ! I
Hs N CYCLES/DAY DAYS /MISSTON TOT..{Eg}VCLE TR (3 )

GAS/LIQUID EXPENDASLES REQUIREMENTS

o cho%av m.necnv:@xmvas AMT Log) CYCLE
AMT USED/CYCLE(REF) Ox (D-gs :
TVPE {LB) FACTOR (L8 ({1
N/

PO} r®
TOTAL nr : .
THISSTON - X NS S - *__ . L

CYCLE/DAY T DAYS/MISSION TOTAUTOST/CVCLE kG (LB}
e @ (ib) Q@
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SPACECRAFT__ . Shuttle

HABITABILITY SUBSYSTEM Housekeeping HABITABILITf FUNCTION Refuse Management

APPLIANCE FUNCTION Refuse Processing
APPLIANCE CONCEPT NO./TITLE 7/Compactor-Motor w/Shredder

"INDEX NO. 3.2.4.7 REF. NO.__203, 123, 170, 270, 202

-

DESCRIPTION : The compactor-motor w/shredder concept is identical to concept 3
with the addition of the shredder described in concept 5.

B2-412
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APPLIANCE CONCEPT REQUIREMEWTS AN Prisi .5 CALCULATIONS . .
IK0EX NuMBER 3. 2.7, 7

conceet L0 ACIDR < LU OTOR elf S HRGDDER

ELECTRICAL POMER REQUIREKMENTS
o AC . POWER _ ° DC _POMER "
uss@ms ©) OENPUD ® ® nzrgmn
e PEAC . AvemsGe  (ATTOHR/ PEAK averge  (BATTCNR/
*  COMPONENT {REF) (HR) (WATTS)  (WATTS) _@x(:!;) (WATTS) (WATTS) Ox
LHRLO% 067 s 745 _[2f — = _=
SHEDPER_NTOE 05, 745 _37.25
»
. ' RAXIMON © TOTAL HAX IHUM .. T
. - . . '
" THERMAL REQUIREMENTS
o , . LATERT " SENSIBLE HEAT LEAX TO COOLANT
v SOURCE | (BTu/mR) (eTu/WR) (BTU/HR) (BTU/HR)
( _morol e 1695 M85 —
SHUREDDEL, HaTDE. . — 809 _509.0 —

\ TOTAL _— Wﬁ) 192.0(6725.5) =
WATT (BTU/HR) WATT {BTU/HR) MATT (BTU/HR) WATT (BTU/MR)

.
’ .o

* s ' v

[ - b .
. HEAT LEAK ’“‘mm cooLAT ELECTRICAL WEIGHT T
, SOURCE (BTU/HR/CYCLE) (BTU/HR/CYCLE)  (PK WATTS/CYCLE)  (LB/MISSION) (FT? /MISSION)
) ’ . : . ' .
& ) ' .

o .o TOTAL
WATTS/CYCLE WATTS/CYCLE KG/MISSION MI/MISSION
. {BTU/IR/CYCLE)  (BTU/HR/CYCLE) {LB/HISSION) (FT/HISSION)
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS (EO;ICLUD[D) :

CO““"LZ/&MEAG?Z?&.—MT&E QS IICEDDER _ wnoex humser 5, 2. 9% 7 _
w FLRED WELGNINOLUMWE REQUIREMCNIS y
o WEIGHT VOLUHE
COMPORENT (REF) . {LBs) (k1)
- Lol MCLILES  (120) Eo ) 2.8
STELANT BNIPULS) -~ -
SSHPEDPER . Z5. L&

LUASTE STORHGE EHGS 225 2/5

L3

TOTAL | 7.3 (i57.25) | ./3¢ ( b2 4_2A

kG (LBS) . MY (FT3)

S0LID EXPENDABLE WI/NOL REQUIREMENTS

@ @ ® ®
WT/URIT (REF) WI/CYCLE VOL/URIT {REF) VOL/CYCLE
0} (PKG. KT/UNIT)(REF) O (PKG.VOL/UNIT) (REF) X
TYPE UNTTS/CYCLE(REF) {Ls) (LB {FT3) P’
UIASTZ STRRAGE.. 218 (1) _-28 (12) . 05¢S  __ .02% (1%) 0052
Bhss. -
- OSES O 0052
2O TOTAL WI7CTCLE 20 "T’tﬁ?\f%mvfi'z“
_ {LB) (F13)
TOTAL WT. _ .
“WISSTON 2.0l v _ 20.§5 X _LOSES U Zor9 (2.25) |
CYCLES/OAT DAYS/MISSION Tor.;(r‘““*”“”"—légvus _ X6 (10
TOTAL VoL _ T, .
RISSION 2.0/ x 20,5 x OS2 | o006/ (2/5) |
. CYCLES/DAY DAYS/MISSTON “""‘wr‘.zg#;():v‘c“"‘_te : HT (FT7) 7
GAS/LIQUID EXPENDABLES REQUIREMERTS
@ neco(?anv m.ascnve@tswcvae AT Los@r) CYCLE
AMT.USED/CYCLE (REF) @x @D (é
TYPE . {L8) FACTOR _ {Le (e
- N /A . : '

Z0 S Ze

.\_l i +

£
b (11755 ) P
MISSION

X X . . )
“TTYCLE/DAY DAYS/MISSION YOTAL 1051 /CVELE G (LE)
N {18) O
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SPACECRAFT ' Shuttle |
HABiTABlLITY SUBSYSTEM Housekeeping HABITABILITY FUNCTION Refuse Management

APPLIANCE FUNCTION__Refuse Processing
APPLIANCE CONCEPT NO./TITLE__8/Compactor-Manual w/Shredder
'INDEX NO._3.2.4.8 REF. h.. 160, 202

DESCRIPTION : The compactor-manual with shredder is identical to concept 4 with
the addition of the shredder described in concept 5.
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APPLIANCE CONCEPY REQUIRTMENTS AND PENALTIES CALCULATIONS

conceer B 20 mPACTOR - WPMRE WU LHRGODERE

L

D2-11856!-3

.

- - A . - e -

oex womser 2. 2.7 8B

AC . POWER DE_ POWER -
gssq)me ® ) 0 ® ® DF¥AND
cYCLE Ak avemace  (KATTOWR/ PEAK wemce (AT
COMPONENT (REF) (HR) (WATTS) | (uATTS) x (WATTS) (WATTS) Ox
SHRDDER MOIE 25 _74S8. 745, 32285 ..— — —
[
-
K ' HAXIHM * ' TOTAL " HAXTMON .. TOTAL
N ) . e
IHERMAL REQUIREMENTS
LATERT SENSIBLE -+ - HEAY LEAK 70 COOLANT
L
v SOURCE {8TU/HR) (BTU/HR) (8TU/HR) (BTU/HR)
SUHELDOERE._INOTOL. — B2 . _ 509 L=
\ ow = - M3 () =
WATT (BTU/HR) VATT (BTU/HR) NATT {BTU/HR) WATT (BTU/HR)
. » * R
- : .
N . DRERATLONAL PENALTIES
. THERMAL .
HEAT LEAK 0 COOLANT ELECTRICAL VEIGHT VOLUME
. SOURCE (BTU/HR/CYCLE) {BTU/KR/CYCLE) {PK WATTS/CYCLE)  (LB/MISSION) (FT*/MISSION)
) .
. ]
"." :
.. TOTAL '
. WATTS/CYCLE WATTS/CYCLE KG/MISSION MIMISSTION
(BTUAR/CYCLE)  (BIU/HR/CYCLE) (LB/MISSION) (£TI/MISSION)
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APPLIANCE CONCERT REQUIKEMENTS AND PENALTIES CALCULATIONS (CONCLUDED)
CONCEPT MMMJMJ;NMRL W /SHEEDDEN ivoex numeer 3, 2, £, 8

EIXED  WEIGHY/NOLUME -REQUIREMENTS {

' WELGHT YOLUME K

COMPONEP | ) (REF) . {L8s) . (F12)
CONRETOR ((eeedes ((70) : 6.2 [$:2
STLEILONT_WNS) - ‘
SHEEhDER . 750 [. &
WASTE. STORAGE BAGS. ——elS 21S

o | 46.9 (/03.45) L__.#53 (.02

KG (LBS) o W (F13)

P R - e Al .S e D e T e e =

1) mumgnsr) m/c@cu vouum(;D (REF) voug)us
{PKG.HT/UNIT){REF} X (PKG.VOL/UNIT) (REF} DX
TYPE UNITS/CYCLE{REF) (LB) (L8 (F13) FT?
CURSTE STO/NEE _ o L0 L 07F]  _.0/2 — W OO071E . _O04F
%) T o
No =22 S6 Looi/E
Lo YOTAL WI/CYCLE ™ 0 “foraL voL/eveLE
- {B) (FT7)
WS g8 0 2o.s .oz - Loz (2.25])
5510 A . X .
CYCLES /DAY DAYS/MISSIOR T'cn.mgvm * KG (LBY -
TOTAL Y0L '
THISSTON T . X [o) X - 00//4 " l -006/ -2152 I
. "‘ "c';cusg/n“ﬁ?‘ T “néfslﬁ‘tg:mﬂ - Tor.\("%ggvcu LGV :
GAS/LIQUID EXPENDABLES REQUIREMENTS
o nscc?cmr m.azmvs@uwcme AMT Los@ CYCLE
AMT, USED/CYCLE(REF ) X <3)
TYPE {LB) FACTOR ] (L8 (L8
N /A
z0o z®
TOTAL W1, , ' Cf : o
“HISSION X X " + —
TCYCLE/UAY - T BAYS7HISSIT YOTAL 1OST/CVELE ‘ (T
. & (L8} @
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/
SPACECRAFT ) Shuttle
HABITABILITY SUBSYSTEM Housekeeping HABITABILITY FUNCTION Refuse Management

.APPLIANCE FUNCTION Refuse Processing

AP?LIANCE CONCEPT NO./TITLE__ 9/Integrated Vacuum Decomposition/Shredder
"INDEX NO. 3.2.4.9 REF, NO.__ 100, 250

DESCRIPTION: The integrated vacuum decomposition/shredder concept utilizes

vacuum and high temperature to decompose the refuse materials into gaseous

products which can be exhausted to vacuum. The shredder is required to expose more
refuse area to increase the decomposition efficiency. The chamber requires cool-
down period. The process does not require oxygen; however, requires power to
sustain the chemical process for 21 hours. Two units were assumed based on the
refuse volume and the 12-hour cooldown time required by the unit (one unit can

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

"were used to eliminate the maintenance and microbiological problems of filter

replacement, since clogging is not anticipated with coliection bags which are
replﬁced every 24 hours., The residual ash was not considered as a concept
penalty. .
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APPLIANCE COMCEPT REQUIREMENTS AND PENALTIES CALCULATIONS ‘
‘WE".Q/IAZZEGMP_M&VWI DECOPIRESITION /SHCEOD A2 woex noaer, 3, 2, ET

E {:: . ELECTRICAL POMER REQUIREMENTS
e o At . POMER - DC___POWER
.- Q) .gl)‘ \7)
. ySE Yiue Q) ® DEMAND ® ® DEMAND
: _ cveLe PEAK werace  (HATT-WR/ PEAK awerage  (WATTWR/
, CHPORENT (REF) {HR) (NATTS)  {wATTS) @xd) (WATTS) {WATTS) O
» LLECTIOR T Grw) 12 L4000 _— = —
" . L
[ L] *
I ' W ¢ T0TAL WM . Tom
N \ . ’
' IHERKAL REQUIREMENTS
. _ LATENT " SENSIBLE HEAT LEAK 10 COOLANT
¢ SOURCE _ (BTU/HR) (8TU/HR) (8TU/HR) {sTu/eR)

¢ LOLLECTION R (120 = _4mo  _4760 —
) .

.

. \ Cwm o— - 1396 (3R9 QY __—

WATT {BTU/HR) WATT (BTU/HR) WATT (BTU/HR) WATT (BTU/HR)
' PR )
. . . . . ’
' " " ) ) ! - * - * *
v : DPERATIONAL PENALTIES
»
el .
_ HEAT LEAK 10 cooLmIT ELECTRICAL VEIGHT VoL
, SOURCE (BTU/HR/CYCLE) (BTU/HR/CYCLE}  (PX WATTS/CYCLE)  {LB/MISSION) (FT? /R1SSION)
% . + .
- Alf/A - ) : il e
L . B
t B L ,' ) ' '
. .o T0TAL :
.. ~ TWATTS/OVCLE WATTS/CVCLE KG/RISSION MO /HISEION
. (BIUMR/CYCLE) (BTU/HR/CTCLE) , {LB/MISSION) (FYY/RISSI0N)
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIORS (CONCLUDLD)

CONCEPT, L INTEGER LD v/ REH! DLEOMPASI TICN/SHRED0EL.  1noex wmir 3,2, 4,9

.. ELXED HELGHINVOLUME -REQUIREMENLS ’ .
: WELGHY voLUME '
“ COMPONENRT REF) . {Los) {rr2)
; C'QQLICﬂQALM 100) 177 L35
ot eclioN BAGS (9.5 ‘

.

ToTAL t 8505 Q =4 Zﬂl l___._/"_%i -_(—@]

KG {LBS) WY (FTY)

o© m/um@(nzr) HT/CC‘:RLE vouum@ {REF) voucvcu
{PKG. m/unn)(nsr) Ox {PEG.YOL/UNIT ) (REF) (Px %1)
TYPE UN1TS/CYCLE{REF) (L8} {LB {(F13)
Coccecrron) [ _(108) 255 (108) .255 . 0323(e) .0328
Bhas '
G 255
2@ OTAL WI/CYCLE Z© TOTI\L vor./cms
(LB) {F13}
TOTAL WT.
“MISSTON™ 2 § . | 4. 74 f/&.%) }
CYCLES/DAY DAYS/MISSI0N ToT. ur/cma
TOTAL VOL '
~WiSSIoN © 2 X 0. x o223 - [ .23 12.32 }
T TTCYCLES/DAY %vsmgswn T0T. \{%/gma ;lg“ﬁ-’r")
GASAIQUI1D EXPENDABLES REQUIREMENTS
' o RECWQEM m.nscovs%o/cvcu AMT Log) CYCLE
AT, USED/CYCLE (REF) X (;)-st
TYPE {L8) FACTOR (LB {Le
; M /A
1
>0 PN
TOTAL WI. ’ . r
MISSIOH S . _ | . +
TTOVCLE/OAY TOAVEMISSION  YOTAU TEST7CYCLE X6 (L8]
- @ (L)  ®
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SPACECRAFT Shuttle

HABITABILITY SUBSYSTEM Housekeeping HABITABILITY FUNCTION Refuse Management

APPLIANCE FUNCTION _ Refuse Processing
APPLIANCE CONCEPT NO./TITLE 10/Flush Flow Oxygen Incineration/Shredder

'INDEX NO.___3-2.4.10 | REF. NO.__100, 250

DESCRIPTION : The flush flow oxygen incineration/shredder concept utilizes a
continuous oxygen flow to the coliection chamber for the 12 hours required for
incineration. The refuse is collected/shredded and inserted into the chamber,
sealed in the chamber {no vent to vacuum), heat is applied for a specified time
period. The resulting sterilized/vaporized gas and vapors are exhaust to space.
The valve is left open and “eat is applied to bring the incineration temperature
to 1000°F, whiie 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 refuse volume. Twelve hours are allowed for cooldown
requiring two units per vehicle. The collection bags described in concept 9 are
also used for this concept.
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) " APPLIANCE CONCEPT REQUIRTMENTS AUD PENALTIES CALCULATIONS .
tonctﬂ/é,é?&f//fmd.ox?ﬁ CN INCINERALION J SHRE DD EAL 1ML nwoen 3.2 4,10

ELECIASLCAL POMER REQUIREMENLS
. AC . POMER - o¢c  pouer__ Y
® @
USE_YiME ® 0] DEHAND ® ® DEMAND
cYCLE PEAC  Avemsg  (HATICNR/ PEAK avernge  (HATIR/
COMPONENT (REF) (18) {WATTS) s O (WATTS) (WATTS) Mx
CoLLGETORUNITY) L2 .. [200. - — — —
. HAX UM L. T MAXIHUM | TOTAL
R .
. v
|
THERKAL REQUIREHENTS '
LATENT SENSTBLE HEAT LEAK 10 CCOLANT
SOURCE (BTU/HR) (BTU/1R) (Tu/HR) (BTu/HR)

docereme wnZn) = @ _3BEHO W _FFO0

(au0) Loonletlo)  —

ToTAL — 1020
MATT (BTU/HR) WATT (BTU/HR) WATT (BTU/HR} WATT (BTU/HR)

> -

SN L L AP -

bear e e oot FLECTRICAL WELGHT VOLUE
SOURCE (BYU/HR/CYCLE) (BTU/IR/CYCLE)  {PK WATTS/CYCLE)  (LB/MISSION) {FT? /N1SS10N)
-
MNLA — i :
o
VATTSEVCLE -~ WATTS/CVELE ; KG/HTSSTON WIZHISSION
(BIuiR/CYCLE)  (urosirjovce) (LB/MISSION)  {FT*/MESSIoN)
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS (CGNCLUDED)

CONCEPT JO e85t FLoe) Oy VG eN INCINERATION /S HEELDLE inoex wunper_3,. 2, £./0

-—— e - —— e wm - P A Y S e e - ——

WEJGHT VOLUME
COMPONENT (REF} (L8s) (F13)
(o) =17 el

ToTRL L8913 {/% S)} WA (62@1
. U (ws) - M {FTY)

- ‘. SOLID EXPENDABLE MINOL n:gunznauts

o | umi, whe  gmeen, s
. . X
L TYPE UNITS/CYCLE(REF) {Le) (LB@ {FT3) ?Wg)

LALECTION ; S .
,MS;..__.__LMM_LZES'_ —2FZI) 0323

’ . 2@ Ibim. NY/.EY'.TEE - z© i!ii% sOLIaCLE
i L) :
TOTAL WT. ‘ ;
“HISSTON 2 X ;cg.,i X 28 s . [ 4.'74 /70. #6] |
\ CYCLES/DAY [1] YSIHISSIO:( iOT.ﬁ(U%YELE

TOTAL VOL _
WISSION pa 0.5 D323 . | ,32 ( 3) |
. CYCLES/OAY on'rsm:ss o “‘T‘Gf"vo‘Tc‘v‘c'Lr"

L 3

: «BAS/LIQULD
I - @ Q

RECOVERY

AMT. RECOVE@lED/CYCLE 1 LO%YCLE
X -

S 3 uszwcvas(nsr)
wE (te) FACTOR (L8 4Le
DKo L 2Rs N/Aa N4 L2583
) ' . :
0 _L_B_S_____ . Y® 283

TOTALHT
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! SPACECRAFT ) Shuttle
é HABfTABILITY SUBRSYSTEM Housekeeping HABITABILITY FUNCTION Refuse Management

APPLIANCE FUNCTION Refuse Processing
APPLIANCE CONCEPT NO./TITLE 11/Pyrolysis/Batch Incineration/Shredder
‘INDEX No. 3.2.4.11 REF. NO. 100, 250

DESCRIPTION: The pyrolysis/batch incineration/shredder concept utilizes a
three-step prgcess to minimize oxygen consumables. The shredded refuse is

heated to 250°F 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 1200°F, 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 also 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 10. The pyrolysis/batch incineration takes 12 hours.
The collection bags described in concept 9 are also used for this concept.
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. APPLLANCE CONCLPY RiQUlﬂU!ENYS KD PCHALTIES CALCULATIONS
NPT L/ PYRALSIS ) BATEH INCINCRATI A [ SHECODER woex uvseR_F, 2, E. LM
ELECIRICAL POWER REQUIRENENYS " v
AC . POVER ____ DC__POMER ! >
wde @ ®@ oo O ® o
creLe PEAK avemge  (RATTR/ PEAK averce  (IATTNR/ .
COMPONENT (REF) (HR) (WATTS) (NATTS) o {MATYS) (NATTS) mx ’
COULLECTION dNZ g L2 . 1. . . .
.. NAX UM TOTAL MAX [HUN TOTAL
JHERMAL REQUIREMENTS
i LATENT SENSIBLE HEAT LEAK T0 COOLANT |
SOURCE {BTU/HR) (BTU/HR) (BYU/HR) {BTU/HR) 5

QoL ECTION UNIT (1ec) __—

4760 4760

TOTAL

- T s oim e e ==

. WATT (BTU/HR)

—— —

p———
—
i ——— ettt
e e
—

13% (4760) [1396(47:0)

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

- e s e e ome

HEAT e TR cooLAnT ELECTRICAL NEIGHT VOLUME
SOURCE {BIU/HR/CYCLE) {BTU/HR/CYCLE)  {PK WATTS/CYCLE}  (LB/MISSION) (FTI/MISSION)} .
/. |
N/A . ,
. - - %

TOTAL o .

WATTS/CYCLE WATTS/CYCLE: XG/RISSION H3/1ISSTON
{BTU/UR/LYCLE) {LB/HISSION) (FYI/HISST0N)

(ug.unm/cmt)
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TOTAL VOL ‘ ;
“MISSION ™ Z X %C_D.q X . o3 7.7
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* r"TOTAI. WT. . . N
WISSTO -m%w—wz%ém-*m%@ﬁm 1542 « N~ 6.9 (54)]
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS (CONCLUDED)
CONCEPT /([ [PUEDLLSIS [BATCH INCINERNTION /SHEROER W nween_ 3. 2, L. ([

WEIGHT ' ‘{2%',",“
deilecliond BAaS 7 LOS ‘ AR

o, [ 59,13 (/5’;2--5')] | t32 (#.¢)]

; : . « 7 K6 (18S) © W (FTY)

— e — —— [

o ) HTIUH!\'@)(REF) wg%s vouuug) {REF) vnug)cl.e
(PKG.WT/URIT}(REF} [} (PKG.VOL/URLT ; (REF) X
TVPE UNTTS/CYCLE(REF) (L8) ( (F1?) F3Y

Bhas. ] (ep) TTZEETE) 285 @ T EIZIT) OI2F

J

. - Z ) o032
. L0 i S TR - 2©Tﬁr@?§rm—

. ' {LB) .
TOTAL 4T, ' ‘ : o -
“RISSToN * 2 x __2o.s X 255 . CC&E 74 FZo. 4] ]
\ CVCLES[DM’ DAYSIHTSS[O.!.‘I TOi.ﬁ(l é():\'ELE . KG (LB

L}

-

. 8
PN iy - @ @

. O] @
" RECOVERY AMT ., RECQV&REDICYCLE AMT LOST/CYCLE

- AT USED/CYCLE{REF) -
wEe . (e) . - FACTOR (18 ' ALE
e L2376 1y ")) 276
| SO 376 : . Y® 376

{LB) e @
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SPACECRAFT Shuttle
HABITABILITY SUBSYSTEM Housekeeping HABITABILIT* FUNCTION Refuse Management

. APPLIANCE FUNCTION_Refuse Processing

APPLIANCE CONCEPT NO./TITLE_ 12/Wet Oxidization/Shredder

'INDEX NO.  3.2.4.12 REF. NO. 100, 250

DESCRIPTION : The wet oxidization/shredder concept is a moderate temperature,
high pressure catalytic process. The system employs an insulated chember similar
to the incineration and decomposition concepts. Shredded refuse tre: tment is
accomplished by charging the chamber with 500 psia oxygen at ambient verperature
and applying heat to bring the chamber up to oxidation temperature The final
pressure and temperature are approximately 1750 psia and 500°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 this study due to lack of engineering data.
Based on two data sources, the process was assumed to take 21 hours, most of
which is cooldown time (10» to 6 hours). The collection bags described in concept
9 are ‘also used for this concept.
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" APPLIANICE, CONCEPT REQUIRCMENTS AND PLNALTIES CALCULATIONS:
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CONCEPTL2 [T DXIDIZNNION [SHEEDPERE

woex noveer = 2. £,/

ELECTRICAL POMER REQUIREMEMNTS ‘
AC . POMER DC___POMER '
usE_YIME ® ® DD ® ® DEHNID
CYOLE PEAK aemnge  (HATT-HNR/ PEAK AVERAGE (HAT S AR/
COMPONENT "(REF) (HR) {WATTS) {wATTS}) R OY {WATTS) (WATTS) {Dx
COLLECTION ONITO) & - Q00 . == ==
‘ v
. MAXTHUN , T0TAL MAX IMUK TOTAL
- i :
!
1 * !'
THERMAL REQUIREMENRTS
LATERT SENSIBLE HEAT LEAK T0 COOLANT
SOURCE (8TU/HR) (8TU/HR) {BTU/HR) {BTU/HR)

Coeeeiion onr- (o) — =—

_do7o_ _3o70_

ToTAL - 900 _(Gory) 9o (3070 -
WATT {BTU/HR) WATT (BTU/HR) WATT (BTU/HR) WATT (BTU/HR)
|
operATIONAL RENALTIES
THERMAL .
. HEAT LEAX . 70 COOLANT ELECTRICAL WEIGHT VOLUME
SOURCE (BTU/HR/CYCLE) (BTU/NR/CYCLE)  (PK WATTS/CYCLE)  (LB/MISSION) (FT*/MISSION}
.
Al/4 .
TOTAL _ ,
HATIS/CYCLE WATTS/CYCLE KG/MISSION MY/MESSION
(BIUAIRFCYCLE)  (BTU/WR/CYCLE) {LO/RISSION)  (FTY/MISSLON)
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS (couc!.uoso) T
CNCEPT L2 /L IET (1 DLZRTION /S H ECODEE woex oveer_3, 2.4, /,
ELAED MEJGHI/NOLUME REQUIREMENTS
: NEIGHT YOLUME
COMPONENT (REF) {Les} {F1¥)

CoLLEcTION UNir ~ (10g) — 526.s . —d 3
0.5 ' /.3
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; . : « . Ko (8S) RGO
- sgL1p EKEQKEEELE WI¥OL REQUIREMENTS .
o wmin., gl el el
WT/UN X KG. F X
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Bre.s. el (ton) TZEE U __.255 Bol o QIZ3
. 3G 255 a3z3
. 20 AL WT/CYCLE . r® “YofAL voL/eveir
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. CLES/DAY BAYS/MISS in_n w‘r.n&‘gcvcu c LB

+

. } .
TOTAL VOL , ’
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‘ TTTCYCLES/TAY vsn.uss N 70 .(g%ggme N L

EXPENDABLES REQUIREMENTS

—

o . . (¢ ccﬁ ' M.RECOVEGR)EDICYCLE AMT LOS(? CYCLE
AMT USED/CYCLE(REF) RECOVERY X -@
TYPE . () ¢ FACTOR (LB L8
XV EN ﬁ'.s'oS'- A{M ; /JA‘?
. TO _ .25 - >O 505
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HABITABILITY SUBSYSTEM__3.0 Housekeeping

HABITABILITY FUNCTION __ 3.2 Refuse Management

APPLIANCE FUNCTION 3.2.5 Refuse Disposal

NUMBER OF CONCEPTS CONSIDERED_ 3

ASSUMPTIONS

(1) Refuse disposal includes concepts most likely to be used on near term
spacecraft. The concepts consider vacuum storage, static onboard storage, and
jettison to earth for aerodynamic incineration. Disposal of refuse using rockets
tg ghe sun was not used, since radioactive wastes were not considered by the
study. '

(2) The refuse volume and weight is based on those tabulated in Table B2-6.

(3) The uncompressed volume of trash was used to size all of the concepts.
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APPLIANCE ) T T T
— KONCEPT ___ . . S, {*) 3 -
HO, CONECEPT NANE 1 - CABIN AIR {CIRCULATED), l.mnslsEc (t»'r MIN)
. - e e 2 - CABIN AIR (LosT) . KG/HR {te/HR)
1 = vacuun SToRaGr 3 - OXYGEN LOST) . KG/HR LB/HR
2 = STOKAGE.BIN/CONTAINER & - COOLING WATER (CIRCULATED). KG/HR LB/HR
3 = SOLID PHOPELLAKT nf.rus: ROCKET § - WATER 10ST) « KG/HR (LB/HR)
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7 = RITROGEN {USED) » KG/HR LB/HR
— 8 - FREON {CIRCULATED), KG/HR {LB/HR) -
0 9 - WATER (PROCESSED) , KG/HR {LB/HR)
T - ' (~+*)CoST T
{**)AVAILABLE INDICATOR e
O (1) AVATLABLE 0-25¢ i
QL;P (2} SYATE OF THE ART 25-50%
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- (&) EXTENSIVE DEV. REQUIRED 75-100% ————
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S 1_ & SAFETY
= |3u|8s|sE CRITICAL
5 28555
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SPACECRAFT ___, Shuttle

 HABITABILITY SUBSYSTEM_ _Housekeeping HABITABILITY FUNCTION__ Refuse Management

APPLIANCE FUNCTION Refuse Disposal

APPLIANCE CONCEPT NO./TITLE 1/Vacuum Storage
"INDEX NO. 3.2.5.1 ' REF. NO._ MacDac, 283, 297

DESCRIPTION ¢ The vacuum storaige concept considered was the same as used for
Skviab. The Skylab airlock was used as the means to deposit refuse into the
vacuum storage tank. The vacuum environment stops bacterial growth in the refuse.
The internal volume of the airlock is 4.3 ft3 and was used to calculate the cabin
air lost during each airlock refuse disposal cycle. The vacuum container was
assumed to be a 10.4 foot diameter spherical tank fabricated of 6061 aluminum.

The 10.4 foot diameter tank can be accommodated in both the Space Station and

the Shuttle payload bay. Aluminum, 6061, was chosen as a material for the following
reasons: (1) inexpensive, (2) easy to work, and (3) good weldability. The

tank was assumed to be a pressure vessel with a maximum working pressure of

14.7 psi. The number of uses per mission was based on the size of Skylab disposal
and trash bags. The trash bags are fabricated of a material which will retain
water, but will also allow the bag to breath to allow pumpdown of the refuse to
the vacuum pressure of the tank. Operation of the airlock was assumed to be 2

- minutes per cycle.

LOADING/EQUALIZE PRESSURE

EJECTOR MECHANISM
{RETRACTED)

TRASH BAG SEALED
AEADY FOR PLACEMENT
N TRASH LOCK -

EJECTOR HANDLE
{RETRACT POSITSON)

LID

LID LOCK{UNLATCHED POSITION)

* VACUURY SHUTOFF
VALVE [DPEN
THROUGHOUT rUSSION}

VALVE/QUTER DOOR :
HANDLE {PRESS FOSITION}

TRASH BAG EJECT

EJECTOR HANDLE
(EJECT POSITIONG

‘Lo tocx
ALATERED
#OSITION)

VALVE'DUTER
DODA HLNDLE
(CLOSC/VENT

POSITION}

OUTER DOOR

TRASH 3AG READRY (CLOsED PUSlTIPNl

FOR EJECTION
{RESTRAINED BY TABS)

VALVE/OUTER
DODR HANDLE
{OPEN POSITION}

LECTOR
MALCHARISM
{EXTENDED)

\ CUTER DOOR CLOSED BUTER DOOR OPEN
WASTE TANK

TRASH SAG EXCTED WASTE TANK
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i APPLIANCE CONCEPT REQUIRLMENTS MND PENALTIES CALCULATIONS i
i concertr /S VAC LU M. _STORAGE _ woex woueen_2, 2. 5,
. ELECTRICAL POWER REQUIREMENTS v
S ' Ac . pougR . DC__ POMER ' >
: D -
' UsE YIME ® @ DEMAD ® ® DEMAND
_- CYCLE PEAK AVERAGE “é‘%&"“’ PEAK AVERAGE ‘2‘;}&"“’ . ‘
: COMPOMENT (REF) {HR) (WATTS) (WATTS) ‘ Q)x(:)s) (WATTSY {WATTS) [0 '
N/4 - :
. :
: - ;
' i
i Q
\ . HAX MM TOTAL MAXIMUM TOTAL |
!
k
ITHERMAL REQUIREMENTS j
, |
. 4
LATENT SENSIBLE - HEAT LEAK TO COOLANT :
SOURCE {BTU/HR) {BTU/HR) (8TU/HR) {BTU/HR) |
( N4 |
TOTAL —
: WATT (BTU/HR) WATT (BTU/HR) WATT (8TU/HR) WATT {BTU/HR)
[]
; ' QPERATIONAL PENALIIES
s : THERMAL .
: ) HEAT LEAK . 70 cooLAny - ECECTRICAL WEIGHT VOLUME
SOURCE {BTU/HR/CYCLE) {BTU/HR/CYCLE) (PX WATTS/CYCLE)  {LB/MISSION) {FT? /MISSION)
: .
g N/ A -
i 7 .
4 . - .
k -
E £on .
. - ’

TOTAL

WATTS/CYCLE WATTS/CYCLE KG/MISSION MI/MISSION
(BTU/IIR/CYCLE) {BTUHR/CYCLE) (LB/MISSION) {FT3/MISSION)
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LS 2L O [55.0 ' -
]
J;
‘ |
oo | 76,75 (/62.2)) [_.232 (82)] |
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. — |
(,. . i
4
+ . E
20 “TOURL WI/CYCLE - N0 “YOTAL VOL/CYCLE |
: T (ee) (320 ]
JOTAL WT. | ' . _
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H AMT USED/CYCLE(REF) ) 14 -@
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; L2oBIN_ALL . 321 LA N/A _.320 i
: \ - *-
;E L3 . ) ”
S YO .32/ - O 320
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SPACECRAFT Shuttle

HthTABILITY SUBSYSTELM Housekeeping HABITABILITY FUNCTION Refuse Management
APPLIANCE FUNCTION Refuse Disposal

APPLIANCE CONCEPT NO./TITLE 2/Storage Bin/Container

‘INDEX NO. 3.2.5.2 REF. no,___170

DESCRIPTION © The storage bin/container concept emplcys a locker to store the
refuse., Sterilant capsules were assumed for retarding the bacterial growth.
The refuse was assumed to be collected by bags (Skylab, or equivalent, and
tran: ferred to the storage locker. A concept provides a steriiant capsule for
each bag of refuse stored in the locker. The capsules used for the study were
2.25 grams each with a volume of .33 cubic inches. The walls of the storage
locker were assumed to be aluminum. Sizing of tha locker was based on the
refuse volume including the storage bags. °
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APPLIANCE CONCEPT Rl:.QUlR[ltENIS AND PENALTIES CALCULATIONS .
et 2/ STOCHGE_LIN /CONTRINER, woex nwser L3, 2,502

v

, ELECIRICAL POWMER REQUIREMENLS Vo
<. . AC . PONER a— pe  rPower T .
USE_TIME ® ® DEHAHD ®' ® DEMAND
; CYCLE pEA  AvERAE  (¥ATTNR/ PEAK nvernoe  (HATTOHR/
, COMPONENT (REF) (HR) (NATTS) (wATTs) - OXG (WATTS) (WATTS) oL '
: A/'/A i :
: ]
‘ MAX THIM - T0TAL MAX [MUM TOTAL
THERHMAL REQUIREMENTS
LATENT SENSIBLE . MEAT LEAK TO COOLANT
SOURCE (BTU/HR) {BTU/HR) (BTU/HR) {BTU/HR)
C N/
T0TAL e
, WATT (BTU/HR) WATT {BTU/HR) WATT (BTU/HR) WATT (BTU/HR)
. ]
' QPERATIONAL PENALTIES
weat Lelx TR ol ¢ ELECTRICAL NEIGHT VOLUME
SOURCE (BTU/HR/CYCLE) (BTU/HR/CYCLE)  (PK WATTS/CYCLE)  (LB/MISSION) (FT? /MISSION)
L ] 11
: ' .
{7 =
%_--.'-4
T0TAL :
WATTS/CVCLE - WATTS/CYCLE : KG/MISSION W3 RISSTON
(UTU/R/CYCLE)  {BTU/HR/CYCLE) | (LB/MISSION) (FT/MISSION)
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APPLIANCE CONCEPT REQUIRTMINTS ANL TINAITILS CALLIRATION {cutcLonin)

CONCERT 2 /ST & BN [conTri nere oy M 3, 2o Se &
PLAED WELGMINOLUME REQUIRLHENIS
WLIGHT VOLUME
COMPONENT (REF) {LES) : {F13)
STOlAGE BIN. (606l £14m) L2 { 4328

SSTCRICHANT CALSULES 28 — o3

o 87 (.18 | .276 (13.28)

KG (LBS) M3 (FT?)

soLip EXPENDABLE HI/NOL REQUIREMERNTS

: @ . ©) @ O]
o WE/UNIT (REF) WI/CYCLE VOL/UNTT {REF) VOL/CYCLE
(PXG.WT/UNIT) {REF) x {PKG. VOL/UNIT ) {REF) (ng)
TYPE UNTTS/CYCLE(REF) {LB) (L3 {F13)

STER( LA _
CARSIES [ TLO0FIL _  .004% . _OADII __.C00/9

20

_?nm mn‘éﬁt Z@ Tom voucvcu
.(Le) (F13)

TOTAL T,
WESION T, %ﬁfz X o, 00996 .o 036 (.05}
YCLLS7DAY nﬁ%/‘ﬁls’s;?“ﬂ’"“ o, sinlgma 6 (LB —"

Sissioi * _, 787 Q0.8 x_coorg) - [LOOBT [ do3]]]

CYCLES/DAY DAYS/MiSSION 161?\(!‘(31’,;‘5?&5 -
. FT ’

N 4
©) necgfb[mr m.necnvg)nm/cvcu ANT Lag;cvcu
: AMY USED/CYCLE (REF) X
TYPE {LB) FACTOR {LB (i.B
N/A
PO O
T0TAL WT. ' .
THISSION ) X X s +
"‘ﬁt[r‘.‘]nh‘?"“ T BRYS/MISSION YOTAUTOsY/CVCLE %G [LB)
e @ (L8) O
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SPACECRATT. Shuttle

umu'mnlLITY SUBSYSTEM Housekeeping HABITABILITY FUNCTION Refuse Management

APPLIANCT FUNCTION Refuse Processing

APPLIANCE CONCEPT NO./TI7LE__ 3/Solid Propellant Refuse Rocket

"INDEX HO. 3.2.5.3 _ REF. NO.___202

prschipTion: The solid propellant refuse rocket concept utilizes a rocket to
jetg1son refuse to earth for aerodynamic incineration. The study assumes the
refuse is jettisoned from a 300 nautical mile orbit using an incremental

velocity (AV) of 434 feet/second to alter the rockets velocity to cause it to
reenter the earth atmosphere. Atmosphere drag at the 300,000 foot re-entry
altitude chosen for the calculations (reference 202) is of such magnitude as to
cause the trajectory to degenerate rapidly. The equation for a minimum energy
Hohmann transfer eliipse were used for determining the required velocity incre-
ment for reentry. A solid rocket was chosen because a solid rocket is easy to

use and transport, and may be fired with simpie electrical circuits. The ability
of. solid propellants to withstand long storage periods at extremes in temperature
and pressure without attention is also a benefit.for this type of application.

The solid rocket in this application is superior to a liquid rocket in total
impuise to total weight ratio primarily because of the greater energy per unit
volume, Therefore, less dead weight structure is reguired to carry the propellant.
The size of the rocket was based on the total refuse volume compressed by a
compactor to minimize -the rocket volume. The concept was penalized for a

compactor with a compression ratio of 0.2. (Air Pressure Type).

Waéte Rocket

/ ;} P | 1By

f Z CAM ROLLERS
DENSE METALLIC WASTE MATING CYLINDRICAL
IN NOSE WASTE SECTIONS
.

Laumch Head Hotsted
Oul of Way between Usage

Drive Flaton

Cam Ruller to Impart -~
Spin

Return Spring

Ball Lock Release
Machanlam

Operuticn:
Rotate launch handie to "sject” poaition (ant eiawn). - The following evants
atenr gutomatically: ’

1, tauach tube is vented 1o space snd then hatch opeas., -

§. Launch plston In relensed and rocket Is apin ejr ted. Cabin pressura
provides lnunch force,. Helical groove in launch tube Imprris apin.

0. Haich clopsn, .
4, Lavach tubw 18 votted (o cabin asd spring retracia lauvch piston,

Launch Tube for Spin Ejecting Waste Rocket
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APPLIARCE CONCLIT REQUIREMINES ARD PEHALTIES CALCULATIONS

T /500D _PROPELLANT BEFUsSe LockeT v ik o, 2, S 3

ELEC

RILAL - POWER REQUIREMENTS
' AC . POVER DE__POMER

1 e e
mﬁﬁm, @ ©) orn ® ® N

(WYY {(MAIT-H"Y

CYCLE PEAK . AVERAGE CYCLE PEAK, RVERAGE cvere
COMPONENT {REF} {1:3] {WATTS) (WATTS] M@ {MATTS) {UATTS)} oD
MAXIMUM . _ TOTAL MAXIMUN o ToTAL

THERMAL REQUIREMENTIS

* LATENT SENSIBLE HEAT LEAK TO CODLANT
SOURCE {BTU(!lR) (8fu/HR) (BTU/HR) (BTU/HR)
ALLA - o -
TOTAL . e
WATT (BTU/HR) WATT (BTU/HR} WATY (BYU/HR} WATT (BIU/HIR)
' . OPERATIONAL PENALILES
‘ neat Leak AL oo | ELECTRICAL WE1GHT VOLUKE
SOURCE (BTU/MR/CYCLE) © (BTUZHR/CYCLE)  (PK WATTS/CYCLE}  {LB/MISSION) {FT? /MISS10N)
LLIVACIOE (k. = = — y77) 75 2.8

LPEESSUEE) .
LNASTE STOLAGCE BAGS _— —-— = 22y 25

Eﬁﬂéﬁf 085

YT 1o _(727.25) 4@3&@&?
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APPLIANCE CONCLPT HEQUIREMLNTS AN FISAMTIES CALCULATEONS {ConcLuinn]
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HABITABILITY SUBSYSTEM _ 3.M Housekeeping

HABITABILITY FUNCTION 3.3 Garment/Linen Maintenance

APPLIANCE FUNCTION 3.3.1 Garment/Linen Washing

NUMBER OF CONCEPTS CONSIDERED 10

ASSUMPTIONS

A number of references were found which present data for various clothes washer
and dryer conecpts (Reference 70, 90, 91, 100, 127, 161, 171, 185, 202, 237

and 245). These references were reviewed in detail, and the engineering data
from each examined. It was soon found that much of the data did not agree.

The primary reason for discrepancies was that the data were mostly very sketchy,
without detailed breakdowns to define the data. For example, the clothes
washer weight in one reference would include the agitator tub only, while
another would inlcude peripheral equipment such as water accumulators, pro-
cessing equipment or other miscellaneous items. One reference was found (#90)
which contained all the’concepts found throughout the other reports and pre-
sented the data for each in a consistent manner for direct comparison. There-
fore, it was decided to collect all the c]othes washer and dryer data for this
study from Reference 90. -

ATl the c1othes washer and dryer eng1neer1ng data used for Space Station were
used directly for Shuttle also after adjusting for the crew size of 4 men (Space
Station crewman-6 men). With this ground rule, the following assumptions were
made: . ' : : -

Two clothes washings per day

Maximum washer clothes load 1.21 kg (2.67 1b.)

. MWater usage for the automatic concepts was 16,63 kg (36.67 1b.) for washing
and 16.63 kg (36.67 ib.) for rinse

Rinse water is temporarily sotred and reused as wash water

. No water recovery system is available

Concepts are pena11zed for the weight of wash water, 16.63 kg (36.67 1b, )
used each wash1ng

7. wash/rinse time is one hour

(= W W N ~—

Only the total weight/volume, power, etc. penalties for each concept are included

in the data worksheets. As explained above, these are taken from the Space Station
washer concept data and multiplied by. 4/6. For a detailed breakdown of the penalties,
the Space Station worksheets should be consulted.
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CONCEPT (*)
MO COMCEP T Nang ; - gﬁagn :m Ecmct):m‘rsb). LITERS/SEC {rr3m§n)
. 2 - CABIN AIR L0ST KG/HR LB/HR
1 .= _ MECHANICAL OSCILLATION , R S s tost) i gusﬁm ) e
: . :li: !3:&:?::;:;:“ 4 - COOLING WATER ‘cmcumm). K5/HR (LB/HR
_3 =__PIST . e e e B o WATER LOST KG/HR {LB/HR)
N = CTCLIC YALYE aND PUMP AciTaTION 6 ~ NITROGEN CIRCULATED), KG/HR LB/HR
5 - DIAPHRAN ICTUATED-ONEJ;RECIIONILJO‘W(ZE PR 7 - NITROGEK USED) . KG/HR LB/HR
& = Dlirikan ACTULTEDSTSO BIRECTioNAG SouEE2E 8 - FREDN (CIRCULATED), KG/HR {LB/HR)
7o WATER SPRAY AGITATER _ .. ... - R ) _
I e 9 - WATER (PROCESSED)} , KG/MR {LB/HR)
-9 _m____MANUAL WASHBOARD .. _ — NN . I
10 = PLAIN RECIRCULATION
{***)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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CONCEPT NUMBER

Garment/Linen Washing (Shuttle) Concept Trade

B2-448

| i
- D2:i856!-3
——APPLIANCE _ et eem —
CONCEPY )
e N0 . CONCEPRTY N A N.E..
e Ve RECHANEICAL OSCILLATION . m——————
2 = FLUIDIC AGITATION
——y - PISTON AGITAYION e ——— e —
; 4 - CYCLIC VALVE aMd PUMP AGIT,ATION
$__=__ _DIAPHRAM ACTU/TED=ONE DIREcTIONAL SQUEEZE.
& = DIAPHRAM ACTUATED=TNO DIRECTIONAL SQUEEZE .
vwmeee . & ® _ _ RATER SPRAY AGITATED . - . ‘
8 - ULTRASONIC
. % .. w _  HANUAL WASHBOARD —
10 = PLAIN RECIRCULATION
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6yy-24

»
i — . B . e e _f _ e
. B S UV U e e e .
"7 NyMBER OF DAYS &= 20,5 { .06 YEARS)
. USES mOD SUpROUTINE 2Y .
THERMAL PENALTY  DIRECT TO COOLANT (LB/8TUNH) 40250
__THERMAL PENALTY « CABIN HEAT LEAX___{LB/8TUM) . «0550
POWER PENALTY [LaS/WATT) TYPE | +5300
©__ POWER PENALYY (LBS/WATTI_TYYPE 2 4300 —_— SO
T _
SELECTION MATAIN & & ® ® © GARMENT/LINEN WASNING (SHUTTLE)
—— [LoF 74 1 4 .
— .. MIN Max : e——e. L ONCEPT__ - e
FACTOR VALUE VALUE TS ] 2 3 4 -y 6 ? [ v 10
T WEIGHT  429.10 106601 15 7 1025 T 19287 485 400  §+92 1487 1428  lel? 11455 1425
__ PORER _ 256570 _ _ SM241%_ ___ 15 _12B0 12068 _ TeN® _ Te4T [ %e27  1%.27 12468 __ D0 P99 124538 _  __ _
VOLUNE ?.7000 47.%00 10 7455 Tewi «00 200 7089 7,95 7449  Te2B  4e0)  7e4®
__ THERMAL __54.345 IN6.88 15 Tek0 . To0Y __ 604 __ 6022 _ Te92 ___TaTZ __Te0% __ +00 . 1285 .. 7,04
RELIAB=Y +99487 29989y 5 3137 1041 3e4) 3¢97  3+35 3.35 Jei] +00 3a.4) 3.0
_ MAINTENC__ +99995 49999y B 3030 e00 _ 3639 _ Gell _ 3s%3 _ 3,43 __ 3439 ___ 478 3440 _ J.84 3
SAFETY «00900 13,0000 5 5400 500 5.00 5,00 +00 .00  5.60 3,33 5,00 5.00 _F_%
__DEV COST__%0.000_ 95.000 15_ 395 553 o79__ 79 _ +00___ +00__ _Beb8_ 5.53  7a1) _ Tetl
TOTAL PT  +00000 85.000 857 94,32 #0e34 28419 2757 38:20 38.37 wB.%% 18409 57416 #3421 I
: e . 1
TTRATING 160000 100.00 100 5204 47086 30:81 32044 45003 95.17 S7.60 210280 47224 5672 L
w
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05t-29
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LU
SENSITIVITy "ANALYSIS
_ RATING FOR EACH CONCEPT AFTER INCREASING .
: SINGLE_SELECTION PARAMETER WEIGHTING FACTOR BY SO § _
{BASED ON 100 % MAX POINTS)
e ~ e e e " _ e
— e O NCEPT e e .
1 2 3 " 5 6 7 s . * ia .
NORMAL 5214 87.46 30081 32,99 45,03 45417 57460 2128 67:2% Sb,72 e
T I 8.5% 44,30 28¢39 29.81 92,15 42,30 S3e861 20+18 $8+03 52,79 -
_ PORWER S4e83__50e%6_ 32436 _33e85_ 49.0%  49.22 ST.T79 19.55° 47419 58,97
VOLUKE:  53e44 #8493 29,10 30e6% 4649} 97.07 58e54 24e1% 65.75 57,73
__ THERMAL 51475 _ 47,41 _ 3158 33417 45.6b 45,78 58474 19,55 #Be63 55,92 _ o i 3
REL!AB=Y S2058  W&:¥0 3187 33.78 45,88 H5.79 57.92 20067 47428 57,27 o)
_ MAINTENG _~ 52.58% 46010 3187 33.84 4571 45.84 S7490_ 21012 _67¢24_ 57,29 s X —
SAFETY S53¢51 48,96 T32e7% 34437 43475 43487 58,82 22585 40018 57,95 o
-__DEV €OST __ S0+05__956040_ 2879 30023 %1s30__41.50_57+63__22454__65¢63__55,%6 8_1
BE ]
—— e DS - e . Do " o
N
T T T e - — - 5%%;— e
SENSITIVITY ANALYSIS ;5
a o
- o . - . —— L — vy S
RATING FOR EACH CONCEPT AFTER INCREASING =
e SINGLE SELECTION PARAMETER WEIGHTING FACTOR BY «80 § ~ A
{BASED ON 100 ¥ MAX PQINTS)
- i .kt gNCEPPT e o —_
[} B | 3 4 s é 7 ] L ] 10
NORMAL  S2e1%  #7,46 30+81 3244 85,03 45.17 S7¢60 2128 $7+2% 56,72 : )
TwEIGHY 58038 51422 33476 35+580 48,47 A8.59 42038 22+59 66030 41440 _
_CPOKER 48493 #3.87 28,96 30,75 _ 40s17 _40.33 5500 _ 23¢3% 47.3] 5%.02
VOLUME 5feéB8 8577 3274 36,48 42.92 43,02 56452 18.06 4893 55,58
_ THERMAL 52460 47451 2%¢8% 3157 44428 44,43 58464 23434 45.59_ ST.66
RELIABeY S1eb8 NB.DY 29447 31402 44037 4450 57427 21092 6720 56413
MAINTENC S1e72 88,89 29,469 30,9 44,32 48,45 ST02% 21,45 467.22 Sb,)1
SAFETY S0¢bY 45,84 28072 3037 HboHD HbeSY 55032 19490 b4¢25 55,40 -
DEV COST  SHedd 88,48 33028 35.07_ 4%¢37 49.5% 57488 19477 6%e17  S7aé2 _

4 e —————— 1
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APPLIANCE CONCEPT COMPONENT SUMMARY MATRIX
APPLIANCE FUNCTION: 3.3.1-GARMENT/LINEN/WASHING E—
» NUMBER 0F COMPONENTS _
COMPONENT TYPE s
Q |= NUMBER
F = > [7,] —_————
i S5 . b= Ol ¢ |Bx|Be oF
K o ZlE St al w ws el Y 12428 .
o 3 |38 2 2 |2xl « (2x|85%| 21 3 (322 SAFETY
[- 4 = Ll - =0 e vy (=YX =l |V aiwWwD [ =4 oo —
=] o [b>l 5 (| Sojlwa| = |mem] = oS |Z] = (meElo= CRITICAL
515 |32 S lI383EN| 2 1238 2 |H2(ER|2E) S 125|4sE ’
APPLIANCE TYPE e | = a. [ Y2 ) o _ i < LT 20 N o PO Y, O I T Ll o on ] Seer ) 0] ol 3 I Y = ITE™
QI |e @000 @@ (B ®|® R
| NONDISPOSABLE CLOTHES S U R R I I P P P D I R A 0 ~
MECHANICAL OSCILLATION {pg. 21) 2 {1 t2fi2¢t-11 11 |- |1 af - -1-1-1- 1 e
@ FLUIDIC AGITATION (pg. 24) st2f2 2 -1 |- Jwojr 2] -}-]-}-1- 0 x
L PISTON AGITATION {pa. 27) 2 {1t212¢t-114{-1{- |1 4 -1t -} -1-1]- 0 &
v CYCLIC VALVE AND PUMP (pg. 29). - 11 212 |- 1 - - 1= 3| -l =-1=-t'=-16-= 0 75}
DIAPHRAGM ACTIVATED-ONE -{1tl2l-412 141 |- 1]-1]- s 11314 -1- 3
DIRECTIONAL SQUEEZE {py. 31) .
DIAPHRAGM ACTIVATED-THO - 11 {2 /-42 731 1-1- f- sl 1111} -7- 3
| DIRECTIONAL SQUEEZE (pg. 28) -+l : —
f 2| WATER SPRAY AGITATED {pg. 36) zl1 12 ]211-111]-1-11 aj -1 -1-1-1- 0
ULTRASONIC WASHER .(pg. 38) 2112112 1-1{1 - |~ |- al -1 -1 -1111 1
MANUAL WASHBOARD (pg. 41) 2ltrjz 2 |- |1 |- -1~ 18-} =-)-1]-1- 0 .
PLAIN RECIRCULATION {pg. 45) 112 ]21¢- 111~ |- 3] - -}-1-1- 0 _—
y-

|
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D2-18561-3

SPACECRAFT__ Shuttle
HABITABILITY SUBSYSTEM_Housekeeping

. Garment/Line
HABITABILITY FUNCTION Maintenance

APPLIANCE FUNCTION _Garment/Linen Washing

APPLIANCE CONCEPT NO./TITLE__1/Mechanical.-Oscillation

INDEX NO. 3.3.1.1 REF. NO. 90

\

This concept is similar to a conventional washer. A central agitator provides
the washing either by rotational or translational oscillation. A high-speed
rotation extracts wash and rinse water and is used to spin dry the clothes
before final drying.

DESCRIPTION

T T Y Y PO
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_ PPLIANCE CONCEPT REQUIREMENIS A%D PENALTIES CALCULATIONS
C“"C[PT.M‘;‘;Q.DJSLB.\_QLLL‘I adion moix woroer_ 2. 3, 4,9

(vef.¥90 L 21,22)

ELECTRICAL POWER REQUIREMENTS v
AC . PONER — e BC_POWER_ " h
: 7
y_s;_(P_lﬂg ® ©) DEMAND ® ® DEFAND
cveLe PEAK aweraee  (HETT-HR/ PEAK wverns,  (EATTNR
COMPORENT (REF} {HR) {WATTS) {WATTS) - OrG (WATTS) (WATTS) Dx
Valyiya 0 . :
Pumg 1 —
A_g; {gdpr geieyr 1 — - .
150 e ——e
HAXTHUM TOTAL MAX IMUM TOTAL

-

LATENT SENSIBLE © MEAT LEAK 10 COOLANT |
SOURCE (aTU/HR) (BTU/HR) (BTU/MR) (BTU/HR) !
Waley heek less (4o°F)
Puvap : A
_Agi_’m_"mr;_md Y : _
' i

TOTAL 0 (3220) (3 3‘.10) 0

WATT (BTU/HR) WATT (BTU/HR) WATT {BTU/HR) WATT {8TU/HR)

PSR- A A T T R —— e mn S e

THERMAL ’ ELECTRICAL WE TGHT VOLUME

HEAT LEAK T0 COOLANT
SOURCE (BTU/HR/CYCLE) {BTU/HR/CYCLE) {PK WATTS/CYCLE}  (LB/MISSION) (FT2/MISSION)
*
TOTAL
WATTS/CYCLE . WATTS/CYGLE : KG/MISSION MIZHISSION
{BTUZNUR/CYCLE) {BTU/HR/CYCLE) i (LB/MISSION) {1 71/MISSTON)

B2-453 ﬂ
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS (t‘:QHCLUDED)

concerr_Mechanieal oscillation

oex mumeer 3. B, §, 4

B2-454

F1XED WEIGHT/NOLUME -REQUIREMENTS
.y WE 1GHT YOLUME "
COMPONENT (REF) . (L85) (FT3)
: B asic jar :,/1(21"
2 _ Accarvladeye 4
wj 1Oh . aliavn - "
Valvisg U
Watex ~ separaty
Packaom:} .
iece fayenur '
' ToTAL [ 60.2 (33) ] [ 0.23 (11.0) ]
. K6 {LBS) M} (FT)
soL1e EXPENCABLE WI/y0t REQUIREMENTS
) @ @ @ ®
o WT/UNIT (REF) WT/CYCLE VOL/UNIT (REF) VOL/CTELE:
(PKG WI/UNIT){REF) @ (PKG. VOL/UNIT) (REF) (Px
TYPE UNITS/CYCLE(REF) T(LB) (LB {F73) F13
Dederseni / 027 L o4y L0011 L0013
. " L0490 0013
Germicicde
, O3
Z©- _TbTﬂ WIFCYCEE 2® TOTAL Va"LICYCLE
‘ ‘ - {LB) (F73)
T0TAL WT.
“MISSTON - 2 x 205 X .Ozf-lf - [ 0.92 (r.8) |
CVCLESTOAY DAYS/RISS 10N Tor.sgé():fcw kG TLE)
TOTAL VoL ' :
“WISSION * 2 X 2.0,5 X L0013 . [0.00/16 (0523
‘ CYCLES/DAY DAYS/MISSION Tor.\(;g%&):vcu - W (F
GASAIQULD  EXPENDABLES REQUIREMENTS ,
(ON Rsco?env M.Rscnvs(?azwcms AT LOSCP CYCLE
: MY, USED/CYCLE {REF ) X M-3
TYPE ) Le) . FACTOR (L8 (Le
IWach waley 26,7 0 0 36.7
Rinse uwmlex 6.7 1 6.7 8]
Yo 1%.3 L® 26.7
TOTAL WT. - | .
“HISSION™ * 2. x 26.5 ¢ .35-;2 « 1505 +_73.% " l 716 (15 7%
w CYCLE/OAY™ —~  — DAVS/MISSION !OTKL&% YCLE ) t® kG LBT——_l]

p— e nuam

mgﬁ‘;‘,;_, pr. e i

R T T S T




L3 - a
Wmm._ﬂdu,_ )

SPACECRAFT  Shuttle

S

~ +  D2-I856l-3

Garment/Linen

HABITABILITY SUBSYSTEM Housekeeping HABITABILITY FuNcTION Maintenance
APPLIANCE FUNCTION Garment/Linen Washing '

APPLIANCE CONCEPT NO./TITLE__2/Fluidic Agitation’

INDEX NO, 3.3.1.2 REF. No, 90

DESCRIPTION

In this concept, water is sprayed through a central -column of stacked fluidic
switches which direct water in alternating directions through jets. A high-
speed rotation extracts wash and rinse water, dnd is used to spin-dry the
dothes before final drying.

L}
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. AFP'LIANC[' CONCEPT thum[n[l‘ll’S NiD PENALTIES CALCULATIONS

concerr I Ju i o /¢ ggda-hon

(Ref. # 90 £ 2% 25)

oex norsre 3, 3. 1.2

[ LECIRICAL POWER REQUIREKENLS
[ . . ‘ +
N AC . PONER DEC  POMWER o
: ()]
!’.S.E.g)_l.".i_ ® @ m:rgmn ® DEMAND
CYCLE PEAK AVERAGE (HATY R/ PEAK AVERAGE THATTSNR/
COMPONENT (REF) (HR) (WATTS) (waT1s) - @@ (WATTS) (WATTS) Dx
Valving '
FPu 750
&gffﬂip‘ 11010V . .
’ . MAXINUM TOTAL MAXIMUM TOTAL
THERMAL REQUIREMENTS
LATENT SENSIBLE HEAT LEAK 10 COOLANT
souRcE (BTU/HR) (BTU/HR) (BTU/HR) (BTU/HR)
( Water heat Joss (%"F)
Pusmp
' Agj-faf[or notoy
ToTAL 0 .3_&7_(1"_"_7,) (3L ) 0
WATT {BTU/HR) WATT (BTU/HR) WATT (BTU/HR)

' WATT (BTU/HR)

THERMAL -
HEAT LEAK . 0 COOLANT ELECTRICAL WEIGHT :0LUM£
SOURCE {BTU/HR/CYCLE) {8TU/HR/CYCLE) {PK WATTS/CYCLE)  (LB/MISSION} (FT3/MISSION}
L]
TOTAL
WATTS/CYCLE WATTS/CYCLE KG/MISSION MY /MISSION
{BTU/HR/CYCLE} {LB/MISSION) (FT3/MISSICN)

(BTU/HR/CYCLE)

B2-456
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APPLIANCE COXCLAET REQUIREMENTS AND PENALTIES CALCULATIONS (Cﬂ‘lClUD[D)

CONCEPT E Sl e agl  dadion INOEX humeer__ 2. 2. [, 2D

: WEIGHT YOLUME | '
COMPONENT (REF) . (Les) ) (FY3)
Basile washer
_‘Pu_mn o J
2 Accronploters .
VAJ vihno - -

Waler? zo pay 2oy
Fankﬂ'\mg ) )
Miscellangrne

TOTAL | 5%5 (129) | [ C.akg (12.3)1

K& {LBS) # (FT3)
.. .
’ soL1bD EXPENDABLE HI/v oL REQUIREMENTS
@

@- HTIUNIT@)(REF) m/cc%.s VOL/UNIT (REF) VOL/CYCLE

(PKG.WI/UNIT){REF) Dx {PKG.VOL/UNIT) (REF} X

TYPE UNITS/CYCLE(REF} (LB} {LB . (FT3) 13

De gv‘ggr-j / ] ]
& el
Mo oL S G 513
Z© TOTAL lvﬁ"/CYCLE Z @ TDT?\L \rouc’
< {tB) (F73)

TOTAL WY ‘ =
“HISSTON ™ : X X Loga (1,9) ]
CYCLES/DAY DAYS/MISSTON TOTJ(JEQC)ZYCLE KG (LB

@ REC(S?ERY mr.ascovs(riz) D/CYCLE T LOS(? CYCLE
AMT . USED/CYCLE (REF} x(i) _ (1)—<®
TYPE : (L8) FACTCR . (L8 (LB
E '[ﬁ £ farsd i‘.-' l
>0 73.%2 Yo R6.7
TOTAL WY, A
“HISSTON ™ * X S - + l 716 ( B
- TTTCYCLE/DAY DAVS/HISSTON TOTAL Y OST/CYCLE ] *G L8
) @ ; {Le) L N0

f
B2-457

o

TOTAL_VOL ' i : e
““‘Mr"_ssm‘u‘ X X {o.0015 (.053
CYCLES70AY DAYS/HISSTON ror.\{?%g?m TS =2 | '
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SPACECRAFT___ Shuttle L :
] . Garment/Linen
HABITABILITY SUBSYSTEM Housekeeping  wagyTapiiiTy Function Maintenance

APPLfANCE FUNCTION Garment/Linen Washing

APPLIANCE CONCEPT NO./TITLE 3/Piston Agitation

INDEX NO. 3-3.1.3 REF. N0, %0

DESCRIPTION

In this concept, two pistons are actuated alternately to pump water back and
forth within the drum. Screens are added to increase turbulence and to con-

tain the clothing within the drum. :

Since there is no spin-dry capability, it was assumed, as recommended in
Reference 90, that 0,91 kg (2.0 Tbs) of water are left in the clothes over
and above the water left by the other concepts after spin-dry. Therefore,

a dryer penalty was assumed to handle this added water. For this purpose,
the dryer concept 3.3.2.1 was assumed (forced hot air electric) since it had
already been selected in the past’ (Reference 237) to build a prototype clothes
dryer. Since the dryer penalties were based on removing .302 kg (.667 1b) of
water, and this washer.concept has 0.91 kg (2.0 1b) extra water to be dried,
all the penalties for dryer concept 3.3.2.1 were multiplied by 3 and added to
the penalties for this clothes wash concept. The peak electrical power and
thermal requirements were the maximum for the washer and assumed dryer rather

than the sum of the two.

4
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APPLIANCE CONCEPT REQUINEMENTS AND PENALTIES CALCULATIONS

conceer. icden  n gi_{;g&_’rvn

inoEx nusstr o, 5. 1.3

ELECTRICAL POWER REQUIREMENTS
AC POWER L D¢ PONER L
i ® Q)
USE_YIME ® ® DEMAND ® ® DENAYD
CYCLE PEAK AVERAGE (NATT e/ PEAK AVERAGE (WATT AR/
COMPORENT {REF) (HR} (WATTS) (WATTS) - - (Ox@ (WATYS) (WATTS) Mx
Valy 85 9] '
M L ') (s3 o 1
'PL{ it Ir.) M ’ .
10} 0 .
. MAX [MUM TOTAL MAX IMUM TOTAL
THERMAL REQUIREMENTS
) LATENT SENSIBLE HEAT LEAX 10 COOLANT
SOURCE {BTU/HR) (BTU/HR) (BTU/HR) (BTU/HR)
Weder bead les_ (#0°F)
_Fuva B S
M O**("- \S
YOTAL 0 924 (a52) 924 (3152 0
WAYT {BTU/HR) WATT (BTU/HR) WATT (BTU/HR) WATT (BTU/HR}
OPERATIONAL PENALTIES
weat Lear AL cooLAT ELECTRICL WEIGHT VOLUME
* soumce {BTU/HR/CYCLE) (BTU/HR/CYCLE)  (PK WATTS/CYCLE)  (LB/MiSSION) (FT3 /MISSION)
Bdimec [lr;rer toncept
#3221, oczumerd do
dvy 2 tbe of woler . —
ggj[a o,lgnw the
¢ [ ) ot
ow 242 (726) 396 Usse) _ (44 A 73 (1e0) 1.00 (35.2)
WATTS/CYELE ~ . WATTS/CYCLE KG/MISSION 7 MI/MISSI1ON
{BIUMR/CYCLE)  (BTU/MR/CYCLE} 451;’ Ic {LB/MISSION) (FT2/MI55104)

B2-459
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS (COMCLURED)

—— e —-

D2-1i8561-3

conceer_12r < doy agg’igﬂan INDEX NUMBER B, B, 1.
\J FILXED WEIGHI/VOLUNE REQUIREMENTS {
. WEIGHT VOLUME )
COMPONENT (REF) . (LBS) (F13}
Bacie _1.ocher
2 Arcupetasere J
Vahw‘:w; X
et Sf‘ip"rﬁ‘-nr
Pump R
Paai‘aging .
Miscalapse:s _ '
TOTAL | 55.3 (122) | [0.348 (12.3) ]
. . KG (LBS) o MY (FT3}
soL1D EXPENDABLE Wivot REQUIREMENTS
) ® ©) @
@ WT/UNIT {REF) WT/CYCLE VOL/UNIT (REF) VOL/CYCLE
. (PKG. WT/UNIT ) (REF) (:)x(%) (PG, VOL/URTT) (REF) x{4
TYPE UNITS/CYCLE(REF) (L8) (s {F13) £
o ped
o j - -
Germrcic!ﬂ
0+ ‘® __.on/%
z0 “TOTAL WT/CYCLE L® TOTAL VOL/CYCLE
. (LB (F77)
TOTAL WT. _ .
MISSION " X X [O0.¢2. (71.9) ]
TYCLES/0AY BAYS/MTSSION TOT.?{!SYCLE %G (LB
] .
TOTAL VOL _ . , .-
) MISSION - (0.00/5 (.05 |
CYCLES/DAY DAVS/AISSION TOT.??%{%YCLE W3 {FT7)
GAS/LITQUID EXPENDABLES REQUIREMENTS .
. : 0
@ asc;i:af kHT.RECUVE%%D/CYCLE AMT LOST/CYCLE
AMT, USED/CYCLE(REF) X oR
. o TYRE (L) FACTOR (L8 (Le
Moash water
Rinse water
SO _73.3 SO _ 36.7
g
; R TOTAL WT, | '
: MISSION + . l'?lé__((li?_’_@_]
; TKG (LE)

X X -
TTRIVCLE/ONY T DRYS/MISSIUN Tdﬂ‘m;’dsé’»/tfcif

B2-~460
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" D24185/1-3

SPACECRAFT Shuttle '

. - } o Garment/Linen
HABITABILITY SUBSYSTEM_Housekeeping HABITABILITY FUNCTION Maintenance
APPLIANCE FUNCTION Garment/Linen Washing ,

APPLIANCE CONCEPT NO./TITLE_4/Cyclic Valve and Pump

INDEX NO,  3.3.1.4 REF. HO. 90

DESCRIPTION | \

This concept is identical in operation to #3 (Piston. Agitation), except that

the water pumping is accomplished by a pump and cyclic valve rather than opposing
pistons. Screens are included to contain the clothing within the drum as well as
to increase turbulence. '

No spin-dry capability was assumed, just as in concept #3, and again 0.91 kg

(2.0 1b)} additional water was assumed to require drying. This was handled in

the same manner as was explained in concept #3; thus, all the penalties for dryer
concept #3.3.2.1 were multiplied by 3 and added to the penalties for this clothes
washer concept. ‘ ‘
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APRLIANCE CONCEPT R[QUIRU\[HIS NiD PINALTIES CALCULATIONS

“concert_Cpclic valie e e Pump _ INDEX NUMBER 3._3.1.1!

(Ret. ¥ 90 429, 30)

.E.LQC.I.B.J.QQL POWER REQUIREMENTS
AC . POMER_ DC___POWER ,,0-;,,,
5
!5?.9!-'5 @ ) umg?m ® ® DENAND
cYeLe PEAK AVERAGE (gf}’{i““’ PEAX AVERAGE HATS HR/
COMPONENT ‘{REF) (HR) (WATTS) (WATTS) @) x(3 {WATTS) (WATTS) Qi
Val Y1
Pl )
11 _ 0 e
, HAXIMUM TOTAL MAX IMEM TOTAL
l.‘!!’i!ﬁﬁl—. REQUIREMENTS
LATENT SENSIBLE HEAT LEAX T0 GOOLANT
SOURCE (BTU/HR) (BTU/HR) (8TU/HR) (BTU/HR)
]
Waler head. J_D_M_-JQ_F)
. PLL\YLP
TOTAL 0 QQZ_(Q_U.'I_‘E) 702 (3079) 0
WATT (BTU/HR) WATT (BTU/KR) WATT {BTU/HR) WATT (BTU/HR)
CPERATIONAL PERALTIES
THERMAL -
HEAT LEAK . T0 COOLANT ELECTRICAL WEGHT VOLME
SOURCE (BTU/WR/CYCLE) {BTU/HR/CYCLE)  (PK WATTS/CYCLE)  (LB/MISSION) (F1?/RISSION)
, A, {once FJ" *

#3724 nssumnd o O
slr}: 2 ths od weler — :
exdre nlnic _the

‘ *Yrad4c€ 4] A hay )

TOTAL _ggl'l_v__(jz_) 396 (1350) ;'!H Ac .__7,3 (1to) 1.oo (35.2)

WATTS/CYCLE WATTS/CYCLE z,; KG/MISSION M3/MISSION
{BTU/HR/CYCLE )} {BTu/HR/CYCLE) s DL {LB/M1SSION) (FTI/MISSION}
B2-462
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APPLIANCE CONCEPT REGUIREMENTS AND PONALTIES CALCULATIONS (EUHCLUD{D)

concert_Coclie vale é.—P"”“P :

REQUIREHENTS

moex sumeer_ 3. 3.1, 4

FLXED HEIGHTI/NOLUME {
: WETGNT VOLUME k
COMPONENT {REF) {LeS) (FT3)
Duie  wachey
2 Accwedady s 4
Uﬂvnﬁ
Wador sgynbﬂlLr
Pres. R .
Vo r""‘_";t"l -
Micceinifecuc
TOTAL | 591 (12¢) | l0.2%#s (12.2) |
. KG {LBS) MY {F13)
soL1D EXPENDABLE prvoL REQUIREMENTS
©) @
o m/umr@)(asr) WI/CYCLE VOL/URIT {RET) VOL/CYCLE
{PKG. WT/UKIT }{REF) @x(? {PKG. YOL/UNTT ) {REF) (szg)
TYPE UNTTS/CYELE (REF) (LE) (LB (FT3} 13
Daif_{!-gt l]'! z - - _
ﬁernﬁc?JF
No .04y oY)
Z® TOTAL Wi/CYCLE Z % “YOTAL VOL/CYCLE
- {LB) (F1%)
TOTAL WI. e
WESSION : X . " [ 2.2 .(]ﬁ-_g:l:]
CYCLES/OAY TAYS/MTSSTON mr.}:r/gvcu K6 {LE)
LE : _
TOTAL VOL
~HISSTON X : [0.00/5 _(;TQE 2) ]
EYCLES DAY DAYS/HTSSION Tm.}«%{gme W (ET
GAS/LIQULID EXPENDABLES REQUIREMENTS
@
&) Rscg?cnv m.nscnvpgsn/cvcu AMT LOST/EYCLE
AMT. USED/CYCLE (REF) D @-
TYPE ; (LB) FACTOR (L8 (Le
VJ QS% L f’& ar :
Rinee uuiey
TOTAL WY, . =
“MISSTON _ S S . . |'7/6 (15 75’)—]
TTOYCLETOAY DAYS/KISSTON YOTAL TOST7CYCLE Ki {LB)
) {Lb) ]
B2-463
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SPACECRAFT Shutttle ‘
Gafment/L1nen
HABITABILITY SuUBSYSTEM Housekeeping HABITABILITY FUNCTION Maintenance

APPLIANCE FUNCTION Garment/Linen Washing
APPLIANCE CONCEPT NO./TITLE  5/Diaphragm Actuated - One Directional Squeeze

INDEX No.__3.3.1.5 REF. NO.___ %0

DESCRIPTION
‘ -

This concept utilizes compressible diaphragms, operated by pressurized nitrogen,
to alternately squeeze and soak the clothes. Wash and rinse water are removed
at the erd of each cycle by simultaneously pressurizing both diaphragms. This
concept has been shovn to be feasible, but its cleaning effectiveness remains

to be proven by further testing.
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. APPLIANCE CONCLPT REQUIREMINTS ATD PENALTIES CALCULATIONS
CONCEPT -Dl(e‘}\lng au_acdpeted —one dirceticnal squecve

(Ref. " 90 {72132

POMER

INDEX NUMBER 4. o § 6

-2 ol

.

B2-465

o ELECTRICAL POWER REQUEIREMENTS .
AW 4 . ’ .
AC . POWER DC POWER .
USE. YINE @ ©) ncncﬁm ® ® DEHAND
CYCLE PEAK AVERAGE (HaET AR/ PEAK AVERAGE “E’QHE“‘V
COMPONENT {REF) (HR) {WATTS) (WATTS} OxG (WATTS) (WATTS) (Mx
Va 1 ves S '
?H JE L)
| 3
L0 0 R
, MAX IMUM TOTAL MAX IMUM TOTAL
THERMAL REQUIREMENTS
LATENT SEKSTBLE HEAT LEAK TO COOLANT
SOURCE (BTU/HR) {BTU/HR) {BTU/HR) (BTU/HR)
( Weder head loss (2p°F)
Tuw R
TOTAL _ 0 873(2279) 8723(297% 0
WATT (BTU/HR) WATT (8TU/HR) WATT {BTU/HR) WATT (BTU/HR)
' OPERATIONAL PENALTIES
. THERMAL .
HEAT LEAK 10 COBLANT ELECTRICAL WEIGHT VOLUME
SOURCE {BTU/HR/CYCLE) (BTU/HR/CYCLE)  {PK WATTS/CYCLE}  (LB/MISSION) {FT? /MISSION)
a/A :
T
(79
TOTAL
VATTS/CYCLE  ° WATTS/QICLE KG/MiSSION M3 /MISSION
{BTU/HR/CYCLE) {BTU/HR/CYCLE) {LB/MISS10K) {FT/MISSION)

-
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APPLIANCE CONCERT REQUIREMENTS AND PENALTIES CALCULATIONS {CONCLUDED)
touccn_'DJsLP]_u_,_:}m_p_-;_.wﬁ ed ~ one direcdional Squeeze oex Numper 2. 2.1, 5

' WEIGHT YOLUME
COMPONENT (REF) {LBs) (f13)

Booye mocher -
1)£’|H.TD . . J . .
=~ oy des s

Valvip s .

Wel€y e 1y mes : :

Ceyd g tie '1 ' . *

Py 6ot s .y 3

Corelic soive
Fagloonins
Miaesl mpd woe

TOTAL { 46,7 (1c3) | .29 (10-0)J

KG (LBS) & MY (FT3)

4.

SOLID EXPENDABLE HWT/YOL REQUIREMENTS

{
o) HT/UNI‘I@(REF) WI/CVCLE VGLIUHIC?(REF) vouc‘?cts
(PKG.WT/UNTT ){REF) @x {PKG. VOL/UNTT) (REF) @

TYPf UNTTS/CYGLE(REF) {LB) (1) (FT*} Fra
Dederoend/ . '
_gqermicide

. .044 ~ E® .06/3
2© TTOTAL WI/CYCLE Z® “fﬁ'r‘.[‘"vm‘/cfc‘t“”
. {LB) (FT%)
TOTAL HT. _ . .
“MISSTON X X [O.52 ¢ 1._8)___]
TYCLES 70AY BAVS/RISS 0N ror.s(«r/(}:mf % ({15)
LB -

TOTAL VOL

HISSION * X X - [c.00 7..5_T(r:_05 3) ]
EYELE /DAY BRTSHISSTON TOT.\(IU%{?\'CLE e :
. ) F : .

GASLIQUID  EXPENDABLEES REQUIREMENTS

o REC(S?ERV m.nscnva@mlcvm AMT Los@ CYCLE
ANT .USED/CYCLE{REF) X - (é)
TYPE {LB) FACTOR 3 (LB (L8
Wael waley 36,7 c 0 36.7
Binse leatey 36,7 I 6.7 (2]
M&L {W‘E gorticap g Do 2 D . D 0.2 -
N [
SO __73%.5 D W0 26.9
TOTAL W1, ' F '
1O D. ! 720 (B.S’ 6
HISsIon "‘T\*‘C’fi‘ oA * ”‘ﬁh‘\ﬁ%‘nTs's%N‘ TOTAC 01: osv?fvcw “”%i‘?"‘ 'fai‘ l:‘ 4 j’]

f
B2-466
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D2-118561-3

SPACECRAFT___ Shuttle

Garment/Linen

HABITABILITY SUBSYSTEM Housekeeping HABITABILITY FUNCTION Maintenance
APPLIANCE FUNCTION Garment/Linen Washing ’

APPLIANCE CONCEPT NO./TITLE 6/Diaphragm Actuated - Two Directional Squeeze

INDEX NOo. _ 3.3.1.6 REF. NO. 90

DESCRIPTION

This concept is similar to concept #5 except that the clothes are stored in
two tanks., Pressurized diaphragms are again used to alternately squeeze and
soak the clothes. As in concept #5, cleaning effectiveness remains to be
proven by further testing.
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APPLIAMCE CUNCEPT REQUIREHWT? AND PENALTILS CALCULATIONS

W"C[PT_T’_.L. “_%J)U;jm._mdm-lei ~dwo divectional cquecze woex wmsen_2 , . 1, 6
fzl . 3 7))
Red 220 b crntcaL PowES BEQUIRERMENTS ‘
hid ' . AC . POWER _ pe__POMER.
i
9_5_58_:1: ) ©) n:rgﬂm ® DEMAND
CYCLE PEAK AVERAGE “égHE"“’ PEAK AVERAGE (AT -t/ .
COMPORENT (REF) (HR) (WATTS) (WATTS) [©) x(,%) (WATTS) (WATTS) Mx :
Malves _ o) '
‘PL« 144 }'J l -
£o 4, ——
, MAX TMU TOTAL MAXTMUM TOTAL
THERMAL REQUIREMENTS
LATENT SENSIDLE HEAT LEAK TO COOLANT
SOURCE (BTU/HR) (BTU/HR) (BTU/HR) (BTU/HR)

Joss (40°F)

(‘ _Mﬁfr }h’a'%
“Pusap

$£732/2379)

WATT (BTU/HR)

873 (2179)

WATT (8TU/HR)

TOTAL _._.._{D__._.._
WATT {BTU/HR)

PENALTIES

OPERATIONAL

THERMAL

S

WATT (BTU/HR}

HEAT LEAK 70 COOLANT ELECTRICAL WEIGHT~ YoLuHE
SOURCE (STU/MR/CYCLE)  (BTU/FR/CYCLE)  (PK MATTS/CYCLE)}  (LB/MISSION) (ET}/MISSION)
/ .
’ »
. *
. .
TOTAL

VRTTSTOVCLE WATTS/CYELE ; Ke/MISSTON Wi7HISSTON
(DIU/HR/CYCLE)  (BTUsmR/CYCLE) ! (LB/MISS10N) (FT3/MISS10K)

TS U,

| B2-468
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APPLIANCE CONCEPY REQUIREMENTS AND PENALTICS CALCULATIONS {CONCLUDED)

concert Dianhraam actvaded = dwo iy cctioral squecie mpex Nomper 5. 2. 1.6

~~~~~~ BEIGHT/NOGLUME REQUIREMENTS
) WEIGNT voLwe
COMPONENT {REF) : (LBS) (F13)
Basic pnasher ,
Fu g ¢
2 Acrtigulnisy o
Yaleinn -

Woater ey ayenater

Contralley

»
Preee to AN P
Yoot . ¥ el

L ~1r_1:) R ‘

L4 *
Prckpr e

Miccellyperns

ToraL [ 42.2 (93) | L0.275 (9.7) |
. L : KG {L8S) M (FT3)
SOLID EXPENDABLE WInoL REQUIREMENTS
. @ €]
1) WT/UNIT (REF) WI/CYCLE VOL/UNIT (REF) YOL/CYOLE
(PXG.WT/UNIT)(REF) @x@ {PKG.VOL/UNIT}{REF) (Px 4
TYPE UMITS/CYCLE(REF) {LB) {LB (FTY) g
fa}
ggrmic_l':le
041 Yo AL
E@ . TOTAL WT/CYCLE Z @ “JOTAL vm?ﬁ'c‘f’"
. - (LB) (F13)
TOTAL WT. _ —
MISSTON ® X X - 0.42. ( 1.8) ]
CYCLES/DAY UAYS/MISSION Tor,sér/(}:vcu K6 {Lb)
= "B . ) .
TOTAL VOL .
T RISSION ~ X X * [0.0075 053
CYCLES/DAY DAYS/MISSION mr.ﬁ(;glf{s:\fus CEN (Fg3 Yy )j
GAS/LIQUIN  EXPENDABLES REQUIREMENTS .
@ nsc;?mv m.nzcnv%n/cms AMT LDS('P/CYCLE
: AMT . USED/CYCLE(REF) Qx -@
. TYPE (LB) ) FACTOR {LB (L8
Waeh weier 36.7 D 26.7
Ripnss woier 26,7 ! 36.7 0
Ny Prearuyapé 0.3 4] .0 0.3
P O] 73,6 PMO) 27,0
TOTAL WT. _
“HISSION

2. x_20.5 yx 2370 . f517 + 73,6 * 721 (5971)]
TORVCLE/OAY T T DAYS/NISSION YOTAL 1 OST/CYCL

K6 {LE) ™
z® {LB) @
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D2:-118561-3

SPACECRAFT Shuttle

: Garment/Linen
HABITABILITY SUBSYSTEM Housekeeping HABITABILITY FUNCTION Maintenance
APPLfANCE FUNCTION Garment/Linen Washing , '
APPLIANCE CONCEPT NO./TITLE 7/Water Spray Agitation
INDEX NO.3.3.1.7 REF, NO.__90
DESCRIPTION

In this concept, a high velocity jet of watér is sprayed into a wire mesh
drum from the outer circumference. The drum is slowly rotated to allow
continuous removal of the water. A high speed. spin cycle is used to remove
the excess water after washing and rinsing.

B2-470

mi‘?i%‘c‘ﬁéfe;n.\';;n—:zmiv,.f e B e d e




7T

D2-118561 -3

W APPLIANCE, CONCEPT REQUIRLMLNIS AND PENALTIES CALCULATIONS
conceet_Wed ey Spray. agidadion

(.136{:.#: 96 p 26,27

ELECLTRICAL

moex suvper 2.2, 1.7

POUER REQUIREMENTS
AC . PONER DC___POWER L
D - - - — 6
USE_YIME ®@ ® DEMAND ® ® DENAND
CYeLE PEAK AVERAGE (WATT W/ PEAK AVERAGE (WATT-WR/
COMPONENT (REF) (MR} {WATTS) (warts) - G {WATTS) (WATTS} @x(%
V ﬂh [ G —_— )
:Bm_ng‘ . 1
Aaidowir wndoyr | )
)
15% 0 S
, MAX IMUM T0TAL MAX IHUM ToTAL
THERMAL REQUIREMERTLS
LATENT SENSIBLE REAT LEAK 10 COOLANT
SOURCE (BTU/HR) {BTU/HR) (BTU/HR) (BTU/HR)
[4]
W a{ex.]mif.{‘_lgjs_(fﬂ:_[)
_ﬁu. 311;:- — : _—
Modor
TOTAL O 981 (n2h7) 981 fxa%7) O
WATT {BTU/HR) WATT (BTU/HR) WATT (BTU/HR) WATT (BTU/HR)
GPERATIONAL PERALTYIES
wear Lk O ooume | ELECTRICAL VEIGHT VOLUME
SOURCE (8TU/HR/CYCLE) (BTU/HR/CYCLE)  (PK WATTS/CYCLE)  {LB/MISSION) (F T3 /MISS10N)
/ (]
1 _ _
T0TAL e X
WATTS/CVCLE WATTS /CTCLE KG/H15510R MI7HISSTON
(BTU/NR/CYCLE) {BTU/HR/CYCLE) (LO/MISSION) {FTI/MISSION)

B2-471
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APPLIANCE CONCLPT REQUEREMINTS AND PENALTILS CALCULATIONS (C.(.}_.'iCLUD[D)

L] —
conceet YW od o :p‘m_\/_a;jl,niml : ioex numstr_ 2.7, 1,77
4 .
. E1XED WEIGHMTANOLUME REQUIREMENTS ¢
.o WEIGHT VOLUME '
COMPONENT (REF) {LoS) (r1y)
Poacie  wachey ,
P . .
2 Arruscdadoae —_—
Valsina ‘
Wadey Cey ooy ‘ '
't‘nrll'e! R .
r.’\j:,[f“;' e 2ot d . ’ —

TOTAL | 60.3 (133) | | 0.327 UT-Q) ]

, KG {LBS} M3 (FTY)
$OELD EXPENKGABLE HINOE REQUIREMENTS
@ ) @ ®
0 WT/UNIT (REF) WI/CYCLE VOL /UNIT (REF) VOL/CYCLE
{PKG.HT/UNIT)(REF) Ox {PKG.VOL/unIT)(REF) (Px 4
TYPE UNITS/CYCLE(REF) (LB} {LB (FT3) P13
Det crgen
.-g2 it e
>® __.okk Y& .00
TOTAL WT/CYCLE TGTAL VOL/CYCLE
(LB} (FTY)
TOTAL WT, _ . el e—
“MISSION™ * X X Co.¢2 (1% ) 1
CYCLES/DAY DAYS/RATSS 100 ror.nefr/gvcu KG (LE}
L8 :
TOTAL NOL _ . — —
“HISSTON - X . X i lo.oots (., 0_53)__|
CYCLES/DAY DAYS/HISSION TOT.\(mlféz):YCLE ' M (77}
_ (F
GAS/LIQUID EXPENDABLES REQUIREMENTS
- ® ®
@ RECUC'?ERY AMT RECOVERED/CYCLE EMT LOST/CYCLE
AMT USED/CYCLE (REF) X i <3)
TYPE . {LB} FACTOR {i8 (La
Wash woeter 36,7 :
Ripoe 1exdey 36,7
PO 73.2 PO 36.7
I TOTAL WT. | § . PR
V. WSSOt x X . . [7¢ (157%) ]
CYCLE/DAY Y5 /RISSTON TOTAL LUST/CYCLE K (LB}
@ {t8) @
B2-472
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SPACECRAFT Shuttle
. o - ] . Garment/Linen
HABITABILITY SuBSYSTEM Housekeeping HABITABILITY FUNCTIoN Maintenance

APPLIANCE FUNCTION Garment/Linen Washing

APPLIANCE CONCEPT NO./TITLE_8/Ultrasonic .
INDEX NO.__3.3.1.8 REF. No. 90

DESCRIPTION

In this concept, ultrasonic energy is used to wash the clothes. A damping factor
of 2 was assumed, which probably results in a gross underestimate of the actual
electrical power required. The amount of water required was assumed to be the

same as for the other washing concepts.
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' APPLIANCE CONCEPT HEQUIRCMENTS AD PENALTIES CALCULATIONS 2
INDEX NorpER __ . T} T

coneert D1 pa crnie

TR PR R g e

i (Ref ¥ qu pot-bo) .
P ‘ ELECTRICAL PONWER REQUIREHENTS ‘
¢ ¥ . .
AC . POWER —-— L pC_ _POWMER___ .
i !.lis‘li._(}_)lﬂf.‘ ® ©) DERAND ® ® BUARND
; CYCLE PEAK mersce  (RATTCNR/ PEAX averae (MR
P COMPONENT (REF) (HR) (WATTS) (WATTS) G (WATTS) (WATTS) D!
: AJTRIOR ) : -
An:lt":'1.....l¢“':']; ’ .
PE acrnyaisg ! ' . - 7

B 1A O e
TOTAL

MAX IMUM TOTAL MAX TPUM

THERMAL REQUIREMERTS

LATERT SENSIBLE . HEAT LEAK 10 COOLANT
: SOURCE {BTU/HR}) (BTU/HR} (BTU/HRY {BTU/HR)

( Walepbesd doen (hese) I
Powyp .
_Maoder ' e
HE acenasoy e

e Tret -
YoraL n 1848(L7r ) 1852 (6707) 0.___
WATT (BTU/HR) HATT (BTU/HR) WATT {BTU/HR) WATT (BTU/HR)
1]
CPERATIONAL PENALTIES
' THERMAL -
HEAT LEAK 0 COLANT ELECTRICAL WE IGHT YOLYME
SOURCE {BTU/HR/CYCLE) (BTU/HR/CYCLEY  (PK WATTS/CYCLE)  {LB/MISSION) (FT3/MISSION}
L
{ B
TOTAL
VATTS/CYCLE * OWATTS/CYCLE KG/MISSION M3/MISSION
(BTU/IR/CYCLE) (BTU/HR/CYCLE) {LB/HISSION) {FTI/MISSION)
B2-474




- D2-18561-3

APPLIANCE CO'ICiPT REQUIREMLNTS ANU PERALTIES CALCULATIONS (CG‘JCLUU[D)

concerr ) Ty et tupex nomeer 2, 7 1, ¢
. » FLXED WEIGHTI/NOLURE E.E.RF.lEE!".E!‘.IE i
o MEIGHT VOLUME
COMPONENT {REF) . {LBS) (F1?)

] v 1
L“*;I" ty -1-f\r|-
- . 1 L
Hial 1oy pexd aijon
- k3 T
Py oy c——
1
IR ALELTL U TR DR A

bl ) :

VWoades =iy
-l ol‘ '
Miscelpneew s

o L 64,9 (1~)J [0.265 (12.9) |

X6 (LBS} M (FYY)

@ ol @
o® WT/UNIT (REF) WI/CYCLE VOL/WNIT {REF) VOL/CYCLE
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SPACECRAFT _ Shuttle
Garment/Linen
HABITABILITY SUBSYSTEM Housekeeping HABITABILITY FUNCTION Maintenance

APPLIANCE FUNCTION Garment/Linen Washing

APPLIANCE COMCEPT NO./TiTLE__ 9/Manual Washboard
INDEX NO. 3.3.1.¢ REF. NO., 90

DESCRIPTION

Due to the large amount of crew time required to manually wash clothes, this
concept was not felt to be practical. However, it was included for comparison
purposes with the automatic concepts. A zippered, Teflon bag is used to contain
the clothes and water. The crewman manipulates the bag tr achieve washing,

and squeezes it to rinse and remove excess water. It was ‘sumed that only

3.02 kg (6.67 1b) of wash and 3.02 kg (6.67 1b) of rinse water are required.

It was estimated 0.60 kg {1.33 1b) of water will be left in the clothes after
final rinsing, over and above the amount left by the other concepts. This

water is treated in the same manner as for concept #4; that is, the penalties for
clothes dryer concept #1 were multiplied by 2 and added to the peralties for

this clothes was?ing concept.
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SPACECRArT__ Shuttle _
S ~ _ . Garment/Linen
HABITABILITY SUBSYSTEM Housekeeping HABITABILITY FUNCTION Maintenance

APPLIANCE FUNCT'0Y Garment/Linen Washing )

APPLIANCE CONCEPT NO./TITLE_10/Plain Recirculation

INDEX No._3:3:1.10 REF. No. 90
DESCRIPTION \

In this concept, water is simply recirculated through the clothes washing
tub, with no means to vigorously agitate the water. Cleaning effectiveness
is, therefore, relatively poor, and its adequacy would have to be proven
by further testing. A spin dry cycle is used to remove the excess water
after washing and rinsing.
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HABITABILITY SUBSYSTEM _ 3.0 Housekeeping

HABITABILITY FUNCTION 3.3 Garment/Linen Maintenance

APPLIANCE FUNCTION 3.3.2 Garment/Linen Drying
NUMBER OF CONCEPTS CONSIDERED 9
ASSUMPTIONS

A number of references were found which present data for various clothes
washer and dryer concepts (References 70, 90, 91, 100, 127, 161, 171, 185,
202, 237 and 245). These references were reviewed in detail, and the
engineering data from each examined. It was soon found that much of the
data did not agree. The primary reason for discrepancies was that the data
were mostly very sketchy, without detailed breakdowns to define the data.
For example, the clothes dryer weight in one reference would include the
tub only, while another would inclucc caripheral egquipment such as heat
exchanger, water separato:*, or other miscellaneous items. One reference
was found (Ref. 90) which contained 2:! the concepts found throughout the
other repcrts and presented the data for each in a consistent manner for
direct comparison. Therefore, it was -e.ided to collect all the clothes
washer and dryer data for this study from Reference 90.

A11 the clothes dryer engineering data used for Space Station were used
directly for Shuttle also after adjusting for a crew size of 4 men (Space
Station crew was 6 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 breakdown of the
various genaTties, the Space Station data sheets in Appendix C should be
consulted.

Two clothes washings/dryings per day were assumed. For most concepts, the
drying time can be varied by sizing the hardware; e.g., one could choose a
large heater for fast drying, or a smaller heater for slower drying. Based
on the recommendation of Reference 237, a drying time of 4 hours was ass:ed
for these cases. The dryer was assumed to remove 0.302 kg {0.67 1b) of
residual water from the clothes according to Reference 90. More testing is
required to refine this assumption; however, data from Reference 202 indicate
this amount of water may be too high. Where applicable, ambient conditions
are assumed to be 760 mm Hg (14.7 psia), 21.19C (70°F) and 50 percent relative
humidity. . Wherever a component is connected directly tc the cabin cooling
circuit, it is assumed 85 percent of the enerqgy transferred goes to the
cooling circuit and 15 percent is heat leak to the cabin atmosphere.
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APPLIANCE CONCEPT COMPONENT SUMMARY MATRIX
APPLIANCE FUNCTION: 3,3,2-GARMENT/LINEN DRYING
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2 VACUUM REGENERABLE (pg. 58)
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'Garment/Linen

HABITABILITY SUBSYSTEMHousckeeping HABITABILITY FUNCTION Maintenance
APPLIANCE FUNCTION  Garment/Linen Drying '

APPLIANCE CONCEPT NO./TITLE 1/Forced Hot Air - Electric

&NDEX NO. 3.3.2.1 REF. KO. 90

DESCRIPTION

i
In this concept, a jet of air spray at 60°C (1409F) is directed into the
clothes from outside the drum. The clothes are contained in a wire mesh
drum vhich is rotated slowly in a direction counter to the air inlet. A
prototype clothes dryer using this concept is described in Reference 237.
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P APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCRATIONS  +
: eoncert_Forced hid aiv - eleciric . moex womper_ 2. 2. 2. 1
: ) ELECTRICAL POWER REQUIREMENTS ) .
; “p
; ' ® AC . POMER o DC _POWER -
- 1 @
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WATT-HR/ WATT -4t/
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T i 'q
Hepiex y ,
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1
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. 7
o, w » .
i
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TOTAL WE. | ) ' . - ——
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. ' o @ " ©) . @
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SPACLCRAFT Shuttle

Garment/Linen
HABITABILITY SUBSYSTEM Housckeeping  HABITABILITY FUNCTION Maintenance

APPLIANCE FUNCTION Garment/Linen Drying

APPLIANCE CONCEPT NO./TITLE 2/Forced Hot Air - Thermai Storage

INDEX NO. 3.3.2.2 REF. NO. 90

DESCRIPTION

This dryer concept is the same as Concept 1 except the electrical heater is
replaced by a thermal storage unit which utilizes waste heat from the wash/
rinse cycle. This concept should reccive a credit for cooling the clothes
washer wateré however, this has been neglected. Clothes are dried by air
at 499C (120%F) from the thermal storage unit directed into the slowly
revolving wire mesh drum. :
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stoyeca

INDEX NUMBER .3, 2. %..)

—

-

ELECIRICAL POMER REQUIREMENTS
L]
At . PONER ___ Dt POWER -
1
use_Yine ® ® DEFAND ® ® DEMAND
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- Moday ¢ ' .
Fan
(2 O
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; .
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n/A -
TOTAL .
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APPLTANLE COMCEPT RLOUINEVLATS AND FLMALTIES CALLULATIONS (c'u'.r.wmu)
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Miegellapsrvs (copdipeing —
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SPACECRAFT Shuttle

- . Garment/Linen
HABITABILITY SupSYSTEM Housckeeping  WABITABILITY FUNCTION Maintenance
APPLIANCL FUNCTIO:__ Garment/Linen Drying |

APPLIANCE CONCEPT NO./TITLE 3/Forced Cold Dry Air-Desiccant-Vacuum Regencrable

INDEX NO. 3.3.2.3 REF.. NO. 90

DESCRIPTION

In this concept, a closed loop of air circulates through a silica gel desiccant
bed, where it is dried, and then through the clothes dryer tub where it dries
the clothes. After the clothes are dried, space vacuum is used to dry the
desiccant. The fan size is selected based on a 4-hour clothes drying time,
and 4 hours are assumed for desiccant vacuum regencration.
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an . Vacuum regenera“ﬁ
W» . ELECIRICAL PONER REQUIREMENTS , -
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" SPACECRAFT Shuttle

Garment/Lwnen
HABITABILITY SUBSYSTEM Housekeeping HABITABILITY FUNCTION Maintenance

APPLIANCE FUNCTION Garment/Linen Drying

APPLIANCE CONCEPT NO./TITLE 4/Forced Cold Air-Desiccant-Heat Regenerable

INDEX NO.  3.3.2.4 ' REF. NO. 90

DESCRIPTION

N
This concept is identical to Concept 3 exdlept that the desiccant is regenerated
by an electrical heater instead of vacuum,
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APPLINNCE CONCEPT REQUIRLMENTS AND PENALTIES CALCULATIONS n .
coscerr_[racee o cold vy air -l estceant- . INDEX NUMBER__ 90 0o Pus 4 N
T , heat regenerable : |
s ELECTRICAL POWER REQUIREMENILS , :
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OPERATIONAL PENALTIES
; . THERMAL
é o~ HEART LEAK 10 cooaur - ELECTRICAL WEIGHT voLuse
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 SPACECRATT Shuttle .
_ Garment/Linen
HABITABILITY SUBSYSTEM Housckeeping  WABITABILITY FUNCTION Maintenance

APPLIANCE FUNCTION Garment/Linen Drying

: APPLIANCE CONCEPT NO./TITLE_ 5/Vacuum Dry
% INDEX NO.____3.3.2.5 | REF. No. 90

: DESCRIPTION

! In this concept, clothes are simply sealed in a tub which is vented to space
vacuum, The water will first freeze due to rapid evaporation, after which
the ice will gradually sublime from the heat of conduction and radiation
through the structural walls. Drying time is assumed, according to Refer-

ence 90, to be 6.35 hours,
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: APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS
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APPLIANCE CONCEPT RECUIPENLNIS AND PLNALFIES CALCULATICHS (GCNCLUDLD) .
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SPACCCRAFT Siuttle _
Garment/Linen
HABITABILITY SUBSYSTEM Housekeeping  HABITABILITY FUNCTION Maintenance

APPLIANCE FUNCTION  Garment/Linen Drying

" APPLIANCE CONCEPT NO./TITLE6-Thermal Vacuum Dry - Electric Heat

INDEX NO. 3.3.2.6 REF.. No. 90

DESCR;PTION

This concept is identical to Concepf 5 except that an electrical heater has
been added to provide additional heat to aid the sublimation process. Heater
size was based on a drying time of 4 hours to be consistent with the other

concepts.
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APPLIANCE CONCEFT REQUIREMENTS AND PENALTIES CALCULATIONS .
INDEX NUMBER .3, b .2 . G

twtt"ﬂw:n vy - electric heat
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______________________ '

' . AC . POWER _ DC__PONER -
e @ ® oy O ® oo
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SOURCE (BTU/HR/CYCLE) {BTU/HR/CYCLE) {PK WATTS/CYCLE)  {LB/MISSION) {FT? /MISSION)
' -Tankagc' die {o
last air, water
i : )
- - .
w0 0 . o -26(7.9) 0.021(0.73)
WATTS/CYCLE WATTS/CYCRE ¢ KG/PLSLION MY /MISSTON
(BTU/HR/CYCLE)  (BTU/HR/CYCLE) {LB/MISSION) {FT2/MISSI0N)
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APPLIANLE CONCEPT REQUIRENLNTS AND PLKALTICS CALCULATIONS (6hﬁc1ub[n)

conceet Thevmnl  vacuum dey - efectrie

INDEX HUMBER 3. . 2 . b

LAt HELoHI/MOLOME REQUIREHENTS
N WELGHT vou ¢
COHPONENT . {REF) {Los) {FT-
_Pxyer - ;
_Valve .
Torn, [76.9 (27.2) | [o./5 (5.2) |
KG (LBS} u {F13)
t ~
$0LID EXPENDABLE WI/NOL REQUIREMENTS
T @ ®
) m/u:m@(nzr) WI/CTCLE YOL/UNIT (REF) VOL/CYCLE
(PKG. WT/UNTT}{REF) ¥ {(PKG. VCL/UNIT) (REF) Dx (&
TYPE / UHITS/CYCLE{REF ) {ts) (LB (F3%) i1
. 3 o
EO TOTAL WT/CVCLE Z ® TTOTALU VOL/CYCEE
. {Le) (FT%)
TOTAL WT, | ' .
MISSION™ " XX | }
YCUES 7OAY BAVS/MISSTON mr.»(.-wr).rcLE XG (LB}
L
IOTAL_ VoL
“eassion X . X o | 1
CYCLES/URY DAYS/MISS 0 wr.vg%{;;m.c WIFT)
’
GASMLIQUID EXPENDARLES REQUIREMENTS
. 3 ()
® Rscgvasm '.T.RECO‘.b()Fu/C‘s‘CLE AT LOS<1)/C1'CLE
AMT . USLG/CYCLE JREF) OxE -3
wee . . {LB) FACTOR {Lo {L3
_Aiv: Jost do gpace __0.051 )
Waier Jost to shace __0.53 _ '

20

———— A . oy S &

TOTAL MT. |

ChlssIONT T % K ol
CYCLE/LNY DAY S ISETON FOTAL 1 unT7EYCEE
: AT (18) @

B2-506

1O

.

K

R P

A et s T ST

e T S




i

T SR

e |

D2-1856!-3

SPACECRAFT Shuttle

' ‘Garment/Linen
HABITABILITY SUBSYSTEM Housekeeping HABITABILITY FUNCTION Maintenance

APPLIANCE FUNCTION__ Garment/Linen Drying

* APPLIANCE CONCEPT NO./TITLE 7/Thermal Vacuum Dry-Thermal Storage-Radiant Heat

INDEX No.  3.3.2.7 REF. o, 0

DESCRIPTION

This concept is identical to Concept 6 eiéept that the electrical heater is
replaced by a thermal storage unit which stores the heat from the wash and
rinse water. Clothes are sealed in a tub which is vented to space vacuunm,
and the energy required for sublimation provided by the thermal storage unit.
A drying time of 4 hours was assumed.

PHASE CHANGE
MATERIAL

WATER FROM
WASHING CYCLE

SCREEN

INSULATION

VENT TO VACUUM
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APPLIANCE CONCEPT REQUIREMENT

concert_Theymol vacium ry — therma
radiant  heat
LLeEelRILAL EOWER

AL . POMER

? AND PENALTILS CALCULATIONS
storoge ~

INGEX NUMEER_ s 3.2 .7

_________ ’

ne POVER

' — Q)
y;g_%g; ® PEMAND ® ® DEMAND
crcee PEAK aeence  (RATT-WR/ PEAK wvinage  (HATTNR/
COMPORENT (Rer) (HR) {WATTS) (WATS) OrG {WAT1S) {WATTS) @
Valve:. : o
36,7 Q
. KAXIHH ToTAL MAXIMUN ToTAL
IHERMAL REQUIREMHENTS
LATENT SENSIELE HEAT LEAK To cooLAut
SOURCE - . (sTm) (sTu/HR) {21un1R) (arysm)
Therral .'s'[-m;aja unit
L ]
. ) o \ .
TOTAL 0 3.9 (307 2.9( 30) o

WATT (BTU/IIR)

-

WATT {GTU/HR)

WATT {LTU/HR)

HATT (8TU/HR)

THERMAL |
” HEAT LEAK 10 COOLANT ELECTRICAL YE InHT :!OLUHE
SOURCE {BTU/IR/CYCLE} {BTU/HR/CYCLE) (P WATTS/CITLEY  (LB/MISSION) {FTI/HISSION)
7&}1 kﬂ_{:f—' a{{tﬁ’ Jla : =]
dost pir, waler,
wae O . ....0 . 0 3.6(7. 7)_. Q-_QZI(.D.-_'B)
VATISZCYCLE WATTS/CYCLE | AL 9 I PR I
{BTUMR/CYCLE) (LTHZCYCLE) {Lis/nlssIon) (£ 705500}

K TP e

B2-508

P T TR T T S T T, T T R T T T VP




b -

s

-

. THISSION

|

D2-11856-3

APPLIANCE CONCERT RLQUIRENLNTS MO PLUALTIES CALCULATICHS (C.O_‘ILUJB[D) "
couceer | e vagitm iy = thermal stovage - toex tureer_ 3. . 2..77
radiant heat '
ELXED  WELOMI/NOLUKE REQUIREHENTS
' : WELGHY VOLUME
COMPONENT : (REF) {LBS) (FT3)
- :I> YA
Viedfve . i
ToTaL l2.1.5 (47 2)] 0.0 (6.3) |
KG (LBS) M3 (FT?)
q.
SOLLO0 EXPENDABLE WI/VOL REQUIRENENTS
[©) O] ®
® m/u.-m®(nzr) WT/CYELE YOL/UNIT (REF) VOL /CYCLE
) (PXG,WT/UNIT}(REF) O {PXG.VOL/UNIT ) (REF) ) x%s) :
_ rj; USITS/CYCLE(REF) {L3) (L8 {FT?) FT3
) N/A : - —
[
Z TOTAL Wi7CTCLE i 20 AL OL/CYCLE
(L8} ' (F73)
TOTAL WT. : .
HISSIoN X e l .
CYCLES/DAY DAYS/HISSION TUT.:{{E{!()IYCLE kG {1.8) .
INTAL VOL _ : =
MISSTON L X N X i
* CYCLES/DAY DAYS/MISSIOR DEN (52D

TYPE

" Air Jost do space.

Wader Jesd -7‘9_5}7_&@;:.

.
.

TOT.VGL/CTCLE
(Fr3) -

@ ®
@ REC(E?EM AMT . RECOVERED/CYCLE AP LOST/CYCLE
ANT.USED/CYCLE {REF) X D-3
. {Ls) FACTOR {Le {Ls
__Db.O51
0,53 — .

"

20

TOTAL WT.

- -——

CYCUETOAY

x x. R R Ll W .
LT DAYSTHISSION T YoYU O TOVELE

+

x
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SPACLCRAFT Shuttle

. Garment/Linen
HABITABILITY SUBSYSTEM Housckeeping HABITABILITY FUNCTION Maintenance

APPLIANCE FUNCTION___ Garment/Linen Drying
APPLIANCE CONCEPT NO./TITLE_8/Clothes)ine-Forced Convection

‘INDEX NO.____ 3.3.2.8 REF. KO.__ 90

DESCRIPTION

In this concept, clothes are attached (with pins, snaps, velcro, etc.) to
wide mesh screen panels which are stacked in parallel racks. A fan is used
to force air between the panels to dry the clothes. Crew time would be
relatively high compared w1th the other concepts Drying time was assumed
to be 8 hours.

-

SR -/-'amLE

K
AIR T0 : - ATR FROW
B v . FAN e
CABIN ///,} CABIN.
. \ % | \BA‘mt
e CLOTHES LINES :
' ‘ !
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS

mnoex novaer 3. 3,20 %

concerr_Clo Jhes e - forcecd copvection
ELECIRICAL POMER REQUILREUENTS ,
' . . AC . POMER - DC__POMWER
8 ( ' @ (6]
USE_ TIHE ® @ DEMAND ® DEMAND
croLE PEAK averce  (KATTCR/ PEAX merace  (ERIT MR/
CCHPONENT (REF) (HR) {WATTS) {HATTS) X (WATTS) (WATTS) mx
Fan___-. -
. MAXIHUM - TOTAL MAXIMUN TOTAL
P ' .
/ - .
THERMAL REQUIREMENTS
LATENT SENSIBLE HEAT LEAK 70 CODLANT
. SOURCE o . (BTU/HR} (RTu/uRY {oTu/HRY {BTUHR)
Fos ‘
h/(,‘l'r’ (el L * "
ToTAL &éf_ﬁi)_ ‘/J(’Q 21(s05) 0
WATT (BTU/HR) WATT (BTU/HR) WATT (BTU/HR) WATF (DTU/HR)
, .
OPERATILONAL PENALIIES. )
g THERMAL | |
. \ HEAT LEAX 10 cooLART ELECTRICAL WEIGHT VOLUME
SOURCE {BTU/HR/CYELE) {(BTU/NR/CYCLE)  (PK WATIS/CYCLE)  (LB/MISSION) (FTY/RISSION)
f
O o e ‘ e e e o o 4 e
UATTS/CYCLE WATTS/CYCLE ¢ - MHHISSTON MISSEON
{BTU/IGR/LYOLEY (BTu/HRsCYCLE) {Lo/HEsS LOR) (F it Minsion)
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g , APPLIANLE CONCEPT REGUIREMLNTS AND PLNALTIES CALCULATIONS (€O CLUDED) '
by conceer_Clodheslire = Foréed convection toex numseR_ 3. 5, 2. %
£ .
¢ ..
§=!;, ELXED  HELGHI//uLUNE REQUIREMENTS
¢ .
Lo . WEIGNT VOLWIE
% ; COMPGHENT (REF) {LBs) {F13)
LA \DI‘IYC.Y .
T Fan . 4
P . .
- ;
f :
; | .-
! i -
B ToraL { 15.1(32) | [ 2.45(¢7) |
o ’ kG {LBS) WY {F13)
o
A SOLLD EXPENDABLE MINOL REQUIREMENTS
e &
! _1 ur/unxfg%ucr) WI/CYCLE voL/unf;)(a:F) VOL/CYCLE
; '§ {PKG.RT/UNIT) (REF) (:)x(;) (PKG. VOL/UNIT)(REF) .(%)x 4
P TYPE UNITS/CYCLE(REF) {L8) (L8 (FTY} FT?
4 . NJA
- PG ‘ G
1 : ZO TOTAL WT/CVCLE Z® TTOTALVOL/CYCLE
o - (tR) (F13)
: - ToTaL M. a ' =
. MiSSIoN L X e _ l ]
: CYCLES /DAY DAVS/RISST0N iOI.?T/gYELE K6 [id)
18
’ I0TAL VOL | .
HISSION o X . | J
CYCLES/UAY DAYS/MISS TN Tor.¥?§4§VCLE W (F1Y)
[]
GAS/L.1QU1D EXPEHDABLES REQUIREMEHRTS
. ' @
o : aecéiznv AHT.RECHV§;%DICYCLE AT 10ST/CYCLE
AMT . USED/CYCLE(REF) @Dx -G
TYPE . (L8) FACTOR . (w8 (Lg
)/ : :
H )
& -
e ’ -
E
PR PNO Lo
F’ 10.1 At*. <H.T-'- - ' L] * '
. wassyoN "t o K X + -
CVELEFUAY DAYSZHTSSTUN YOLAU LOST/ULYCLE KG (LG)
& (LB) O]

. B2-512

Y SRR e i e L




‘qwﬁﬂiwwww-dﬂﬂu

LFa
o

L

D2-11856! -3
! :

SPACECRAFT Shuttle
Garment/Linen
HABITABILITY SUBSYSTEM Housekeeping I{ABITABILITY FUNCTION Maintenance:

.APPLIANCE FUNCTION Garment/Linen Driying

APPLIANCE CONCEPT NO./TITLE 9/C10thes1ine-Foréed Convection plus Electric Heat

"INDEX NO. 3.3.2.9 REF, NO. 90

DESCRIPTION

This concept is identical to Concept 8 except that an electrical heating
element has been added within the clothes panels to expedite the drying
process. Heater size is based on a drying time of 4 hours.

L R HEATING
- . : MENTS
’ BAFFLE ELEME
. . " ‘ /
. ) . .‘ }
ATR T0 ~ AIR FROM
N F A rer—
CASIN \ CABIN

CLOTHES LINES
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APPLIANCE CONCEPT REQUIRLKFNTS AND PENALTIES CALCULATIONS
conv_ecalr‘on Plus electric heat

mmoex moraer_ 3o o 2 . 9

R R e

ELECTRICAL FPOWMER REQUIREHENLS . :
- * . AC . POWER — DC__POWER
@ @ 0]
USE Tite @ DEMAD ® ® OEHAND
CYCLE PEAK avepace  (WATEHRS PEAK aversce (HATTENRY
COMPONENT {REF) {HR) (WATTS) (WATTS) M= (WATTS) {WATTS) Ox
Fan . -
Header '
. MAXINUM TOTAL HAXIMIN | TOTAL
YHERMAL REQUIREMENTS \
LATENT SENSIBLE HEAT LEAK TO COOLANT
. SOURCE ' , {BTU/HR) (ATIHRY {an/mRry {BT1/HR)
Fm: . . -
Hedder [wader : i
T
TOTAL ﬂm 21 (#Hz) 173(559) 0
- WATT (BTU/YR) WATT (BTU/HR) WATT {8TU/HR) WATT (BTU/HR)
L3 ! . . -
»
QPERAYIONAL PENALTIES.
. HEAT Leax e cooLnT ELECTRICAL vEIGNT VOLUME
SOURCE (DTU/MR/CYCLEY} - (BTU/HR/CYCLE)  (PK WATTS/CYCLE)  (LB/MISSION) (FY? /MISSION)
, ..
oL - : : e e e
VATTS7CYCIE WATTS/CYOLE ¢ - KG/MISSI08 Mi/MISS IO
(BTU/IR/CYCLE) {170 /hit/CYCLE ) {LB/BISS10N) (T ngssion)

B2-514

» ‘N -

g .

PP Ny




R A
| D2-18561-3

.

APPLIANLE CUNCLST RLQUIREDLNTS AID PENALTILS CALCULATICNS (t"u'.cwm;o}
concerr_Clothestline — Forced convection Plus efectric heat woexnmesr_ 2.3, 2.9

REQU

.~ FLXED BELGHI/NQLURE LREMENLS
Lot WEIGNT VOLGHE
COMPONENT N {REF) (Los) (FT4)
fDmr/er‘ —_—
Fan /
. ToTAL [ 12.1(29) ] [2.¢4 (92.3) |
. L
H ) KG (LBS) M (FT3)
. ' S
; S$0LI0 EXPENDABLE MINOL REQUIREMENTIS
L ! ® ®
! 10 wurm@)(nzr) WI/CYCLE YOL/UNET (REFY VOL/CYCLE
{PKG.WT/UNIT}{(REF) Dx (PRG.YOL/UNIT ) (REF) (Px%:)
TOPE UNLTS/CYCLE(REF) {L8) . (e {FT3) (At
d N —
T B ﬁ ’
212 TOTAL WT/CYCLE ' 20. TOTAL VoL 76YELE
{LB) (FT%)
TOTAL MT. _ .
HissTon™ S X o l |
CYCLUES/DAY BAYS/HISS 1O mr.\{uigrcts €6 (LB} .
LB
TTAL_VOL | ' -
MISSTOH ~ X . X R, | . ]
CYCLES/DAY DAYS/NISSIOR TOT .vmiggfu&: wr (Fidy
. :
GASA IQULD EXPENODABLES REQUIREHNENTS
. O] @
@ REC‘S)EM AMT . RECOERFD/CYCLE AMT LOST/CYCLE
AMT . USED/CYCLE {REF) Q)x(? -3
TYPE . (L8) FACTOR (LB L9
i # _N/A : .
7
S 20 >®
£t ,
S I0TAL MT. - .
fi wissvew- " %ok + o
f CVCUE/DAY DAYS7HTSSTON TOTAL TOST/CYOLE ¥ 1Lp)
. ] {L8) @
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HABITABILITY suéSYSTEM 3.0 Housekeeping

JHABITABILITY FUNCTION 3.3 Garment/Linen Maintenance

APPLIANCE FUnCTION 3.3.3 Garment/Linen Washer/Dryer-Disposable Clothes

NUMBER OF CONCEPTS CONSIDERED 9

ASSUMPTIONS

For this appliance function, the most promising individual clothes washer
_concepts {Section 3.3.1) were combined with the most promising clothes dryers
(Section 3.3.2) to form integrated clothes washer/dryer units. The data

- for each case were taken directly from the data sheets for Section 3.3.1

and 3.3.2. MWasher and dryer data were combined, and the redundant components
eliminated. Peak power and thermal requirements were taken to be the maximum
for the individual washevr and dryer, rather than the sum of the two, since
each is operated at separate times.

The washer/dryer combinations were compared with disposable clothes. Clothes

wear rates and weights assumed with a washer/dryer were taken from References
237 and 245 and are shown in Table B2-7. A clothes weight packaging factor

of 1.31, and clothes packaged density, were taken from Reference 100. This

resulted in a total clothes/linens size of 40.8 kg (90 1bs) and 0.483 cu m
§17.07 cu ft} required for a 4-man crew with an automatic clothes washer/
ryer.

The clothes required for the disposable case were computed from a wear rate

of 0.481 kg (1.061 1b) per man per day, with the volume again taken from
Reference 100. :

B2-516
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1TEM

Short sleeve shirt
Trousers
Jacket
Undershorts/sox/shirt
Shoes (pr.)
Gloves
Towels
Washcloth

Total

TABLE B2-7 CLOTHES/LINENS USAGE RATES ASSUMED PER
MAN WITH A CLOTHES WASHER/DRYER AVAILABLE

WEAR

INTERVAL NUMBER

3 days
7 days
7 days
2 days

21 days
1 day
.5 day

ARTICLE WEIGHT
1b

0.45
1.20
1.10

kg
0.20
.54
.50
.26
.31
.08
.10
_.035
2.035

e iien g

.57
.69
.17
.23

_.o717

4.50

TOTAL WEIGHT

_kq_
0.82
1.63
1.50
1.55
.94
.23
.73

.42

7.82

1b_
1.80
3.60
3.30
3.42
2.07

.51
1.61

.92

17.23

......
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.. o Vl_ = _FLUIDIC AGITATION/FORCENn HDT AIRSELECYRIC HEATER e
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rr e Y & FPLUIDIC AGITATIAN/FORCER AIR DRYING=CLOTHES LINE -
§ = FLUSDIC AGITATION/FORCEN AtR DRYING=CLOTHES LINE
S = WATER SPRAY AGITATION/FpRCED uOY AIR=ELFCTRIC pEATER ___ _  __
& = WATER SPRAY AGITAYION/FARCED HOT AIR=THERMAL STORAGE MEATER
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2045t «086 YEARS)

USES MOD SUBROUTINE 237

THERMAL PENALTY = DIRECT 70 COOQLANT [LB/7B8TUHI}
THERMAL PENALTY « CaBIN HEAT LEAK

P ORER-PENALTY~tLBS/MATT )~ TYPE—L1-—S300

POWER PENALTY (LBS/WATT) TYPE 2 +4300

ehe a7y Sets
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(L/BTUNM)

+0250
«0550

SELECTHON-MATRER——0—0—o—o—GARNENT/L INEN WASHER/DRYER=DISPOSABLE-CLOTHES (SHUTTLE?

LTy to4/s18/775) i

P K nin LTS I CoNCEPT
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SENSITIVITY ANALYS(S o . ) o o
TRETING FOR "EACH CONCEPT AFTER INCREASING ~ — —~
SlHGLz SELtcllou PARAMEYER wEIGHTING FACTGR BY SO 8 _—
is - "{BASED ON 100 § MaX POINTS) T T T s e e
. ! CoONCEPFrT
T t B -3 -— 8 - & 'y 7 s 9
I === KORMAL — 17eD% - 18e71 22452 4¢35 2975 2489 3374 2413 8g.27 - - S -
£ —
Py T WEIGHT - T 16408 1Te3l 2275 1520 29445 22087 33412 2928 THY) . )
by - PONER K6e11 20078 24489 12091 27478 26986 34498 22547 77455
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APPLIANCE FUNCTION: 3.3.3-GARMENT/LINEN/WASHING/DRYING COMBINATIONS

"APPLIANCE CONCEPT COMPONENT SUMMARY MATRIX

HNUMBER 0F CONPORENTS
COMPONENT TYPE ]
o z g NUMBER
o o — —
e |2 8 w [ g al” = OF
[ o | - — P | (& 3 i) Y maad Lt
= . |22 S g2| B |BE| 2 (28| 2B (2 |2 |E.(82 SATETY
5|5 (32| 8 |155| 2 |35| 8 |125|58|5.|328| & |€5|8% CRITICAL
_z [~ [ = =7 L ul (45 ] L.y o w) IS [-2 ] - — =R =K% ITE"'S
APPLIANCE TYPE T O|00060[0|00|e 6000 oa O
FLUIDIC AGITATION/FORCED HOT AIR-| 6 2 2 2 1 1 7 1 10 1 1 1 1 - - 4
} ELECTRIC HEATER. )
; FLUIDIC AGITATION/FORCED HOT AIR-] 6 2 2 2 1 1 7 1 10 - - 1} 1 1 - 2
- THERMAL HEATER
FLUIDIC AGITATIQN/FDRCED AIR 5 2 2 2 1 1 |7 - 104 3141 -1 1 - - - 0
DRYING RACK ,
FLUIDIC AGITATION/ELECTRICALLY 5 2 2 2 1 1 7 - 10 1 1 1 - - - 1
HEATED DRYING RACK
WATER SPRAY AGITATION/FORCED HOT 311 2 2 1 1 4 1 - 1 1 1 1 - - 2
AIR-ELECTRIC HEATER e '
WATER SPRAY AGITATION/FORCED HOT 3 1 2 2 1 1 4 1 - 1 1 1 | - - 2
AIR-THERMAL STORAGE HEATER
WATER SPRAY AGITATION/FORCED AIR 2 1 2 2 1 1 4 |- - 1 - 1 - - - 0
DRYING RACK ‘
WATER SPRAY AGITATION/ELECTRIC- 2 1 2 2 1 1 4 - - 1 1 1 - - - 1
ALLY HEATED DRYING RACK

€-196811-2a
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1
SPACLCRATT Shuttle 5
. Garment/Linen -
, _HABITABILITY SUBSYSTEM_Housekeeping __ WABITABILITY FUHCTION Maintenance .
r APPLIANCE FUNCTION Garment/Linen Nashorjm;\,fer-ﬂispos;ab'lo Clothrs . |
,_ APPLIANCE CONCEPT NO./TITLE 1/Muidic Agitation/Tforced Hot Air-Electricg Heat
i 1 ’ H 3
b " INDEX NO. 3.3.3.1 _ REF. NO.___90 ; ;
n DESCRIPTION g
; s :
o This concept is a cowmbination of clothes washer Concept 2 and clothes dryer
o Concept 1, as described previously in Section 3,3.1 and 3.3.2,
| © CENTRAL CORE WITH : ' o]
- : U ALTERMATING '-rs\ /m venTS .
? | - : \
f \ ELECTRICAL HEATING
}/ ELEMENT
\ ,'-'?-b‘.)
| .[
‘ -“'
5 ;
IATER OUT :
CAIRIN. AR GUT :

e

i,

|
3
i

B2-523




L«ammw-m,..- T

[ R R N S

 D2418561.2

' APPLIANCE CONCEPT RI.ZQU!REH{NTS MND PENALTIES CALCULATIONS . ? 3 3 /
CONCLPT SZL/B1E. ARG TATION [FeRCE T 4180 Egec TRIC HEqT INDEX NUMBER ¢ 7' 7~
' ELECTRICAL POWER REQUIRERERYS Vo
AC . POMER . __DC___PONER i >
f)
USE_TIME ® ©) uu{(?\r)m ® ® DEMAND
CYCLE PEAC  Aveene  (AATI-MRY PEAK aeRge  (RATTLHR/
COMPONENT (REF) {HR) (WATTS) (WATTSY : @X 3 {WATTS) {WATTS) @X(b
/58 | /57 _
, MAXTMUM . T0TAL MAXTMUM TOTAL _‘
i
THERMAL REQUIREMENLS ‘
LATENT SENSIBLE - HEAT LEAK T0 COOLANT 3
SOURCE {BTU/HR} (BTU/HR) {BTU/HR} {BTU/HR) : 3

ToTht 52 (177) 981 (33¢7) 981 (3747) 132 (450

WATT (BTU/HR} WATT (BTU/HR) WATT (BTU/HR) WATT {BTU/HR)

OPERATIONAL PENALTLIES
THERMAL . . '
HEAT LEAK 10 COOLANT ELECTRICAL WEIGHT VOLUME
SOURCE {BTU/HR/CYCLE) {BTU/HR/CYCLEY  (PK WATTS/CYCLE}  (LB/MISSION) {FT3/MISSION)
I . ) =
. 4
-7
TOTAL
WATTS/CYELE . - WATTYS/CYCLE : KG/MISSION M3/MISSTON
(BTU/HR/CYCLEY  {BIU/HR/CYCLE) i {LB/MISSION) {FT/MISSION)
B2-524
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APPLIANCE CUNCEPT REQUIREMEMTS AND PLRALTIES CALCULATIONS (c'o_uctunw) :
CONCEPT_AZY (€. AG LT I0N fFoce 8 Al - ELECTEIE e T MOEK NUMBER 72,3,/

meSRs SALESIILEZE SENSLS2REsSS {,
. WE TGHT VOLUME :
COMPONENT (REF) (LBS) (£F73)
o e /249 12,3
Alise (e R Zz7 - /
CLOTIES. _ 39 2.8

o ,fn.éﬁ%)l (o424 {1570 ]

. KG (LBS) o M3 (FTY)

s50L10D EXPENDABLE WI/NOL REQUIREMENTS

@ © @ ®
WT/URIT {REF) WI/CYCLE VOL/UNIT {REF) VOL/CTCLE
o {PXG.WT/UNIT) {REF) O (PKG.YOL/UNIT ) (REF) (Px
TYPE USITS/CYCLE{REF) {Le) (L8 (FT3) FT3
LETELCLENT . f__ . 943 00/ 3
GFAttCIDE '
No Y
20 "%oﬁ%uzﬁcvcu 20® Tm%‘gvﬁ%tr
- LB} {FT3}
TOTAL WT,
“WISSTON ™ * Z- X ZQ{.‘.S’ x 043 - [ 0798 (/73) |
TYCLES/OAY DRYS/1ISSTON Tm.ﬂfagme G (L)
TOTAL_VOL - ' : \
“WIEEION Vs x oS x 007 - [p.0015 (.o0o85) |
TYCLES/DAY DAYS/MISSTON 10r:¥%4c):vas ‘ W {FT9)
GAS/LIQULD EXPENDABLES REQUIREMENTS
o RE (E)H“, Am.nzcnvpgcn/cvcu AT ms@ CYCLE
AMT.USED/CYCLE (REF) cov 1) X (é)
, TYPE . {Le) FACTOR ‘ (Le {Le
"3t LT 26,7 9] : o) 36.7
nsE  tedTEA 36.7 l.ope 20,7 )
PO 13,3 L® __36.7
TOTAL_MT. ' T g >
Wales_ 2 . 225 . 367 1505 . 733 - [116_{1573)
CYCLE/DAY DAYS/MISSION TOTAL LOST/7CYC K6 (L8)
€ @ {L8) @
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SPACECRAFT Shuttle

. _ Garment/Linen
HABITABILITY SUBSYSTLM_ Housckeeping PABITABILITY EUNCTIOH_U&JﬁTQnanCG

APPLIANCE FUNCTIQN Garient/Linen-Washer/Dryer-Disposable Clothes

APPLIANCL CONCEPT NO./TITLE 2/Fluidic Agitation/Forced lot Air-Thermal Storace

"INDEX NO. 3.3.3.2 REF. RO, 20

DESCRIPTION

This .concept is a combination of clothes washer Concept 2 and clothes dryer
Concept 2 as described previously in Section 3.3.1 and 3.3.2.

- CENTRAL CORE WITH
./ ' ALTER AT ING JLTS\\\\ ,r’/&’k VENTS

WATER OUT .
AIR OUT
THERMAL STORAGE UNIT

P

"‘ L—-—HATER i
FAN | 0

. AIR IN Tt
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APPLIANCE CONCEPT REQUIREMUNTS AMD PENALTIES CALCULATICHS

ﬁ C t g, - 4 - g‘ ' z’
concepy ety /-:’t{/z’:i{/_é_'/t/ FORLED Hor 1€ »THERARE e &  IIEX IR 7.3.
’ ELECTRICAL POWER REQUIREMENTS
AC_. POWER DC _POMER —
Do &
USE_TINE ® ©) DEMRAD ® ® DEMAND
CYCLE PEAK AVERAGE (HATT- MR/ PEAK AVERAGE (UATY MR/
COMPONENT {REF) {HR) (WATTS) (WATTS) O3 (WATTS) (WATTS) X
Wil 127 e
, MAX EMUM TOTAL MAXTMUN TOTAL
THERMAL REQUIREMENTS
LATENT SENSIBLE HEAT LEAK T0 COOLANT
SOURCE {BTU/HR) (BTU/HR) (BTU/HR) {BTU/HR)

TOTAL 5/'? (/7?.)

WATT {BTU/HR}

951 (2347) 981 (334D

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

2190729

WATT (BTU/HR)

THE -

WEAT LEAK . IO COOLANT ELECTR[CM. WEIGHT VOLUME

SOURCE {BTU/IR/CYCLE) {BTU/HR/CYCLE) {PX WATTS/CYCLE}  (LB/MISSION) {FT3 /MISSION}
N/A ' -
TOTAL
HATTS/CYCLE WATTS/CYCLE KG/MISSION HI/MISSION
(BTU/HR/CYCLE) {BIU/HI/CYCLE) (LB/MISSION} (FT3/MISSION}
B2-527
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APPLIANCE CCNCEPT REQUIREMIKYS AND PENALTIES CALCULATIONS {(CONCLUDED)

concsprﬁ'drﬂzf@/@;m_@_{/@m Hor IR - 7iGamit. 5504946 € ivoex noer_3, 3. 2.2~
(Rer #Jo /-’ 2¢ 1§ 53°57)

COMPONENT (REF) “El!g's'; : ’{'2%9’)“
fedstl = (129) < éL
ey WEZX)) / W72
o fHAS . (34) (. .38)

ToTAL [ 120 Qé_sj I f-?j__@:ﬂ

KG (LBS) o MY {FT3)

SOL!ID EXPENDABLE WINOL REQUIREMENTS

@
uT/umr(@{asr) WI/CYC YOL/UNIT (REF) VOL/CYCLE
O {PKG.WT/UNIT)(REF) @x (PKG.VOL/UNIT)(REF} (Px 4
TYPE UNITS/CYCLE(REF) (L8) {8 {F13) (2%)
germicide
o+
2@ T TOTAL WI/CYCLE Z @ TTOTAL VOL/CVALE
_ (LB) (FT3)
TOTAL WT. . - >
MISSION™ © X X [ 0.8D (/1.76)}
CYCLES /DAY DAYS/MISSION T TOT.WIJCYCLE K& {LB)

{LB)

TOTAL YOL | . .
MISSI0N H X | 0.00 fﬁi ~ Nels
CYCLES/ DAY DAYS/HISSTON TDT.‘{UH()ZYCLE TEN (2] _;)_]
F .

.

o n;co?m mr.nscnve@m/cvcu AMT Log) CYCLE
AMT.USED/CYCLE(REF) Dx -é) :
TYPE (LB) FACTOR {LB (LB
\h.)a';h walo
ihee
20 L®
TOTAL WT. ;
“HISSYON™ = - - . L7t 6! 573)]
TTOICLE/DAY "ﬁi’vs MISS1 TOTAL 1 05T/CVELE G (ib)
. x M {Le) )]
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SPACECRAFT Shuttle

I T

D2-118561-3

/

]

HABITABILITY SuBSYSTEM Housekeeping

‘ Garment/Linen
HABITABILITY FUNCT101ln1ntondncc

APPLIANCE runcTion Garment/Linen-Hasher/Dryer-Disposable Clothes

APPLIANCE CONCEPT NO./TiTLE 3/Fluidic Agitation/Clothesline-Forced Convection

REF. NO. 90

INDEX WO, 3:3.3.3

DESCRIPTION

This concept is a combination of clothes washer Concept 1 and clothes dryer

Concept 8 as described previcusly in Section 3.3.1 and 3.3.2.

CIJNTMI. COR[ WITH MR VENTS

/ ALTERNAT ING .ms\ /

. £
=
iil I
WATER I WATER OUT
| /-nm:
ASR 70 Vi Q‘ — AIR FROY
CABIN /7 .IIII TABIN.
) yyy '

. _/_/ N aene
CLOTHES LINES ‘
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WATT (BTU/HR}

WATT (BTU/HR) ’ WATT {BTU/HR)

' p APPLIAYCE CONCEPT REQUIRFNINTS AND PENALTIES CALCULATIONS 2422
CONCEPY P ALt DIC_ AG (TR TIN f 00074 5 AIVE~ FORCED COMvRTion/ — WOLK NMBER i .
- ‘ ELECIRICAL POWER REQUIREAENTS
& AC . POV _g_”n__m’@__ DC__POWER L
USE_TIME @ ® DFMAND ® ©) DEMAND
CYCOLE PEAK AVERAGE (HATTWR/ PEAK AVERAGE ThAT oAk,
COMPORENT {RCF) {UR) (WATTS) {WATTS) OLE {WATTS) (WATTS) @xd’)
sy /2l o
, MAX THUM TOTAL MAXIMUN TOTAL
THERMAL REQUIRENMENTYS
LATENT SENSIBLE HEAT LEAK TO COOLANT
SOUACE (BTU/HR) (BTU/HR) (BTU/ZHR) {BTU/HR)
TOTAL 25 (67 381 (334D 921 (7747 )

WATT (BTU/HR)}

B2-530

OPERATIOGNAL PERALTILIES
' wear Leak L ooLanT ELECTRICAL WE IGHT YOLUME
SOURCE {BTU/UR/CYCLE) {BTU/HR/CYCLE) {PK WATTS/CYCLE)  {LB/MISSION) (FTI/MISSION)
7
YOOML
WATTS/CYCLE  * WATTS/CYCLE KG/HISSION M3 /MISSTON
(BTU/UR/CYCLE) (BTU/HRJCYCLE) {LB/MISSION) {FT1/MISSION)
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! P APPLISNCE CONCLAT REGUIREMENTS AND FENALTIES CALCULATIONS {CONCLUDED)
v PP . - - . P . -7
CONCEPT = A" Lt L/t DA Cll ) #ES 4l = FORLED COMVECTIOA, Wobk wknir _ % 2. 20, Z
-— -y . -
(REF 222 J 1257 73)
l .
- s FEXED WEIGHI/NOLtUME . REQUIREMENTS ¥ N
. KEIGHT VOLUME
coa:vo:uzur — (REF}) (LBS} (FT3)
Lo SN (29 | 12e %
DX & i | ¢ e 7
CelbTHES 79 2.8 _
oL [ 91.2 (zon)] [ 2.91 (/o2.7)
. KG (LBS) . M (FT3)
soL10 EXPENDABLE WT/ 0L REQUIREMENTS
@ O] ®
o WTJUNIT {REF} WE/CYCLE VOL/UNIT (REF) VOL/CYCLE
PKG.WT/UNIT ) (REF M PKG. VOL/UNIT ) (REF X
{ J(REF} ® @ ( J(REF) (P
TYRE UNITS/CYCLE(REF) {L8) (L8 . (FT7) F3
Dedergeni/ . o |
_gemml:lﬁ._ _ |
Z T TOTAL WI/CYCLE Z @ TYOTAL VOL/CYCLE
(L8} (+7%)
TOTAL WT. .
TMISSTON X X ) L 0.90 (r1¢]
TVCLESFUAY DAYS/AISSTON ror.»(:r;gmz C ()]
LB :
TOTAL_VOL _ . .
THiSSIoN T X H | 0.00) 0
: CYCLESTUAY BAYS/MISSTON mm(:%():vcts W {FTT) (@) :
GAS/LIQUILD EXPENRDARLES REQUIREMENTS
' @ nsco(vasnv M.RECHV%B/CYCLE A1 LOS(?/CYCLE ;
AMT. USED/CYCLE (REF) X -@
N {Ls) FACTOR (Le : (L8
__W s u,"'}!'\"
‘Rinse woaley

pMO) ' pPNO)

o= S S o R J I'?I 6(1 5]«8’)_]
TOOVCLEFOAY T DAYS/RISSTON YOTAL LOSTTCYQLE KG (iB)

. & @ r-'(l.a) @

H
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SPACECRATT Shuttle

Garment/Linen
HABITABILITY SUBSYSTLM Houscheeping HABITABIL11Y FURCTION Maintenance .

APPLIANCE FUNCTION Garment/binen-Washer/Dryer- D1spo<ahln C1othos

APPLIANCE CO\CEIT NO./TITLE 4/Fluidic Ag]tat1nn/C10tho»11nn -Tarced _Convegtion
with Electric Heat

"INDEX WO, 3.3.3.4 . REF. NO.___90

DESCRIPTION

Tnis concept is a combination of clothes washer Concept 1 and clothes dryer
Concept 9 as described prev1ou;1y in Section 3.3.1 and 3.3.2.

/ " CENTRAL CORE WITH . AIR VENTS
«  ALTERNATING JETS /
| N\~
. \‘\..1-\ Y]
. S N
:t ‘*: \\
iy
"
T
==
WATER IN MATER OUY
HEATING

. / MAFFLE /' ELEMERTS
Il

AR 0 :MR FROA
AN o TV
CABIN

v CRSIN
' / y .

QoTHLY LanEs
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APPLLANCE CONCEPT RLQUIREMENTS AND PLNALTIES CALCULATIONS . §
caucerr 2 ¢ 4 CLTQTION) Ceo 7iHES £ (NEFECCED Conl ATt wnin_5: 5 2. f :
‘ (Ker HPO, f 2426 74 79 TH EECroc HEAT
L "7 T ELECYRICAL POMER REQUIREMENIS b
P AC__POMER BC__POMER ' >
i
£ usE_YIve ® ©) D[rgh?m ® ® DEMAND
‘ cvcLe PEAK aerge  (¥MITR/ PEAK nvgene  (HATTAR/
: COMPONENT (REF) (HR) (WATTS) {WATTS) - OrG (WATTS) {WATTS) Mx
/35 ’Z1l ‘7/ R
, MAX THUM TOTAL MAX FHUM TOTAL
THERMAL REQUIREMENTS
.
LATENT SENSIBLE HEAT LEAK 10 COOLANT
SOURCE {BTU/HR) (BTU/MR) (BTU/HR) (BTU/HR)
o 5L3(777)  981(3347) 981 (22¢7) 0
WATT (BTU/liR) WATT (BTU/HR) WATT (BTU/HR) WATT (BTU/HR)
+
.
‘ OPERATIONAL PENALIIES
. WAt eae TERAL otanr | ELECTRICAL WEIGHT VOLUKE
; " SOURCE (BTU/MR/CYCLE} {BTU/HR/CYCLE) {PX WATTS/CYCLE}  (LB/MISSION) (FT? /MISS10N)
N/A
'Y
? .
5 i
TOTAL .
i WATTS/CVCLE  + ~ WATTS/CYCLE ; KG/MISSION M3 /MISSTON
! (BTUAIR/CYCLE)  (BTu/iR/CYCLE) ! {LB/MISSION) {FT3/MISSION)
A
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AFPLIANCE CONCEPT HEQUIREFENTS RID PENALTIES CALCULATIONS (CO'JELUU[D)

CONCEPT /2 V2 ﬁé/ﬁ]zgzm//.fmn ES LINE = FOCLLED COXVECTS O VIDEX NIMBER ?’ 5.4

(R&r #476 23 zg,vf <

e :z.a:r'c/c' 4Ea7T

F1XED WEIGHTI/NOLUMKE 559&155.‘1&&1& {
o WETGHT VOLUME .
COMPONENT (REF) {L05) (r13)
;{,/f/"c 127 /3
Cebrpfis 79 3.8
Torm 8725 (3 [__3.10_(709.4)
. kG (LBS) M3 (F13}
soLlp EXPENDABLE HWI/NOGL REQUIREHMHEKTS
o unum@ntr) WT/CYCLE vm/ung)(ncr) voucc? CLE
(PKG.HT/UNIT)(REF) x%’) {PEG.VOL/UNIT)(REF) 11X
TYPE UNITS/CYCLE(REF) (L8} (LB (FT3) FY3
Dedevgeni/

_ &El’i'n\."l"l-r"
o

=

TTOTAL WT/CVCLE

Yo _
(FT

(LB)
TOTAL WT.
“WisSIoN X X . - [_e.2c 77-76) ]
CYCLES/OAY DAYS/RFSSTON TOTYTVE %G {Le)
L8 _
TOTAL VOL
D itsion - X * 0.0 14 .0
CYCLESTORY DAYS/MISSTON T VUL CVOLE B (31
GASLIQULD EXPENDABLES REQUIREMENTS
@ ®
Y RECOVERY AMT . RECOVERED/CYCLE AMT LOST/GYOLE
AHT.USED/CYCLE (REF) X M- é)
TYPE . {Lp) FACTOR (18 (LB
hfa sh waler : .

Rinse waiey

20

TOTAL WT.
“MissIon *

CYCLE/DAY

X -
TTOAYS/MISSION T‘O’rﬁ“{;fo%?cmr

Lo

{LB)
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SPACECRAFT Shuattle

. o . Garment/Linen
HABITABILITY SUBSYSTEM Housckeeping WABLTABILITY FUHCTION pMajntenance.

APPLIANCE FUNCTION_Garnent/L inen-tasher/Dryer-Disposable Clothes

APPLIANCE CONCEPT NO./TITLE__5/Mater Spray Agitation/force Hot Air-Electric Heat

INDEX NO. 3.3.3.5 REF. NO. 90

DESCRIPTION

This concept is a combination of clothes washer Concept 7 and clothes dryer
Concept 1, as described previously in Section 3.3.1 and 3.3.2.

=] =

:}! - “4'Q\\ ' - o

il

HA ELECTRICAL HEATHG 5
=!m=ru~u—n /” ELEMLNT

s i
I
by h K

WATER L1 3 ’

WATER OUT

e OO . l |

AIR.IN  AIR OUT
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS

CONCEPT42/9 /€L .S'ﬂr"/?g ngmwd/%écé? Hoy 4l ELECTRC
(Ker 70, /3’9‘ 37 S1-59

Hegr  woix e 2.8 Z. 8"

ELECTRICAL EOMNER REQUIREMENTS
N AC . POMER ___ _DC__POMER__ 7
l .
ysE. TIME ® uergr)m ® ® DEMAND
CYCLE PEAK AVERAGE (Tt 4R/ PEAK AVERAGE (WATT MR/
COMPONENT (REF) {HR) (WATTS) (waits) - - @x (WATTS) (NATTS) @ *
-
/58 /51
, MAX IHUN TOTAL HAX IMUH TOTAL
THERMAL REQUIREMNENTS
LATENT SENSIBLE HEAT LEAK T0 COOLANT
SOURCE ' {BTU/ER) (BTU/HR) (BTU/HR) (BTU/HR)
TOTAL 51’-70 77) 981 (2327 781 (33 32 (#50

WATT (BTU/HR)

WATT (BTU/HR)

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

GPERATIONAL PENALTIES Y
THE ' ELECTRICAL WEIGHT VOLUME

HEAT LEAK T0 COOLANT
SOURCE {BTU/HR/CYCLE) (BTU/HR/CYCLE)  (PK WATTS/CYCLE)  (LB/MISSION) (FT3 /MISSION)
NJA

TOTAL
VATTSJEVCLE WATTS/CYELE T KG/MISSION MIZMISSI0R
(BTUZHR/CYCLE)  (GTU/MR/CYCLE) ¢ (LB/MISSION) (FT3/MISSION)
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S, APPLIANCE CONCEPT REQUINEMERTS AND PLNALTIES CALCULATIONS (CUNCLUDED) . _
concepy L4707 J/'ﬂwg? Pl it O SECAE Lhoy AIR ELECTR e frlrs'7 INDEX NUNUER_T0 2 5 &

______________ AETE CRERUIRCRERLI 1 N
COMPONENT (REF) ¥iLos) iy
gfﬁ/‘iﬁ—— /;’:’7 ‘ /.9
et fE : -

TOTAL f 0. % ﬁ?’?)1 I 0445 O_’:»;_—a

KG {LBS) M} (FT3)

SOLID EXPENDABLE WI/NOL REQUIREMENTS

@
O m/um@zner) WI/CYCLE VOL/UNIT (REF) VOL/CYCLE
{PKG. WT/UNIT}{REF) O (PKG.VOL/UNIT }{REF} Q)x 4
TYPE UNITS/CYCLE{REF) {LB) (%) {FT7) FT3
——germicide
2 © TIGAL WT/CVOLE 2 ® “TOTALVOL/CYCLE —
_ B (1)) (F1?)
TOTAL WT. _ . - -
“MISSTON ~ X X L 0.¢%0 (7¢) 1
CYCLES/OAY DAYS/MISSTON TOT.WT/CVOLE % ey
LB .
TOTAL VoL _ .
TMISSTON X o X . 001 (o5 |
CYCLES/DAY DAYS/MISSIOR TOT'}'?H?YCLE FT
GAS/LIQUID EXPENDABLES REQUIREMENTS .
) o 6] Q@ @
RECOVERY AMT .RECOVERLD/CYCLE AT LOST/CYCLE
AMT, USED/CYCLE (REF) X ®'3317 :
‘ 1YPE {L8) FACTOR {L8 {(LE
w:t Sh A '} er
RBinse waley
SO T e !
JOTAL WT,
TMsSTW X% ] . N . F]!QQS‘?_‘&,)}
TYCLE/DAY OAYS/MISSTON TOTARC TosT/eveLt K6 {LB)
. iz & {LB) @
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{ SPACECRATT Shuttle |
SR ' Garment/Linen
“ HABITABILITY SUBSYSTEM Housekeeping HABITABIL IIY FUNCTION Maintenance
‘APPLIANCE FUNCTION Garment/Linen-Hasher/Dryer-Dispasable Clothes
: APPLII\NCIZ CONCEPT NO./TITLE__6/Water Spray Agitation/Forced Hot Air-Thermal. Storage
INDEX NO.___ 3.3.3.6 REF, NO.___ 90
‘; DESCRIPTION |
i This'concept is a combination of clothes washer Concept 7 and clothes dryer
Concept 2 as described previously in Section 3.8.1 and 3,3.2.

o N
vy
Los(
"/

MATER OUT

AR OUT

~

' i ! ) T
THERMAL STORAGE UNTT~___ |

i‘ . L___wmm In
" FAN CP '

AIR TH

j‘i: i - h
3 . H
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5 - APPLIMNCE CONCEPT RiéUIREMENIS NID PENALTIES CALCULAYIU;S 2;51
; C&?C[Plﬁ@Z&@f_?ﬁJéﬂWﬂd/ ch-f:p /é.?. /4/£ '7'//{(4:44 Wﬁemﬂ[l NUMBER -+ "¢ ":”0 é

Ker *Go - 3637 55=87

3 - ELECTRICAL POWER REQUIREMENTS v
\r ® AC . POWER L e POWER__ :

- ‘ . .

, USE YINE @ ©) DEMAND ® ® DEMAND

: CYCLE PEAK AVERAGE “L‘(,‘HE““/ PEAK AVERAGE ‘m&"“’ .

3 COMPONENT '(REF) (1R) {NATTS) (WATTS) - (DXG3 (WATTS) (WATTS) x :
i - .

; B

i
;

;

[ ) o

. HAX IMUM T0TAL MAXIMUN TOTAL

THERMAL REQUIREMENTS

LATENT SENSTBLE HEAT LEAK 0 COOLANT
SOURCE {BTU/HR) (BTU/HR) (BYU/HR) {BTU/HR)

:

o 5L9(179) et (D) 981(3m) 219 (747)

WATT {BTU/HR) WATT (BTU/HR) ‘ WATT (BTU/HR) WTT {BTU/HR)

. THERMAL g
", HEAT LEAK . T0 COOLANT ELECTRICAL WEIGHT VOLU 1€
SOURCE (BTU/HR/CYCLE) (BTU/HR/CYCLE}  (PK WATTS/CYCLE)  (LB/MISSION) {FT3/MI5SION)
N/ : S
f :
~ 3
oAU
WATTS/CYCLE WATTS/CYCIE KG/MISSTON M3 /MISSION
{UTUNIR/CYCLE)  (BTU/HR/CYCLE) (LB/MISSION) (FY2/MISSION) F I
B2-539 2
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. ) . , APPLIANCE CONCEPT REQUIREMENTS AND PENALTILS CALCULATIONS (COMCLUDED)
concept “LATEL J7A’4—:-I¢ AFITITICN S0 D T £« FHAGLY Sivn | GEINDEX HUMUER
rr -
P Bl Ty e o
/”/ f 3,57 85-47

7346

__________________________ f
. WEIGHT VOLUME '
COMPONENT . {REF} . {LBS) {FT%)
G asri K [33. . 49
Ly £ - 47 /5,1
CLAOT S , 3q. 38

ToTAL | 122 é&j | 0.¢74 (23.8)]

KG {LBS) M (FT3)

SOLID EXPENDABLE WI/NOL REQUIREMENTS

6]
o m/uun®(nzr) WT/CYCLE vm/um@(nzr) VOL /CYCLE
{PKG. WT/UNIT) (REF) Ox {PKG. VOL/UN LT ) (REF) DX
TYPE UN1TS/CYCLE(REF) {LB) {Le (FT3) 3¢
..'Dx:{c.atgcni/_
_._,QQLanAC.
2@) “"JOTAL WT/CYCLE E @ “TOTAL VOL/CYCLE
(LB} (F13)
TOTAL ME. _ . — -
0 X X [ 0.c0 (1. 767
CYCLES/DAY DAYS/HTSSION —‘rur_.v(JE"/"'c)—vc_“'La i K6 (LB)
B -
TOTAL VOL _ . ;
“HISSTON _ X X 0.CO0 1% 95"
CVTLES /DAY DAVS/HTSSTON TGT.\(.ngt):YCLE WY (FT

GASLIQUID EXPENDABLES REQUIREMERTS

Q
@ Rgcgvamy AMT _RECOVERED/CYCLE
ANT, USED/CYCLE (REF) o
TYPE {L8} FACTOR (L8

Waeh toadey

{D-3

®
AT LOST(?CY_CLE
(Le

Eince Luf‘-lQ!"'

M0 - Zo

TOTAL WT. | - T
MISSTON X + ﬁl &K G( 11T g_z_s)_]

X -
TTEVCLE/OAY T T DAYSZMISSION — YOTAL 1 OST/CYCLE
: z & (8) ®
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‘ SPACECRAIT____._Shuttle | |
TJ Garment/Linen
1 _ HABITABILITY SUBSYSTEM Housekeeping HABITABIL ITY FUNCTION tainienance .

APPLIANCE TUNCTION Garment/l_innn-Nasher/Da;vewDiShﬁ-ﬂnb'lc Clothes

APPLIANCE CONCLPT NO./TITLE 7/Mater Spray Agitation/Cliothesline-Forced Conveclion

INDEX NO. .3.3.3.7 . REF. NO.____90

DESCRIPTION

This concept is a combination of clothes washer Concept 7 and clothes dryer
Concept 8 as described previously in Section 3.3.1 and 3.3.2.

WATER §i || |WATCR out

o ' - /— BAFFLE -
AIR 10 rd AIR FROU
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;g:
APPLIANCE §ONCEPT REQUIREMINTS AMD PENALTIES CALCULATIONS o 9
concerT 476 JHY) l;zfn&tﬂf 10M J o7y Lot FokceD CovieerrOnr ok vt _Ze S 27
J ELECTRICAL POWER REQUIREMENTS ' B
“ : . .
® AC . POWER L DEC___POWER G{)___ N
1
USE_TiilE @ ® DEMAND ® ® DUHAND
CYCLE PEAK averace  (RATT-UR/ PEAX AVERAGE CATT MRS
COMPONENT (REF) {HR) {WATTS) (WATTS) MG (WATTS} (WATTS) mx '
\ /5E 0 )
, HAX THUM TOTAL HAX IMUM TOTAL
THERMAL REQUIREMENTS
LATENT SENSIBLE HEAT LEAK TO COOLANT
SOURCE {BTU/HR) {BTU/HR) (BTU/HR) {BTU/HR)
| _ ' |
. -E
:
— o
’ |
o :.;e_zﬁézl 941(374) 981 (3347 0
WATT (BTU/HR) WATT {BTU/HR) WATT (BTU/HR) WATT (BTU/HR)
' OPERATIONAL PENALTLES jﬁ
: THERMAL . B
HEAT LEAK 10 COOLANT ELECTRICAL WE IGHT YOLUME o
SOURCE {BTU/HR/CYCLE) (BTU/HR/CYCLE)  (PK WATTS/CYCLE)  {LB/MIZSION) (FT? /KISSION) i
N4 _
A .
I
; oOTAL
E WATTS/CICLE  * WATTS/CYCLE KG/MISSTON HI/MISSION
g (DTU/IR/CYCLE)  (BTU/HR/CYCLE) (LB/MISSION) (FTI/MISSION)
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APPLIAKCE CUNCLRT REQUIRETENTS AMD PERALTIES CALCULATIONS (CUHCLUU[_D)

CoNCEPT YA TR SHRALY AG ITOTI ONYE (07 iy Lone- Fikeed Goarvicony Voo mmend 2207
(Res w40, @ 36,27, 72,72)

.. FLXED  WEIGHI/NVOLUME REQUIREMRENTS y \
NEIGHT VOLUME
COMPONENT {REF) {Les) (FT3}
Lol 5 il 133 9
PRy LR . 33 ’ Feed .
CLOTIES 29 -1
|
o [ 93.0 (2zes)] [ _2.90__(rz2.49) |
K6 {LBS) MY (FT3) J
L4 . K
SOL!D EXPENDABLE WINOL 'REQUIREMENTS :
@ @ @ ® i
. WT/UNIT (REF) WT/CYCLE VOL/URYT {REF) VOL/CVCLE
@ {PKG.WT/URIT) (REF) @xga {PKG. VOL/UNIT}{REF) (Px 4 ~;
TYPE UM 1TS/CYCLE{REF) {L8) (L8 {F13) i1 :
.D.f::}_@_r_gg.nﬂ__, . |
w_r.‘jﬁ_\_sm_uslhﬂw_ - ———
i
E® TTTOTAL WI/CYCL Z TTOTAL VOL7eYClE ™
{Le} (F13)
TOTAL WT. . . g
WSSTON T x L X - 7 0.90 (L76)
CYCCES70AY BAYS711SS10M mr.?‘r/gvcu KG TUE)
LB
TOTAL VOL _ . -~
~WISSTON X X [ .00 1% (.05}
: CYCLES/OAY DAYS/MISSION TOT.\(I?H():YCLE W (FTY) :
GAS/L1QUID EXPENDABLES REQUILREMENTS
' o REC(S)W MT.RECO\'E@ED/CYCLE AT ms%cvcu
AMT.USED/CYCLE (REF) [OL1¢ )-(3
TYPE (L8} FACTOR {LB (Lo
w&‘il'\ \_.uauiEL
Bihee walee
[ ]
PO pPHO)
v TOTAL WE. . —— !
TWISSTOR T R T T . ms‘zg);
CYCLE/DAY DAYS7HISSTON TOTAU TOST/CYILE _ X6 (L8)
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SPACECRAIY Shuttle
' . Garment/Linen
HABITABILITY SURSYSTLM HOEC!‘CC‘G])THQ HAbIT/\BILITY FU”CTIO..' hamtonanco

APPLIANCE FUNCTIONGJVWC"t/LinPﬂ-NﬂShOT/Drycr~ﬁ1sposab1c Clothes

APPLIANCE COwCEPT NO./TITLE. 8/Mater Spray Agitation/Clothesline-Torced Convection
wilh TTeciric Heat

INDEX NO. " 3.3.3.8 REF, NO. 90

DESCRIPTION k ‘ ‘ |

This ,concept is a cotbination of clothes washer Concept 7 and clothes dryer
Concept 9 as described previously in Section 3.3.1 and 3.3.2.

.
= [
VATER IN WATER OUT
HEATING
Bm-n.{ /ELU’U'S
;“‘.?0 i IR FROM
AN | S
e oL ) erBIN

CLOTHES L IMES . B
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APPLIANCE CONCEPT REQUIRESENTS AND PENALTICS CALCULATIONS

concerT . rEl J_’ﬁf’/g’? _A’&f?‘ﬁ/o&"/am HEY it SR &2 (;,Vygf,fwmuix NUMBER,

w7t ELECTErC PEAT

5728

ELECTRICAL POMER REQUIREMENTS
: o AC . POMER . bBC___POWER
) .
USE_TIME @ ©) DEHAND & DEMAND
cYeLE PEAK  AVERAGE (T TR PEAK AVERALE (NATI MR/
COMPONENT (REF) (HR) {WATTS) (warts) - (D@ (WATTS) (WATTS) O
(55 /0% ’7/ e
MAX THUM TOTAL MAXIMUM | T01AL
THERMAL REQUIREMENTS -
“ - ' .
LATENT SENSIBLE HEAT LEAK T0 COOLANT
SOURCE {BTU/HR) {BTU/HR) {BTU/HR) {BTU/HR)

om 51.9(777) CL( Z747)  981(FELD

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

OPERATIONAL PENALTIES

THERMAL

0

WATT {BTU/HR)

HEAT LEAK T0 CODLANT ELECYRICAL WEIGHT :rowME
SOURCE {BTU/HR/CYCLE) {BTU/HR/CYCLE)  (PK WATTS/CYCLE)  (LB/MISSION) (FT3 /MISSION)
T ‘ .
L ]
TOTAL
WATTS/CYCLE - WATTS/CYCLE : KG/MISSION ME/HISSION
{BTU/I/CYCLE)  (BTN/HIR/CYCLE) f {LB/MISS10N) {£79/M1SSION)

B2-545

3
%2

e g e e




AL N Tt i,

PR

|

P A T T

D2-18561-2

S C

APPLEIANCE CONCERT HEQUIREMENTS AND PLNALTIES CALCULATIONS {éﬁRCLUDED)

CONCEPT. /= TELD fﬁkﬂr; /&,‘/7,4,7794&’3;0 Y LA

Foicep ConvEc?ron oo wm_<. 7. 5.8

“r ELXED WNEIGHT/NGLUMNE REQUIREMENTS !
WE1GHY VOLUME )
COMPONENT (REF) {Los) (F12}
LASHER 1%% .
Dlarei Z7 / o433
CLO 77 39. .3.8___

TOTAL |  90.3 f(. /f?ﬂ

[3.09 (7e7) ]

. KG (LBS) 4 MY {F73)
soLLp EXPENDABLE wuvolL REQUIREMENTS
@
o mumrca(nzr) WT/CYCLE vouum@(ner) VOL/CYTLE
{PKG.WT/UNIT) {REF) ()x{%) (PKG. VOL/UN 1) (REF) X4
TYPE UNITS/CYCLE (REF) {LB) L8 (F13) b1
-
Petergent/ _
h%gmmcidf—.’__ -
2 @ TTGTAL WT/CYCLE 2 ® “YOTAL VOL/CYElE
. {Le) )
TOTAL WT.
MISSTON - ™ X X * L_g.20 (178)]
CYCLES7DAY DAYS7MISSTON Tm.»(n/?vcu (L]
L8 .
TOTAL VOL _
“MISSION © L - [ .00 14 (o 05)]
CYCLES/0AY DAVS/MISSTON TOT.\(-'OH;:!‘CLE : w1 {FTY)
(F )
GAS/NLIQUID EXPENDASBLES REQUIREMXENTS
' @ Rscgvam m.nzcnvs@m/cvm pot LOSC?ICYCLE
AMT . USED/CYCLE{REF) X -3
TYPE . (Le) FACTOR (L8 (LB
Wa sk taior .
A2ihoe adoy
(- TOTALWT. . T
HISSTON - T S, . . . l"l!&S?_S],S)I
T CYCLE/DAY DAVS/MISSTON TOTAL 05T /EYELE KG {LD)
@ {L8) O
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SPACCCRAT___ Shuttle . Garment/ '
HABITABILITY SUBSYSTLM_Housckeeping HABITAGILITY FUHCTION Linen Maintenance

i it

APPLIANCE FUNCTION  Garment/Linen washef/Dryer - Pisposable Clothes

APPLIANCE CONCEPT NO./TITIL 9/Disposable Clothes’

INDLCX HO. 3.3.3.9 REF. NO.

DESCRIPTION :  This concept assumes no clothes washer/dryer will be used, and
soiled clothing will simply be disposed of and replaced by new ones. An average
wear rate of .484 kg (1.066 1b) clothing/towels/washcloths per man per day was
assumed from Reference 245. A packaging weight factor of 1.3 was used from
Reference 100. Bulk density of the clothes, including packaging, was assumed

to be 0.0119 cu m/kg {0.190 cu ft/1b) as recommended in Reference 100.
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Arquu c: cor:cm REQUIREMENTS AND PENALTLES CALCULATIONS 2,2.1,9
COUCEPT__ [ 7 Wy | ;Z rle INDEX NUMBER _D» = D»
ELECTRICAL LOQWER  REQUIRENENTS . '
) . : AC . POWER _— peC___POWER
. ® () 0]
USE_TIME €] DENIND ® 0 DCHAND
craue PEAK aveence  (BATT-UR/ PEAK aveerge  (UALT-R/
CCHPORENT (REF) (1R) {WATTS) (WATT3) [O{€ (WATTS) {WATTS) x
N LA : )
, k.
- PAXIIUN - TOTAL MAX MU TOTAL
' . )
| .
THERNMAL REQE!.EE.EE&'.I." ;
. ]
LATENT SENSIBLE HEAT LEAK 70 COOLANT :
SOURCE . {ATi/NR} (arusun) {BTu/HRY (BTU/HR) 5
N{/A '
A ]
TCTAL — e :
WATT (BTU/HR) WATT (BTU/HR) WATT (BTU/HR) WATT {8Tu/HR)
, .
OPERATIONAL EEN.!LL.T_!..E.;. )
. \ neas weax TR coOLANT ELECTRICAL WETGHT VOLUKE
_SOURLE {BTU/UR/CYCLE) (BT /NR/CYCLE) (PK WATTS/CYCLE)  {LB/MISSICH) {FTI /MISSICH)
NLA .
[ 4
WAL : e
VATTS/CYOLE WALTS/CYCLE 7 - ROSHISSTON M assio
{BIUHR/LYCLE) (114 /it CYCLED RIS (1))
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APPLIANCE COMCERT REQUIREMENTS AND PENALTIES CALCULATIONS (CD-’&CLUD[‘H)

ConetPT_ 7051 CLOTHES moex nuer_3- 25
Id
N FLXED WELGHUWOLUME REQUIREMENLS
: WETGHT V(LUNME
COMPONEN'I" {REF) . {tes) (FT3)
Zuisosgle  CLdryis e %S
= K . i

ToraL [ S5t1.7 (ugd] I 0.61 (5]

K6 {LBS} M3 (FT3)

@ @ O]
1) WT/UNIT (REF) WI/CYELE VOL/UNIT (REF) VOL/LTCLE
{PKG. WT/UNIT }{REF) (Dx(? {PKG.VOL/UNIT)}{REF) (Px
TP UNITS/CYCLE{REF) (LB) (LB . {FT3) 13
© TOTAL WI7EYCLE 20 TTOTAL VOL/CYCLE
L8 {F13)
TOTAL WI. | .
HISSTON g X X e { ]
CYCLES/ DAY DAYS/MISSION mr,?r/cme X6 {LE)
LB} ‘
TOTAL VOL | «
MISSIOR X - X | ]
- CVCLES/DRY JAYS/MISSION mr.\(.-g%{x):ms W {FT5) :
GASM1QUID EXPENBABLES REQUIREMNENTS
. €) @
@ nscr?zav AMT RECOVERED/CYCLS AMT LOST/CYCLE
AMT.USED/CYCLE(REF) x(? ¥ é) )
jmls (LB) FACTOR . (LB {8
N/A
,. { i ¢ ’ -
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HABITABILITY SUBSYSYVEM Off-Duty Activity

APPLIANCE FUNCTIONS CONSIDERED .

4.1.1 Music
4,1.2 Library
4.1.3 Television
4,1.4 Games
4.2.1 Exercisers

‘ DESCRIPTION

The off-duty activity habitability subsystem was designed to provide the

crew entertainment and physical exercise in their off-duty hours. The sub-
system considered by the study is primarily based on the off-duty equipment
provided for Skylab and-Apollo crews. A television receiver was the only
addition to the subsystem. The Shuttle Orbiter would not utilize most of the
equipment presented in this subsystem due to the present mission duration.
The equipment was, however, considered for Shuttie Orbiter for the benefit
of future missions as they are extended with the addition of payloads such

as Spacelab.

+
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-HABITABILITY SUBSYSTEM 4.0 Off-Duty Activity

HABITABILITY FUNCTION__ 4.1 Entertainment

APPLIANCE FUNCTION 4.1.1 Music

'NUMBER OF CONCEPTS CONSIDERED_ . 1

ASSUMPTIONS

(1) The music appliance function provides the crewmen with music and a means
of recording. A system to play the recorder through speakers mounted in
the spacecraft is provided for better fidelity of sound.

{2) The actual Skylab equipment was used for the appliance function. This
¥as the only concept used because of tlie simplicity of the appliance
. function. .

(3) The Skylab equipment_.quantities were ratioced by crew size; i.e., six men
divided by three men for Space Station and four men divided by three men

for Shuttle. The weight and volumes were then multiplied by these ratios.

( ] | : .
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‘APPLIANCE CONCEPT COMPONENT SUMMARY MATRIX
APPLIANCE FUNCTION: 4.0-0FF-DUTY ACTIVITIES
NUMBER OF COMPONENTS
COMPONENT TYPE
NUMBER
: OF .
SAFETY
CRITICAL
APPLIANCE TYPE ITEN

O[000 0000000

NO MECHANICAL/ELECTRICAL COMPONENTS
RECORDED FOR THE 4.0 APPLIANCE
FUNCTIONS, SINCE NQ TRADES WERE
MADE FOR THE APPLIANCE FUNCTIONS.
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SPACECRAFT Shuttle - |
Off-Duty : : .
HABITABILITY SUBSYSTEM Activity HABITABILITY FUNCTION Entertainment |
APPLIANCE FUNCTION Music 5
APPLIANCE CONCEPT NO./TITLE_ 1/Cassette Player/Recorder
INGEX No.  4.1.1.1 | REF. NO.__ 293, 96
. . . . . !
DESCRIPTION |
The cassette player/recorder concept includes the following equipment: :
(1) tape player/recorder, (2) headsets, {3) microphone kit, (4) power ‘ :
cord/converter, (5) batteries, (6) cassette kit, and (7) wardroom speakers, .
The tape player can be used on conventional batteries or via a converter
. from 28 VDC to 6 VDC on spacecraft power. The tape recorder plays cassettes
and is provided with a speaker and an adaption to headsets for private use.
The number of unil: provided for each-of the above units is summarized below:
- Space
K Shuttle”  Station
Tape recorder - 5 7
Headsets 3. 4
Microphones 3 - 4
Power cord/converter 1 2
Batteries adequate for mission
. : : : duration
' Cassettes : 80 120 o
Speaker 1 . L b
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APPLIANCE CORCLPT REQUIPLUINIS AND PLHALTELS CALCULATIUNS

Conr /A SSETTE _Mf/ce/,eaza/z.aec

pioLx nuseer o, /,

Ll

LLLE!ELEAL : .‘!P.HE.B. REQUIREHENTS
4 AC_._ PONE " PDC___POWFR -
)
usc‘{}gg ) ® nréggn ® ® DLKAND
CYCLE PEAK . Averacr  (ATT-MR/ PEAK AVERAGE (WAL R/
COMPONENT (REF) (HR) {WATTS) (WATTS) (:)xc%) (WATTS) (WATTS) DD
aasserre oy, _ & . _30 30 _Lo '
mMere k. :
_3o-"_ ‘ [7%%) —
MAXIMUM . ‘ TOTAL HAXIMUN TOTAL
. B
_ !
THERHKAL REQELEEE&EIi
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LHSSCTTIE ool e — /02.3 /0?.3 —
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N/ :
" -
TOTAL o et e e eem
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" HABITABILITY SUBSYSTEM.4.0 Off-Duty Activity

*HABITABILITY FUNCTION 4.1 Entertainment

APPLIANCE FUNCTION__ 4.1.2 Library

NUMBER OF CONCEPTS CONSIDERED 1 ‘

ASSUMPTIONS

(1) The library applianca function provides the crewmen with reading material
for off-duty time. Provisions are added to make.the paper books non-
flammable by .adding covers while the books are in use.

. (2) The actual Skylab equipment was used for the library appliance function.
This was the only concept used because of the short mission duration. -
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SPACECRAFT _Shuttle L
: Off-Duty - . .
HABITABILITY SUBSYSTEMActivity HABITABILITY FUNCTION_Entertainment

APPLIANCE FUNCTION Library
APPLIANCE CONCEPT NO./TITLE__ 1/Books

~ INDEX _NO. 4.1.2.1 REF, RNO.__ 293, 96

DESCRIPTION

The book concept consists of individually selected off-the-shelf paperback
books taken on the mission. The books are stored and when in use are provided

with a cover for nonflammability. The covers are fabricated from Beta cloth.

»
[}
’ FRE RESISTANT LIERARY BOOKS
" nooi COVERS INDIVIDUALLY SELECTED
STOWED IN WT714G ONLY
[y
“ne
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APPLIANCE CONCEPT RLQUIMTMENIS AND PLWALTIES CALCUtATIONS
concer1_[ S BOoD#2S ~ / INDEX NIt R 4 J W Zd.
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~ s ’ AC . POWER D¢ __POWER ___
@ 5 '
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HABITABILITY SUBSYSTEM_ 4.0 Off-Duty Activity

HABITABILITY FUNCTION 4.1 Entertainment

APPLIANCE FUNCTION  4.1.3 Visual Recreation

NUMBER OF CONCEPTS CONSIDERED 1

ASSUMP.TIONS

(1). The v1sua1 appliance function provides the means for programed television
to be displayed on board the spacecraft.

{2) Th;bPanason1c and Sony television sets were the basis for the engineering
numbers.

(3) One unit was assumed to be provided for each vehicle.
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SPACECRAFT B Shuttle
. : 0ff-Duty .
HABITABILITY SUBSYSTEM Activity HABITAGILITY FUNCTION Entertainment

APPLIANCE FUNCTION Visual Recreation

APPLIANCE CONCEPT NO./TITLE 1/Television

npEX No.  S-1.3.1 REF. %O. 1

DESCRIPTION <

The television concept provides programed television programs to the crewmen.
The data presented were based on 15-inch Panasonic. The Sony is also very
similar to this model, The unit does not provide the means for use of video
tape. : '
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APPLIAKCE CONCEPT HLQUIMTILNS AND PINALPIES CALCULATIONS
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APPLIANCE CONCOPT REQUIREMENIS AHD PLNALTIES CALCULATIONS {(CONCIUDLD)
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. HABITABILITY SUBSYSTEM 4.0 OFf-Duty Activity

-

HABITABILITY FUNCTION_4.1 Entertainment

L |

APPLIANCE FUNCTION 4.1.4 Games

NUMBER OF CONCEPTS CONSIDERED 5

ASSUMPTIONS

(1) The games appliance function provides games to occupy crewman time during
off-duty activity. The devices used are varied to prevent boredom.

“(2) The actual Skylab equipment was used for the appliance function.
(3) The Skylab equipmenf'quantities were ratioed by crew size; i.e., six men
divided by three men for Shuttle. The weight and volumes were then
multiplied by the ratios. .

(4) The concepts presented are not presented for trade purposes. Each of
these concepts are candidates for off-duty activity equipment.
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~ SPACECRAFT , Shuttle
‘ 0Ff-Duty g .
HABITABILITY SUBSYSTEM Activity HABITABILITY FUNCTICN Entertainment

APPLIANCE FUNCTION____ Games

APPLIANCE CONCEPT NO./TITLE__ 1/Handball

INDEX NO.__ 4-1.4.1 REF. NO.____ 293, 96

DESCRIPTION

The handball concept provides three hand balls, one pyreil, one sponge, and
one rubber hand ball. The balls are covered with a nonflammable Fluorel
covering. One commercial ball is coated with Fluorel. The pyrell NERF ball
was dipped in ammonium-dehydrogen phosphate and coated with Fluorel. The

. third ball is a toy ball coated with Fluorel. The balls are packaged in a -
sponge rubber container. '

FOAM
CONTAINER VELCRD
HOOKS
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APPLIANCE CONCEPT REQUIRIMLATS AND PLNALTIES CALCULATIONS .
CONCEPT MM/}L(. _ TR PYAL 7Y

S e i« e

[PoEt

. ELECTRICAL POMWER RIQUIREMENTS
AC . POWER . 0 PONER i
] )
USE ny, @ nngu)m ® DEMAND
CYoL PEAK wirace  (EATTHRS PEAK i (ERTTAE
COMPONFNT {REF) {#i) {WATTS) (WATTS) Qg (WATTS) {WATTS) Mx
_N/Aa
¥ i
MAX1HUM TOTAL MAXIMUM TotAL
' '3,
3
THERMAL REQUIREMENTS
i
LATENY SENSIBLE HEAT LEAK 70 COOLANT
SQURCE {BTU/HR) {BTU/HR) {BYU/HR) (BTu/ER) 3
N4 -
(4
- ToTAL - _ .
WATT {BTU/UR} WATT {BTU/HR) WATT {BTU/HR} WATT (BTU/HR)}
' OPERATIONAL PENALTIES

THERMAL :
HEAT LEAK 70 COOLANT ELECTRICAL WELGHT VOLUME C

SOURCE {BTU/HR/CYCLE) {BTU/HR/CYCLE)  (PK WATTS/CYCLE)  (LB/MISSION) (FT3 /MISS10N)

N/A —
TOTAL — —_ -
WATTS/CYCLE WATTS/CYCLE X6/MISSION MI/MISSEON
. (BTUZHR/CYCLEY  (BTU/MR/CYCLE) (LB/MISSION) {FT3/MISS10N)
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APPLIANCE CONCEPT REQUIREMLETS AL P

PRALTIES CALCHLATIONS (Contiutin)

CUNC(P’J/é’ﬁd/& BALL i TR L WA A A
. FlXED !!.19.5../!01.“';2 REQUIREMENTS
WE1GHT VOLUME
COMPONENT {REF) {LBs) (11%)
LBDBALCL KIT R Wt 27

[ ooz (o7z)]

mm.- I 356 1754)]

%6 (LBS}) M3 (F73
sgL1D EXPENDABLE WINOL REQUIREMENTS
@ @ ® ®
1) WT/UNIT (REF) WI/CYELT YOL/UNIT (REF) VOL/CYGLE
{PKG.NT/UNIT)(REF} Gﬂ@ (PKG.VOL/UNIT}(REF) % (4
TYPE UNITS/CYCLE(REF) (LB) (LB (F1) TFT3
N /4 .
0 ~[GTAL WI7CYELE MO “YOTAL VoL/eveLt
(L8) (F1)
TOTAL WT. _ e
“WISSTON © x - O
CYCLES/DAY DAYS/MISSTON TOT.WT/CYCLE : KG (LB)
TOTAL V0L e
TRISSION T L . * I J
CYCLES/DAY DAYS/HTSSI0N wr.\{%;gvcu TR 3 B
GAS/L1QULD EXPENDABLES REQUIREMENTS
. @ O] ®
) RECOVERY AMT . RECOVERLD/CYCLE AMT LOST/CYCLE
MAT.USED/CYCLE{REF) @x -3
TYPE {LB) FACTOR - {Lg (L8
M/A 4
0 r®
JoTAL WT. ' .
Wisstwn— X e .= o+
CYCLETORY TORYS/ATSSI0N YOTAL (O T/EVEL %6 (T8
3 (L6) @
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U] seacecRaFT___ Shuttle
. OFT-Duty X
HABITABILITY SUBSYSTEM_Activity HABITABILITY FUNCTION Entertainment

APPLIANCE FUNCTION  Games
APPLIANCE CONCEPT NO./TITLE_ 2/Dart Board/Darts
INDEX NO. 4.1.4.2 REF. NO.___293, 96

DESCRIPTION

The dart board concept utilizes darts and board with velcro for a zero-g
dart game. Twelve darts were provided with the heads covered with velcro
hooks and attach to the board by means of velcro pile/hook attachment system.
A dart holder container was provided as part of the concept., The system did
not work well on Skylab (darts were not stable), so redesign of this system

. would be required prior-to flight.

VELCRO-EA X STRIP

CARTS (1

ARMALON CONTAINER

DARTEBOARD
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APiLTANCE CONCEPT REQUIRLMENIS AND PLNAL TIES CALCULAIIONS

coveeet 2 /DAET SR/ L/7£TS |

mmx. LR A A

AL PONELR . pC POMER o
) 7
UsE_VIvE ® DEMAND ® ® D AND
CYCLE PEAK AVERAGE (AT -HR/ PEAK AVERASE (a1t

COMPONENT [ {REF) (HR} {WATTS) {WATTS) OLe {HATTS) (WATTS) Ox

PAX MM TOTAL MAX FMUM ~TOTAL
TBRERMAL REQUIREMENTS
LATENT SERSIBLE BEAT LEAK TO COOLANT
SOURCE {BTU/HR) {BTU/HR) (BTU/HR) {BTU/HR)
Y. i
37
TOTAL e
WATT (BTU/HR) WATT (87U/HR) WATT (BTU/HR) MATT (BTU/HR)
' ' DPERATIONAL FENALTIES
HERMAL
HEAT LEAK 10 COOLANT ELECTRICAL WETGHT VOLUME
SOURCE {BTU/HR/CYELE) (BTU/HR/CYCLE)  (PK WATTS/CYCLE)  (LB/MISSION) {FT? /M1SS10N)
e .
T/~
TOTAL . —

WATTS/CYCLE WATTS/CYCLE KG/M1SSION MIMISSION

(BTU/HR/CYCLE) {BTU/HR/CYCLE) {LO/RIS5I0N) (F7/MISS10K)
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APPLIANCE CONCLPT RLGUIREMENTS Anb PINALTILS CALCULATIONS (Colitiupl 1)

concert 2/ DAL BosRL /0RAeTS

WEIGHT

COMPORENT (REF) {Les)
743 — ——— .83
LT STORGE ead? ]

&o ] w7

ToTAL 1 .833 (/aﬁﬂ

+ KG {LBS}

o : m/umg)(gsr) ' HT/CC?CLL
{PKG, WT/URIT) (REF) Ox
TYpE UNITS/CYCLE(REF) {L8) (LB

REQUIREH

VoL /C
{PKG.VOL/UNTT ) (KEF) (ng?
(F13) 1

JHDEX NUMBER .44/,_¥La_____

YOLUME
{Fr2)
jt.._“_,gzuzzﬁéh__“-__
2002

- —

[.oor (o326
W (FTH)
ENTS
® ®
YOL/UNIT (PEF) fLLE

20

TTOTRL WI/CYCLE

O

TOTAL VOL7CYRLE

{LB) (r1)
TOTAL WI. = -
“HESSIGN X X o [ 3 ]
CYCLES/DAY DAYS/HISS TON Tom(.rr/—gv‘cl*z " ¥G (LB}
LB
TOTAL voL .
“WIssIon © - X ) e L ]
CYCLUES/DAY DAYS/MISSTON 101.1(/()?{?\'&5 W (FT7)
F
GAS/LLGUTLD EXPENDABLES REQUIREMENTS )
. @ [©) )
o RECOVERY AMT .RECOVERED/CYCLE AMT LOST/CYCLE
. AMT USED/CYCLE (REF) (ng.) @-%’)
TYPE (L8) FACTOR {L8 (%)
77 B
JotAL WY, | .
“MISSTON I | N S .
TEVELE/DAY TBRYSRISSIDNT YOIAL 1081 7¢valT K6 [LBY
- @ (18) Q@
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RAFT Shuttle
SPACQCW Uff-Uuty
MABITABILITY SUBSYSTEM_Activity HABITABILITY FUNCTION Entertainment

APPLIANCE FUNCTION_ Games
APPLIANCE CONCEPT NO./TITLE__ 3/Binocular Kit
INDEX NO. 4.1.4.3 REF. NO. 293, 96

DESCRIPTION

The binocular kit concept provides binoculars for viewing distant objects
such as earth and satellites. The binoculars are "trinovid" 10 x 40,

manufactured by E. Leitz, Inc. Velcro attachment strips are provided for
attachment when used in specified areas. '

-
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APPLIANCE CONCEPY KLQUIRIMLNTS AND PINALTIES CALCULATIONS

INDEX NUMBLR .4!._/:.&.3_“.-

. coictn 3 BN AU KL T
ELECTRICAL POMER REQUIREMENTS
AC . POMER BC_ __POWER o
® o
USE 1 IME ® ©) DLEAND ® ) DENAD
ceLe PEAK avere  (KALURZ PEAK wieage (R
COMPONENT (REF) (HR) (WATTS) (WATTS) G (WATTS) {WATTS) D
Y07.x
HAXIMUM TOTAL HAX1¥UM T0TAL
THERMAL REQUIREMENTS
LATENT SENSIBLE HEAT LEAK 0 COOLANT
SOURCE {BTU/HR) (BTU/HR) (BTu/HR) {BTU/HE)
TOTAL .

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

WATT (BTU/HR}

WATT (BTU/HR)

' . DPERATIONAL PEMNALIIES
et e T cooLnT ELEC RICAL WEJGHT voLUME
SOURCE (BTU/HR/CYCLE) {BTU/HR/CYCLE) {PK WATTS/CYCLE)  {LB/MISSION) {FT? /MISSION)
TOTAL :
HATTS/CYCLE MATTS/CYCLE KG/MISSION MY/MISSTON
(BTU/HR/CYOLL) (BIU/MR/CYLLE ) {LB/HISSION) (F1/M15510%)
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APPLIANCE CONCEPT FEQUIREMENTS AND PLHALTIES GALCULATIONS (CONCLUDLD)

CONCEN.E/BLA(QCQZ_.&K K17

wotx nonees @, 4.3

FLXED WELIGHT/NOLUME REQUIREMENTS
WE JGHT YOLUME
COMPONENT (REF) (Les) (FT?)
BINOCIHME LIT 7 8
ToTAL [ 272 (o) | | a2 oz ]
\2 ,
KG (LBS) w3 (FT2) :
soL1D EXPERDABLE KIvoL REQUIREHMENTS
@ ‘ ®
o WT/UNLT (REF} WT/CYCLE VOL/UNIT (REF) VOL/CYCLE
(PKG.WT/UNIT){REF) @xg) {PKG.VOL/UNIT)(REF) (Px (]
TYPE URITS/CYCLE(REF) (Le) (L (F13) FT3
X4 :
[
- = - —
- TOTAL WT/CYCLE 2 ® TTOTAL VOL/CYQLD
(LB} (FT3)
TOTAL WT. _ . -
“MISSTON” ~ X X |
’ CYCLES/0AY DAYS/MISSION ror.w{écvcu KG {LE}
TOTAL VOL . -
MISSION ~ _ ] o X | e ]
CYCLES/DAY DAYS/WISSION m‘r‘f.(g‘?g‘v‘c‘fz" ~. W {FT"}

SAS/LLQULD

EXPENDABLE

-

' O] Rsco?zriv AHT.RECDVEGR)[D/CYCLE AT wg;cvm
_AMT. USED/CYCLE (REF) Q- 1)- (3
175 {LB) FACTOR 1) (LB
20 2®
- TOTAL WY, | 0 -
“WISSTON N | S X e m +
CYCLL/DAY DAYS/MISSION YOTAL TOsT/EVELT K6 (L0}
. e & (L) Q@
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' et Shuttle
SPACECRAZT ornatt | )
HABITABILITY SUBSYSTEM Activity HABITABILITY FUNCTION Entertainment

APPLIANCE FUNCTION Games

© APPLIANCE CONCEPT NO./TITLE__4/Cards

INDEX Mo, 4-1.4.4 . REF. NO.___293, 96

DESCRIPTION

The cards concept provides card decks and card deck retainers for card piluaying
in zero-g. The card retainer is constructed using a flexible strap with a
wagnet at each end. The assembly is covered with Beta cloth. The cards are
standard cards manufactured using a lamination of three layers of Scheufelin
.paper E-20., Each deck is stored in an aluminum container for nonflammability.
Eight decks of cards were assumed for Space Station and four for Shuttle.

ﬁﬁ

PLAYING CARDS
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CARD RETAINER HAND (62
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APPLIAKCE CONCEPT RLGUIKIMENIS AND PLEA FIES CALCULATIONS
comn_f,égd@ | woce wonser o, o L F
ELECIRICAL FOMLR REQUIREMENTS
AC . POWLR ., DC__POWIR._ .
; —
USE_YTHE ® ® DLHAND ® DEMAND
CYCLE PEAK AVERAGE ‘gwg““’ PEAR AVERAGE (E’QHE')'“’
COMPOHENT (REF) {HR) (WATTS) {WATTS} M@ {WATTS) (WAT1S) [OFI)]
N
MAXFHUN T0TAL HAXIMUM TOTAL
THERMAL REQUIREHENTS
LATENT SENSIBLE HEAT LEAK 0 COOLANT
SOURCE {BTU/HR) {BTU/HR) (BTU/HR) {BTU/HR)
/(/I/A-
- TOTAL — .
WATT {BTU/HR) WATT (BTU/HR) WATT (BTU/HR) WATT {BTU/HR)
~ OPERATIONAL PENALTIES
vent Liak PR - et ELECTRICAL WE IGHT VOLUME
SOURCE (BTU/HR/CYCLL) (BTU/NR/CYCLE)  (PK WATTS/CYCLE)  (LB/MISSION) (FT3/HISSI0N)
oL )
WATTSTEVELE WATTS/CYCLE KG/MISSI10K MO 7HISS 10N
. (BTU/HR/CYCLE)  (BTU/MR/CYCLE) (Lt/MISSTON} {FT3/H15S108)
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APPLIANCE COMCERT RCQUIRFMENTS AL PLNALTIES CALCULATIONS (CONMCLUDER)

couc[prf/d.ﬁg’az_____ i woex nomein Z Lo P #-
: FIXED MEIGHI/NOQLUME REQUIREMENTS
WEIGHT YOLUME
COUPONENT (REF) (LBS) (F13) ‘
ae%ygmgg/_ .___23%4 — 2OB6S
«  SIDCHLE

ToTAL | L52 CJ”BQ—‘ ' .002% Q‘B@I

. K5 {LBS) M3 (FT3)
sSoLipD EXPENDABLE HpvoL REQUIREMERNTS
@ @ ®
o WT/UNIT (R'F) WT/CYCLE VOL/UNIT (RET) VOL/CYCLE
{PKG.WT/UNIT)(REF) DOx {PKG. YOL/UNI ) (KEF) X(4
TYPE UNITS/CYCLE (REF) {L8) (Le (F7?) FTe
MN/A _
20 TOTAL WI/CVCLE ® TOTAL VL /CYCLE
{LB} (F1%)
TOTAL MT. _ ) .
MISSION™ = X x [ ) ]
CYCLES/DAY DAYS/MISSIO0N TOT.'I{T/()IYCLE : Ko ((H)
. Le
TOTAL VoL _ : —_—
RISSION ~ . X o | S l —]
CYCLES/OAY DAYS/HTSSION mr.\(r 'JL;()ZYCI.[ A {FTY
FT
GAS/LIQUID EXPENDABLES REQUIREMENTS
16) @ O] O
RECAVERY AMT . RECOVEPLD/CYCLE AMT LOST/CYCLE
AMT.USED/CYCLE (REF) 4 Drx - L?
TYPE (Le) “ACTOR - {18 {LE
A4 -
P O) =®
JOTAL WT. | ' ' .
S F it X H - +

TTOVCLE/ON T T TDRE/MISEIoN YOYAL T0ST/CYCLT
LG (18) @
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- _—_— Shuttle
SPACECRAFT ottle ) _
HABITABILITY SUBSYSTEM Activity HABITABILITY FUNCTION Entertainment

APPLIANCE FUNCTION Games

APPLIANCE CONCEPT NO./TITLE _ 5/Calculator

INDEX No.__4:1.4.5 REF. NO.

DESCRIPTICN

The calculator concept provides a Hewlett-Packard HP-65 programable pocket
calculator. The calculator is an electronic slide rule with programable
tapes for special progrems. The study assumed four units were supplied for
Shuttle and six for Space Station. . '
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PONER

APPLEANCE CONCLPT ROQUIRTHINIS AND PENALTICS CALCHI ATIONS

noLx wacie F L, F, ST

0t PONER

: ' — o)
y_s:q)m: ® ©) DENAID ® - ® LLUAND
evoLe PEAX aerace  (EATTMRY VE. v mpce (011
COMPONENT (REF) {HR) {WATTS) {war1S) Ox {WATTS; (WATTS) (X
QAL AL .25 4. 5 _A25 _ = =
MAXIMIM ] E TOTAL MAXTMUM o ToTAL
: . |
. . | .
!
.. 1'
' ) THERMAL REQUIREMENTYS
LATENY SENSISLL KEAT LEAX TO COOLANT
. SOURCE (BTU/HR) {BTU/HR) (BTU/HR) (BTU/HR)
C CALCDL D — 17 17 =
TOTAL - S J;—C—Z)-/
WATT (BTU/HR) WATT {BTU/HR) WATT {BTU/HR) WATT {BTU/HR)}
' - OPLRATLONAL PENALYILES
THE .
HEAT LEAK 10 COOLANT ELECTRICAL WEIGH! YOLUME
SOURCE {BTU/HR/CYCLE) (BTU/HR/CYCLE)  (PK WATTS/CYCLE)  (LB/MISSTON) (FT3/M1SSIONR)
OO — .
WATTS/CYELE WATTS/CYCLE KG/MIS510Y MY /pSSION
(BYusuR/CYCLE) {8TusR/CYCLE) {LB/HISSI0ON) {FT 2 MISSI0N)
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APPLIANCE CONCEPT REQUIREMENIS AND PLUALTIES CALCULATIONS (L1401 LDLD)

NPT S /04 LL LR T oLk iR _F, fo £,.5
FIXED WEIGHINOLUME REQUIREMENIS
WEIGHT VOLUME
COMPONENT {REF) (L6s) (F13)
LALCOATOA. .75 06
BaArrery Pack 23T L07
OUALGERE . /. 28 ,O/8 -
ZRHLE LITS (£2) 203 2y
ToraL |_z.orz 444 | .02t (oss)]
- K {LBST 7 W (F13) :
$§0L1B EXPENDABLE HI/NOL REQUIREMENTS
3
o wr/um@(rzsr) HT/gr?:lE vouum@(ntr) VoL cc\r)mt
b {PKG.WT/URIT}HREF) @x(;) {PKG.VOL/UNIT }{RLF) (#x(%)
TYPE UNITS/CYCLE(RET) {18) (LE (F12) F7?
M/ ' ]
2 IOV WT/CYCLE ® TTOTAL VOL/CYCLE
0 (¢79)
TOTAL WY. _ o
MISSTON T % X o . | )
CYCLES/DAY DAYS/HISSION TOT.IE’Tég“’CL[ )]
L
TOTAL YOL
~HISSION = ] L < [ - 1
CVCLIS/0AY BAVS/MISSIUR m’ﬁ:fqgg CUE TN FRED

&
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. . RABITABILITY SUBSYSTEM 4.0 Off-Duty Activity

-HABITABILITY FUNCTION 4.2 Physical Conditioning

APPLIANCE FUNCTION _4.2.1 Exercisers

NUMBER OF CONCEPTS CONSIDERED -~ 2 ‘)

ASSUMPTIONS

(1) The exercisers appliance function provides for maintenance of crewman
physical condition under the influence of zero-gravity,

(2) The actual Skylab equipment was used for the "appliance function.

(3) The Skylab equipment quantities were ratioed by crew size; i.e., six men
divided by three men for Space Station and four men divided by three men

for Shuttie. The weights and volumes were then multiplied by the ratios.

(4) The concepts presented are not presented for trade purposes. Each of
these concepts are candidates for off-duty activity equipment,

-
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g 7 Shuttle
-SPAC?CRAFT —Off-Duty | _ Physical
HABITABILITY SUBSYSTEM Activity HABITABILITY FUNCTION Conditioning

APPLIANCE FuncTioy  Exercisers

APPLIMICE CONCEPT NO,/TITLE__ 1/Exer-Gym

INDEX NO. 4.2.1.1 REF. NO. 293, 96
DESCRIPTION

The exer-gym concept is a commercial grade of exer-gyms manufactured by
Exer-Genie. The unit provides exercise by means of varying rope tension to
produce the desired push/pull restraint forces. Exer-gym works by putting
each foot in the strap loops and pulling rope with one or two hands. A
storage container is provided for the exer-gym. The study assumed four
exer-gyms were provided for Shuttle and six for Space Station.

FOAM
CONTAINER

. H-FLIGHT EXERCISER
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APPLIANCE CONCERT PLOQUIRLMUNTS AL PISALTIES CALCULATIONS (CONCLUDID)

CONCEPT _l/ GxXer-grm woex ik F, 2,0 L
FLXED WELGUI/NOLUME REQUIKIMENTS
WEIGHT yoLuME
COMPONELT (RF) {LBS ) (§72)
LXEE -G - 32 2%

ww [ .59 (n32)] [__.00e8 (z4)]

. &6 (LBS) b3 (FTY)

@ ©) @ ®
o WT/UNIT (REF) WI/CYCLE VOL/UNIT {RFF) VOL/CYCLE
{PEG.WI/UNIT)(REF) @xC? (PKG.VOL /UNTT ) (RLt ) (qu):)
TYPE UNITS/CYCLE[REF) {LB) (L8 (¢,T3) F12
AM/A : _ —
d I
2 TTOTAL WIFCVCLE E ®© YOTRL VoL /Gl
{LB) (F37)
TOTAL MT, _ . :
“HisSIoR = X x | o -
CVCLES/DAY JAYS/MISSTON TOT.]E:T/c)chE ¥ {Lu)
LB
JOTAL VoL e
TTHISSTON T I D S | ‘ . ___]
T EYCUES /UAY DAYS/HISSTON mr.\‘fon.{gvc E - ¥ 1)
F1
GAS/LIQUILD EXPENDABLES REQUIREMENTS
. ' ) o} ®
@ RECOVERY AMT , RECOVERE D/CYCLE AMT LOST/CYCLE
AMT, USED/CYCLE (REF) DxC -3
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APPLIANCE CONCERT REQUIPESHNIS AND PENALTICS CALCULATIONS

woex womsin_of, 2. 4o/

REQUIREMENTS

' — ) {
. uszQ;y_t_ ® ©) uugt?m ® - ® DEMAKD
CYCLE PEAK AVERAGE (a1 et PEAL AVERAGT ‘g‘gl’.‘;"’
COMPONENT (REF) {HR) (WATTS) {WATTS) OE (WPTS) {WATTS) [OLIY)
N /4 - -
WXIMM . TOTAL MAX It oA
THERMAL REQUIREMENTS
LATENY SENSIBLE HEAT LEAK TO CODLANY
SOURCE {BTU/HR} (BTU/HR} (8TU/HR) {BTU/HRY
TOTAL e
WATT (BTU/HR) WATT {BTU/HR) WATT (BTU/HR) WATT (BTU/HR)
‘ . QPERATIONAL PERALIIES
HEAT Loak T oo ELECTRICAL WE1GHT YOLUME
SOURCE {BTU/HR/CYCLE) {BTU/HR/CYCLE) {PK WATTS/CYCLE)  (LB/MISSION) (FT3/MISSION)
1 /
T
WATTS/CYCLE WATTS/CYOLE KG/HISSIon MIMISSION
{BTU/UR/CYCLE) {BTUSHR/CYCLE) {LB/MISSI0N)} {#71MISSION}
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SPACECRAFT . Shuttle .
0ff-Duty Physical
HhBITABILITY SUBSYSTEM Activity HABITABILITY FUNCT!ON Conditioning

APPLIANCE FUNCTION Exercisers .

APPLIANCE CONCEPT NO./TITLE 2/Hand Exerciser

INDEX NO.  4.2.1.2 REF. NO. 293, 96
DESCRIPTION |

The hand exerciser concept is provided to keep hand and arm muscle condition.

The hand exercisers are shaped to fit the hand and are used as a "squeeze"

type exerciser for maintaining grip strength. The units are coated with

Fluorel for nonflammability. The study assumed four hand exercisers were
- provided for Shuttle and six for Space Station.

NANO EXERCISERS
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APFLIANCE CONCEPY REQUIREMINIS AND PINALTICS CALCULATIONS , ’
conctet 2/ AND._LHGICIS ERE- _ e wowsin FoZo Lo Z

.

DC _POWER
)

i . - N
!’.S.E?.Lfif. ® ® D[bg.?m ® ® DLHAND

CYCLE PEAK . AVERAGE (WATY MR/ PEAK AVERAGE (k1 ks
COMPONENT {REF) (MR} {NATTS) {WATTS) x {WATTS) {WATTS) 010
N/& - —
MAXIMUM T TOTAL MAXIHUM _ T0TAL
THERMAL REQUIREMENTS
LATENTY SENSIBLE HEAT LEAK TO COOLANT
SOURCE ‘ (BTU/HR) (BTU/HR) {BTU/HR) {BTU/HR)
N/4 ' -
T0TAL . —
WATT {BTU/HR) WATT {BTU/HR) HATT (BTU/HR) NATT (BTU/HR)
' ’ OPERATIONAL PENALTIES
THERMAL ;
HEAT LEAK T0 COOLANT ELECTRICAL NEIGHT VOLUME
SOURCE {BYU/HR/CYCLE) (BTU/HR/CYCLE)  (PK WATTS/CYCLE)  {LB/MISSION) {FT? /MISSION)
Y1974 . :
TOTAL -
WATTS/CYCLE WATTS/CYCLE KG/MiSS 10K HI/MISSION
{BTU/HR/CYCLE ) (BTU/HR/CYELE) {LB/MISSION) {FTI/MISSI0N)
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APPLIANCE CONCEPT REQUIREMINTS ANL PEMALTIE

wncert 2/ LUD_EXEF CISERE |

5 CALCULATIONS {CONCLUDED)

shorx woneik 9 Z. e Lo
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50L1p EXPENDABLE  WINOL REQUIREMENTS
O]
) HTIUHIT@)(REF) WI/CYCLE VDL/UN!C'P (REF) vouc@)ms
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TYPE UN1T5/CYCLE(REF) L) (LB (FT2) Fi3
N/
L0 “YOTAL WI7CVELE r® “TOTAL VOL7EYCLE ~
{LB} {FT2}
TOTAL W1, | . —
“HISSTON X | ]
CVCLES/DAY DAYS/MISSI00 “'"’*TT"z_ror.p(r{Bgv T . K6 (L)
TOTAL VO
“HISSION ©_ i X . | ]
T EVOLEST0AY - BRAYSTHISSTON mr.gglfg?ms WYY
. GASAIQuUID EXPENDABLES REQUIREHMENTS
) ) nr.c:?mv e RecouSO/CYCLE AT LOST/CYCLE
, AMY USED/CYCLE (REF) X -
TYPE (Lk) FACTOR - (LE (LB
TOTAL WT. | -
“WISSToN X s X . +
LE/O/ TOAYS/MISSTON  TOTAL V0ST/CYCL K6 (L&)
e G {LB} € @
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/
HABITABILITY SUBSYSTEM Medical

APPLIANCE FUNCTIONS CONSIDERED

5.1.1 Autoclaves
5.2.1 Ergometers

* DESCRIPTION

The medical appliance subsystem considered by the study were those items
judged to have a direct interface with the ECLSS. The Space Station will
probably include more appliances than were considered in this section; how-
ever, the autoclave and ergometer appliances were the only appliance functions
defined for a near term Space Station. The Shuttle Orbiter, because of its
short-term mission, would not require these appliances. These appliance

functions were, however, complied for possible application to future Shuttle
missions. ’ ' .
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( WABITABILITY SupSYSTEM_5.0 Medical

-HABITABILITY FUNCTION 5.1 Sterilization

APPLIANCE FuUNCTION  5.1.1 Autoclaves

NUMBER OF CONCEPTS CONSIDERED - 3

ASSUMPTIONS

(1) Venting of the autoclave .chamber to vacuum was allowed since the contamination
level was considered Tow. :
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sPACECRAFT Shuttle y

e,

HABITABILITY SUBSYSTEM Medical HABITABILITY FUNCTION Sterilization

APPLIANCE FUNCTION Autoclaves

APPLIANCE CONCEPT NO./TITLE __ 1/Moist Heat Sterilizer

INDEX NO. 5.1.1.1 REF. NO. 202

DESCRIPTION | \

The moist heat sterilization concept utilizes high temperature saturated steam
as the agent for sterilization. The advantages of this system are its rapid
heating, penetration, and moisture which facilitate the coagulation of proteins.
This is the mechanism by which the organisms are destroyed. The units sterili-
zation operating temperature range is 1219C to0132 OC (250°F - 270%F). The
period of time used for this method of sterilization was assumed to be 15
minutes at 1551 mmHg (30 psia}. The air within the autoclave was assumed

to be exhausted overboard prior to each sterilization cycle to assure efficient
sterilizatign. The vg]ume of the chamber used for computing the vented gas

was .0504 m3 {1.78 ft°). The water used per cycle was 0.072 kgms/use (0.158 b/
use) which is recondensed and recovered.
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APPLIANCE CONCLPT REQUIRLMUNTS AND PLHALTIES CALCULATIONG | '
CONCEPT / Mmz:_gma/e AT 408/ worx mmiR 5,0, £ 1
f ELECIRICAL - POWER REQUIREMENTS
L S ___AC . POMER . DC__POWER
) o i
USE YINE ® ® DEHAD ® ® DEMAKD
cveLe PEAC . Avprage  (KMTTMR/ PEAK wverge  (FRIT R
«  COMPONENT (REF) (HR) {WATTS) (WATYS) Ox@E (WATTS) {WATTS) M

HenTeR  (200) L2S . (520 BES. 24 MM . _NA

PAXTHUM . C TOTAL HAX MM _ToTAL
THERMAL REQUIREMENTS
LATENT SENSIBLE HEAT tEAX T COOLANT
SOURCE (BTU/HR} {BTU/HR) (BTU/HR) (BTU/HR)
i) —

C LURTER. :
CLABBER CennndN . . [fe23 = T

) o —

TOTAL

WATT (BYU/HR) WATT (BTU/HR) WATT {SIUIHR) MNATT (BYU/HR)
‘ ' OPERATIIONAL PENALTIES
. THERMAL
HEAT LEAK TO COOLANT ELECTRICAL WEIGHY YOLUME
SOURCE (BTUIHR{CYCLE) ’ (BTU/HRICYCLE) {PX H{\TTS/CYCLE) {LB/MISSION) (FT’/M!SSION)
AN /A : .
f 4
{ . *
.
TOTAL
WATTS/CYCLE WATTS/CYCLE KG/MISSION MI/MISSION
(BTB]&%RICYCLE) {BTUIHR/C\‘CLE) ILBIHISSlDN) (FY3/M15510%)
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS {COHCLURED)

CONCEPT WQJJSZ' HERT S7ekit EATION ek wnsin So Ao fs f
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COMPONENT {REF) {tes) : {F12)
HAroceave AsSY.  (2o2) . Bo 5.59

w [ e (@a)) [J58 (=59
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SO0LID EXPERDABLE WINOL REQUIRLHMENTS
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@ (PXG. WY /UNTT) (REF) QxG {PKG. VOL/UNIT ) (REF) @x
TYPE UNITS/CYCLE (REF) (LB) (%) {F13) Fi?
ALA —_ —
2@) TOTAL WI/CYCLE E© “JOYAL VOL/CYCLE
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“HISSION X X | -_.]
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TOTAL YOL . -
TMISSION ~ X X . | ‘]
T CYCLES/OAY DAVS/RISSION TOT.‘{%F{{):YCLE- TR )
GAS/LIQUID EXPENDABLES REQUIREMENTS
' @ RECO(V?[RY m.n:cnv:@m/m:Lz AT msC? CYCLE
. AWT.USED/CYCLE(REF) X g;:D
TYPE {LD) FACTOR (g (L8
LagIN AL L L32 (202) M4 A4 __ L322
TO __l32 ' L® _LAhFe
107AL WT, '
HISSTon * c'l - " x 2 . 2.7+ 432 " | 122 2.84|
“YEE/OANT Av"s%s?f $S10 ﬂ)‘x‘ﬁ!t‘b%ffc‘fct‘c (R (X
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SPACECRAFT ‘Shuttle

HABITABILITY suBsYSTEM__Medical HABITABILITY FUNCTION Sterilization
APPLIANCE FUNCTION Autoclaves | . ‘

APPLIANCE CONCEPT NO./TITLE_ 2/Dry Heat Sterilization

INDEX NO, "5.1.).2 REF. NO. 202

DESCRIPTION

The dry heat sterilization concept uses dry heat as the sterilization agent.
This concept requires much higher temperatures and 10nger exposure tzmes than
Concept 1. The study assumed a 2 hour sterilization time period at 320°F.
The dry heat destroys organisms by means of oxidation of their intercellular
constituents. The unit will sterilize everything but aqugous materials because
of its low vapor pressure. The dry heat chamber (1.78 ft°)was assumed <o be
insulated with a .038 meter (1.5 inch) thick polystyrene foam.

The heat leak calculated was based on this insulation system. In

dditign to the 2 hour sterilization period, a 20 minute warmup time was

assume ‘ :

/
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AFPLIANCE CONCLPT REQUIRIHLNIS AND PLNALTIES CALCULATTIONS

i 2/ DPY HENT_STERICISATION

’C_. PONER o

m&giﬁ @ ® pEsR

L )

C¥oLE PEAK AVERAGE (m 1 Enw
COMPONENT (REE) {HR) (WATTS) (WATTS) x

HEATER  (o2) 2.3 Bod 259 S9%

ek hentr_Sy Lo e 2e

D¢ PONER

PEAK AVERAGE
{WATTS) (WATTS)

DEMAND

{WAT1-Hit/
CYLLE
Mx

i/ R T/}

Lo0 S99 _— —_—
MAXIMUM . C JOTAL MALIMUM L TTAL
JHERMAL REQUIREMENTS
LATENT STHSIBLE HEAT LEAK TO COOLANT
SOURCE (BTU/HR) (BTU/HR) (BTU/HR) {BTU/HP)
STEXIL12aT7ON Pi/oD o _

421 (435

TOTAL —

WATT (BTU/HR) WATT _(BTU/HR) WATT {BTU/HR) WATT (BTU/HR)

' , OPERATIONAL PENALTIES
THe ELECTRICAL NEJGHT VOLUME
HEAT LEAX TO COOLANT b
SOURCE {BTU/MR/CYCLE) (BTU/HR/CYCLE) (PK H.;\TTSICYCL[) (LB/MISSION) (FT’IMISS!ON)
N /A ; .
' T0TAL . '

WATTS/CYCLE RATTS/CYCLE KG/MISSION MY /MISSION

(BTU/HR/CYCLE) {BTU/HR/CYCLE) {LB/MISSION} {FTY/MISS10N)
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APPLIANCE CONCEPT REQUIRFMENTS AND PENALTILS GALCULATIONS (iuucLunri)
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SPACECRAFT ' " Shuttle

HABITABILITY SUBSYSTEM _ Medica) HABITABILITY FUNCTION Sterilization
APPLIANCE FUNCTION Autoclaves . '

APPLIANCE CONCEPT NO./TITLE__3/Ethylene Oxide Sterilizer

INDEX NO. 5:1.1,3 REF. NO. 202, 292
DESCRIPTION : !

The ethylene oxide sterilizer concept uses a mixture.of Freon 12 and ethylene
oxide as a sterilant agent. The sterilizer was assumed to operate at 54 OC
(130°F) temperature,1337 mmHg(22 psia) pressure, and at a relative humidity
of 40%. The water used to raise the humidity and the air required evacuated
prior to usage were assumed loss after each cycle. Since ethylene oxide is
extremely flammable in air, mixtures of 88% Freon 12 and 12% ethylene oxide
or 90% carbon dioxide and 10% ethylene oxide to-circumvent this problem, The
ethylene oxide sterilant mixtures are toxic and corrosive. A design using
this concept would require careful interlocking of the chamber door to prevent
accidental injury. The internal volume of the chamber was assumed to be

.05 m3 (1.78 ft3) with approximately .003 pounds of water per charge for
maintenance of relative humidity. The sterilant mixture is exhausted after
the sterilization cycle is complete. The study assumed 20 hours were required
for sterilization with .a 5 minute warmup period. The cylinders used for the
sterilant mixture were assumed to be aluminum.
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HABITABILITY SUBSYSTEM 5.0 Medical

HABITABILITY FUNCTION 5.2 Physical Monitoring

APPLIANCE FUNCTION  5.2.1 Ergometers

NUMBER OF CONCEPTS CONSIDERED 1

ASSUMPTIONS

None
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SPACECRAFT Shuttle .

: . ' . Physical
HABITABILITY SUBSYSTEM Medical HABITABILITY FUNCTION Monitoring
APPLIANCE FUNCTION Ergometer .

APPLIANCE CONCEPT NO./TITLE Ergometer
INDEX NO.  5.2.1 REF. NO. 94, Skylab unit
DESCRIPTION ' \

The ergometer is a bicycle-type, floor-mounted exercise machine with handlebars,
bicycle seat, bicycle pedals, and a chest board. The ergometer is designed

to allow the crew to exercise in a zero-g environment, using either his

hands or his feet to drive the ergometer. The ergometer is capable of auto-
matically programing heart rate (100 to 200 beats per minute) which is accomplished
by a feedback loop control in which the workload varies automatically to produce
desired heart rates. The exercise is accomplished by manually pedaling which
drives a DC torque motor. The work is released to the environment as heat.

The rate of power application in the automatic mode shall be adjustable from

25 to 100 watts per minute. The manual mode workload range is 25 to 300 watts.
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APPLIANCE CONCEPT RUQUIMEMINTS AND PENALTILS CALCULATlUr‘{_S {LoneLuntn)
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