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HABITABILITY SUBSYSTEM	 Housekeeping

APPLIANCE FUNCTIONS CONSIDERED

3.1.1 Surface Wiping
3.2.1 Manual Collection
3.2.2 Vacuum Collection
3.2.3 Refuse Transfer
3.2.4 Refuse Processing
3.2.5 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/linen maintenance. The study assumed refuse trans-
fer would be accomplished 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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HABITABILITY SUBSYSTEPj 3.0 Housekeeping

HABITABILITY FUNCTION 3.1 Equ i pment Cleaning

{

APPLIANCE FUNCTION	 3.1.1 Surface Wiping

NUMBER OF CONCEPTS CONSIDERED 12

ASSUMPTIONS

0) 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 tio o'nes 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

cl aanup.
(3) Usage of a wetting unit, or equivalent, was based on 2.25 minutes per use.
(4) Washer/dryer penalty was based on washer concept 8, Dater Spray Agitation
and Dryer concept 1, Forced Hot Air - Electric Dr,, ►er.
(5) Water used for Space Station equipment cleaning was assumed to be recycled
minus the water lost associated with the suspended solids. Shuttle water used
is not recycled.
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J_ «_.• DISPOSABLE WET/DRY WIPES
2 » 	REUSABLE VI ET *jPES -DISPoSA:PLE DRY WIPESw^
3 ++.._ DISPOSABLE wET/DRY W IPES IPREPACKAGEDI
4 +-	 AUTOMATIC SPONGE MOP
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7 » 	 DISPOSABLE VJEi WI P ES REt1SABLE.D RY WIPES_
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HUMBER OF DAYS A	 20.5 1406 YEARS}
USES NOD SUBROUTINE 32	 -- -
THERMAL PENALTY - DIRECT TO COOLANT ILB/6TUH} 00250

^T H E R M A L- •- PENALTY- ^-C A 8 I N-KE-A-T -kHI-KT BTUH i : pis S

POWER PENALTY ;LBS/ ,NATTI TYPE 1	 *5300
POWER PENALTY (L8S/WATT)--TYPE- •2— ,4313	 ---

SELECTION MATRIX	 •	 * • SURFACE WIPING 15HUTTLE}

1 N M A —N— C E P

FACTOR	 VALUE VALUE PTS ! 2 3	 4 5 6 7 8 9 10 11 l2

ttEIGHT	 6 6+300 I826.3 15 12.96 13 11 !4 14s29# 13957 12994 13 0 19 903 120

,0.0.^..t26
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ENSITSVI7Y--ANALY515

- RA TING FOR EACH CONCEPT AFTER	 INCREASING
-	 - - 5INGLE--5ELECTIOn PARA METER `YvEI GMT ING , FACTOR -BY 50- "'-- -	 ---

tUASEO ON	 100 S MAX POINTS)

- r

r^ 1	 2	 3
-{f- u e

9 5	 6 7 B 9 10 11 12	 -

NORMAL 32.73	 37.01	 99+69 46 n 85 38.68	 76 0y 4 9.85 19.13 13.48 53 * 58 37.69 77.70

12#32^49 * 14 -78.70HEIGHT 37.33	 41.3 4	99.7'1 SU.S9 42 * 76	 77 0 42 9002 13.03. 42*1O
p o lY E R 29 1 9 2-3 3to' ! 	 S r 1-9--B U. 5Q•-35 a 3675. 5 2-9 + U 0"1 219 2"12w3 2'-5'i . 6 3""-3 4 o 4 2-7 5 0 6

Q
VOLUME 33#96	 39+91	 94 * 60 49.52 41029	 76*93 9927 l 5 * 2 l 14 .4 1 52.27 4G062 76*57
THERMAL 29.92-33.84---9ti*14--- 43055- - 35.36-77a29- 9*p0-12*92--12.32``56140-34o42-78 *94
RELIAla - Y •320Q5	 36*20	 99.85 45043 38050	 75002 9.86 14001 13#38 52 * 86 36 * 81 76@24

-!^ MAINTENC 32.54---3607Q,'-"-440Ei5--4543-38.75-75x13"-""14.36`•'-14 *51--13.88-52097'-37.31T76,^35	 '
DEV COST 33@35	 37.27	 93443 42+83 38.79	 77460 12043 1 6. 35 15975 56071 37 * 85 78175

J

N	 SENSITIVITY ANALYSIS	 Co

w	 ^

-----RA .T-ING-F OR EACH- CONCEPT--AFTER-INCREASING-

SINGLE SELECTION PARAMETER WEIGHTING FACTOR BY -50 S
.__I BASED -ON--100-S- MAX- pOlriTSl_^__._.-_-._.......^ 	 -----	 -	 --
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7 - - 8 ._-_ 9 _-	 1p_ ^__ ll
, _ ^_ lZ

NORMAL 32*73-37s0I-94*69---96*B5----3 8 0 6 8-7 6.44--9*85-I4013 - 13.98'--- 53.58'-'-37#64-77170

^---1RE.1GHT -----27 * 	1y78-^^ni4-63-92x33-	 33175	 75 . 25--10484-15*45--1;1* 8 7°---5 8 s953 2 4 2 6--7 6;9
POSTER 36.11 40 0a 9	 94.14	 42044	 42.68	 77.54	 IO*87	 15 .59 I9.t37 5ZP32	 41+59	 78093
VOLUME --- 31.33 -33.73--94x69-43.82 7-35*72 • --75+87-"" 10 PSG -12#90-I2*92- 55uU7-34.27 - 76 * 70-
yHERHAL .36.1! 90084	 94.14	 50.83	 92.63	 75*40	 10*87	 15.59 14,87 50 * 19	 41.59	 76179
RELlAB-Y--33.45-37.87-94.52--98*36-38086---774949.83'14025 -13458--54#35 -38.53 - 79 121
M A INTENC 32 n 92 37*35	 94052	 48*36	 38.60	 77083	 9.31	 13*72 13*OS 54x24	 38 * 00	 79VI3
0 El--C{0-5^3-1-,q 63-6r7-0 	 96.21	 5 t . 6r?---3-8-r5 4	 75,u3	 3	 7761



APPLIANCE CONCEPT COMPONENT SUMMARY MATRIX

APPLIANCE FUNCTION. 3,1.1-EQUIPMENT CLEANING

NUMBER	 OF	 COMPONENTS .

COMPONENT TYPE
NUMBER

°
W

wo O
c
us 4 }- -j t^
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drd rx o
-j

u- z SAFETY
acC w zw ¢ w ¢La w Ww x h-Uw ¢
1-' a F-J

w >
J ...1

>- z
¢ u U 0- h-

^ t-• wZ
U aW-1

0- =•Z -,.1 t-¢ H ^J J oF-- w t--w --i CRITICAL
v.w 6•-•t o¢ wx U w0 C o- z¢ •a 4¢ w w¢ o J -3

APPLIANCE TYPE ~ (n
u_ V)

= 
w ¢ F- C-)

U F
3 a

L w N ITEMS
0 ®® 16 0® lg Q o

^^} ^^
^`1

^^^^
hJ o o 0NO.

DISPOSABLE WET/DRY WIPES 1 2 2 1 1 1 1 1 - - -- - 1 1 0

REUSABLE WET WIPES/DISPOSABLE 1 2 2 1 1 1 1 1 - - - - 1 1 0
WET WIPES

DISPOSABLE WET/DRY WIPES - - - - - - - - - - -• - - 0

AUTOMATIC SPONGE MOP {ASTRO-VAC} 1 2 2 .	 1 - - 1 1 1 - - - 2 1 0

REUSABLE CLEANING CLOTHS/ 1 2 2 1 • 1 1 1 1 - - - 1 - 0
DISPOSABLE DRY WIPES

DISPOSABLE CLEANING CLOTHS/ - - - 1 - 1 1 1 5 1 1 1 - 0
DISPOSABLE DRY WIPES

DISPOSABLE WET WIPES/REUSABLE 1 2 2 1 1 1 1 1. - - - - 1 1 0
DRY WIPES

REUSABLE WET WIPES/REUSABLE 1 2 2 1 1 1 1 1 - - - - 1 1 0
DRY WIPES

REUSABLE CLEANING CLOTHS/ 1 2 2 1 1 1 1 • 1 - - - - 1 1 0
REUSABLE DRY WIPES

DISPOSABLE CLEANING CLOTHS/ - - 1 - 1 1 1 5 1 1 1 - 0
REUSABLE DRY WIPES

SPONGES/ENCLOSED WETTING UNIT 1 2 2 1 1 1 1 1 - - - - 1 1 0

SPONGES/SKYLAB TYPE WETTING UNIT - - - - 1 1 1 1 5 1 1 1 - 0
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SPACECRAFT	 Shuttle

HABITABILITY SUBSYSTEM Ho'.3sekeeping	 HABITABILITY FUNCTION Equipment Cleaning

APPLIANCE FUNCTION Surface Wiping

APPLIANCE CONCEPT NO./TITLE 1/Disposable Wet/Dry Wipes

'INDEX NO. 3.1.1.1	 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 temperature 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 located at-the
wetting unit) and can be rewetted if necessary for cleanup. The wipe is wrung out
in 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 left 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 CONCIPT REQUIPLMINIS AND PENALTIES CALCULATIONS

CO!{CEPT	 ^^I/s r ^L	 L^C^f^ f{J/FAGS IHOEX t •UMBER

ELECTRICAL	 POWER	 RE	 IREME111S

A C	 .	 P O W-E-- R
--

0 C P O W E R
---_

' use 1^i1^E	 (z	 Q3	 aEM^:n_ ^o a	 oFr+^^to

CYCLE	 PEAK	 AVERAGE	 (CYCLEIII /

COMPONENT	 (REF)	 (HR)	 (WATTS)	 (41ATTS)	 01}x0

PEAK	 AVERAGE
( CYCLE R./

Q1 XID(WATTS)	 (WATTS)

c^^ rrr^^l^^^^) .^^z	 .moo U ` .^^	 /.3. S

MAXIMUM	 TOTAL 14AXIMUM TOTAL

THERMAL	 REQUIRC	 N IS

'	 LATENT	 SE14SIBLE HEAT LEAK TO COOLANT
r	

SOURCE	 (BTU/HR)	 (BTU/HR) (BTU/NR) (BTU/NR)

{F	 .^l1^I_"!?c' ,U^71 T DOSS	 ^[^, ^..^^x^_

'	 TOTAL	 S 6_6 o)	 - 786) ?M^03) i `-.^. G_^lpQ)
WATT (BTU/IIR)	 WATT (BTU /HR) WATT ( BTU/HR) WATT	 (BTU/liR)

s -

OPERATIONAL	 PENALTIES

THEPI4AL	
ELECTRICALf	 HEAT LEAK	 TO COOLANT

WEIGHT VOLUME

SOURCE	 ( BTU/IIR/CYCLE)	 (BTU/HR/CYCLE)	 (PK WATTS/CYCLE)	 ( LB/HIS51014) (FT3/MISSION)

TOTAL
a	 IIATTS/CYCLE	 WATTS/CYCLE MI/HISSiON

(BTU/11R/CYCLE) 	 (OTO/lilt/CYCLE) (LU/M15S10:1) (ITI/MISSIOH)
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APPLIANCE CONCEPT REJUIREMENTS AND P ENALTILS CALCULATIONS (CONCLUDED)
CONCEPT/j(^(, p S<?BL!W-&7100),'W11d -S	 INDEX NuI4LER . f /,/, I

F I X E D	 FIE 1 G N T/V D L U M E 	 R E	 U,I R F r1 EN T S

WE IGIll	 VOLUME
COMPONENT	 .(REF)	 (LOS)	 (FT3)

rcJt7"Tllyla ^,V/T	 (Z^G)	 r.^^^	 7DI

qI
t

TOTAL 2°),¢5	 [v'T.^ ZJ ,Sgs	 2i.a
KG (LBS) M3	 (FT3)

SOLID	 EPEHDAQLE	 tJT/1!OL	 REQUIREMENTS

©	 WT/UNIT pu)	 WT/COLE
(PKG.WT{LB) ,	REF)	 Ql 

LBO'
VOL/UNIT	 (REF)	 VOI/ Y LE

(PKG•V(FT3'IT)(REF)	
q?3TTYPE UNITS/CYCLE(REF)

}.s^rvc-T4^[,P^._.._ ^^„^236	 .Ol^ (7,^)	 r D/ .00IS	 .G1^F^.5'---

TOTAL KT/CYCLE
(LB)

IOTAL	 VUl/CYO_I
(FT3)

TOTAL WT.
^I4ts 5 tort x	 .ZO. S — z

CffLE5/DAY	 DAYS/MISSIUN	 TOT.KI/CYCLE -(LB}KG
(LB)

TOTAL VOL =i^IS51ON /S_-..	 x	 x
—r

•DZ-^ ^^3)
CYLLCS/UAY	 GAYS/M1^SIDN	 TOT,yUL/CYCLE M	 }

(FT3)

GAJLTQU]U	 EXPENDABLES	 REQUIREMENTS

0	 0	 0
A147.USED /CYCLE(REF)	

RECOVERY	
AMT•RECnVEPED/CYCLE AMT LOST•CYCif

1 x(	
O

1	 1
TYPE (LB)	 FACTOR (LD)	 (LB)

All

1d^^7/111^,, }^ ^,
T `̂ ^J r (tl

^
J	 T-- --

y A
L'J F, (D

TOTAL WT,_
i4TSSlol I	 _^ x _ ^-^..5-x	 - 9^^	 •^^^.

[^AY5 FI1	 ) UT-4 -tof/CYCIc
,	 6+_ ^° X3	 2-

-^

LYCLEjI1AY	 Is1DN	 S- Y.G ^L1S^
r•	

(LB) a
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SPACECRAFT	 Shuttle

HABITABILITY SUBSYSTEM Housekeeping	 HABITABILITY FUNCTION Equipment Cleaning r

APPLIANCE FUNCTION Surface Wiping

APPLIANCE CONCEPT N0./TITLE. 2/Reusable Wet/Disposable Dry Wipes

`It]DEX N0.	 3.1.1.2	 REF. N0,	 236,186

DESCRIPTION The reusable wet/disposable dry wipe concept utilizes a wet reusable
wipe for cleanup and a disposable dry wipe to 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 deposit 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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APPLIANCE C01ICEPT VEQU1REMENIS AND FEIIAL71ES CALCULAT10115

CONCEPT-4pc F1'Iff^C F• ^^^	 491514PS4'6 LE Lw ' loll	 INDEX NUMBER_

E L'ECTR I C A L P O W E R R£ tU I RE HEII T S

A C	 ,	 P O W •_E R D C	 P O W E R

USE TIME p Q D rm%iO 0 © DEMAiID
'	 CYCLE PEAK, AVERAGE

(WATT- HR/

QXa

PEAK AVERAGE
(WATT AIR/

COKO OIIENT	 (REF)	 (I19) (WATTS) (WATTS) (WATTS) (WATTS) (Dx

I

'

^ a

MAXIMUM TOTAL MAXIMUM TOTAL

w
SOU RCE

I 
.^ ^̂L 2ZL

T II E R F1 A L •	R•E aU• I R E M E 11 T S

LATENT	 SENSIBLE

(BTU/HR)	 (BTU/HR)

NEAT LEAK
	

TO COOLANT

(BTU/HR)
	

MUM)

1	 .
TOTAL	 -^ 60)

WATT (BTU/IIR)	 WATT (8TU/HR)	 WATT (BTU/MR)
	

WATT (BTU/IIR)

•	 4

OPERATIONAL	 PENALTIES

THEMIAL TO COOLANTNEAT LEAK 
ELECTRICAL WEIGHT VOLUME

SOURCE.	 (BTU/IIR/CYCLE) (BTU/HR/CYCLE) (PK WATTS/CYCLE) (LB/M15SIO11) (FT'/M155ION)

1. 73 .Zl .J o .aol
TOTAL	 .. ^ . m^4 .N

41A	 /C YCLES	
E

^IAlTS/ YCIE K /M1S.iDt1 M /M1551© Il
(BTU/HR/CYCLE) (BTU/MR/CYCLE) (LD MIS5ION) (FTC/MISSION)
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APPLIANCE CONCEPT REQUIREMENTS AND PENAL711S CALCULATIONS (CONCLUDED)

CONCEPT-24-2/ 	 41F_ LcJ^Tfp15f^^A$^^s̀  A,^!l UJ11°65	 IND£% ItUMBER^^ Z —

F 1 9 E D	 WE IGIfJVOLUME	 RERILI REMENTS

	

WEIGHT	 VOLU14E

COMPONENT	 .(REF)	 (LBS)	 (FT3)

UAII	 L29
I^rT(lJisPQSQ12u

TOTAL	 a	 (33. 1 Z) I	 . rf	 .j./
p

Z4

KG '(LBS)	 Fi3 (FT3)

	

SOLID	 EXPENDABLE	 WJVOL	 REQUIREMENTS

	

O	 WT/UNIT (REF)	 WT/CYCLE	 VOL/UNTO (REF)	 VOL/CYCLE
(MG.WT/UNIT)(REF) 	 ( XC2}	 (PKG.VOL/UNIT)(REF)	 (I^x

TYPE	 UNITS/CYCLE(REF)	 (LB).	 (LB	 (FT3)	 FT3

TOTAL (LB) CYCLE	 TDYAL(FDI;}CYCLE

TOTAL WT. =	 2 'j3

CYCLES/DAY	 DAYS/MISSION	 TOT.WT/CYCLE	 KG t$

TOTAL VC*

(LB)	 ,
r

CYCLES/DAY	 DAYS/h1100H	 TOT.VOL/CYCLE	 M F7

(FT3)

GAJLIf^UID	 EXPE14DABLES	 REQUIREMENTS

O	 Q	 AMT.RECOVERRFO/CYCLE 	 AMT LOST CYCLE

	

AMT.USED/CYCLE(REF)	
RECOVERY	 (D% 2	 Q- 3

TYPE	 (LB)	 FACTOR	 (LB)	 (LB

Gf14T[-_7^	 6	 ^, /11̂ ^ 	 ,_, ,r(ilffl	 ^ ..S	 —

I^ss ^?CL24T`^^	 . Q8	 A11A	 Sl	 Lf2l^-

QMOL-Z( 6r —1 ^er015pasA 	 ,c^f^ .^1zQo7l 9-

TOTAL WT.

CYCLE/DAY	 DAYS/KIfSfOti	 ITAL LOST CYCLE	 KG Lt

Gr ED	 (LB)	 (t
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SPACECRAFT	 Shuttle

IABITABILITY SUBSYSTEM Housekeeping	 HABITABILITY FUNCTION Equipment Cleaning

APPLIANCE FUNCTION Surface Wiping

APPLIANCE CONCEPT N0./TITLE 3/Disposable Wet/Dry_ Wipes (Prepackaged)

'INDEX N0.	 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 dry wipes are used for cleanup and discarded.
The Skylab size wet wipe weigl't 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 Dispenser
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1 APPLIANCE CONCEPT REQUIREMENTS tUD

K^G, C^^
PENALTIES CALCUI.ATIONS

CoNCt>'T^^i fids/J!-ICI%Gc T/AL'f'r.vIpasC//'1^C)	 INDEX HuMUtR .I.1^ ^.,'^ ..--
...,

•	 ELECTRICAL	 POWER	 REQq REMETS

^ j	
N

_ 	 I

Q	
AC . POWER_	 0C	 P01_ER

'^. U5E i1t^E	 O2	 O3	 BEAM	 (D	 Q ^ (7) ,'

AVERAGE	 (	 IICYCLE	 P[:AK	 AVERAGE	 (CYCLEIIR / 	
PEAK.	 LYCLER/

Cb1dPONENT	 (REF)	 OR)	 {WATTS)	 - (WATTTS)	 Q x 3	 (WATTS)	 (WATTS)	 QI % al

.t

	

MAXIMUM
	

TOTAL	 IMIMUM
	

TOTAL

	

T14ERMAL	 R'EQ!L R jajfl T 

	

•	 i

	

LATENT	 SENSIBLE	 HEAT LEAX	 TO COOLANT

'SOURCE	 (13TU/11R)	 (BTU/HR)	 (BTU/HR)	 {BTU/HR)

i
3

TOTAL

	

WATT (BTU/HR)	 WATT (BTU/ItR)	 WATT (BTU/HR)	 WATT MUM)

,

0PERA710NAL	 P t R A L T I E S

	

THERMAL	 ELECTRICAL	 WEIGHT	 VOLU14E

	

HEAT LEAK	 TO COOLANT
SOURCE	 (BTU/HR/CYCLE)	 (BTU/HR/CYCLE)	 (PK WATTS/CYCLE)	 (LB/MISSION)	 (FT3/I4iSSiOH)

11

i	
.

i

TOTAL

	

WATTS /CYCLE	 WATTS/CYCLE	 KG/MI551011	 10 /1•115SION
..	 (I3TU/Ni(/CYCLE)	 (MU/11R/CYCLE)	 (LB/MisSi011)	 (FT=(MISSION)
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS (CONCLUDED)

	

CONCEPT ^ fD /J Sal 4 J .['t C ^p/Z l̀ W/1-'&3 Mat-1pl9Cf-C90, C-ZJ	 INDEX NUMBER el /. Is .mss

F I x E D 	 WEIGHJVOLUhlE	 RE4UIREME1iTS

	

WEIGHT	 VOLUME
COMPONENT	 (RFC)	 (LOS)	 (FT3)

TOTAL	 r39. 1 	 Dg	 2.

	

KG (LBS)	 M3 (FT3)

	

•	 S 0 L I D	 E X P E 110A B L E	 N JY 0 L	 R E Qli I R E M E it T S

O	 WT/UNIT (REF)	 WT/CYCLE	 VOL/UNIT 	 VOL/CYCLE 
(PKG.WT /UNIT)(REF)	 QI X[Z]	 (PKG.VOL /Ut{IT)(REF)	 ^X0

	

TYPE	 UNIiS/CYLlE (RfF)	 (LB)	 (!B	

9 (̂ 1	 (}T3)/ti3 
c91 r' r^ rP	 ^^.^^)	 7^.3 7z^^ .IS3	 7'o	 DOS, {

	

TOTAL WT/CYCLE	 TOTAL VOL/CYCLE

	

(LB)	 (FT 3)

TOTAL WT.
KIM	 ^^' _ X	 20.,E X ___ zf o --	 9, r	 f̂ 6.^5

CYCLES/DAY	 DAYS/MISSIOU	 TOT.WT/CYCLE	 KG LB

(LB)

TOTAL VOL =	 I S	 X^ S	 X _ QO JZ _MISSIOtY	 •

CYCLES/DAY	 DAYS/MISSION	 TOT.VOL/CYCLE	 (FT
S	 (FT3)

G A JL I QU I D	 E X PEI D A© L E S
O

MMSED/CYCLE(REF)	
RECOVERY

TYijE	 ( LB)	 FACTOR

REQUIREMENTS

AMT.RECOV 4 D/CYCLE	 AMT LOSTO CYCLE
1X7	 I- 3

O(LB(E 3

3

fit

`I TOTAL WT.

CYCLE/DAY 	 D• S/H 5SIOlifa7lZL 05TT CYCLE	

(LB)

1

1

L,

KG LB
^ d
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SPACECRAFT	 Shuttle

HABITABILITY SUBSYSTEM Housekeeping 	 HABITABILITY FUNCTION Equipment Cleaning

i APPLIANCE FUNCTION Surface Wiping

APPLIANCE CONCEPT N0./TITLE 4/Automatic Mop

'INDEX NO.	 3.1.1.4	 REF. N0.	 236,100

DESCRIPTION The automatic mop concept is a hand held scrubber head connected by
coaxial flex tubing to a eater 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 CONr9PT REQUIREMENTS AND PENALTIES CALCULATIONS

CONCEPT	 /r 11	 9f3 L	 1?7^2,d 1110EX NU111BER ,^

ELECTRICAL REsUELECTRICAL POdERP0vER RESUIREF1E11TS

• AC. POWER 0C POWER

USE TIME O2 ^3 OFMAtND	 5 a DEfWIO

CYCLE PEAK AVERAGE
(L C1-11

 R/	 PEAK AVERAGE (LYCLEHR/

COVIPONERT	 (REF)	 (HR) (WATTS) (WATTS) QI X 3	 (WATTS) (WATTS) (2)x

, l	 '11114	 G t ,

,

$.
>1AXIIdU13 , i

/_l
TOTAL	 MAXIMUhf TOTAL

' r

TIiERNAL	 R'ECUIREHE11TS

LATENT	 SENSIBLE	 HEAT LEAK	 TO COOLANT

a	
SOURCE	 (BTU/HR)	 (BTU/HR)	 (BTU/HR)	 (BTU/HR)

Gt'J.^7 X72 ^f ^7^T L.O,S t	 ^ /^ ^ ' ♦ 	 --	 ^- _	 ^,L.^? ^ --

TOTA!.
	 a. 3.7)	 633 (2-160)

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

r

0PERATI0NAL	 PE- 4 ALTIES

THEPMAL
r	 HEAT LEAK	 TO COOLANT	

ELECTRICAL	 WEIGHT	 VDLUHE

SOURCE.	 (BTU/HR/CYCLE)	 ( BTU/HR/CYCLE)	 (PK WATTS/CYCLE)	 (LB/M15SION)	 ( FT31RISSION)

_	 N	 -- - -	 -

r
t

TOTAL
r.	 IIATTS/CYCLE	 WATTS/CYCIE	 KG/11ISS10N	 M3/1.1155lou

(BTU/11R/CYCLE)	 (BTU/HR/CYCLE)	 (LOMISSION)	 (FT3/1•IISSION)
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS (CONCLUDED)	 ^J

CONCEPT ¢^/IIJTDl2^ 7rJ_^ ^l'lop	 INDEX IJ'IMBER '.z^;-7.j

--	 FIXED	 W . EIGNJVOLIJME	 R1DUIREMEIITE	 {

f	 WEIGHT
COMPONENT	 (REF)	 (LBS)

VOLUME	
]1

(FT3)	 '.

:	 1{arr^/^^c rNOP c1iYi^̂ ^ 	^	 ^ tea. ^ - _ / ^	 _ . '
o

TOTAL	 ^r 7`	 y ^'C ^• ^3 s ^^F^	 / •S^

e	 KG (LBS) M3 (FT3)

SOLID	 EXPENDABLE	 WJVOL	 REQUIREMENTS

O	 WT/UNIT (REF)	 WT/CYCLE
(PKG.h'i(LB^T)(REF) 	 Q LB[2]

VOL/UNIT (REF)	 VO.L ÎCYY' ĈLE
(PY,G.V`FT3}Ii)(REF)	 TFT3v

^^
TYPE	 UNITS/CYCLE(REF)

Svr^,v^^s	 . I¢.3_C2,3-t;-^ .^o^z98^(z^G) .^od^Z^-- L

1

11.^..._
j

®	 17-2 o fi	 g.LE
TOTAL (LB)( TO AL { ^0^}CYCLE 

TOTAL NT.
NIMON 0S

CYCLES/DAY	 DAYS/MISSION	 TOT.WT/CYCLE
%

KG	 LB
>?	 (LB)

TOTAL VOL
MISSION	 I	 % —20.s'	 x ypQ-(^	 y ^^G	 • aZ

CYCLES;DAY	 DAYS/I'ISSION	 TOT.{0L3}YCLE -MJ (FTJ)

GAJLIDUID	 EXPENDABLES	 REQUIREMENTS

©	
Q

/CYCLE	 AMT LOSTQ CYLLE
RECOVERY

AMT.USED/CYCLE(REF)

AMT .RECOVERRED

(% 0	 QI - 3

TYPE	 (LB)	 FACTOR •(LD(LB)

ZVI* 	 236)	 ^^, IV Z	 _ ...	 • -s	--

E(D	 e	 -

)TOTAL!	 WT.	 Gq+7	 153. 7'	 X11 ^STO^	 %	 0^	 X	 S	 h 3, 7 f	 ^tl„
CY LE/DAY	 DAYS /MISSION	 TOTAL LO®CYCLE	

( LD) Q	
KG L
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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 N0. 3.1.1.5	 REF. N0. 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. T he terry wash

: a

	

	clothes are 6 inches square. The cleaning cloths are provisioned 3 +per 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 R£gUIItEtILUTS AND PEIIALTIES CALCULATIONS

JRUEX NUMBERCDIiCEPTSfLB	 /.^I^t//PVC G''L^T/IS^LYSf^IJJ.<If^GEF^ Lf1lAL:S

{	 `j	 ELECTRI C.AL	 POWER	 REg•U I REHEti7S

AC	 POWER	 D 	 POWER

(^	 ^
USE TINE	 L'J	 [3	 DEh1NtD	 (	 (D

J
0E010

CYCLE	 PEAK	 AVERAGE	
(CYCLEIIR/	

PEAK	 AVERAGE

C0t4POt1£IIT	 (REF)	 (IIR)	 (WATTS)	 (WATTS)	 QX^3	 (WATTS)	 (WATTS)

(WATT-
CYCLEIIR/
(3 X^7

•

FiAXIMUt4	 TOTAL	 MAXiMUI1 TOTAL

•	 T11ERMAL	 REUU•iREMEt1TS

'	 LATEUT	 SERSIBLE	 IIEAT LEAK TO COOLANT

Y	 SOURCE	 (BTU/HR)	 (BTU/IIR)	 (B7U/IIR) (BTU/IIR)

ll^07D/	 -^	 _ }fig	 `-t

'	 TOTAL

1

WATT (BTU/HR)	 WATT (BTU/NR)	 WATT (BTU/HR) WATT (BTU/HR)	
I

4	 ,

0 P E R A T	 .014 AL	 PENALTIES
--- ----	 --	 - - - - - - - - -

THERMAL	 ELECTRICAL.	 VEIGHT
r	 HEAT LEAK	 TO COOLAIIT

VOLUME

^•	 SOURCE,	 (BTU/HR/CYCLE)	 (BTU/kilt/CYCLE) , 	 (PK WATTS/CYCLE)	 (LB/MISSION) (FTC/F1i5510t{)

luj '40

5"3
r̂
.7	 6,7r 	 q `

•	 TOTAL	
-^	 1e.^L.—S-r_ d,1^.J^^-^-?^

t	 T1S/CYCL	 11S/CYCLE	 K6/14ISSI0tl Il'/MISSION
(BTU/IIR/CYCLE)	 (BTU/FtB/CYCLE}	 (LIt/MISS10tt)ti	 . (FTI/flisslin)
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	APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS (CONCLUDED)	
r

CONCEPT ^sIP- .,^^j/^/^^1lGJ G''^UTizl^S^I fSfj$(^^]2^GfJlAG •^ INpE% IiUMDER	 4 47

:d 	FIXED	 WEIGHJVBLUME	 REQUIaEMEN7S

	

WEIGHT	 VOLU14E
COMPONENT	 (REF)	 (LDS)	 (FT3)

TOTAL	 /cJ L ^3• ^d^	 , l	 Z^,
	KG (LBS)	 M3 (FT3)

SQLID	 EXPENOABlE	 W	 0L	 REQUIREME11TS

O	 WT/UNIT ((REF)	 WT/CYCLE	 VOL/UNIT(REF)	 VOL/CYCLE

TYPE	 UNITS/CYCLE(REF)	
(PKG.Wi(LB}T}(REF}	

a(xBg	
(PKG.Y^FT3}IT)(REF)	

I j3T

^1---	 .1277/3	 . a.G ^J -^^^`^
Ca/4 	 ^,^ . 01015

T OTAL  WT/CYCLE	 TOTAL VOL/CYCLE

	

(LB)	 (FT3)

TOTAL M,	 r-	 4/0.3	 • U ( Jfblt	
CLE /^ X ^t 5	

X	 Z. a -
c51Ur1	 TOT.Wfi/CYCLE	 KG LLB)j

(LB)	
3

TOTAL VOL
MISSION - _ /,S^	 z	 zd•S	 X .DDZI	 •oz^	 .^ J

CYCLES/DAY	 DAY5/MISSION	 TOT.VOL/CYCLE	 M FT

~	 `	

(FT3)

• G A JL I QU I O	 E X P E 1{ DA BL E S	 R F QU I R E H E N T S

	

O
RECOVERY	

AMT.RECOVERRED/CYCLE	 AMT LOSTOCYCLE
AMT.USED/LYCLE(REF)	 QI X 2	 Q - 3

TYPE	 (LB)	 FACTOR	 (LB)	 '(LB

GU^^ffC=1^ ^^.4T .2.	 -	 a
aSl.^fC .T Y	 I zS	 - AIIA^S

.(̂ Ĵ - ten C.r^^'S /T2ycc%P^J .^`^^	 - -	 .C^4
•	 p.N^i•^•^1 G[^^S ^^^/.^C . (^^ 0 7f ^-. ^-l^ 	 . COQ 71 ^f

^ O .6 7472	 7472

TOTAL WT."	
x	

Z "	 1 + UZI  C,SSIUft	
CYCLE/DAY	 X DDS/MISSION X TOTA DST CYCLEG L847

	

(= Q1)	 (LB)	 (y (D
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SPACECRAFT	 Shuttle

HABITABILITY SUBSYSTEM Housekeeping	 HABITABILITY FUNCTION Equipment Cleaning

APPLIANCE FUNCTION Surface Wiping

APPLIANCE CONCEPT N0./TITLE_6/Disposable Cleaning Coths/Disposable Dry Wipes

'INDEX NO.	 3.1.1.6	 REF, N0. 236,283

DESCRIPTION The disposable cleaning cloths/disposable dry wipes concept is the
system used on the Skylab applied to equipment cleaning. Tile 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 disposed 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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CONCEPT/ ^^j	 (
APPLIARCE CONCEPT REQUIRE14CIlTS AND PENALTIES CALCULATIONS

^(	 ^,v^Nr C^.c,Tf^S^^^sposrl	 1110EX flull BER^ , f 1.6,• 	 ^ c ,anYu/^'^s

J ELECTRICAL	 POWER	 REq.!Ljj L4LHTS

Q	
A C	 .	 P O W E R D C P O W E R

.. USE TIME	 ^2	 O3	 DE4A1lD 05 Q6
CYCLE	 PEAK	 AVERAGE	 {LEHR/CYC

(HR)	 (WATTS)	 (WATTS)	 QXa

PEAK	 AVERAGE
(WAIT-HR/
(CYCLEII

C014PORENT

'

	(REF) (WATTS)	 (WATTS) QRl

6^r,^.[.I..C^^' "^ .^-^	 L •	 •rte	 ^-^^.f_^^ ^  1-1^.^^ L_•?--

U,0,7	 p:Z/92P— _  ^,r s .^--

s

. P5 140 ' 2—•^
IUIXIMUM_	 TOTAL MAXIMUM TOTAL

•	 I f f

y THERMAL•	 REQUIREMENTS

' LATENT	 SERSIBLE NEAT LEAK, TO C60LAIIT

Y	
SOURCE (BTU/NR)	 (BTU/HR) (BTU/NR) (BTU/HR)

^^-	 ^¢^-^ ,mac-7^^ ^ caS s	 J 1 b --- !f^

• TOTAL	 3

WATT (BTU/11R)	 WATT (BTU/HR) WATT (BTU/HR) WATT (BTU/HR)

i

i

0_PERATf0NAL	 PENALTIES

'	 THERMAL	
ELECTRICAL

HEAT LEAK	 TO COOLANT
WEIGHT VOLUME

SOURCE. (BTU/HR/CYCLE)	 (BTU/IIR/CYCLE)	 (PK WATTS/CYCLE) (LB/MISSION) (W /MISSION)
5

r

TOTAL
VATTS/CYCLE	 WATTS/CYCLE KG/M15S103 m1puSSIoN

(BTU/11R/CYCLE)	 (BTU/ItR/CYCLE) (LU/131551pN) (FTIIHISSION)
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS ( CONCLUDED)

CONCEPTiW 	 0-oc" -!	 ,^//,u(^^pTHS^G^Sp4^Sf1l^LCD.Cf^GCJ/PG'S	 I110EX NUMBER	 /- 1 (2

z	 FIXED	 WEIGHYJL2 k UME	 REQUIREMENTS

WEIGHT VOLUME
COMPONENT	 (REF)	 (LBS) (FT3)

.-56, m151	 r ,lr^t1	 • ^ ^1^	 c.^	 ^ A	 -

TOTAL	 I J r 9	 A	 J r B, /40	 (4.9
KG (LBS) M3 (FT3)

SOLID	 EXPENDABLE	 WiM L	 REUUIREM£ttT_S

VOL/UNLIT (REF)	 VOL/CYCLEO	 WT/UNIT (( (REF)	 WT/CYYCCL£
(PKG.1tT(LB)T){REF)	

(LTYPE	 UNITS/CYCLE(REF)	 B4
{pY,G.Y(FT3'IT){REF}
	 TF T IT

crm7 s	 }	 J

^

f
-	 l	 .

TOTAL WT/CYCLE TOTAL VOL/CYCLE
(LB) (FT3)

TOTAL WT.

X	 XCYL E5/DAY	 OA2OI55IOH	 T^ OCLE J KG^ B
•	 (LB)

TOTAL VO L _
MISSION	 f.s	 X	 ZD r^	 X	 ^z^	

" p	 p
• ^E^p	 a.C73

CYCLES/DAY	 DAYSIMISSION	 TOT.YOL/CYCLE I3	 fT

*	 (FT3)

GAJLIQUiO	 EXPENDABLES	 REQUIREMENTS

©	 Q
AMT.USED/CYCLE(REF)	 RECOVERY

TYPE	 FACTOR

AMT.RECOV R D/CYCLE	 AMT LOST	 YCLE
O x T
	

O ,1

B(LB)
f,

(LB	 •{L

02S	 Al 1A

y	 r	 pta)	 .11)4q	 LYf1A_

P

I

I TOTAL WT.
fiSsl[bTi " ____J 5	 x ^ 20.	 x	 - / ^,^ . +	 8U. Z f7(„

CYCLE/VAT	 DAYSIMISSIOti	 OT LOST-/CYCLE	 (LO)	 KG LB

F
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SPACECRAFT	 Shuttl e

HABITABILITY SUBSYSTEM Housekeeping	 HABITABILITY FUNCTION Equipment Cleaning

APPLIANCE FUNCTION Surface Wi ing

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

'INDEX N0. 3.1.1.7	 REF. N0.	 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. l	 wipes are washed and dryed after one day of usage and are discarded
after 60 was ngs. Pie dry wipes are provisioned 3 per day for a maximum of 15
cleanup funcLiuns. The concept is penalized for the usage of a washer/dryer for
recycling the drying cloths.
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APPLIA110E C0110EPT REQUIREMFNIS X40 1 1 1,14ALTIES CALCULA11011S

CONCEPT	 frQ S/I	 -o	 f	 L^J/Plr^`/^CZJSf? LG .al^Y ^/^'^`^	 I#iOEx NUMBER
11

R. L A
t	 '* ^ y	

ELECYR I CAL.	 POWER	 R 	 QU i RfHE11TS

A C	 ,	 P O W E R
Q

 DC P 0W E R

W^USE TIME 	 (2)	 0	 OEtINiO Q ^G	 D	 O

CYCLE	 PEAK	 AVERAGE	
(GYCLEttR/

COMP0116 T 	 (REF)	 (HR)	 (WATTS)	 (WATTS)	 (D%a

PEAK	 AVERAGE	
(CYCTHR/E

(WATTS)	 (WATTS) Q X

_.ate

MAXIMUM	 TOTAL MAXIMUA TOTAL

T0ER14AL	 RE00•IREME11TS

'	 LATENT	 SE #RSIBLE HEAT LEAK TO COOLANT
r	

SOURCE	 (BTU/HR)	 (BTU/HR) (BTU/HR) (BTU/HR)

'	 TOTAL 7K ? J /PS._4(3AQJ.
WATT ( BTU/HR)	 MATT ( BTU/HR) WATT ( DTU/HR) WATT	 (DTU/t1R)

0PERATI011ALPENALTIES

THERMAL
r	 HEAT LEAK	 TO COOLANT	

ELECTRICAL WEIGHT VOLUME

ti	 •	 SOURCE.	 ( BTU/HRr'CYCLE)	 ( BTU/ttR /CYCLE)	 ( PK WATTS/CYCLE)	 ( LB/MISSIOtt) ( FT3114ISSION) 

2z __ Lam; i I, 6G

^^= 	̂ z.	 e? ?.1 7,, 4 I	 .^

Cr.7
TOTAL

U TIS/ YCL	 WAITS/CYCLE
(8TU/HR/CYCLE)	 (BTU/1tR/CYCLE)

1.G/141551	 tt
(LD/HISSION)

N3/t115S1	 i1
(FT3/MIS5I010
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DPUANCE CONCEPT REQUIRE14EIlTS AND PENALTIES CALCULATIONS (CONCLUDED)

CONCEPT	 Z r 	̂ -VAT GfJl pGaS^ ^ ^IÎ L^^ S^ W/p^^	 IUDEX NUMBER -f- L 1- 2

F I X E D	 W E T G 11 T V O L U M E	 R E U I R E M E 11 T S

WEIGHT	 VOLUME
COMPONENT	 (REF)	 (LBS)	 {FT3}

•	 td 1 ^t^1.cJ/P^	 %?367	 I C, L	 5^
1S^7BGY .^ y a// ,^	 R 05	 , QZ

TOTAL	 Z7.37 60..35	 , s-8 	 C21-0. so)
KG (LBS)	 Fi3 (FT3)

SOLID	 EXPENDABLE	 WJVOL	 REQUIREMENTS

O	 WT/UNIT (REF)	 WT/CYCLE	 VOL/UNlITT (REF)	 VOLICYYCLE

TYPE	 UNITS/CYCLE(REF)	
{PKG.WT{^BN}T)(REF)	 (LBI^	 {PKG.V(FT3)lT)(REF)	

QT 3Q

	

E ®sartLS_ _^ off_	
s

	

TOTAL WT/CYCLE	 TOTAL VOL/CYCLE
(LB)	 (FT3)

TOTAL WT. a
^^"orT	 I S	 x	 z a. S	 x.. o/SIA- _̂	 z, l/	 .lA^,^

r	 1	 CYCLES/DAY	 OAYS/MISSION	 TOT.WT/CYCLE	 KG LB
•	 (LB}

TOTAL VOL	 -

MISSM	 X .Ob lSrpo_$	 •O/

CYCLES/DRY	 D^YSTtdl55ION	 TOT.VOL/CYCLE	 -	 M FT
e	 (FT3)

. GAJLIQUID	 iXP ENDAALES	 REQUIREMENTS

©	 AMT.RECOVERRED/CYCLE 	 AMT LOST CYCLE

TYPE	
AMT•USED(LB)LE.'REF}	

RFACTORY	 O{LB^	 O LB}

t	 j24	 9/14	 d1,/p	 . e9roa 7r9

r

TOTAL WT.
f x ,2o.S x CGS	 798 X 737	 f / Y 798 /7'3'7

CYCLED"DAYS/MISS Oti	 T -M—USITCYCL-	(LB)	 a	 KG L

62-33£3
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SPACECRAFT	 Shuttle

HABITABILITY SUBSYSTEM Housekeeping 	 HABITABILITY FUNCTION Equipment Cleaning

APPLIANCE FUNCTION Surface Wiping

APPLIANCE CONCEPT NO. /TITLE 8/Reusable Wet/Dry Wipes_

'INDEX N0.	 3.1.1.8	 REF. N0.	 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 5 times before washing. The tripes are washed and dried after
one day of usage and are discarded after 60 washings. The dry tripes 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 REQUIREHLNIS IVI4 PLIIALTIES CALCUTATIONS

COIICEPT	 '(S LLr _Gtr T'P•C .W W/QL;$	 INDEX NUMBERr

ELECTRICAL	 POWER	 RERUIREUjIlTS

AC .	 P0ItER BC POWER	 _

USE T114E 13̂	 BEt	 IO Q	 OEPIAND

CYCLE PEAK AVERAGE	
(CYCLE1IR/

Ca 'dPONENT	 (REF)	 (Ila) (WATTS)	 (DI X(^)3]

PEAK AVEtIAGE	
(CYCLEHR/

(WATTS) (WATTS) (WATTS)	 at X

r

^MAXIMUM TOTAL 14AX114UM .	 TOTAL

THERMAL • R'EQU•IREHE11TS

' LATENT SENSIBLE HEAT LEAK TO COOLANT

SOURCE (BTU/IIR) (87U/HR) (BTU/IIR) (BTU/HR)

TOTAL

	

/05".(e
	

2zg_^)
WATT (BTU/HR)
	

WATT (BTU/HR)
	

WATT (BTU/HR)
	

WATT (BTU/IIR)

0PERATI014AL	 PENALTIES

'	 THERMAL
HEAT LEAK	 TO COOLANT

ELECTRICAL WEIGHT VOLUME

SOURCE.	 (BTU/HR/CYCLE) (BTU/HR/CYCLE) (PK WATTS/CYCLE) (LB/14ISSION) (FT3/14IISS101I)

2,.0 I.64^

TOTAL
ATTS/LYCCE _ ^	 — Ki^114^551nr M3u51074

(BTU/IIR/CYCLE)
ti1ATIS/CY LE
(BTU/HR/CYCLE) (LB/MISSION) (FT3/14IS51011)
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APPLIANCE CONCEPT REQUIREMENTS AND PEIIAL71ES CALCULATIGIIS (CONCLUDED)

CONCEPT ^	 ^1^j _ - C^J^T^O[?}^ [^J/F^L-^ 	 INDEX NUMBER y. 4

FI%ED	 NEIGHTVOLUME	 RE q UIaEMENTS

WEIGHT	 VOLUME
COMPUIENT	 (REF)	 (LDS)	 (FT3)

nl^^^.s1a^3^E Gca^TC.t//P^•C	 _	 ^^Z	 . o i.^

	

TOTAL	 •13..Sg

KG (LDS)	 M3 (FT3)

SOLID	 EX PENDA8LE	 fJJYOL	 REgulREMENTS

©	 WT/UNIT (REF)	 WT/CYCLE	 VOL/UIIIITT (REF)	 VOL/CYCLE

TYPE	 UNITS/CYCLE(REF)	
(PKG,W7`LB) T)(REF)	 (L3	 {PKG.ViFT3)i7)(REF)	

t T3^

UJ(i^ly/PAS , bl ,̂•	 6)	 ^^lr`

TOTAL WT/CYCLE	 TOTAL VOLICYCIE

(LB)	 (FT3)

TOTAL WT.
`^rsslGr+	 ^+,^^ z ^Zo.. 5	 z c^ay	 C CLES/DAY	 DAYS/MISSlofi	 T4 .W /CYCLE	 KG LO

	

'	 (LB}

TOTAL VOL

MISSION ' ^^^_	 % ^_	 X	 ^QZ^ ' 	 ^- d0^89 .O Z
CYCLES/DAY	 DAYS/MISSION	 TOT,VOL CYCLE	 >^ FT

(FT3)

	

GAJLiQiI]D	 EXPENDABLES	 REQUIREMENTS

G	 (D
	 AMT LDST CYCLE

	

AMi.USED/CYCLE(REF)	 RECOVERY	
Q (2)%	 O _r3

TYPE	 (LB)	 FACTOR	 {LB	 {LB

^d^^?TLre	fA 	 , S	 _

^
TOTAL 9T- 

• ^',^ % zo.S x	 - I `7G.^ + ^'Q	 792.3 f?^G.G
CYCLE/DRY—	D YS/MISSION 	 TOTIPL (M YCLE	

;LB}	
Q	 KG _
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SPACECRAFT	 Shuttle

HABITABILITY SUBSYSTEM Housekeeping	 HABITABILITY FUNCTION Equipment Cleaning

APPLIANCE FUNCTION Surface Wiping

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

INDEX N0.	 3.1.1.9	 — — REF. No._ 236, 237,245

DESCRIPTION The reusable cleaning cloths/dry wipes concept is identical to concept
5; however, reusable dry tripes are used for equipment drying. The terry cloth reusable
dry gripes 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 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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a
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C 0 N C E P T 9 IP-1--V5A13LC,
APPLIANCE CONCEPT REQUIRCM[NTS AND PENALTIES CALCULATIONS

0L0711SIAe w11-14-S INDEX NUMUER 31!. I.-9---

ELECTRICAL	 POWER	 REQUIREMENTS

AC	 .	 POWER 0C POWE R

(j
DENNIDT1HE	 Q2	 03	 DE h1 10,USE 5

CYCLE	 PEAK	 AVERAGE	
(WAIT-lilt/

CYC
PEAK AVERAGE	 (CYCLEHR/

(WATTS)	 QI X^COMPONENT	 (REF) (HR)	 (WATTS)	 (WATTS)	 ^1 X	 } (WATTS)

ve-	 ?, -5ao— i d6a 19..< - --	 -

MAFtIMUM	 TOTAL MAX114UII TOTAL

r

THERMAL'	 REEI^IReKE 11 TS

° LATENT	 SENSIBLE HEAT LEAK TO COOLANT

SOURCE ( BTU/HR)	 (BTU/HR) ( BTU/HR) (BTU/HR)

• 0 P E R A T	 UNAL	 PENALTIES

.	 '	 THERMAL	
ELECTRICAL

r	 HEAT LEAK	 TO COOLANT
HEIGHT VOLUME

SOURCE.	 (BTU/IIR/CYCLE)	 (BTU/1111/CYCLE) 	 (PK WATTSJCYCLE) (LBJMISSION) (FT3/MISSION)

l A}^lnry
^

.
J

>!"7/"^C!1S	 r^	 'i^'	 •	 _	 Lf
70?•

Z {..
Ir

Q6. 1 7-7
TOTAL	 ^G11 ^,^ _C8s^ _^•^ _

r
C,3_^.,'"o)

a	 UATIS/CYCLL	 WATTSJCYCI.E
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KWHISS1O.N
(LI1 /14155I0H)

NAIISSI01i
(FT3/MI551O1i)
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS (CONCLUDED)

CONCEPT,r̂-I2 US :4LCGr_c ^ihl^ ^coTf,^S/D2f^ WlPE3	 INDEX NUMBER

FIXED	 WE I GHJVOLU14E	 REQUIRE14ENTS

WEIGHT VOLU14E

COMPONENT (REF)	 (LBS) (FT3)

TOTAL	 /.3, I2	 7. ^3 1	 . /Q^	 f r^^/

KG (LBS) 143	 (FT3}

S 0 L 1 0 	 EXPENDABLE	 W 	 RE QU REME14TS

VOL/UNIIT(REF)	 VOL/CYCLEO	 WP/UNIT (REF)	 WT/CYCLE
(PKG.WT(LB,T)(REF) 	

O(LB)
{PKG.V(FT3)I7}(REF)

lFT3TTYPE

^' cc^lyt^
UNITS/CYCLE(REF)	

3̂. r^/f 7 lz3G^ _	 . ^D77 	 . o oI OaF^^9

,^r^1s^>3t^ aJIPES , 6I^^ fz^^)	 . ^onl4f^,^ T . ^^^^ ^z c) . ^o^Ga^

'	 F U : 00/4-r- — pfJ^^74
TOTAL WT/CYCLE TOTAL VOL/CYCLE

(LB) (FT3)

TOTAL W7.
` t4T^t ora x! 	 z

rte.	 0.
.2caz.	 .^`^

CYCLES/RAY	 DAYS/MISSION	 TOT.WT/CYCL KG	 LB
(LB)

TOTAL VOL
MISSION	 ^S	 x	 ?Q,S	 x	 .QaQ 27_08

- TUT.VOL
,zgy)

M3-(FT)-'CYCLES/DAY	 DAYS/MISS10N	 /CYCLE
(FT3)

-

• GAJLIQU10	 EXP
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AMT•USED/LB}LE(REF)

r^J^f:5^^i3' UJ^4TEf^
r	 ^s 22S

	

ENABLES	 REQUIREMENTS

Q	 0

	

RECOVERY	
AMT.-RECOVERED/CYCLE
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(LB)

4
AMT L05T/CYCLE
^'3

(LB

i2S	 (D
F	
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SPACECRAFT	 Shuttle

HABITABILITY SUBSYSTEM Housekeeping	 HABITABILITY FUNCTION_ Equipment Cleaning

APPLIANCE FUNCTION Surface Wiping

APPLIANCE CONCEPT NO./TT r LE 10/Disposable Cleaning . Cloths/Reusaiiie Dry Wines

'INDEX N0.	 3.1.1.10	 REF. N0._ 236,283

DESCRIPTION	 The disposable cleaning cloths/reusable dry wipes concept is identical
to concept 6; however reusable dry wipes are used for equipment cleaning. The terry

'	 cloth reusable 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 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 drying cloths.
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APPLIANCE CONCEPT RUQU1RDICHI S NiU PENALTIES CALCULATIOUS

CO'ICEPTZQ	 [,SPQ	 [^_[ G	 1N/,fir G^LQf^S/.ee- a. Yll IS 4e,o,	 Pt5	 1110ER NUMBER ^^r ^ • /^^

ELECTRICAL	 POWER REQUiRELEItTS

A C .	 P O W E R	 0 C P 0 W E R_ _
7^

USE TIME	 l'J 03	 OEM i0	 Q5 ©	 OEMTA" 0

CYCLE	 PEAK	 • AVERAGE	 {CYCLE
HR/	 PEAK

(WATTS)	 Q X^3	 (WATTS)

AVERAGE	 (CYCLEIIR/
(WATTS)	 UI X^C0MPOUENT	 (REF) (HR)	 (WATTS)

r

MAXIMUM TOTAL	 MAXIMUM " .	 TOTAL

T11E RMAL'
p

REQif • 1 REMENT5

' LATENT SENSIBLE	 HEAT LEAK TO COOLANT
r	

SOURCE (BTU/HR) (13TU/11R)	 (BTU/HR) (BTU/HR)

ter, Z	 &ter4-0 s S	 ^,^a -- r/ b
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7-M 9=zZe

•	 TOTAL 32. fl)	 (//0/)
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^•:	 TRERI4AL
HEAT LEAK	 TO COOLANT

ELECTRICAL WEIGHT VOLUME
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1

/^z• z 191.5 /47 .a93
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS (CONCLUDED)

CONGEPT&GrGL^IV/IC14^;ce llsle&!/Sf^Qt—", 6pp, alpas Ir10Ex NUMBER .^, I^.I 1C7

F I X E D	 W E I G H JV 0 L if M E	 R E 0U I R E MEN T S

	

WEIGHT	 VOLUME
COMPONENT	 (REF)	 (LBS)	 (FT3)

rsPc^s.^lfs'r ^L(lli GcoTffS 	 ^, 77	 4^t

	

TOTAL	 17-79 .9^14	 . 1 zB	 S3
	KG (LBS)	 M3 (FT3}

S 0 L 1 0 	 EXPErNDA8LE	 Wi/I0L	 REQUIREMENTS

©	 MUNI ( (REF)	 WT/CYCLE	 VOL/UNIT (REF)	 VOL/CYCLE  

	

TYPE	 UNITS/CYCLE(REF)	
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	 TFTX3f

etc-	 -2	 n7 Av	 1192Z
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3
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MISSION - _	 Is	 x	 x , 01o_sD$ a	 .1I
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O
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AMT.USED/GYCLE(REF)	 Q X 77	 01 - 3

TYPE	 (LB)	 FACTOR	 (LP)	 (LB^

1.^lA,sJtr2? crJ^-r,^?

	

ss PF. ^TS^	 rS^ l	 _ 1111,19-/
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- r
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SPACECRAFT	 Shuttle

HABITABILITY SUBSYSTE14Housekeeping	 HABITABILITY FUNCTION Equipment Cleaning

APPLIANCE FUNCTION Su rface Wiping

APPLIANCE CONCEPT N0./TITLE ll/Sponges/Enclosed getting Unit

'INDEX NO.	 3.1.1.11	 REF. 1 ,40.	 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 liquid. A
single 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/wringingthe sponges during cleanup. The sponges are used for
cleanup and drying. F=ive aponges per day a're provisioned for a maximum of 15
cleanup and drying functions. Each sponges is used 3 times and discarded into the
refuse system.
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TOTAL IaS la ^y0^ 2 )
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1
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i

1

0P ERAS T'011AL	 P E 11 AL T I  S

THERMAL	 ELECTRICAL	 WEIGHT
HEAT LEAK	 TO COOLAIIT

(BTU/HR /CYCLE)	 ( BTU/MR/CYCLE)	 ( PK WATTS/CYCLE)	 (LOMISSION)

1
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APPLIANCE CONCEPT REOUIRCTtEHTS Ar10 PE14ALTIES CALCULATIONS

CONCEPT	 ^Sf^ C^ ^5^_^f/CUa5i0 46j& 7-,r1114 UA,(lr	 INDE% HUIIBERy ,̂^r /, f^^

E L E C T R I C.A L	 P O W E R R k!j!	 I a E Li E It T S

A C	 .	 P O W E R	 O C P 0 W f R
Q

_

dE ^ dUSE	 IRE	 Q2	 Q3 OEt^	 D	 5 ^
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/
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(WATT-lilt/
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	 i•
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(BTU/HP.)
	

(BTU/IIR)
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS (CONCLUDED)

CONCEPT

	

III, // ^^ itlCLoSa1J GeJE777,(,e4 UN/T	 INDEX NUMBER^^^ ^, l i/^

FIXED	 WEIGHJVOLUME	 RERU IR Ei_I ENTS

	

WEIGHT	 VOLUME
COMPONENT	 (REF)	 (LBS)	 (FT3)

	

TOTAL	 /4-, 7& (3Z• 55,E	 ,1 tfJZ 	 ^.^, G 2^

	

KG (LBS)	 M3 (FT3)

50LT0	 EXPENDABLE	 AJV0L	 REQUIREMENTS

	

2	 3	 4
©	 WT/UNITO(REF)	 WT/CYCLE	 VOIJUNITT (REF)	 VOL/CYCLE
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^] [
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}r	
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/ /y 	
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/

3
J

)	
^y	
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.
3
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MISSION- ^L^	 X ^^t^„5 x ^ ^^ >,
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1: (D	 e
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SPACECRAFT	 Shuttle

HABITABILITY SUBSYSTEM Housekeeping 	 HABITABILITY FUNCTION Equipment Cleaning

APPLIANCE FUNCTION	 Surface Wiping

APPLIANCE CONCEPT NO./TITLE 12/Sponges/Skylab Wetting Unit

'INDEX N0. 3.1.1,12	 REF. N0.	 236 2 170	 -

DESCRIPTION The sponges/Skylab wetting unit concept is identical to concept 11;
however the Skylab wetting unit is used for sponge wetting/rinsing.
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®	 OEidAf^•	 USE i[ME 12̂ 5j
CYCLE PEAK AVERAGE	

(CYCLIIR/

(WATTS)	 QI X^7

PEAK AVERAGE
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APPLIANCE C0110EPT REQUIREHL11I5 ARO PENALTIES CALCULATIONS

CONCEPT/ INDEX NU1lBER^ I^ C^ I ^

4

v	 _ .

OPERATIONAL	 PEt{ALTIES
jF

TNE{tF[AL
HEAT LEAK	 TO COOLAIiT	

ELECTRICAL	 WEIGHT	 VOLUME
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIE; CALCULATIONS (CONCLUDED)

	

CONCEPT/^^SpfJi(/_ sr" rGTi^Y f'^ 4'Ir1l1ma (JjV17-	 INDEX NUMBER	 f I IZ

FIXED	 NEIGMJVOLIIME	 REQUIREMENTS

	

WEIGHT	 VOLUME
COMPONENT	 (REF)	 (LBS)	 (FT3)

	

TOTAL	 <t^v. 3'C` ¢^^ ^G •	 r ^3r/o	 ^^ 71

	r 	 KG (L85)	 M3 (FT3)

•	 SOLID	 EXPENDABLE	 W JVOL	 R EQUIREMENTSQQ
O	 WT/UNI ( (REF) 	 WT/CYCLE	 VOL/UNITT (REF)	 VOLICYYCLE

TYPE
/
	UNITS/C

YYj

CLE(REF)	
(PKG.^lT(

(

LLBi)T)(/R

/

EF)	 01

/

(LB3?	 (PY,G. V(FT1)IT)(REF)	 (}1/^]X'T

TOTAL WT/CYCLE	 TOT3^! YGL/CYCLE
(LB)	 (FT3)

TOTAL WT_
^il33ibT^	 _/L	 X	 X _.. ,

CYCLES/PAY	 DAYS/MI5514N	 TOT.W /CYCLE	 KG LB ^'
4	 (LB)

TOTAL VOL 	 ppD
CYCLE5/DAY	 DAYS/MISSION	 TOT.VOL/CYCLE	 -	 M- t FT 3

(FT3)

	

GAJLIQCfID	 EXPENDABLES	 REQU jjLEENTS

0	 AMT.RECOVEERRED/CYCLE	 AMT LOSTOCYCLE

	

AMT. USED/CYCLE(REF)	
RECOVERY	

Qi XC?^	 Q1 - 3

TYPE	 (LB)	 FACTOR	 (LB)	 (LB

^i1E}-7 -4 E 2 P-'

^	 (._^¢TC-T' f ..SS lsP^iil^6E . r ~̂ 1^^	 ^.,/ ^	 1^ ^	 . Dl^^^

	

O t ^ 3	 -	 E® 5083
,r TOTAL WT.	

^G^3S I Ti— 
	^s	 % 70.9

CYCLE	
^O^	 1 ^^, 3 + . ,̂L 	 1

/DAY	 YS/MI5510t^ OT L al ST-/CYC^	
(LB)	 Q	

KG LB

F

B2-•353



Q2.11V561.3

HABITABILITY SUBSYSTEM 3.0 Housekeeping

HABITABILITY FUNCTION 3.2 Refuse Management

APPLIANCE FUNCTION	 3.2.1 Manual Collection

NUMBER OF CONCEPTS CONSIDERED	 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
asr!iming no trash compaction because of t' - ..- - - 1	„ _ _. _

the 20 percent might not always apply.

5. The weights and volumes of the r-efusE
Table. C2-6.
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TRASH

BAGS

f

. D2-118561-3
TABLE B2-6

SPACE STATION/SHUTTLE REFUSE SUMMARY

J SPACE SPACE
STATION SHUTTLE STATION SHUTTLE
(LBS) (LBS) (FT3) (FT3)

COMPRESS IBLE
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 3.07.58 129.36 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
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

DISPOSAL

BAGS

COMPRESSIBLE
Health & Safety 144.0 10.80 5.14 .386
Crew Quarters 0 0 0 0
Food/Drink 3975.56 314.12 158.37: 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 96.998 0 1.82 0
Data Collection 8.31 0 .078 0

\NONCOMPRESSIBLE 456.30 .39 17.12 .002

82355
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APPLIANCE CONCEPT COMPONENT SUMMARY MATRIX

APPLIANCE FUNCTION: 3.2.1--REFUSE/MANUAL COLLECTION
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D2-118561-3

SPACECRAFT__,	 Shuttle

HABITABILITY SUBS,'Sl"EM Housekeeping 	 }HABITABILITY FUNCTI(M Refuse Management

APPLIANCE FUNCTIOIN Manual Collection

APPLIANCE CONCEPT U0. /TITLE I/Waste/Trash Bags

'INDEX RIO. 3.2.1.1	 REF. 
pro. 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 collector 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
based on its uncompressed volume. Disposable bags were applied for uncompressible
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 REQUIRETtLHTS NOD PENALTIES CALCULATIONS

-	 C04CEPT 1	 I110EX NUMBER - Z•_^^

I	 EEECTRI CAL POWER	 REQU1_f4EItTS

AC	 POWER	 _ 0 C POW ER__ _

G	 OEbi^0U ISE TIME	 O O5 06 DIAXtHO

CYCLE	 -PEAK, AVERAGE	
(CLEIIR/CY

(WATTS)	 ^X [^

PEAK. AVERAGE
(WATT-

X{(ICOMPONENT	 (REF)	 (HR)	 (WATTS) (WATTS) (WATTS)

1-miMUId TOTAL MAXIMUM TOTAL

THERMAL	 REQILi I EMEIITS

	

LATENT	 SENSIBLE	 HEAT LEAK	 TO COOLANT

r	

SOURCE
	

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

L

TOTAL

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

0 P E R A T I 0 t= A L	 P E N A L T I E S

HEAT LEAK
THENOL. 

TO COOLNIT	 EL rTRICAL	 WEIGHT	 VOLUME^••	 -
SOURCE	 (BTU/HR/CYCLE)	 (BTU/HR/CYCLE)	 (PK WATT S/CYCLE)	 (LB/3dISSION)	 (FT31MISSION)

F

TOTAL

	

VIATTS/CYCLE	 WATTS/CYCLES	 KG/MISSION	 141/MISSION

	(BTU/HR/CYCIE)	 (BTU/HR/CYCLt)	 (LB/FIISSION)	 (FT ' /MISSION)
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS (CONCLUDED)

	

CONCEPYf-" Rn^s 	 +	 INOEX NUt4DER

FIXED	 WEIGIIJVOLUME	 REQUIREMENTS

	

HEIGHT	 VOLUME
COMPONENT	 (REF)	 (LBS)	 (FT3)

ai.[L> f (^ ^	 3. a	 7ZL

	

TOTAL 	 G.G(a$	 ¢,?	 .DZ3G 3.DS
	KG (LBS)	 M3 (FT3)

SOLID	 EXPENDABLE	 WJVQL	 REQUIREMENTS

WT/UMT (REF)	 vye!kEI EDAY	 VOL/UNIT (REF)	 VOL/	 CAY
(PKG.WT/UNIT)(REF)	 0XC2^	 (PKG.VOL/UNIT)(REF)	 (I^l((4^

TYPE	 UNITS/	 (REF)	 (LB)	 (L3	 (FT3)	 FT3

.7 6214

•	 0 TD7AL WT/E YCLE	 DD 70T 0 CYCLE
(LB)	 (FT3)

TOTAL WT._T
__

1
1^^Oli /V 	 X	 o • 5	 X . S ^ __ _ i	 .S•	 , .^J^C̀ YYC"L"E'S/DAY	 DAYS/MISSION	 707.WT / CYCLE	 KG LB

i	 (LS)

TOTAL VOL

F1IS5I013 - ^//	 X	 X ̂ ,r	 .4092 3267
I.	 ES/DAY	 DAYS/M1551UN	 TOT.VOL/ YCLE 	 H3 FT	 'r

+	 (FT3)

GAJEIQUID	 EXPENDABLES	 REQU[REMEllTS

©	 AMT.RECOV R D/CYCLE 	 AMT LOSTO CYCLE

AMT.USED/CYCLE(REF)	
RECOVERY	 (2)X
	

(D_
TYPE	 (LB)	 FACTOR	 (LB)	 •(LB

I

'

	

	 L1 (D	 -
r
I TOTAL WT.

^	 FT 	 %	 X 

CYCLE MAYY	 D YS/MISSION-. LccLO T/CYCLE •
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SPACE CRAI"T	 Shuttl e

11ARITAI. LITY SUCSYSTrirlHousekeeping	 HABITABILITY FUNCTIx, Refuse Management

APPLINNCE FUNCTIOil manual Collection

APPL I ANICE CONUPT I,Q. /TI1'L E 2/Waste Receptacles/Reusabl e

INDE?; l,O. 3.2.1. 2 	 REF, 1,10 r 170,160

DESCRIJ IT MI 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
liners 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 FT 3/collector (15
liners/5 days for Space Station, :634 liners/5 days for Shuttle). The liner volume
wa•s-assumed to be .27 I=T3 less than container volume to allow for positive closure.
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APPLIA.'ICE CONCLPT REQUIREMENTS AND PLIIALTIES CALCULATIONS

CONCEPT	 ^	 j^C[[ S^•Lf:1/5J4BLLr	 INDEX NUMDER

• ELECTRICAL	 POWER REQUIREMENTS

AC	 PO WER DC POWER

USE TIME	 O2	 O3 DEMNIU	 ( Q
DEh1Nr^;

CYCLE	 PEAK	 AVERAGE
(CYCLEIIR/	 PEAK

Q X^	 (WATTS)

AVERAGE (CYCLEr-R/
pI XtjCOMPONENT	 (REF) (HR)	 (WATTS)	 (WATTS) (WATTS)

MAXIMUM
	

TOTAL
	

TOTAL

THERMAL	 REQUIREMENTS

LATENT	 SENSIBLE
	

HEAT LEAK,	 TO COOLANT

SOURCE	 (BTU/HR)	 (BTU/HR)
	

(BTU/HR)	 (BTU/HR)

C

TOTAL

WATT (BTU/HR)
	

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

OPERATIONAL	 PENALTIES

HEAT LEAK THER TO COOLANT	 -
THERMAL

TO
	 WEIGHT	 VOLUME

^—

SOURCE	 (BTU/HR/CYCLE)	 (BTU/HR/CYCLE)	 (PK WATTS/CYCLE)	 (LB/MISSION)	 (FT;/IdISSION)

{

TOTAL
WATTS/CYCLE	 WATTS/CYCLE	 KG/MISSION	 Ida/MISSION

(BTU/IIR/CYCLE)	 (BTU/HR/CYCLE)	 (LB/MISSION)	 (FTi/MISSION)
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FIX ED 	 WEIGHTfV OLU M E 	RE Qg IREMENTS

WEIGHT VOLUME

COMPONENT	 (REF)	 (LDS) (FT3)

TOTAL	 -10. 3 	 Z2 .78 • 1933	 6.83
e	 KG (LDS) 10 (FT?)

SOLID	 EXPENDABLE	 WYK_	 L	 REQu r R EM Et±T S

WT/UNIT 	 REF)	 t^►T/{Q-rmL)4-?1
m	 (PKG.NT/UUIT)(REF) 	 Q X[2)

VOL/UNIT (REF)	 YOL/ =pK-L%qe
(PKG.VOL/U?dT)(REF) 	 (I)x(4^

FTC(FT3)TYPE	 UNITS/	 (REF)	 (LB)	 (LB

t^G.^tST/^ ^^lE^	 , r3^-	
4:7 
	 , X54	 . _ _ . a^Z9 ^ira^. . ca^^

F ®___^8 - D	 { oz-7
TOTAL WT/CYCLE TOTAL YOL/CYCi

(LB) (FT3)

TOTAL WT.
ssTO^r 	 IV/A	 x	 20.6	 z	 zS^_ 2. G	 S_. 3)

CYCLES/DAY	 DAYS/MISSION	 TOT.	 CYCLE KG	 LB
1	 (LB)

TOTAL VOL _	 e
MISSION	 X	 X	 . Oz7

T07.YUL%CYCLE

• ^^s^	 •^ 2 7^^
M	 FTCYCLES/DRY	 DAYS/MISSION

s	 (FT3)

GAJLIQUID	 EXPENDABLES	 REQUIREMENTS

O /CYCLE	 AMT LOSTYCLE

AMT.USED/CYCLE(REF) 	
RECOVERY

AMT.RECOVERRED
O x(D	 (D-§

iLTYPE	 (LB)	 FACTOR

,&Z
(LII

I , l+J

S

rJ TOTAL'WT

.
	

CYCLE/DAY	 DST a-d3T^CYCLE s	 (LB)	
(z 

O	 KG LB
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APPLIANCE COUCEPT REQUIREMENTS AND PENALTIES CALCULATIONS (CONCLUDED)
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I	 SPA!ECRA T

T	

Shuttle

HAUITAM LITY SUOSYSILM Housekeeping ^	 HABITABILITY FUNCTION Refuse Management

APPLIANCE FUNCTICH Manual Collection

APPLIANCE CONI CEFT N0./TITLE 3/ti1laste Receptacles/Disposable

'INDEX Mo. 3.2.1.3 	 REF. NO. 170,160

DESCRIPTION The waste receptacles/disposable concept is identical to concept 2
using disposable plastic containers. Plastic liners 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 vehicles (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 Shuttle) based on .95 FT3/collector. The storage
volume of the containers was based on a stacked configuration, i.e. like paper cup

storage.
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CONCEP^	 ^. -^_..l^LES^/^1.S^^ts1jBL.^
APPLIANCE CONCEPT REQUIRLMENIS AND PENALTIES CALCULATIONS

•%3INDEX liUHBER 3,2 .1.3

ELECTRICAL	 POWER	 RE LENTS

AC.	 POWER 0 	 POWER_ 

y r»

_

USE OME	 02 DEM*41) pElIAND

COMPONENT (REF)

CYCLE	 PEAK	 AVERAGE

(HR)	 (WATTS)

(WATT-11R/	
PEAK

CYCtE(11 X(^	 (WATTS)

AVERAGE (WATT-NR/CYCL
QI X^

Za
(WATTS) (WATTS)

MAXIMUM TOTAL	 MAXIMUM TOTAL

TWERMAL	 R 4U I REME12TS

LATEI2T	 SENSIBLE	 HEAT LEAK
	

TO COOLANT

SOURCE
	

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

(BTU/HR)

TOTAL

WATT (BTU/HR)
	

WATT (8T'J/NR)
	

WATT (BTU/HR)
	

WATT (BTU/IiR)

OPERATIONAL	 PENALTIES
I

' it 	 LEAK
THERMAL
	 COOI,'U2T	

ELECTRICAL	 WEIGHT	 VOLUME

SOURCE	 (BTU/HR/CYCLE)	 (BTU/HR/CYCLE)	 (PK WATTSICYCLE)	 (LB/MISSION)	 (FT3/MISSIO22)

TOTAL

WATTS/CYCLE	 WATTS/CYCLE	 Kri/MISSION	 M31MISS1011
(UTU/IIR/CYCLE)	 (BTU/lift/CYCLE)	 (LB/MISSION)	 (FT3/MISSION)

Bz-36B
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS ( CONCLUDED)

COHCEPT.J/Wf S72— ^	 CL^ 5^/f/5 ^/f^BLF	 Ilil}Ex liUlieER Z?.	 /y,

FIXED	 WEIGItJVOL UI4E 	RE QU IREMENTS
r

WEIGHT	 VOLUME
_n ^ ta ONEI1T	 (REF)	 (LOS)	 (FT))

Z^1 sPG^Slr^jl^ JS c'o^Yr'/1 412

TOTAL	 7,.3 / 	16. f^ l l	 . O G 9	 Z
KG (LBS)	 M3 (FT3)

SOLID	 EX PE110A6LE	 NJYOL	 REQUIREMENTS

O	 O	 ®	 Q
WT/UNIT (REF)	 Vr/G#9t;&DAY	 VOL/UNIT (REF)	 VOL /I ke DAY

	TYPE	 UNITS/t^(REF)	
(PKG.WT(LB ^T) {REF)	

Ql L8J	
(PKG.V(FT3)IT}(REF}	

Ir T3

t'rONrrr I N^72 6 79

^O TOTAL/fJT LLN -	 TOTAL  VOL/CYCLE -

(LB )	 (FT')
T^O^TrArLL WT. =	 2

171 J^I^N	 x ^^451^^ x	 n 	 s	 ^ ♦ J	 / T

N	
CYCLES/DAY	 DAYS/14ISSION	 TOT.W7/C LL	 KG (LB)

(LB)

TOTAL VOL
MIS51at	 ^ _x	 %^^ x_^	 4 ^6c^

	

K	

CYCLES/DAY	 DAYS/MISSION	 T-OT.VOL/CYCLE	 M FT
*	 (FT3)

GAJL IQIi I D	 E%PE]iDA8L ES	 REQU REMEIlTS

©	
RECOVERY	 A14T.RECOVEEKLMYCLE	 AMT LOST ĈYCLE

	

AMT. USED/CYCLE (REF)	 Q x	 (^- (3)
TYPE	 (LB)	 FACTOR	 (LB)	 -(LB

^	
T

— .
	 1:o	 E(D

') TOTAL WT.

H7s^N "	 x	 x	 +1
CYCLEIDAY	 DAYS/MIS5 DN	 TOTALDLO T^CREY	

(LB)	

SG L8

w
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^s

HABITABILITY SUBSYSTEM 3.0 Housekeeninn

HABITABILITY FUNCTION 3.2 Refuse Management

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 field units were considered for the study.
2. The vacuum usage was based on 24.5 minutes per day. This was based on the
following rationale.

(l use/day) 8.5 minutes/day (I hr/week)-eneral cleanup
g(3 uses/day) 6.0 minutes/day (2 min/meal-meal cleanup

(1 use/day) 10.0 minutes/day - emergency cleanup

24.5 minutes per day (.408 hrs/day)

B2 -370



APPLIANCE C O NCEPT FUNCTION MATRIX — __--
. ..............................

X HO	 2	 •	 U	 ^

C37
(V
1
Wv
..1

-__IHOE__ _+_.^02r-. _ ^_.!•,^_ VAC UH.. _REFUTE-C O LLEC T ION_(SHUT7LE)

—O NCE"	 V5AGE;;- 13 NSUMABLES-OD.- FLO W! AEQUIR £ TSEHTS _ THERMAL.. rQHTS _ELEC p*R_REQMT S—KT /V QL_ R EQHTS ---O E Y ELOPH C HT RESUPPLY
, R HD0	 TIME

rmr	 ..-...-.w^^^r^..r- ..-..w ..r.R---- -------------- .r..........r ...
COST

+ — 

-
.	 __
	 _.___--

AMT.
—	 -. — rPWRPK	 AVG PWR

.-.-.... .	 ......
-

r . ..	 ....

-- 

U SES/DAY IYPE__-_USED	 } LOW	 TEMP_	 —PRESS COOLANT HT AC	 AC WEIGHT VOLUME	 AVAIL I NDEX WEIGHT
HRS/USE I•l	 .KG/USE-	 -- •	 -MMHG- -DEG C . -WATT$- - 14 ATT5-

_ -
DC	 DC -KG-	 -CU	 M.	 (•rl 19001. -KG- --

--	 [LBCUSEJ	 •(^,1	 R(P5IG1	 (DCG_rl (BTU/HRI (BTU/HR) -WATTS.=_WATTS-_—,[LBSI_[CU.FTI- !4551
^ •a•a •••a••0a•9•Faaay ••999•••9 N •s a • a • • • n 0a9• ► ••a9ar19.0•ss099a•••a00a0sraa•asa110aa••00s990arH H -•.r4 a-a ar.99rw•0a•0a4ar•^•r40wra

n_---1--.S.DOQ- tl^_._77, _. n Q __ rO I3.8-- .AZ--I--- 5----_..._ _ III
n 002 (	 Do) 1	 262.1 115.0	 .0	 1 30. 41	(	 .791 ( ,DI

.._	
2	 S,DOO 0• 1600 240.0	 00 q.6	 .01	 1 20 10

00a2 .—.__-- I-0 n .1—L596rI _-00 --90_.L^.II3.01-.i____.301_--
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n 082 1	 19570019_	 IO,DOI	 I	 r01	 (	 7090} (	 0 n 1 (	 001 00	 90	 1 (47.51	 1	 x141 ( 90}

APPLIANCE
c0C17PT (*)

HO n 	 C O N C E P T N A M E 1- CABIN AIR (CIRCULATED•, LITERS/SEC (FT3/MI!()

2 - CABIN AIR (LOST)	 , KG/HR {LB/HR}
-	 VACUUM CLEANER	 {SETLABI 3 - OXYGEN (LOST)	 KGJHR (LB/HR) ----

_2_ _YACUU M _ CLEANFR ( C O MMERICAL !—  4 - COOLING LATER (CIRCULATED), WHR (LEMR)
3	 VACUUM CLEANER-VENTED TO SPACE 5 - EATER (LOST)	 , KG/l(R (L5 HR) --	 —

6 - NITROGEN (CIRCULATED), KG/HR {LB/HR
7 - NITROGEN (USED)	 . KGJ-R (LB/HRi
a - FRE014 ( CIRCULATED), KGJHR ( LS/HR)
9 - 14ATER (PROCESSED) , KGJHR ( LB/HR)

0N
co
Ul

W

ak

(—*)COST
(**)AVAILABLE IND'CATOR	

— —(1) AVAILABLE 0-25.

(2) STATE OF THE ART 25-50A

(3) SOME DEVELOPMENT REQUIRED 50-75'.

(4) EXTENSIVE DEV. REQUIRED 75-100%
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+ VACUUM CL E ANER (SKYLAB)

VACUUM CLEANER (COK14ER(CAL)
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APPLIANCE
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CONCEPT NUMBER

Vacimm Refuse Collection (Shuttle)
Concept Trade
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NUMBER or DAYS u	 20,5 1 ,06 YEARS)
,____USES HOD SUBROUTINE 33

THERMAL PENALTY + DI R ECT TO COOLANT IL8/BTUH) 90250
THER MAL. PEN A LTY_- CAB IN-H E AT_LEAX_^SL B /^^U1il	 -E}5aQ
POWER PENALTY ILBS/WATT) TYPE 1 	 05300
P.OWER_PENALTY _ [ LBSZWATT) _TYP.E__2---.4 !i34II

1

ì 	 SELECTION MATRIX	 n • s • VACUUM REFUSE COLLECTIO N {SHUTTLE)

M I N. MAX_ C 0 w C E P Ti
I FACTOR VALUE VALUE PTS 1 2	 3

WEIGHT 1091340 1147954 15 1101 13#98	 900
I _ POwER	 ....00000 - 127920 15_9917.— _r00____15.00	 -	 - -

VOLU M E: .11000 '479000 10 #00 6.20	 7059
` THERMAL_,__.00000 30s03p 157.80 •00.___15#00._

.. RELIAB » Y ,94986 999994 5 900 900	 208 d
—MAIHTENC_.97994-.._..1900000 5...r_- 065 -	 g

S SAFETY 000000 190000 5 5000 5900	 .00
—DEV.00ST_590000 25.000 15-12900-_..^3900 s00-

7 TOTAL PT .00000 859000 85 45988 .2891B	 44923
C_F9-

RATING 400000 100900 100 53998 33916	 52903

i
a



S E N 53 T IN I T.y--A NA L.YS

RATING F OR EACH CONCEP T AFTER INCREASING
S LHGLE—SELECT I ON-. P ARAMETER--WEIGK7 . I NG_EACU_QII<.P.L—SQ1

(BASED ON 100 S MAX POINTS)

C a N cT

I	 2	 3

j	 NORMAL,	 5298 33.16-52oU3

If	 WEIGHT	 56.04-36 c2 47.81
—POWER	 54.56.-30.47— 55a92

VOLUME	 5008 34.76 53.56
f	 _.THERMAL-	 53.82--30.47-_.55992--

RELIABwy.	 5203 32.21 52125
_MAINTEN4—.52*43—_32.21--52963

SAFETY	 55,29 35.06 50954
._-.-DEV—cos y 	56sa9 32.09.__,t7i8

C4

SENSITIVI.T.Y_...hN A L —SI5
Lo

RATING FOR EACH CONCEPT AFTER INCREASING
SINGLE SELECTION PARAMETE R WEjGHTING . EkC TDR -

i (BASED ON 100 E HAX POINTS)

1	 2	 3

NORMAL	 53.96 33.}6 ^52.03

HEIGHT 51,52 27.34 y7*Q7
_— POWER 53.28 _ 31,.36_47 +39

VOLUME 57075 31135 50.59
THERMAL, - _—THERMAL- 54.i7 36.36 — _47.39

55261 34.)6 5l*B0
MAINTENO_ 55.61 3q.L6_5I *40

SAFETY 52ASB^31.13 53.61

DEV COS T 51946 3!f 4 93 57907



NUMBER	 OF	 COMPONENTS

COMPONENT TYPE
NUMBER

[APPLIANCE
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a z
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SAFETYa
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Ul
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^ }r CRITICAL
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O
:F:

—j7n ^
rru- U

d
QuJ
~ v)

=<c
U>- J3

w ^
OQ
r.0 ^

ITEMSNa.® 2 QQ (D@ 1 1O Q.000
PORTABLE VACUUM CLEANER (SKYLAB) 1 1 1 1 1 1 1 - 0

PORTABLE VACUUM CLEANER 1 1 1 1 1 1 1 - 0
(COMMERCIAL)

VACUUM CLEANER VENTING TO SPACE - - 1 1 - 1 1 1 1

r

m -

wV
Ul

-

N
00 —

(fn-

W

i

APPLIANCE CONCEPT COMPONENT SUMMARY MATRIX

APPLIANCE FUNCTION: 3.2.2-REFUSE/VACUUM COLLECTION
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SPACECRAFT	 Shuttle

HABITABILITY SUBSYSTEM Housekeeping	 }HABITABILITY FUNCTION Refuse Management

APPLIANCE FUNCTION Vacuum Collection

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

'INDEX 1 110. 3.2.2.1	 REF, NO , McDac, 297,283

DESCRIPTION The portable vacuum/electric is identical to the vacuum used on Skylab.
The vacuum has a hose and pickup attachments to assist in vacuum pickup. The unit
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).
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS 	 ./
CONCEPT//	 {,[ •d/IC(JU/^f^G-`LC,cC el r- (SXY^B^	 II{QtX NUMBER -7 _Zf^^_I_

ELECTRICAL • P 0 W E R	 REsUIREME{ITS

AC	 POWER 0C	 P0W£R
Q

_

O	 DEPTIDUSE TIME 02 6 DEMAND

CYCLE	 PEAK

o	 C(MPONENT	 (REF)	 (HR)	 (WATTS)

AYEP.AGE	
(CYCLEHR/	 PEAK

(WATTS)	 Q! x	 (WATTS)

AYERALh:

(WATTS)
(CYLIEIHR/
Qj X a

a

r	 MIMUM TOTAL	 MIMUM TOTAL

THERMAL	 REQUI REMENTS

LATENT	 SENSIBLE
	

HEAT LEAK	 TO COMMIT

4	 SOURCE
	

(BTU/HR)	 (BTU/HR)
	

(BTU/HR)	 (BTtJ/HR)

'	 ^•	 z ^ z
	

?,6z

TOTAL

m

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

OPERATIONAL . 	PENALTIES

THERMAL
HEAT LEAK	 TO COOLANT	

ELECTRICAL	 WEIGHT	 VOLUME

SOURCE	 (BTU/HR/CYCLE)	 (BTU/HR/CYCLE)	 (PK WATTS/CYCLE)	 (LB/MISSION)	 (FT3/MI55I0!!)

TOTAL
WATTS/CYCLE	 WATTS/CYCLE	 KG/MISSION	 1i3/mtsfIf.0
(DIU/NR/CYCLE)	 (BTU/HR/CYCLE)	 (LB/MISSION)	 (FTI/MISSION)

e

B2-377



FIXED	 WEIGNJVOLUME	 REQUIREMEHTS

WEIGHT VOLUME

COMPONENT	 (REF)	 (LBS) (FT3)

}^GLI/J/Yl tJ/1/^	 7GI	 (^ , a(^

„a rTnri A11 .5 	-

TOTAL	 ^i e iP J	 30.00 r d^ Z	 r f/

KG (LBS) K3 (FT?)

5 D L I D	 EXPENDABLE	 WJVOL	 R£QlliREESENTS

3 A	 5
VOL/UNIT (REF)	 VOL/CYCLEQ	 VTF/UNI ( (REF)	 WT/CYCLE

(PKG.WT/UttIT)(REF)	 Q X22 (PKG.VOL/UNIT)(REF)	 IQ X 4

TYPE	 UNITS/CYCLE(REF)	 (LB)	 (LB) (FT3)	 {FT3

L^	 C	 V67S	 1	 -	 Jd _ .D17 o^ rYJ3D^^

.
O WT/

gQ 306 Z 
-TOTAL	 YCLE TOTAL 05/-CYLLE

(LB) (FT3)

TOTAL WT.
`MISSION	 x	 - S	 x	 T r O2-z

T^CYCLES/DAY	 DAYS/MISSION	 TOT.NT/CYCLE KG	 LB J

1	 (LB)

TOTAL VOL_
MI'SSION	 l Z	 X	 x	 i D0	 6 T r (JC)OZS	 009 )^

VCYCLES/DAY	 DAYS/MISSION	 TOT.VOL/CYCLE K	 (F1 4 )

(FT3)

GAJLIDUID	 EXPENDABLES	 REQUIREMENTS

C3
RECOVERY	

AMT. RECOV
AMT.USED/CYCLE (REF)

R D/CYCLE	 AMT LOST CYCLE

(D X {D	 0- 3

iLDTYPE	 (LB)	 FACTOR (LB)

9

r ''

N

1
	 (	 y.	 t

s
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D.2.-118561-3

APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS (CONCLUDED)

CONCEPT , Meg/f^Rl_Gr C[JUft'l ^^LL-C^f21C ^SfGYUy`QJ	
INDEX HUMBER.

TOTAL WT.

TAT— C CGE D	 x D YS/Iil$510N X OT L LOST/ YCLE	
(LS)	

}

82.378

KG LB

U; Q
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SPACECRAFT	 Shuttl e

r	 HABITABILITY SUBSYSTEM Housekeeping	 HABITABILITY FUNCTIONRefuse Mana ement

APPLIANCE FUNCTION Vacuum Collection

APPLIANCE CONCEPT 140./TITLE 2/Portable Vacuum/Electric (Commercial)

'INDEX NO. 3.2.2.2	 REF. NO. 170

DESCRIPTIOtI 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 pourer. The unit is lighter than the concept 1 version, therefore was presented
for the purposes of trade. The unit would require considerable development and
was penalized for its development cost. The vacuum cleaner bags are identical to
concept 1 and are replaced at the same frequency.

--tit
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APPLIANCE CONCEPT REQUIREMENTS ANO PENALTIES CALCULATIONS

CONCEPT	 l7T	 (,^ /fC llV1^>^G L C GllG'JC (^n^r^ilJG-.0 Ulf G^	 INOEx rIUf7BEa

ii
.	 i.:

ELECTRICAL	 POWER	 REgUIREMErITS

AC	 POWER OC	 POWER

Q
USE TIRE	 OP	 G3	 0E	 10 Q	 ® BERARD

CYCLE	 PEAK	 AVERAGE	
(CYCLEHR /

COMPONENT	 ( REF)	 (HR)	 ( WATTS)	 (WATTS)	 QI X^3

PEAK	 AVERAGE
(WATT-11R/

CYCL
a(WATTS)	 (WATTS) QI X

I3AXIr9U1i	 TOTAL MAXIMUM TOTAL

THERHAI_	 REsUIREMEITTS

LATENT	 SENSIBLE HEAT LEAK TO COOLANT

SOURCE	 (BTU/HR)	 (BTU/HR) (BTU/HR) ( BTU/11R)

L	 TOTAL	 !6O f 0
WATT (BTU/HR)	 WATT (BTU/HR) WATT ( BTU/HR) WATT ( BTU/IIR)

a

OPERATIONAL	 PENALTIES

THERMAL	 ELECTRICAL
HEAT LEAK	 TO COOLANT

WEIGHT VOLUME

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

• TOTAL
WATTS/CYCL E WATTS/CYCLE KG/MI55i0H M^/t^ISS14'I
(BTU/HR /CYCLE)	 ( BTU/HR/CYCLE) (LB/MISSION) (IT]/MI S51ON1

Bz -380
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS (CONCLUDED)-- ''

CONCEPT	 CulJlYJ/^'z^CJrf'/G `rjNy/J7['/,C^ INDEX HUMBER

FI XED	 KE IGHJVOLUME	 REGUIREME11TS

WEIGHT VOLUME
COMPONENT	 (REF)	 (LBS) (FT3)

• .z4J	 ^^^- ^9.^
A95 C-5

TOTAL

KG (LBS) M3 (FT3}

•	 SOLID	 EXPENDABLE	 WJYOL	 RE D UIR E M ENT

O	 WT/UNIT (REF)	 WT/CYCLE VOL/UUITT (REF) 	 VOLICYYCLE
(P

(Leg
(PKG.Y^FT3)IT)(REF)	 ((FT3T

TYPE	 UNITS/CYCLE(REF)	 (LB)	

^" Tf/^curum--	 ^

I 	 ^ z	 _.-D/ 7 .do ,v6 Z

E QQ _ , r-71 Z . ca:^3o67
TOTAL WT /CYCLE TOTAE 1FOL/CYCLE

(LB) (FT3)

TOTAL 4rT. c	 /V- 2	 X	 5	 X ro z Z	 `^4^
1	

CYCLES/DRY	 DAYS/14ISSION	 TOT-WT/CYCLE KG (LB)
(LB)

'	 TOTAL VOL	 ^f	
X	 ^o, ,,	 X _	 . dD.^	 `MISSION a

	
.	 `^i`` C^OZ	 Teom
CYCLES/DAY	 DAYS/MISSION	 TOT.VOL/CYCLE }4	 FT

a	 (FT3)

.GLyL .jRJID	 EXPENDABLES	 REDOIRE64ENTS

' 	

2	 3
RED/CYCLE	 AMT LOST^CYCLE

AMT•USED(LB)LE(REF)	 RECOVERY	
AMT.RECOV

TYPE	 FACTOR ^(LB)	 OLB¢

4

•	 T

TOTAL WT. r

'	 X
X

r
+

•.
	

CYCLE/DAY	 DAYSMISSIOri	 T^05	 YCL KG LB
(LB)
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SPACECRAFT	 S^4^ti 1 e

11ABITACILITY SUBSYSTE14 Housekeeping 	 HABITABILITY FUPICTIOURefuse Man agement

APPLIANCE: FUNCTION Vacuum Collection

APPLIANICE: COi^CEPT 140./TITLE 3/Portable Vacuum/Space Venting

'INDEX, PLO.	 3.2.2.3	 REF. 140.1022

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.

B2-302



TOTAL

WATT (BTU/HR)

1	 '	 j

' D2•-118661.3

3F^A1^'i'at3^E
APPLIANCE CONCEPT REQUIREMENTS AND PEIIALTIES CALCULATIONS

Y NwCONCEPT— u N+/ Si AC.L V^1s ► ^ NCr- INDEX NUMBER

ELECTRICAL	 POWER	 RERUIR€MENTS

DC POKE RAC	 POWER^(4)_
USEFINE	 (	 Q	 UEt+AyD Q O	 DEMAND

CYCLE	 PEAK	 AVERAGE	
(CYCLE[IR/

a3

PEAK AVERAGE	
(CYCLENR/

(WATTS)	 QI Xt^CWPONENT	 (REF) (HR)	 (WATTS)	 (WATTS)	 Q X (WATTS)

MAXIMUM	 TOTAL. MAXIMUM TOTAL

' T11	 R H A L	 REq	 1REMENTS

LATENT	 SENSIBLE HEAT LEAK TO COOLANT

SOURCE (BTU/HR)	 (BTU/HR) (BTU/HR) (BTU/HR)

O P E R A I 1 0 11 A L	 P E 11 A L. T I E S

THERMAL
^-	 E	 HEAT LEAK	 TO COOLAIIT	

ELECTRICAL	 HEIGHT	 VOLUME

SOURCE	 (BTU/HR/CYCLE)	 (BTU/HR/CYCLE)	 (PK WATTS/CYCLE)	 (LB/HISSION)	 (FT3/MISSI011)

' 

Ufa

TOTAL
11ATTS/CY{LE	 WATTS/CYCLE	 KG/MISSIDII	 MI/1415SION

..	 (BTU/HR/CYCLE) 	 (DTU/HR/CYCLE)	 (LB/MISS1011)	 (FT3/MISSIO10
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS (CONCLUDED)

COHCEPT3 ^^Je ^Tl f^ r C1^(JI^jS^S,+^f C(F /1^,'LI^7^GCGl	 INDEX NUMBER —7^

F 	 X E D	 WE I G H y3t OLUME	 RE gU 1 REME1175
WEIGHT YOLUME

COMPONENT	 (REF)	 (LBS) (FT3}

gq!^U !?? 4&Z/ T	 /7U1

0IcL)-(2	 Ccp-;27,c26w &R5	 /74  CZ^

TOTAL	 3. !? ^'^, U • d ^:S	 (. ^8^
'	 .	 KG (LBS) M3 (FT3)

.	 SOLID	 EX PENDA[iLE	 WLM Q 	 R E gu I;IEM_E11 TS

• WT/U11IT (REF)	 WT/CYCLE
Q)	 (PKG.WT/UNIT)(REF)	 1 x{2^

VOL/UNIT (RE F )	 VOL/CYCLE
(PKG.VOL/UNIT)(REF)	 11 X 4Q

TYPE	 UHITS/CYCLE(REF)	 (LB)	 (LB) !FT3)	 (FT;)

^,5	 .^^ r o	 rod? _ .ao_o	 moo) e^a_xo^ 7

TOTAL WT/CYCLE 10 A F SOLICYCLE
(LB) (FT'•)

TOTAL WT
;

.
^HISSI	 x	 Za•S	 x	 , 0!7 ^¢

t	
G CLESIDAY	 DAYS/MISSION	 TOT.WT/CYCLE KG	 LB

(LB)

TOTAL VOL =
Mission I Z	 x	 2a,	 x	 a_^ " GZ	 '005)	 !_

DAYS/MISSION	 TOT.VOL/CYCLE -	 MJ	 (FTJ
(FT3)

GAJIIgUID	 EXPE11DABLES	 REQUIREMENTS

'	 a 	 o	 0	 0
AMT•U5EO(LB)LE(REF)	

RECOVERY	
AMT.RECOVERED/CYCLE	 AMT LDa'i GY{LE

O(LB)	 ^La?TYPE	 FACTOR

OX 2:kg	 /	 _	 . 3.7_	 ___.1 I rt!/.4	 1,37—

f

	

S	 r TOTAL WT.

s	 HTSSI^^._f	 x	 D. S• z /31, -^^^ r ^^ ' la 3.7 /^O.S
CYCLE U	 ^YS/M135 Oti	 TOTAL LOST CYCL	 KG L

	

•	 a QA	 (LB)	 (L Q
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HABITABILITY SUBSYSTEM	 3.0 Housekeeping

HABITABILITY FUNCTION	 3.2 Refuse Management

APPLIANCE 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 shredders 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 incineration and-decomposition concepts 9 through 12 were considered only with
shredders. Reference data indicates shredders are necessary to achieve efficient
performance of these units.

f.

B2-3135



D2-118561-3
TABLE

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 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 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'

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 3975.56 314.12 158.37. 12.237
Crew Hygiene 61.42. 2.67 3.64 .095
ECS 36.98 6.95 .57 .43
RCS 1.75 0 .O4 0
Power 0 0 0 O
Structural Maintenance 0 0 0 0

DISPOSAL	 Communications 0 0 0 0

COMPRESSIBLE REFUSE TOTAL 4219.71 334.54 167.76 13.15

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
Power 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

r	
_,

NIONCOMPRESSIBLE 456.30 .39 17.12 .002

B2-386
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CONCEPT
ll NO* . E	 D	 N	 {	 E	 P - z-,-. _ N _ x -H..0

(*)1 - CABIR AIR	 (CIRCiILATEO), LITERS/SEC (FT3/MIti)
j D 1	 --.- COMPACTOR -AIR PRESSURE	 -- 2 - CABIrl AIR	 (LOST)	 KG/HR (LB/HR)

2 C014PACTOR- V ACUUM 3 - OXYGEN	 (LOST)	 MAR LBlHR
3	 _

-
COMPACTOR -MOTOR 4 - COOLItIG WATER	 CIRCULATED), Y.G/HR RB/HR^

O h	 - COMPACTOR-MAN U AL 5 - WATER	 LOST)	 KG/HR (LB/HR)
S COMPACTOR-AIR	 PRESSURE Yf /SHP$DDE R _ b - NITROGEN	 CIRCULATED), KG/HR {iLB/HR
i^- COIIPACTDR -VACUUM VI/SHREADE7 7 - NITROSEN	 USED)	 , KG/HR ILBIHR

(LB/HRi
C -- - -	 -

O 7 — -.— COMP A C T OR-MOTO R W/SHREOeER B - FREON	 (CIRCULATED), KG/HR —
0	 • COMPACTOR - MANUAL, W/SHREnOER 9 - HATER	 (PROCESSED) , KG/HR (LB/HR)

INTEGRATED VACUUM DECOMPOSTION/SHREDOER-4 10 FLUSM FLOW O%YGEd	 INCINERATION/SHREDDER
13

=
PYROLTSIS/BATCH-iNCIHERAT.IOHISHR^RER

12 NET OXIDIZA7100 SHREDDER (;-**)COST
(**)AVAILABLE	 INDICATOR

(1) AVAILABLE	 0-25X

Q

—_ -- —

(2) STATE OF THE ART	 25-500

(3) SOME DEVELOPMENT REQUIRED	 5D-751

Q _.___-	 (4) EXTENSIVE DEV. REQUIRED	 75-100: --
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CONCEPT NUMBER	
*AGE 14.

Refuse Processing (Shuttle) Concept Trade

—APPL IANCE
CONCEPT

NO. _	 C 0 fI C E P T.---N -A--H E

I	 COMPACTOR - AIR PRESSURE
2	 COtipACTOR•VACUUN

3 _^ 	 COMPACTOR—+MOTOR
4 r	 COMP ACTOR—KANUAL
5	 .._._._COMPACTOR-AIq PRESSURE w%SHREDDER

6~W	 COMPACTOR—VACUUM yr/SHREnCEn

— --- 7	 _ COMPACTOR —MOTOR VJ/5HREDPER

8 r	 'COMPACTOR-MA N UAL IV / SHREOOE:R
4	 INTEGRATED YACUUH DE COMPOST ION/SHREDDER
10 r	 FLUSH rLO W O X YGE N+ INCINERATION/SHOEODER
11_._-=__ V Y ROLYSIS/BATCH INC LNERAT]ON / StiRED_D. ER._--_

12 .	 HET OXIDIZATION % SHREDDER
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APPLIANCE CONCEPT COMPONENT SUMMARY 14ATRIX

APPLIANCE FUNCTION: 3.2,4 REFUSE PROCESSING

.,
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COMPACTOR/AIR PRESSURE I 1 1 1
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1 1 1 - 1

COMPACTOR/VACUUt-i PRESSURE I 1 1 - 1 - I 1 - 1 - - - - 1

COMPACTOR/MOTOR - 1 1 - 1 - 1 I I 1 - - - - I

COMPACTOR/MANUAL - 1 1 - - - 1 - - - - - - - 2

COMPACTOR/AIR PRESSURE & SHREDDER 1 1 1 1 I 1 1 1 1 2 - - -- - 2
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COMPACTOR/MOTOR & SHREDDER » I I - 1 » I 1 1 2 - - - - 2
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SPACECRAFT	 Shuttle

HABITABILITY SUBSYSTEM Housekeeping 	 HABITABILITY FUNCTION Refuse HanacTement

APPLIANCE FUNCTION! Refuse Processina	 —

APPLIANCE CONCEPT NO./TITLE 1/Compactor-Air Pressure

INDEX NO.	 3.2.4.1	 REF, No . 203,123,170,270

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 press+-e. The curve (see next page) from reference 123 shows 30 psi is
more than adequate to attain a 0.2 compression ratio. The uncompressed refuse
volume per day 2.45 FT /day for Space Station and .947 FT /day for Shuttle was
divided by the compactor volume of .47FT 3 to determine 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.
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APPLIANCE CONCEPT REQUIREii11ITS AND PENALTIES CALCULATIONS

CONCEPT / C',r>iP	 rO	 -,V12' ^,G1^SS'U,i'C- INDEX HUMBER	 Z, Sf. I

EL E C T R I C A L	 P O W E R	 R E QU I R E li E N T S

' AC.	 POWER 0C	 POWER_
USE tIiiE	 R^2	 O3	 OEhWiD (D6 OEiiAtiO
CYCLE	 PEAK	 AVERAGE	 (CYCLEItR/

COMPOIiEHT	 (REF)	 (HR)	 (WATTS)	 (WRITS)	 QXa3

PEAK	 AVERAGE
(CYCLE_

(WATTS)	 (WATTS) QI xul

'	 MAXItiUM	 '	 TOTAL MAX114UR TOTAL

THERKAL	 REOUIREME11TS

LATENT	 SENSIBLE HEAT LEAK TO COOLANT

-	 SOURCE	 (BTU/HR)	 (BTU/HR) {BTU/IiR) (BTU/HR)

t	 TOTAL
WATT (BTU/HR)	 WATT (BTU/HR) WATT (BTU/H) WATT (BTU/HR)

. OPERATIONAL	 PENAL.TIES

THEMAL	 ELECTRICALHEAT LEAK	 70 COOLANT
WEIGHT VOLUME

SOURCE	 (BTU/I(R/CYCLE)	 (BTU/HR/CYCLE)	 (PK WATTS/CYCLE)	 (LB/MISSION) (F13/MI55ION)

• TOTAL
WATTS/CYCLE	 WAITS/CYCLE KGMISSION KI/11155I0N

f`
(OIU/HR/CYCLE)	 (BTUIRA/CYCLE) (LB/MISSION) (fil /HISSIO'1)

32-395_s
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1	 ^	 4

APPLIANCE CONCEPT PEQUIREMENTS A110 PLNALTIES CALCULATIONS (CONCLUDED)

CONCEPT	 ^ '^ Q- /,[ y,P(,^SLI.^C INDEX NUMBER

FI %E0	 WE I GRJY0LUHE	 R 	 Q UI Rf ME11TS

r^
WEIGHT YOLU14E

COMPONENT	 (REF)	 (LDS) (FT3)

fp

t rLJf^S7"15srr ^ c r- l3Ar t

TOTAL	 35.04	 7-7. Z5 I, o8'S	 3.415
'	 KG (LBS) H3 (FT3)

•	 S 0  I D	 EX P E11 0 A 8 L E	 Wl/V 0 L	 R E gU I R E M EN T S

Q	
'eTT/UNI ((REF)	 bTT/ Y LE

CPxG.NT(LB)T)(REF )	 ^1(L$
VOL/UNIT (REF)	 VOL/CYCLE 

(PY.G.V`FT,)IT)(REF)	 T

F

T

X

'f

TYPE	 UNITS/CYCLE(REF)

CrJ 4̂5TC=	 ^ j	 w	 a3 Q	 `a/	
_	

/
L mo

o/	 r (^.Z ^7
yotr	 Q f ^	 VyT 4^^

Fl o F, ®tea
TOTAL NT/CYCLE TOTAL VOL/CYCLE

(LB) (FT3)

TOTAL WT.
^Ti s:TOrl	 2.0	 x	 Zd•	 ..	 X	 o54S_ _ /.Ol}	 2.z_S^]

CYCLES/DAY	 DAYS/MiSSIUN	 TOT.WT/CYCLE

(LB)
KG	 LS )

TOTAL VOL

^#ISS^ON	 ,2 . t7 {	 X	 Q. S	 x	 . C7os .O4( _T

CYCLES/DAY	 DAY /MISSION	 TOT.40L Mci- M	 FT
(FT3)

.GAJL 19U ID	 EXPENDABLES	 REgUIBEMEN7S

O
  AMT.RECOVERREED

RECOVERY
AM7.US£D/CYCLE(REF)

/CYCLE	 AMT LOST CYCLE
p[ X Q	 QI -3

•TYPE	 (LB)	 FACTOR

^f

(LB	 {LB

1

r	 '

,J TOTAL WT.
' 	^	 I	 HI^'^^'	 %	 x	

! KG	 LBCYCLE/DAY	 ' DAYSIM15§1	 TOTAL	 SST	 YCLEa	

(L8)
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SPACECRAFT	 Shuttle

HABITABILITY SUBSYSTEM Housekeep i ng	 HABITABILITY FUNCTION Refuse Management

APPLIANCE FUNCTION Refuse Processing-

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^I 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 lower compression ratio. Cabin
air is lost each time-the unit • is vented to vacuum. Venting overboard was allowed,
since the cabin air i-s not contaminated.

v.n

T" p	an	 Rhlr	 ti, ^^^

VACUUM

Mwlltll	 „•	 - • •	 V.In

	

ff Rti, wx•I.^	
^,^^ _

n.- ter_ 

•	 i	 .

B2-397
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APPLIANCE CONCEPT REQUIREHCNIS AIiD PENALTIES CALCULATIONS

COIICEPT ItIUEX ttUMBER^	 a

F L E C I R I C A L	 POWER	 REQUIREMEItTS_

^ PA C	 ,O W E R D C	 P O W E R

TIMEUSE	 02	 Q3	 DEKkiD (	 ® OEI	 U

CYCLE	 PEAK	 AVERAGE	
(CYCLEIIR/

33

PEAK	 AVERAGE
(CYGIT.EHR/

COMPONENT	 (REF)	 (HR)	 (WATTS)	 (WATTS)	 QI (WATTS)	 (WATTS) QI Xl

,
e

MAXIMUM	 'TOTAL MAXIMUM TOTAL

• r

7}{ERMAL	 REQUTREME11TS

-s

LATENT	 SENSIBLE HEAT LEAK 70 COOLANT

SOURCE	 (BTU/HR)	 (BTU/HR) (BTU/HR) (BTU/HR)

N	 TOTAL	 rstz^ C7 — •-
WATT (BTU/HR)	 WATT (BTU/HR) WATT ( BTU/HR) WATT	 ( BTU/'IR)

OPERATIONAL	 PENALTIES

'	 THERMAL	
ELECTRICAL

HEAT LEAK	 TO COOLAIIT
WEIGHT

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

4

•	 TOTAL
WATTS/CYCLE	 WATTS/CYCLE
(DTU/HR/CYCLE)	 (DIU/HI?/CYCLE)

KC,00510H
(LO/MISSION)

141/MISSION
(FII/H15510N)

B2-398
I
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS ( CONCLUDED)

CONCEPTZ62 1,P2VC76- le--111V C oa syj	 1I10EX NUMBER

F 	 X E 0	 NEIGNJV2LUME	 REED 1 REMEITTS

WEIGHT	 VOLUME
COMPONENT	 (REF)	 (LBS)	 ( FT3). 
^JY1PfI C TQ^ ^i^G uJ^Jf^ ^y4,  	 ^. ^

t^f:^- mss ^f2.^I	 ^3A^_	 3.7,5 ,	 -.	 3
Ma

3

•	 -	 1

TOTAL	 '3S-.7	 78-7V	, Ogg	 L,3./6 2 

,

•	
3^

ii

'	 c	 KG ( LBS)	 M3 (FT3)

•.	 SOLID	 EXPENDABLE	 W,	 2 L	 aE EUIREMEIZTS

WT/UNI (REF)	 WT/CYCLE	 VOL/UNITT (REF)	 VOL/CYCLE
©	 (PKG.WT/UNIT)(REF)QI X Q2 	(PKG.VOL/UNIT)(REF}	 1 X A

TYPE	 UNITS/CYCLE ( REF)	 (LB)	 (LB)	 (FT')	 QT3^zs rI	 .a!2 	 _oz¢ fib	 awe?

• -	 E (D	 E 	 - ooaZ
TOTAL( WT

(LB)
	-	 TOTAL(VO3}CYCLE	 i

TOTAL WT.	
X	 Z C7. S	 X C 	^. 70	 .7MUM

CYCLES/DAY	 DAYS/MISSION	 TOT.WTICYCLE	 KG	 LB
(LB)

TOTAL VOL
.	 MISSioN	 o1'	 X - 2 0,5	 X

CYCLES/RAY	 DAYS/MISSION	 TOT . VOL/CYCLE	 -	 M	 FT

a	 p	
(FT3) .

^AJLzEuID	 EXPENDABLES	 I_°.EDUIREMENTS	 i

AMT LOSTOCYCLERECOVERY
AMT.USEO/CYCLE{REF)	 0 X^	 Q] -

TYPE	 (LB)	 FACTOR	 ( LB) •{L8

1

-	 i

^O
lJ TOTAL WT

CYCLE 0 	 DAYSIMISSION	 X	 T L-OST CYCLE	 f	 yG K6(L6J-
(z p}	 ( L B)	 {z (D

B2-399



	

•	 • r. • 	 r ..	 .w Nr .tr• .ww• vr•-. .• ^•...-Y•...s+ihlw•.^w`.•Vrry.•.^.•n•.HA+T•M/sr•'s ..•-•.•nrTw.IWet^-•n ..err > +w+.nr. ♦ •.. 	 ,•

_.. D2•"11855
I

SPACECRAFT	 Shuttle

	

•^	 HABITABILITY SUBSYSTEM Housekeeping 	 HABITABILITY FUNCTION Refuse Management

APPLIANCE FUNCTION Refuse Processing

APPLIANCE CONCEPT NO./TITLE 3/Compactor-Motor.

'INDEX N0.	 3.2.4.3	 REP.. No. 203,123,170,270;202

DESCRIPTION The compactor-motor concept 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.

s
j

s

i r•

t
is	 •
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CONCEP	

^^	
,^^
	 ^_^' APPLIANCE CONCEPT REQUIREM£NfS AND PENALT I ES CALCULATIONS

INDEX NUMBER	 }

F	 ^-`r^ ^,^;Ef^TRIPAI	 p011ER	 REQUIREMENTS

AC	 POWER DC	 POWER

USE TIME	 O2	 O3	 OE	 IO O5	 ® DEI;ANd

CYCLE	 PEAK	 AVERAGE	 (CYCLEHR/
COMPONENT

PEAK	 AVERAGE (CYCLEHR/
(REF)	 (HR)	 (WATTS)	 (WATTS)	 Q X{3 (WATTS)	 (WATTS) Q1 %(

a

12.4- •	 .

r	 MAXIKH	 TOTAL MAXIMUM TOTAL

THERMAL , 	REQUIREMENTS .

•	 LATENT	 SENSIBLE HEAT LEAK TO COOLANT

SOURCE	 (ST ►/HR) 	 (BTU/HR) (BTU/HR) (STU/HR)

TOTAL	 f"^	 ^^ -

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

OPERATIONAL	 l.ENAL.TIES

THER>!AL	
ELECTRICAL

HEAT LEAK	 70 COOLANT
HEIGHT VOLUME

SOURCE '	(BTU/IIR/CYCLE)	 (BTU/HR/CYCLE)	 (PK WATTS/CYCLE)	 (LB/MISSION) (fN /MISSION)

TOTAL
` WATTS/CYCLE	 WATTS/CYCLE KG/MISSION MI/MISSION

w	 (BTU/HR/CYCLE)	 (BTU/HR/CYCLE) (0/MISSION) (FTI/MISSION)

82•-401
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS (CONCLUDED)

CONCEPT„	^,/11P/ICTG^^-^ilrpjQ^ INDEX NUMBER ^. 2, q R

FILfE6	 W[1.1#y0LUME	 REQUIREMENTS

WEIGHT VOLUME
COMPONENT (REF)	 (LBS) (FT))

n^/^7P^ClA^^

^Z4A

/ItICLL^D	 l7d̂ 2. R

tl^/)STC .57iD46 E	 s_	 2: Z s
-

-^ s

TOTAL	 37.3 5`	 .D/-5'
KG (LOW M3 (FT3)

I'.	 SOLID	 EXPENDABLE	 W JV O L	 R E ,Q U i R E M E N T S

Q^
WTWT/UNIT (̂REF)	 /CYCLE (REF)	 VOL/©LEVOL/UNI©

Q	 (PKG.WT(LB)	 REF)	
Q(LBST

{PKG. wtFT3'IT}{REF}	 TFT .
TYPE UNITS/CYCLE ( REF)

^s5

'	 O OOTAL WT /CYCLE TTO LdL0L/C'YC=
(LB) (FT3)

-TOTAL77WT.

n177 BUR	 + ^.DI	 __ x	 X	 1 45^	w 4 0/9	 Z.Z

CYCLES/DAY	 DAYS/MISSION	 TOT.W /CY LE
•	 (LB)

KG	 LH

TOTAL VOL
MOON 2̂̂ .;0- 	 x	 O. S	 x	 DS.z [ Ĝt'Xv/	 /S

M3 (FTCYCLES/DAY	 D YS/MISSION	 .VOL/CYCLE

(FT3)

jAJLIQUID	 EXPENDABLES	 REa	 IREMfNTS

`	 ®
©D

AMT.RECOV	 /CYCLE	 AMT LO	 CYCLE
•	 ANT.USED/CYCLE ( REF)	 RECOVERY	 © X	 Q - 3

'(LBTYPE_	 (LB)	 FACTOR (LB)

1

:

• '++ /fi

t

F. (D -	 L+ 1'J
4 r,	 r

ice► 	 TOTAL WT.
MISSION X	 X

+
_ 

DAYS/MISSON	 TO	 aLO TI Y L	 ^CYCLEYDAY	 ( K	 B
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f	 SPACECRAFT	 Shuttle

HABITABILITY SUBSYSTEM Housekeeping	 HABITABILITY FUNCTION Refuse Management
F

APPLIANCE FUNCTION	 Refuse Processing

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

'INDEX H0.	 3.2.4.4	 REF. NO. 160

DESCRIPTION : The compactor-manual concept is a manually actuated piston refuse
compactor. The manual compactor cannot be the same size as concepts 1 through 3'
because of the creiman physical limitations. The concept requires a large amount

'	 of.grew time because of its smaller size increasesits uses per day. The design
utilizes a piston actuated by a lever which contains a double 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 assumed for this unit since it processed the same volume of refuse as
concepts 1 through 3.

Rack and Pintan
t

I	 Revereibl
Ratchet

•	 i 	 l lo t 	 ,	 1
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APPLIANCE CONCEPT REQUIREMENTS AND PENAZTIES CALCULATIONS

CONCEPT	 ^^?f'.^	 w^/jc/(f^L	 INDEX NUMBER 3_ 2_

' ^ J^, ^^, T RiCAI	 POWER	 REQUIflEMENTS

AC	 .	 POWER DC	 P 0 W E A

SU ETlHE	 O2 	 ^3 DEMAN DD DEMAND

CYCLE	 PEAK	 AVERAGE	
(CYCLHR/E PEAK	 AVERAGE

(WYCLEHR/

Q1 X	
)

COMPONENT	 (REF)	 (HR)	 (WATTS)	 (WATTS)	 o x (WATTS)	 (WATTS)

^r

'	 MAXIMUM	 TOTAL MAXIMUM TOTAL

e

5

THERMAL	 REQUIREMENTS
{	 t

LATENT	 SENSIBLE HEAT LEAK TO COOLANT

. F	 SOURCE	 (BTU/HR)	 (BTU/HR) (BTU/HR) (BTU/HR)

t	 TOTAL

MATT (BTU/HR)	 WATT (BTU/HR) WATT (BTU/HR) WATT ,(BTUIHR)

f '

0PERA7I0NAL	 PENALTIES

THERMAL'	
ELECTRICALHEAT LEAK	 TO COOLANT

WEIGHT VOLUME

SOURCE	 (BTU/HR/(;YCLE)	 ( BTU/HR/CYCLE)	 (PK WATTS/CYCLE)	 (LB/MISSION) (FTC/MISSION)

.TOTAL	

-W--
: WATTS/CYCLE	 WATTS/CYCLE KG/NISSION MI/MISSIOH

•	 (BTU/HR/CYCLE)	 ( BTU/HR/CYCLE) (LB/MISSION) (FTI/MISSION)
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS ( CONCLUDE;)

CONCEPT Y^,(^e Zfe ='rte-o/lk'Uo&	 INDEX NUMBER .^^ ^. 5t

FIXED	 WEIGNJVOLUME	 REDIIIREMENTS

WEIGHT
	

VOLUME
COMPONENT	 (REF)	 (LOS)

	
(FT3)^z

fd, fASTC^ rTT^,^^(s	 ,^'	 Gam. z $
	 zrS

TOTAL	 /^.	 Go • T,^ -4108 /'f•4
•	 KG (LBS) NJ (FT 3)

•	 SDLID	 EXPENDABLE	 WTVOL	 RE	 UIREMENTS

•	 WTWT/CYCLE/UNI (REF) VOL/UNIT(REF) VOL/CYCLEO	
(PKG.IR(LB}T}{REF}	 Q(LB^ (Pi(G.V(FT3)iT)(i2EF)	

QT34TYPE	 DNITS/CYCLE(REF)

4

TOD	 CYCLE /4TDTTL
(LB) (FT))

TOTAL WT.
-"IssraN • _	 X	 O,.S	 x _ ,Qum _ '

. ot97z,7-99 
`	 CYCLES/DAY	 DAYS/MISSION	 TO .N /CYCL

.	 (LB)
K	 LB

TOTAL VOL

CYCLES/DAYT D	 S/MI5SION	 TO .VOL/CYCLE M	 FT
•	 (FT3)

•BAJLiQUIO	 EXPENDABLES REgIIIRENEHES

•
Q) ©D

ANT.USED/CYCLf(REF)
RECOVERY

AM .AECOY	 /CYCLE

© X

AMT LOST

0 -
TYPE	 (LB) FACTOR (LB {L

r

1•

•	 ^ TOTAL WT.
"ii13'31^Ei	 x	 x

^L XA	 /M	 bN	 TOTAL
B

a ^CYrl
(LB)	 (L

Ir

a

}

1

I.

B2-405



• D2-11850 3

SPACECRAFT	 Shuttle

r	 HABITABILITY SUBSYSTEM Housekeeping	 HABITABILITY FUNCTION Refuse Management

APPLIANCE FUNCTION	 Refuse Processing

APPLIANCE CONCEPT N0./TITLE' 5/Compactor-Air Pressure w/Sher

I,	 'INDEX HO. 3.2.4.5	 REF, TID.	 203, 123, 170, 210, 202

s

	

	 DESCRIPTION: The compactor-air pressure with shredder is identica^ 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 does not indicate shredding willf

	

	
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 r)iscellaneous for paper, books, etc.. The time per
use was assumed to be 3 minutes. Shredding of solid wastes was not considered
by this concept.
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS

CONCEPT '	 o	 Q [/^ Ar,.C_aSSLJrLF, INDEX NUMBER

^^, ECTRICA^, 	POWER	 REQt11RtMENF'^

AC	 POWER OC	 POWER

USE TINE (D	
DOD 05	 ^6 OE	 D

CYCLE	 PEAK	 AVERAGE	
(WATT-HR/

(HR)	 (WATTS)	 (WATTS)	 9I X [3̂

PEAK	 AVERAGE
(CTTTEHR/

3COMPONENT	 (REF) (WATTS)	 (WATTS) QI

S fjQL^E ^" '	 ^- Z - _ a
^rYxr, ?	 f2^ro^ • o,^	 7¢S'	 X45	 7 z s —'

4 - •

•

' ^.-+war

'	 ^	 •	 ifi.li^ ^ a ^r

t MAXIMUM	 TOTAL K1MUM TOTAL

• r

THERMAL	 RE4UIREMENTS

' LATENT	 SENSIBLE HEAT LEAK TO COOLANT

' F	 SOURCE (BTU/HR)	 (BTU/HR) (BTU/HR) (BTU/HR)

TOTAL	 Ll9) L',..:
WATT (BTU/HR)	 WATT (BTU/HR) WATT (BTU/HR) WATT ,(BTU/HR)

•	 OPf RAT^, ONAL	 PEIIALTI ES •

THERIWC
HEA: LEAK	 TO COOLANTELECTRICAL WEIGHT VOLUME

SOURCE (BTU/HR/CYCLE)	 (BTU/HR/CYCLE)	 ( PK WATTS/CYCLE)	 (LB/MISSION) (FT9/MISSION)

TOTAL
WATTS/CYCLE	 WATTS/CYCLE IfG/MISS104 MI/MISSION

a
(BTU/IIR/CYCLE)	 (BTU/HR/CYCLE) (Lh/MISSIOv) (FT )/MISSION)

s
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APPLIANCE CONCE11T REQUFREMLNTS AND PEUAL+iiS CALCULATIuss'^ KC ACLUVED)

conctPT [^*oGr/ 1̂Q rQ, wA/12 PNEsSUPFC	 llinix NUMBER

I
F 1 PIED	 WE 1 GIITfYOlUME	 RE4UEREMENES

11EIGIIT VOLUME
COMPONENT	 (REF)	 (LUS) (FT))

&JOY 	 'v -6211__._.	 ---	 75

y
^^

TOTAL	 6 k Ora ^IS?-,Z 7 . ^^r	 7. e. 2/ {
KG (LBS)	 ; M3 (FT))

50L10	 EX PE NDA-B.LE	 uJY_0L	 REgg1R Me9TS

WT/UNIT (RFF)	 WT/CYCLE

TYPE	 UYITS/CYCLE(REF)	
(PKG..iT(LB)T)(REF)	

U(LH)

VOL/UNIT (RET)	 VOL/CYCLE
(PKG,Y(FT.)1T)(RET)	

YTT

E®	 o .s E O .^_4745Z -
CYCLTOYPl WT /E TOTAL VOL/CYCLE

(LB) (FT3)

TOTAL_ WT_ =
X	 dS4S

CYCLES/DAY	 DAYS/MISSION	 TOT. WT%CYCLE KG	 LA
(LB)

TOTAL VOL 	 ^'
MISSION —2^Q	 X ^.S	 X ___..^ ^Y_	 ` 0^6 I

	
.2 /S

CYCLE /DAY	 DAYS/Ml SlON	 TC'.YOL/CY LSE H3	 FT
(FT3)

G A JL 1 QE! ► D	 E kPEN 0 A HL E S	 R E Q!1 I R E M E N T S

©	 ®
AMT.USED/CYCLE(RE€) 	

RECOVERY
AMT.RECOVOD /CYCLE	 AMT LOST CYCLE

O%y	
Q_

TYPE	 (LB)	 FACTOR (LB	 (LB

S

[^^f

SS

^
TOTAL- WT. 

w	
I

r

^:; Nl1531^N	 %	 %	 • •
C^^E -KY

—	
--bW%M!$SION	 –T T7^L–Vo T? YCLr  GAB

^. ^ {^ 	 (Le)
f

Ez C4
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SPACECRAFT	 Shuttle

k.	 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. N0, 203,123,170, 270, 202

e
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.

3

r	 ,
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS

CONCEPT	 (^Q	 C	 // CUlJIf'J L[J^.SM^[%^Gl^7Cf^^L^it2!._ /^	 INDEX NUMBER	 .2 •^. I'rs
4

t1. E^,EC^TR^,CAE	 POWER	 REQUIREMEIl^S ,

AC	 POWER 0 	 P0WER

' USE TIME	 a2	 0	 CEM]WD S^,	 © DEMAND

CYCLE	 PEAK	 AVERAGE	
(WA
CY{LENR/

COMPONENT	 (REF)	 (OR)	 (WATTS)	 (WATTS)	 ^}I X^]

PEAK	 AVERAGE
WATT -
(CYCLEHR/

fl%^(WATTS)	 (WATTS)

7._

•

s

r	 IHAKIHUN	 TOTAL HA%IMUM TOTAL.

THERHAL	 REQUIREMENTS

LATENT	 SENSIBLE HEAT LEAK TO COOLANT

SOURCE	 (STU/HR)	 (STU/HR)

•~

(STU/HR) (6TU/HR)

^_ YAGd^^O^/T,^dGLC-:+ 	 &MIA,.

• t	 TOTAL	 49.3 '.^ • 3	 __-___^^
WATT (BTU/HR)	 WATT (BTU/HR) WATT (BTU/HR) WATT (BTU/11R)

•	 OPERAT'^ONAL	 PEt1ALTIES -

THERMAL
HEAT LEAK	 TO COOLANT	

ELECTRICAL WEIGHT VOLUME

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

• TOTAL ---
` WATTS/CYCLE	 WATTS/CYCLE KG/MISSION W/MISSION

' •	 (BTU/IIR/CYCLE)	 (DIU/HR/CYCLE) (LO/MISSION) (FTI/nISSLON)

• .. B2-410
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APPLIANCE CONCEPT KgU1REItENTS AND PLMLTIES CALCULATIONS (CONCLUDED)

9ONCEPT,4/jZW",VM - j14,C41V#y ua^sf/^2c-^^,r,^ 	 INDE X NUMBER . 4.

t
r

'	 L
F 1 X E- O	 W C + G H?JV O L U H E 	 R A g I R E H E N T5

WEIGHT
COMPONENT	 (REF)	 (LOS)

&	 eA 9 ^--04 (tXJ	 MrL

Is

TOTAL	 69•DG	 I.5'Z.G .I3/ ('^.6Z^^
•	 KG (LBS)	 s H3 (FT3)

SOLID	 EXPENDABLE	 WT/VOL	 REQUIREMENTS

-
!	 3

WT/UNIT	 EF)	 WT/CYCLE
4

VOL/UNIT(REF)©	
(PKG.WT/UtI;T)(REF)	 QX{2^ (PY.G.VOL/UNIT)(REF)

VOL/CYCLE
[3)Xn

TYPE	 Ut1ITS/CYCLE(REF)	 (LB)	 (LB (FT3) TFT3j

mr	 We

E 0 EE Q
IOTpLos-z ECLE

(LB) (FT3)

TOTAL WT.

XGYGLE5	 AY	 9;.Y5/MI5510N 	 TOT.WT /GYCLE KG-TLD)T^
(LB)

TOTAL VOL _	 c	 r
t4I5510N	 Z.o	 X	 20	 X	 •L	 [7 z •	 6 •^

CYCLE	 DAY	 DAY /MISSION	 TOT.YOL/GYCLE H FT^^--
.(FT3)

GASLIqj!jA	 EXPENDABLES	 REQUIREMENTS

Q
©D

Q
AHT.USED/CYCLE(REF) 	

RECOVERY	
AMT.RECOV

TYPE

/CYCLE
Q XT

AMT LOSTCYCLE
QI -1

-	 (LB)	 FACTOR (t9 (LB

Y

TOTAL WT.
-

LfiICLMOW '" SAYS/NI55ION	 M	 I.0	 C -' KG	 LB
(= Q1	 (LB) (L Q

X32-411

.r

VOLUME
(FT))



• Q2.118661.3

SPACECRAFT	 Shuttle

HABITABILITY SUBSYSTEM Housekeeping 	 HABITABILITY FUNCTION Refuse Management

APPLIANCE FUNCTION Refuse Processing

APPLIANCE CONCEPT N0./TITLE 7/C2TRactor-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,

a

.	 t

1
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CONCEPT^
APPLIANCE CONCEPT REQUIREMENTS AND PU dA. L 	.5 CALCULATIONS .

4015 ezwew	 INDEX NUMBER .A2.4. 7
•' EkJCTRICAL'	 POWER	 RE a1IRE!ENTS

^• ^ r AC	 .	 POWER DC	 POWER,.

USE TIME	 02	 a3	 OEMU^O US 	 © DE	 NO

•	 COMPONENT	 (REF)

CYCLE	 PEAK	 AVERAGE
(WATT -HR/

(HR)	 (WATTS)	 (WATTS)	 a)X

PEAK	 AVERAGE

(WATTS)	 (WATTS)

(WATT-

(I X(

r 0AXIMUH	 TOTAL MAXIMUM TOTAL

THERMAL	 REQUIREMENTS

• LATENT	 SENSIBLE HEAT LEAK TO COOLANT

SOURCE (BTU/HR)	 (BTU/HR) (BTU/RR) (BTU/HR)

. TOTAL I 91. o aa ms)
.^ .

WATT (BTU/HR)	 WATT {BTU/HR) MATT (BTU/HR) MATT .( BTU/HR)

OPERATIONAL	 PENALTIES

THERMAL:	 ELECTRICAL
MEAT LEAK	 TO COOLANT

HEIGHT UME

SOURCE

•

(BTU/HR/CYCLE)	 (STU/HR/CYCLE) 	 (PK WATTS/CYCLE)	 (LB/MISSIONS (FYI/MISSION)

• TOTAL
WATTS/CYCLE	 WATTS/CYCLE KG/MISSION Ml/MISSION

. (BTU/i1R/CYCLE)	 (BTU/HR/CYCLE) (LB/MISSION) (FT)/MISSION)

t' 82-413.
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APPLIANCE CONCEPT REQUIR040fS AND PENALTIES CALCULATIO14S (CO.'ICLUDEO)

CONCEPT	 Q1rJ-̂, .^^^r/^QTdi^ LfJ^•SyiLEDI^!'i^►	 INDEX HUMBER . 2.!t.  7

¢a

tip F I X E D	 uE I G IIJw O L U ME	 R L  	 1 R

WEIGHT

COMPONENT	 (REF)	 (LBS)

dlL_mP^141 )

2.25

EHENTS	
r

VOLUME
(FT-1)

TOTAL	 7h 5	 a57

KG (LBS) a	 M3 (FT3)

5 0 L I D	 EXPENDABLE	 WI<VOL	 REQUIREMENTS

VOL /UNTO (REF)WT/UNIT	 REF)O

TYPE	 UNITS/CYCLE(REF)	
(PKG . WT(LB)T)(REF)

WT/CYYCLE
Q LBO

{PKG . V(FT3 ) IT)(REF)
VOL/CYCLE
TFTIf

sr	 s:___^ zc^	 ^	 - Z5:- . oSI-s . ev-4 ( -lnoT
Ms

C

TOTAL WT.
'V) SSTON	 ^^O _-- X

CYCLES/DAY	 DAYS/MISSION

TOTAL VOL
MISSION '	 Z, o /	 X	 7-0. 5,

CYCLES/ DAY	 5AYS /MI5sI0N

TO	 CLE
(LB)

x
TOT WT/CYCLE

X	 T44lCLE

TOTAL VOL/-YCLE

(FT3)

. r _ a, zs
KG LB

M 3 FT

GAJLI49I4	 EXPENDABLES REQUIREMENTS

©
© D

AMT.USED/CYCLE(REF) RECOVERY

FACTOR

AMT•RECOV	 /CYCLE
Q1 X 

AMT LOS	 CYCLE
0-^3j

TYPE	 (LB)

z1.4
( LB) (LB

4t	 '1

-	 `	 TOTAL WT. 

•
k'	 F1TsS]OH	 x	 lI

"" YCtEJDAY—	D E MUSIOY 1^T7f{i.os	 YCL "'^ ^"^G LB
(z (31 (LB)	 (z; o

sz-414
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SPACECRAFT Shuttle

HABITABILITY SUBSYSTEM Housekeeping	 HABITABILITY FUNCTION Refuse Management

APPLIANCE FUNCTION	 Refuse Processing

APPLIANCE CONCEPT N0. /TITLE O/Compactor-Manual w/-Shredder
5

'INDEX NO. 3.2.4.8	 REF. hW_ 160, 202
r 

DESCRIPTION	 The compactor-manual with shredder is identical to concept 4 with
the addition of the shredder described in concept 5.

i

s

1
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCIJLATIONS

CONCEPT -q1Aq&1w	 INDEX NUMBER

EM-1 -11CAL	 P 0 11 E R	 REOUIREHEIITS
AC	 .	 P 0 W	 R -	 DC	 P 0 W I R

0	 DEM%D'— OS	 @ 0 Fv(	 0

CYCLE	 PEAK	 AVERAGE	 (WATT-HR/
CYCLE1

PEAK	 AVERAGE (WATT.OR/

 

C b(WATTS)	 103COMPONENT	 (REF)	 (HR)	 (WATTS)	 .0 (WATTS)	 (WATTS) © II

=dmdz-&"	 Zt5	 7A^5 M

-7—

MAXIMUM	 TOTAL MAXIMUM TOTAL

ilK th L	 1MIRCHEEls

LATENT	 SENSIBLE NEAT LEAK TO COOLANT

SOURCE	 (RUM)	 (BTU/HR) MUM) (BTU/HR)

'9

TOTAL
WATT (BTU/HR)	 WATT (8iU/HR) WATT {BTU/HR) WATT (BTU/HR)

OPERATIONAL	 PER&L"i–s

THERMAL

HEAT LEAK	 TO COOLANT	
ELECTRICAL WEIGHT VOLUME

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

ZVA

TOTAL
WATTS/CYCLE	 WATTS/CYCLE KWHISSION 14)/MISSION

(BTU/f[R/CYCLE) 	 (BTU/HR/CYCLE) (LB/MISSION) (fri/sISSION)

B2-416
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APPLIANCE CONCERT RLQUIRPIENTS A?ID PENALTIES CALCULATIONS (CoctUDLD)

contl Pt	 .0 -/r^/^iVV^L Gv/s/l clap	 INDEX NUMBER

-	 t	 ,

iIXED	 WEIG11TfVOLUME	 • REg t11REMENTS	
Y

WE ICWT	 VOLUME
COMPONEP;	 (REF)	 (LDS)	 (FT3)

26.z	 Z

TOTAL	 46.
KG (LBS) •	 M3 (FT3)

SOLID	 EXPENDABLE	 wJV0L	 REQUIREMENTS

- VOL/CYCLEWT/UNIT 	 REF)	 WT/CYCLE

TYPE	 UNITS/CYCLE(REF)(PKG.WT(LB)
	 REF}	

(LB^

VOL/UNIT (REF)
(PKG.Y(F13)Ii) (REF )

YT3T

-	

E (D E (D d 0
T07A'L WT%CYLLE

_.-
LTOTA i01/CYCLE

(LB) (FT3 )
TOTAL WT.
^1T55fOH	 _	 X	 d.s	 X

CYCLES/DAY	 DAYS/FISSION	 TOT.WT/CYCLE KG	 UT
(LB)

TOTAL VOL
M15SIUN'	 X	 ^i_.	 X	 r^^^

^
• Q0^7^

CYCLES/DAY /Mi551ON	 TOT.	 3'Y Lam— M3 r

GAJLIQUID	 E t P E N D A 8 L E S	 REQUIREMENTS

Q	
OV ©D

®CYCLE
AMT. USED/CYCLE(REF)

FACTOR

AW.RECOV /CYCLE
0 X Q)

AMT LOS
O_

TYPE	 (LB) (0 (LB

^ O L.+ U

TOTAL. WT.
M^ssl'OF+"

CY	
x	 x	 •

KG	 L8^	 LE 1-Y - -	 "(?AY5/Ff15510N	 YdT71La-6^^Ci^ (L8)

l
m

B2-417
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SPACECRAFT	 Shuttle

ti HABITABILITY SUBSYSTEM Housekeeping 	 HABITABILITY FUNCTION --- Refgsg MAnAggWt

I	
APPLIANCE FUNCTION Refuse Procesning

APPLIANCE CONCEPT NO./TITLE 9/Integrated Vacuum Decomp95itjpn/Sbrgdder

'INDEX NO.	 3.2.4.9	 REF. NO. 100j.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 collection bags which are
replaced every 24 hours. The residual ash was not considered as a concept
penalty.

82-418
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1^i^

APPLIANCE CONCEPT REQUIREMENTS AttD PERALTIES CALCULATIONS
INDEX N^p40ER	 y.3.2. 5^CONLEPT:^^1 4CU!/Y!1 pGC4A1AW 1.r10^(!^S/!^E'E/aD

U€ITRiCAt	 POktR	 REggMt MTS

AC	 .	 POWER, Tlt	 POWER

S^
7
[ME	 ^2	 OE	 a Q	 © OEMAHO

CYCLE	 PEAK	 AVERAGE	
(6YCLHR/E

PEAK	 AVERAGE {CYCLENR/
©X(^C,WONENT	 (REF) (NR)	 (WATTS)	 (WATTS)	 (Dx (WATTS)	 (WATTS)

i

f HAX

1 INM 	
TOTAL MAXIMUM TOTAL

•  THERRAL 	 IIEQUi'^EtTENTS
w

LATENT	 SENSIELE HEAT LEAK TO COOLANT

fp	 SOURCE (BTU/HR)	 (STU/HR) MUM) (STU/HR)

46o • .^

. TOTAL	 r., __,`'—..__._.	 /	 6 o) --
WATT (BTU/HR)	 WATT (BTU/HR) WATT (BTU/HR)	 WATT (BTU/HR)

•	 OPERA^fONAI	 P^t1ALTIES •

T	 ELECTRICALHEAT LEAK	 TO COOLAttT
WEIGHF VOLUME

SOURCE (STU/HR/CYCLE)	 (BTU/HR/CYCLE)	 (Pt WATTS/CYCLE)	 (LB/MlSSION) ( FT118I5SION)

AlIA -

r

'TOTAL
WATTS/CYCLE	 WATTS/CYCLE KG/M[5Sl,0N Mi/MtS:I0!1

'	 • (DIU/ItR/CYCLE)	 (BTU/IIR/CYCLE) (LB/MISSION) (FTt/r[SSION)

• B2-414
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APPLIANCE CO'10EPT nQUIREMENTS AND i'ENALTIES CALCULATIONS (CO33CLUDLO)

CONCEPT,y/_/N-r4j&jtf^ ^//^C(JVi1J DGCQ1l1f^LLS/T^LyV^S//I^L-U^6 ^e 	 INDEx NU11 1 t ER_3.2, 4.9

f I X E D	 WEIGI1JVOLUME	 REQUI REMENTS
	Y

WEIGHT	 VOLUME
COMPONENT	 REF)	 (LISS)	 (FT3)

c t=-1'I PAL l^cY1T Gov)	 J 7-
a24-e,,Cr-a0-C _8.A	 Z.3

	

TOTAL	 B .p, IS7	 /83 _4(o4.B%']
0 (LBS) .	 M3 (FT3)

a

5 0 L I D	 EK PE N0A8LE	 u T/VOL	 REQUIREMENTS

O	 WT/UNIT©(REF)	 WT/C(DYCLE	 VOL/UNIT (REF)	 VOLICYYCLE

TYPE	 UNITS/CYCLE(REF) 	
{PKG.WT`LB ?T )(REF)	 QI 

LB4	
(PY.G.V{FT3}iT)(REF)	 T T'lf

^-4tX̂ T^dL- --L ^!^ . Z 5S {r^7 , z^_	 ^ ^5-^--

	iOTAL WT/CYCLE	 TOTAL VOL/CYCLE
(LB)	 (FT3)

TOTAL WTI 
lT1 5M	

._ ^fc /OAY -- -- x	 OAY$/MIS ON 	 X	 TOT.WT/CYCLE	 KG (LB)-/or
(LB)	 '

TOTAL VOL" 
MtssloN ° _	 xO._,_ x .- 31„3	 • X373]

CYCLES/DAY	 DAYS/MISSION	 TOi,YOL/CYLLE	 MST TJ)
(FT3)

	

GAS IQU10	 EXPENDABLES

'	
Q

AMT.USED/CYCLE(REF)	
RECD®RY

•	 TYPE	 (LB)	 FACTOR

-- S&144

TOTAL WT. w

i^i33^ •4ti	 x	 X	 +

	

CYCEE-16h-f— ' pXf5/tf1n0V WALT05WW/CYC -C (LB)	 KG LB

I

REQUIREM EN TS

AMT.RECOVE
RE

D/CYCLE	 AMT LO T CYCLE

(DXOT 	 ^iLBT
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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 collection 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 10000F, while a. controlled flow of oxygen is continuously supplied to the
chamber. The incineration process takes approximately 12 hours with 97 to 99
percent reduction in 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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D2418561.3
APPLIANCE CO-ICEPT REQUIREMENTS AND PENALTIES CALCULATIONS

tO4CEVr^p 	 f/^^,yt^/ p,F'f'^C,CN ^ivCiN^- fll^ 	 I^st/,C'^UDC^ 1NOil NLfF0ER_,1..,Jf jo:,

ELECTRICAL PO{iER	 RE^UIREl1fNTS

• AS	 POWER	 DC I<POIIE^I_

AND _ _®	 OEHrnAs10USE T_IK	 Q ^3	 OEF	 05
CYCLE	 PEAK AVERAGE	 (WATT-IIR/	 PEAK

(WATTS)	 QI X ^1}	 (WATTS)

AVERAGE	 (CYCLEI1R/
(WATTS)	 01 X^COMPONENT	 (REF)	 (HR)	 (WATTS)

c r^^^rrr(r^,	 .^4Wa

MAXIMUN TOTAL	 MAXIMUM TOTAL

I
ti

THERMAL	 REQIITREHENTS

LATENT	 SENSIBLE HEAT LEAK TO COOLANT

SOURCE	 (STU/HR)	 (BTU/HR) (BTU/HR) (BTU/HR)

TOTAL	
t^	 ^^^J ^, ^""

WATT (BTU/HR)	 WATT (STU/HR) WATT (BTU/HR) WATT (BTU/Ilk)

•	 0PEItATI0NA	 PENALTIES

THERMAL	 ELECTRICAL
HEAT LEAK	 TO COOLANT

WEIGHT VOLUME

SOURCE	 (BTU/HR/CYCLE)	 (BTU/Ilk/CYCLE)	 (PK WATTS/CYCLE)	 (LS/MISSION) (FTC/MISSION)

TOTAL
IIATTS/CYCLE	 WATTS/CYCLE KG/MISSION MI/MISSION
(111U11IR/CYCLE)	 (UTU/HR/CYCLE) (LB/MISSION) (TT '/Mission)
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS (CONCLUDED)

CONCEPT	 INDEX NUMBER

:t:Eo	 ME[GHJVflLUME	 REQBIREMENTS

GONPONENT	 (REF)	 (Les)

	WEIGHT
	

VOLUME
(FTa)

/. 3f Z

TOTAL	 S . 13 l	 4 78	 to Z•
FA (LBS)	 N• (FT?)

r

'.	 BOLIO	 El(PENBABLE	 WJVOL	 RE9UIREMENTS

WT/UNIT©(REF)	 WT/ ©LE	 VOL/UNIT
Q

 (REF)	 VOL/CYCLE
M	 (PxG.WT/UNIT)(REF)	 1 x}	 (PXG.VOL/UNIT)(REF) 	 Qx 4

TYPE	 UNITS/CYCLE(REF)	 (Le)	 ^LBF	 (FTS)	 ,FTC)

•	 3	 S
^ Q

	

TOTAL WT Y11	 VOL/CYCLE

	

(LB)	 (FT3)

TOTAL WT.
n	 X	 x ZvrS	 .7	 O• ¢Fa

	

t	 ES/DAY	 D Y5/MISSION	 OT.W /CY L	 Kri tLU)
(LB)

TOTAL VOL
--wIrs rDH	 X mod,	 x	 09 7 77-S

YCLES/DAY	 VATS/MISSION	 TOT.VRL CYCL	 M FT

•	 (FT)) .

. 6AyL i gg lk	 EX P EN 0ABLES	 REQUtIREMENTS

CD
	

ANT.RECOVEERRED/CYCLE 	 AMT LOST

ANT.USED/CYCLE(REF)	 Q x Q	 Q -1
TYPE	 (LB)	 FACTOR	 (LB

A Z20
 $Le

E © L 2$3	 ^ p 4z83 .._

	

• r TOT	 X	
x

EDAY	 DAYS/MISSION(CLOST/ CYCLE
(3)	 Ito)
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SPACECRAFT	 Shuttle

HABITABILITY SUBSYSTEM Housekeeping	 HABITABILITY FUNCTION Refuse Management

APPLIANCE FUNCTION Refuse Processing

APPLIANCE CONCEPT NO./TITLE ll/Pyrolysis/Batch IncinerationzShredder

INDEX H0.	 3.2.4.11	 REF. NO. 100. 250

DESCRIPTION: The pyrolysis/batch incineration/shredder concept utilizes a
three-step process 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 12000F, with the vacuum valve remaining open, and the
wastes are pyrolytically decomposed (vacuum decomposition) and the gases are
vented to space. At the end of the pyrolysis process, the vent valve is closed,
the chamber is charged with oxygen, and several batch incinerations are performed.
The batch incineration step 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.

1
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TOTAL
1.	 MAXIMUM TOTAL	 MAXIM M

d	

k

- p2-ii8^ul-3

APPLtANCE CONCEPT REgUI RVIENTS A-10 PCNALttES CALCULATION S

CONCEPT 1!/py/ ĵ', 	 ,^/	 1`C^ /NC/IVGt^/JTir.'•3/^SH^C'COVE^	 tNOEx r1uMnER

ELECTRI- CA!	 POtfER I" REQUtREF^EHTS •

A C P0v E R D C	 P 0 WE R_ X

-	 135E Tlt4E ^3
[^_

DEMAND	 OS © UEFV)s 0

CYCC	 PEAK AVERAGE (CYCLEI1R/	 PEAK AVERAGE (CYCLEWIR/
QF x^j1COMPONENT	 ( REF)	 01R) (

^WA,TTT$)),^
(WATTS) (D xa	 (WATTS) (WATTS)

T H E R H A L

LATENT

SOURCE	 (BTU/liR)

^GCE^^rp̂ G.uiU,rr c^) ^.

TOTAL

WATT (BTU/HR)

REQt11REF1ElITS

SENSIBLE	 HEAT LEAK

(BTU/HR)	 (BTU/HR)

4?la

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

TO COOLANT

(BTU/HR)

WATT (BTU/HR)

OPERATIONAL	 PENALTIES

HEAT LEAK
THEE-70 

COOLANT
4	 ELECTRICAL	 WEIGHT	 VOLUME

SOURCE	 (BTU/IIR/CYCLE)	 (BTU/IIR/CYCLE)	 (PK WATTS/CYCLE)	 (LB/MISSION)	 (FT]/MISSION)

s	
""

v,

r	 •

TOTAL

IIATTS/CYCLE	 WAITS/CYCLE, x6JHI55lON	 MI/HISSION
0110/11R/CYCLE)	 (BTU/IER/LYCLE)	 (LB/MISSION)	 (W/MISSION)
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APPLIANCE CONCEPT REQUIREMENT$ AND PENALTIES CALCULATIONS (CONCLUDED)

CONCEPT1^ P4^ 4(^^(,^ 	 rCH 1NC1&62Lo911 All FII&C4W ji	 z	 INDEX „ 'UMBER	 . ^s, •

iITIEn	 UEIONJYOLUKE	 REQUIREMENTS
T.

• COMPONENT I$05(REF)	 (FTI)

.	 CALL C-r^._:_ac.^,^^rr •(	 : g^^____	 4^.3

TOTAL	 8'9+ j3	 /9 .5	 .. qz	 yTG• l^
'	 .	 KG (LBS)	 M3 (FT9

++ SQLIO	 EXPENDABLE	 NJYOL	 REgU1REMENTS

WT/U.417 	 kTYOL/CYCLE	 /UNIT(PEF)	 VOL/CYCLE.

TYPE

a
(F%G.1tT(LB)T}(REF)	 {PKG.Y`FT3;ITf(R£F)	 (IFT

UNITS/CYCLE(REF)	
(LB^

'	 BSS .	 _.,_ en	 -̂)i a 23A^

. d	 zSS	 o3z
T 7	 YCL	 -	 OT L VOL/CYCLE

(LB)	 (FT3)
TOTAL NT.

•X	 X 
	

•̂ ¢6L CL£S DAY	 D^^K SS 	 TO	 E	 KC (LB)

TOTAL VOL
Ki 5 ON X	 X	 .4737	 1.3

YCLE /D Y	 DAY5 /MISSION	 TO . OL	 -	 ^^ FT3C YCLE

•GAJLIQUIU	 EXPENDABLES	 REggIREMENTS

` 0	
©D

TYPE

AMT.R£CDV/CYCLE	 AMT LOST/CYCLE
AMT.USED/CYCLE ( REF)	

RECOVERY	
©XQ	

_y©

(LB)	 FACTOR (LB	 4LLB/'

.37{a	 Al	 ^lYyG	 3 / f^

1  '

' E (D
TOTAL NT.

,
t

VNE/bAY 1xvs/mItaloN	 TOTAL LOSTICYCLE

BF-4LM_}
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SPACECRAFT	 Shuttle

HABITABILITY SUBSYSTEM Housekeeping 	 HABITABILITY FUNCTION Refuse Management

s
APPLIANCE FUNCTION Refuse Processing

APPLIANCE CONCEPT N0./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 chamber similar
to the incineration and decomposition concepts. Shredded refuse treatment is
accomplished by charging the , chamber with 500 psla oxygen at ambient -LQrlperature
and applying heat to bring the chamber up to oxidation temperature. The final
pressure and temperature are approximately 1750 psia and 500 0F. 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 X102 to 6 hours). The collection bags described in concept
9 are 'also used for this concept.
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APPdA1lCE CO4CLPT REQUIF.ER NIS AND P01ALTIES CALCULATIONS'
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS (CONCLUDED)
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HABITABILITY SUBSYSTEM 3.0 Housekeeping

HABITABILITY FUNCTION 	 3.2 Refuse Manaaement

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
to the 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 d2-6.

(3) The uncompressed volume of trash was used to size all of the concepts.
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APPLIANCE
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APPLIANCE CONCEPT COMPONENT SUMMARY MATRIX

APPLIANCE FUNCTION: 3.2.5-REFUSE DISPOSAL

NUMBER	 OF	 COMPONENTS
COMPONENT TYPE

NUMBER

OF

SAFETY

=^ Ì © w CRITICAL^

APPLIANCE TYPE	 N ITETIS1 *M

VACUUM STORAGE/RESTORAGC, 1 1 - - 0
BIOLOGICAL STABILIZED

STORAGE BIN/CONTAINER/RESTOR,4rE/ - - - - 0

BIOLOGICAL STABILIZED

SOLID PROPELLANT REFUSE ROCKET I I UNK UNK 0

f

*TBD
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EJECTOR HANDLE---++
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LID LOCK(UNLATCHEDPOSITION)

VACUUM SHUTOFF
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ar SPACECRAFT	 Shuttle

HABITABILITY SUBSYSTEM Housekeeping	 HABITABILITY FUNCTION_ Refuse Management

APPLIANCE FUNCTION	 Refuse Disposal

APPLIANCE CONCEPT N0./TITLE 	 1/Vacuum Storage

INDEX NO.	 3.2.5.1	 REF. NO.	 MacDac, 283 297

DESCRIPTION : The vacuum storige concept considered was the same as used for
Skylab. 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 ft 3 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.

LID LOCK
ItATCHED	 VENT TO VAC
POSITION(	 ^— —

VALVE.

,
OUTEI

DOOR HkNDI.E
(CLDSE .VENT	 --
POSITION(

L.I-Tj .j - .%^ C

WASTE TANK'

TRASH RAG READY
FOR EJECTION
(RESTRAINED ;Y TARSI

VALVEIOUTER
DOOR HANDLE

IOPEN POSITION
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APPL1At{CE CO'ICEPT REQUIREMENTS AND PENALTIES CALCULATIONS
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS (CONCLUDED)

' CONCEPi y/IClll//I1 5lr^,f	 E	 INDEX NUFSBEA.

EIXED	 YEIGFtMAkit	 R[g.UIREMENTS

sf
COMPONENT (REF)	 (LIS)	 "FT3)

9
r

1

I

bus c o	 .. C—)	 z. o
`

^

TOTAL	 7^. 75	 /^ 9• Z	 . 2 3 Z	 $. z
'	 .	 KG (LBS)	 N= (FT3)

SDLID	 EXPENDABLE	 WTYOL	 RE	 2M!	 NTS

CYCLEWT/UNIT((REF)	 WT/CYCLE	 VOL/UNIT (REF)	 VOL/
(PKG•HT(LB^7)(REF)	

©(LB)	
(PKG.Y(FT,)IT)(REF)	

FT3TYP UNITS/CYCLE(REF)

t .

F O
(D

TAL (WT/CYCLE—	TOTAL VOa^ YCLE

TOTAL 	 . •
CYCLES/DAY	

X	
DAYS/MISSION	

X	
DT.	 /CYCLE	 _	 K	 L8

(LB)

TOTAL VOL X	 X	 r

YCLfS/D Y	 Q YS/MISSION0 .VFOLL/	 CL	 N	 FT

OAJLIgUIU	 EXPENDABLESREQUYREMENTS

1	 ,
O

Cn	 ©bAMT LO5T CYCLEAMT.RECOY	 /CYCLE
ANT,USED/CYCLE(REF)	

RECOVERY	 Q xcz)	 ©_

TYPE	 (LB)	 FACTOR	 (LB	 '(LB

04f,e

s
O	 z	 -	 O ._ . 32-1

TOT
X	 Zd.5	 X	 ..	 1	 Z. 3	 • /5

- 
s: is 

•i LED	 S/M SSIO	 T	 L	 ,Y l	 KG	 B
. a (31	 aB)	 (z (1)

82-438



_f.472 I 	!

-	 D2.118561-3

SPACECRAFT	 Shuttle

HABITABILITY SUBSYSTEM Housekeeping 	 HABITABILITY fUnCTION Refuse Management

APPLIANCE FUNCTION Refuse Disposal

APPLIANCE CONCEPT N0./TITLE 2/Storage Bin/Container

'INDEX No.___ 3.2.5.2	 REF. 140.	 170

DESCRIPTION : The storage bin/container concept employs 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 sterilant 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 tM locker was based on the
refuse volume including the storage bags.
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APPLIANCE CONCEPT RiQUINCItENTS AND PENALTIES CALCULATIONS
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r	 SPAUCRAI'T.	 Shuttl e

11AN) AM LITY SUBSYSTEM Housekeeping	 HABITABILITY FUNCTION Refuse Management

ANILIANCC F NCTIOPI	 Refuse Processing

APPLIA'10E CONCEPT CIO./MLE	 3/Solid Propellant Refuse Rocket

INDEX 1-10.	 3.2.5.3	 REF. 140.	 202

Q1-.S .] I'l' I Otl	 The solid propellant refuse rocket concept utilizes a rocket to
jettison refuse to earth for aerodynamic incineration. The study assumes the
refusQ 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 ellipse 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 simple 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 racket in total
impulse to total weight ratio primarily because of the greater energy per unit
volume. Therefore, less dead weight structure is required 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).

Waste Rocket

CAM ROLLERS

DENSE METALLIC wAM	 MATING CYLINDRICAL
M NOB€	 WANT€ SECTIONS

Laueeh [lead Notstld 	 Vent Valve
Ou

Vacuum Line

 Cam It'.11er to impart
Spin

HsiehrkM

Meehanum

Operation.

pool* lottpch handle to "effect" position (nnt shoem). The followirwevents
`	 weer aulomstically_

1. Louse% tube Is rented to space and then hatch opens.
1. Lunch piston In released and roeimt is spin elr • ted. Csbin pressure

provides launch force. Helical groove In launch tube Imparts @pin.
1. Reach Closes.

a	 4. tAfteh tube M vested to esMn and spring retracts faamh pistoe.

Launch Tube for Spin Ejecting Waste Rocket
B2•-442
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AC	 POISE R	 DC	 PONI' R

USE	 IME	 Q). 03} DEri 'an W (0	 URIM1i D

CYCLE	 PEAK AVFkA ri E (CYCLEIIit/

ICI) X3

PEAK AVERAGE	
(GAIT -11-1Ej

COMPONENY	 (REF)	 (Hit)	 (WATTS) (WATTS) (WATTS) (WATTS)

1A
_ _._ .	 4 ^_	 _ n

MAXIMU14 TOTAL TOTALMAXIMUM

THERMALEEQUiREMENTS

	

LATENT	 SENSIBLE	 HEAT LEAK
	

TO COOLANT

SOURCE	 (BTU/HR)	 ( Btu/11R)	 (BTU/HR)
	

(BTU/1{R)

^Yy69

TOTAL

WATT (BTU/HR)
	

.WATT (BIU/NR)

OPERATIONAL	 PENALTIES

HEAT LEAK

	

THERMAL 
TO COOLANT	

ELECTRICAL	 WEIGHT	 VOLUME

SOURCE	 (BTU/IIR/CYCLE)	 (BTU/HR/CYtL£)	 (PK WATTS/CYCLE)	 (LB/101I5SION)	 •(FTC/MISSION)

^^^P crate ls^i r^	 —	 !Ca - Z5 ^$

FMM

t	 TOTAL	 _	 Jp	 _47_ 7.. S^ 
f 1

^ r_d1S
	WATTS /CYCit	 WATTS/CYCLE	 KG/MISSIQii	 /NISS10.

	

(BTU/IIR/CYCLE)	 (BTU/IIR/CYCLE)	 (LB/MISSION)	 ( FTI/MISSMN)
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AFINIANCL CONUP) RIB 111RIMMS fell) vi NAI MS CAlCUI A) I f !'); (CONCI U11101

£o llap , ^f^Sp^/,p	 pE^N1r Gopia5 ,eacx^T	 INDL1 )urauER ^,.z- 5_3 -

•	 F. I- x E l)	 W F	 I	 G It T J V O l	 R) M 1. , 	R C	 Q i J. j	 !4 E N	 1	 5

WFIGNT VOLUME
COMPOuI.F{T 	 (RkF)	 (l bS) (FT')

IEc^EGT_LQAL Is?^^ff1 `I^ll.^.df_ 	 _..30

TOTAL	 ^^.3 	 C V
•	 VG (LBS) M3 (FT3)

SOLID	 EXPENDABLE	 WJVOL	 REQUIREMENTS

O	 wT/UNI ( (REF)	 fArr/CYYCLE VOLM417 (REF)	 VOL/ Y Lt

(PKG .NT(LtDd^,7^)(R

/

EF}	 QIdLBy (PKG.V(FT3f}:T{pLT}	 TFTJ'
TYPE	 UNITS/CYCLE( REF)

/)

—^ r16TALkT1GYCLE TO RL/CYCE(
(LB) (FT°}

TOTAL WT._
^ST^SrON	 ^a __f 	 x	 Z_o.	 ._^ x	 ^^^ ^ _	 -

DAYS
-176-6-.

£YCLES/F)AY	 /14IS5IU"!	 TOT.4lT%CYCLC KG	 ALE'.)
(LB)

TOTAL vnL
!$I55IUN	 •d	 x	 -- x	 r ^^^.----

 '
3)-__	 --

CYCLES/DAY	 DAYS/ I ISS1O1	 TOT.(FT I CYCLE ATTt
(fT3 )

5

GAAiRi IA	 EXPENDABLES	 REQUIREMENTS

©
	

©D
/CYCLE	 AMT L05OCYCLE

RECOVERY	
AMT.RECi)V

MUSED/CYCLE(REF) ( x^7	 [)-t-
TYPE	 (LB)	 FACTOR -

AVA
(LB)	 (L8

r

V

-	 TOTAL SIT.

H3351UF` `	 X	 X +	
^ ^

_
CYCLE7UAY	 U71Y^%11155 OH	 T6T7CL l.OSrfYCLC 	 ^ KG	 L8

'	 C	 (LB) (s	 D
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HABITABILITY SUBSYSTEM 3. n Housekeeping

0,

HABITABILITY FUNCTION	 3.3 Garment/Linen Maintenance

APPLIANCE FUNCTION	 3.3.1 Garment/Linen Washing

NUMBER OF CONCEPTS CONSIDERED 10

ASSUMRTIONS

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 include 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 clothes washer and dryer data for this
study from Reference 90.	 1

All the clothes washer and dryer engineering 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:	 1 •

1. Two clothes washings per day
2. Maximum washer clothes load 1.21 kg (2.67 lb.)
3. Water usage for the automatic concepts was 16.63 kg (36.67 lb.) for washing

and 16.63 kg (36.67 lb.) for rinse
4. Rinse water is temporarily sotred and reused as wash water
5. No water recovery system is available
6. Concepts are penalized for the weight of wash water, 16.63 kg (36.67 lb.)

used each washing
7. Wash/rinse time is one hour

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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—APPLIANCE—
CONCEPT (+r)

w0.	 ,,-, C.0 N . 0 E P_T_..K . A_fl -E _-_ 1 - CABIN AIR	 (CIRCULATED). LITERS/SEC (FT3/MIN)_

I	 .- MCCR ANICA L OSCILLATION	 -	 _	 _ - __-- 2
3
- CABIN AIR	 (LOST)	 .
- 7XYGEN	 LUST)	 ,

KG/HR
KG/HR

( LB/HR)
(LB/HR

2 FLUfOIC AGITATION 4 - COOLVIG WATER	 CIRCULATED), KG/HR (LB/HR

3
3_	 — AGITATIONPISTON	 AGITATION	 _	

-	
-µ 5 - WATER	 (LOST) KG/HR (LB/HR) -- OO CYSTIC 	 A ND MuMP AGITATION 6 - NITROGENCIRCULATED), KG/HR (LB/HR

5 DIAPHRAM A CTUATED-ONE-DIRECIf0NA" QUEEZE 7 - NITROGEN	 USED) KG/HR (LB/HR;
• DIAPHRAN ACTUATED -TWO DIRECTIONAL SQUEEZE 8 : FREON	 (CIRCULATED). KG/HR (LB/HR) (1D 7-- -WATE R SPR A T AGITATED 9 - WATER	 (PROCESSED) . KG/HR {LB/HR) - —
8 	 - ULTRASONIC
*--_--IWANUAL n ASH604R p 	-. _	 _.^	 __	 _ , ---	 o0 l0	 - PLAIN RECIRCULATION

r**

C
(+*)AVAILABLE INDICATOR O E.

(1) AVAILABLE 0-255 -

-- (2) STATE OF THE ART 25-50% C1

(3) SOME DEVELOPMENT REQUIRED 50-75%

O
 (4) EXTENSIVE DEV. REQUIRED 75-100%
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CONCEPT

	

--Noe	 C 0 N C E P T N A M— E - -_^-

_ ^._ .... 1 	 MECHANICAL OSCILLATION
	2 	 rLUIDIC AGITATION

	

—....3	 PISTON AGITATION

	

i 9 +	 CYCLIC VA LVE 00 PUMP AGITATION
!r_ •4- 0IAPHRAM A CTUITED - ONE DIRECTIONAL SQUEEZE._

	

L	 DIAPHRAM A CTUATCO-T,%O DIRECTIONAL SQUEEZE

7 • _ _ WATE R SPRAT AGITATED

	

i	 ULTRASONIC

	

9_	 w_ _ . MANUAL 'WASHBOARD	 -
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10 -	 PLAIN RECIRCULATION
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CONCEPT NUMBER
5

Garment /Linen Washing (Shuttle) Concept Trade

s

.x
	

82-448	 .



NUMBER OF DAYS a	 20.5 t 006 YEARS)
USES 1400 SUBROUTINE 21 _
THERMAL PE NALTY - OI RCCT TO COOLANT Lb	 "I •0250
THERMAL PENALTY w CA9IN-_NEAT.LEAK.____IWBLUMI.-00550
POKER PENALTY (LBS/wAT T ) TYPE 1	 •5300
POWER PENALTY ILBSJWAT71 —TYPE-.2_ .!1300 -	_^ --,----- --..--.--	 --	 — - —

r

NATONIX .• GARMENT /L j—kW—wASHIN6 ISMUTTLE)SELECTION

_ MIN-- . M AX - 0. N -C_E r T_....
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T
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_
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THERMAL _S4.34S_346*88 15_,,.,^7010,_ :°004 _.6.04  6022 — 7092 -- - 7.92 R 7 0 04 000. 12065 .- 7104
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—.
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__

S00fl
._

_ S100 000
._
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T,	 --_
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_

5.00
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TOTAL PT— 000000 550000 B5 44032 40034

_
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u
33029 31+03 9 4 80961 00 0 9 6,570148021 00

1i —RATIMIG 000000
to

 100 SV14 419ML 3481 32044 45003 015017 5760 21.2 e 47024 56072
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SENSIT . IVITY - ANALYSIS ._-__

RATING FOR EACH COMtEPT AFTE R INCREASING
SINGLE_ SELECTION . PARAMETER WEIGHTI NG . FACTOR BY SO .f._

r
[BASED ON 100 1 MAX POINTS!

C 0 N C E P 7
l 2	 3	 4	 3 6 7 8 9 i0	 .

NORMAL S2.IM 17.44	 30981	 32944	 45.03 45.17 57060 21#28 67.24 56972 ^-

o 013GM1 '	 - 48059 44030- 28 03 4 29981	 42.15 42.30 S3.61 20.1 8-- 68603 5209 -
POWER 54.83- 50.46-.3Z+36._33+85,_ 49.09 - 49.22 59979 _19.55' 67.19 58.97

g VOLUME- 53.44 4803	 299[0	 30.64	 46.91 47.07 5 8 .54 24.14 65075 57973
THERMAL 51 075 31 a58 : 145.66__47.41	 - 33.17 45.78 56.74  19.55 68.63 55 0 92,
RELIAB-r^ 52•S8 46990 31089	 33.78	 4S.66 45a79 57.92 20.67

-
67.28

_-
57.27

--	 _
^^-

^_------

'F MAINTENC
-

52.54 46910	 31987	 33.86	 45x71 45.84 S7 r90
-- 
21912 67026 57029 -

-- -^€ SAFETY 53.51 -32079 --48.94	 34.37 43975 -43aR7 5 8 982 229S8 68x18 S7 9 9SF
OEV COS T 50#05 46960	 28174	 30.23	 41038 4195Q_- 3 7 963,_,22.54-65.63-55011 60

9n
SENSIT I Y I?.1!N-A kySIS

C)
RATING FOR EACH CONCEPT AFTER INCREASING

-'-_ SINGLE _SELECTION PARAMETER WEIGHTI NG FACTOR BY._^50 _5.-.-•--- --, _
IBASEO ON	 100 1 MAX POINTS$

C O N C E P T
's 1 2	 3	 4	 S 6 7 8 9 10

E NORMAL S2#I1 47#46	 30981	 32. 44	45903 45.17 S7.6O 21 . 2 8 67024 S4972

WEIGHT 9696.39 S 1 6 22	 3307635#S8	 48.47- 48 #S9 62038 -- 22.59 ^66030T61*40
E POKER  48.93 43.87	 2899630975	 40.19 . 40.33_ SS•00 _23.34 _67.31 S9902 , -
g VOLUME 50046 15079	 32974	 34946	 42.92 4 3042 56.52 10906 68.93 S5aS8

THERMAL 53.10 47951	 24.89	 31.57	 44.28 44.43 58.64 2303 4 6SmS9._.57064
_ RELIAB • T S1•68 48.0 ,4 -- 29a67	 31902	 1 14.37 44950 5 7 *27 21992 67920 S6913

MAINTENC 1S[r72 _ 48.89_ 29.69	 30. 9 3	 44932 44 9 45 57 .9 29 21 0 +15 67x22 .. S4911
S A FETY - SOW? 45986	 28972	 3009	 46#90 46053 56932 19090 66.25 55090 .
DEV COST 54064 48.48	 33.28	 35.07	 49#39 49954 57x58 19077 64917 57912
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APPLIANCE CONCEPT COMPONENT SUMMARY MATRIX

APPLIANCE FUNCTION: 3.3.1-GARMENT/LINEN/WASHING

NUMBER	 OF	 COMPONENTS

COMPONENT TYPE W^.

z NU IBER
ac v ^► w Ln

=D0 0
d

w
..^ . ce

v,.. ^w = acar w o w
cJ w OF

ca a o en ca w Cl f- w -I ¢ cs
•-+ J J 92: !- ►+ V +-+ = !•- J J O a SAFETY

ce a
Zw

a2: w^m ¢WE m:N , x
a V =w acs

F-V =¢vf J w^
os wox ^arcn

CD a w :3. a = o w d -. f-- !- cs !- yr = ^ t,.! w x c^ z CRITICAL.F•^ '^ J J -	 t.) "d F- a_ QQ w J ul ^-•^ w C7 .J Z CU w
O O d C.] U J d w 0.' J 3 -- .J 3 cc w .4c o- p ^-+ O J C

APPLIANCE TYPE	 NO.
a En m Vn u w -- T I TE; ^S

Q 2 ®o © o ®^ ®o a ®c
NONDISPOSABLE CLOTHES - - - - - - - - - - - - - - - 0

MECHANICAL OSCILLATION (pg. 21) 2 1 2 2 - 1 1 - 1 4 - - - - - 1

FLUIDIC AGITATION (pg. 24) 5 2 2 2 - 1 - 10 1 7 - - - - - 0

PISTON AGITATION (pg. 27) 2 1 2 2 - 1 - - 1 4 - - - - - 0

CYCLIC VALVE AND PUMP (pg. 29). - 1 2 2 - 1 - - - 3 - - - - - 0

DIAPHRAGM ACTIVATED-ONE - 1 2 - 2 1 - - - 4 1 1 1 - - 3
DIRECTIONAL SQUEEZE (pg. 31)

DIAPHRAGM ACTIVATED-TWO - 1 2 - 2 1 - - - 4 1 1 1 - - 3
DIRECTIONAL SQUEEZE (pg. 24) `

WATER SPRAY AGITATED (pg. 35) 2 1 2 2 - 1 - - 1 4 - - - - - 0

ULTRASONIC WASHER.(pg. 38) 2 1 2 2 - 1 - - - 4 - - - 1 1 1

MANUAL WASHBOARD (pg. 41) 2 1 2. 2 - I - - 4 - - - - - 0

PLAIN RECIRCULATION (pg. 45) 1 1 2 2 - 1 - - 1 3 - -
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SPACECRAFT Shuttle
Garment/Line

HABITABILITY SUBSYSTEM Housekeeping 	 IIABITABILITY FUNCTION Maintenance

APPLIANCE FUNCTION Garment/Linen Washing

APPLIANCE CONCEPT N0./TITLE. 1/Mechanical-Oscillation

INDEX N0.	 3.'3.1.1	 RLF. NQ.	 90

DESCRIPTION

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.

f
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PPI!ANCE CONCEPT REQUIRENERIS AND PENALTIES CALCULATION$

CO•RCEPT	 ('C_	
4.	

Or	 Aa4 lo ll INDLII NUIJBER	 3 • ^•	 .

Np f.	 ?0	 21,22)
ELECTRICAL	 POWER	 REqu IRE_M_EItTS I

AC	 POWER RC	 P 0 ^_	
r

W E R
Q

fUSE TIME	 Q	 Q	 DFMAND DEMAND

CYCLE	 PEAK	 AVERAGE	
({YCLEHR /

PEAK	 AVERAti-
(CYCLfltR/

^I X^j1COMPONENT	 (REF)	 (HR)	 (WATTS)	 (WATTS)	 Q % 3) (WATTS)	 (WATTS)

_YDi I Y! I, "	 _^ _. ____•_.

MAXIMUM	 TOTAL MAX Imum TOTAL

THERMAL	 REQUIREMENTS

LATENT	 SENSIBLE HEAT LEAK TO COOLANT

SOURCE	 (9TU/HR)	 (BTU/HR) (BTU/HR) ( BTU/HR)

//
	 ILVSi ^. Y e n	 S`	

n 
`^4.	 4'

a	 0 3 n ) DTOTAL

WATT (BTU/HR)	 WATT (BTU/i!R) WATT (BTU/HR) WATT (BTU/HR)

OPERATIONAL	 PENALTIES

AL	
ELECTRICAL

THERM	
TO COOLAIITHEAT LEAK

WEIGHT VOLUME

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

- - a

TOTAL 
WATTS/CYCLE	 WATTS/CYCLE KG/MISSION M^/HiSSiON

(BTU/IIR/CYCLE)	 (DTU/I!R/CYCLE)	 ? (LB/MISSION) (IT'/MISSION)
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APPLIANCE COKLEPT REQUIREMENTS AND PE`LTIES CALCULATIONS (CONCLUDED)

CONCEPTP^^^ O Sc j 1 a^ i p I} INOEx NUMBER	 ^i •	 1

F I xEn	 N E I G HJyq	 tl ME	 R E QU I R E M E It T S

wEIG11T VOLUME,'
COMPONENT	 (REF)	 (LOS) (FT3)

IyioS'
t,egil"clt(adipi,--u1,1,`
va I^I,A.
V44 ay-,	 °. p a rofay
P	 ' a n,^„^,

•	 TOTAL	 ^(p (J. ^S	 t I ?^ D. ^j 3	 1. (,

KG (LOS) M3 (FT3)

SOLID	 EXPENDABLE	 WJ;fOL	 REGUIREHENTS
7

IT
4

©LE©	 WT/UNIT^(REF)	 WT/CYCLE
(PKG WT/UN1T)(REF)	 QX(D

VOL/UNIT (REF)	 VOL/
(PKG.YOL/UNIT){REF}(l^x(A7

(FT3)	 TFT3yTYPE	 UNITS/CYCLE(REF)	 (LB)	 (L6

r -	 U !f bUff	 .Dol3_

TOTAL WT/CYCLE TOTAL VOL/CYCLE

(LB) (FT3)

TOTAL WT.
	 04-'`

CYCLES/DAY	 DAYS/MISSION	 TOT.WT/CYCLE KG	 LB
(LB)

TOTAL VOL
MI5s10N *	 X	 ^•	 X	 r p C ^^o z^	 ^ • O ŵi .3

M3 (-FT) ^'#CYCLES/DAY	 DAYS/MISSION	 OT.(F0TL/ YCLE

•	 GASLI	 UID	 '	 EXPENDABLES , 	RE	 UIREMENTS

© /CYCLE	 AMT LOST/CYCLE

AMT.USED/CYCLE(REF)	
RECOVERY

AMT.RECOVEERED
O 

x 
n	 Q _f;'

(LBTYPE	 (LB)	 FACTOR (LB)

wa sh 	 r^ ^^ r	 3'to:'7•	 o' 3L7
insf -	 4 a C	 _ 34r:Z . 36.7	 Q

TOTAL wr.'
r,S-saff-	?	 x	 2v 5	 x-	 3. 6.	 • 1 OS +	 3.	 `	 '71 G ^15 7j9_

KG LA)^`— IETAY	 ^ll0 YS/MISSIONTOTAL -O5^ YLLE"
(LO)

a

`	 82.454
A-ill
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SPACECRAFT	 Shuttle
..	 Garment/Linen

HABITABILITY SUBSYSTEM Housekeeping	 HABITABILITY FUNCTION Maintenance

APPLIANCE FUNCTION Garment/Linea Washing

APPLIANCE CONCEPT N0./TITLE 2/Fluidic Agitation

INDEY N0. 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, and is used to spin-dry the
clothes before final drying.

s
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APPLIANCE CONCEPT REQY[REf1ENTS

CONCEPT F'Itt	 ir 	 n ' lo 4
AND PENALTIES CALCUTATIOHS

INDEX Nukb£R • 2-_a	 I or

f t -	 €LECTRICI^L	 POWER REQUIREMENTS

A C F 0 W E R	 _ D C	 P O W E R

USE TIME O2 DEXID ^S	 © DEMANDk

CYCLE PEAK AVERAGE	 (CYCLEiR/
(WATTS)	 Q X$

PEAK	 AVERAGE
( WATT- 11R/

COMPONENT	 (REF)	 (HR) (WATTS) (WATTS)	 (WATTS) Q1 XI

rF

i

J

J

' MAXIMUM TOTAL MAXIMUM TOTAL

THERMAL. REQUIREMENTS

LATENT SENSIBLE HEAT LEAK TO COOLANT

SOURCE (BTU/HR) (BTU/HR) (BTU/HR) (BTU/HR)

.^ ca^	 4	 ^^f) —

L12-, A

TOTAL ^r 7 9^^	 33^

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

OPERATIONAL	 PENALTIES

HEAT LEAK ,
	THERMAL 

TO COOLIUIT	
ELECTRICAL	 WEIGHT	 VOLUME

^

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

TOTAL
WATTS/CYCLE	 WATTS/CYCLE	 KG/MISSION	 M3/MISSION
(BTU/HR/CYCLE)	 (BTU/HR/CYCLE)	 (LB/MISSION)	 (FT3/MISSION)

B2-a56
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; r FIXED	 WEIG11JVDLUFiE	 REQUIREMENTS

WEIGHT VOLUME
COMPONENT (REF)	 (LBS) (FT3)

Val v,F^n

.Piro ^ I o

TOTAL	 5 $. S	 C .. 9^ D•	 8	 2.
KG (LBS) M3 (FT3)

SOLID	 EXPENDABLE	 WyVOL	 REQUIREMENTS

O	 WT/UNIT (REF)	 WT/COLE
(PKG.WT(LB,T){REF}	

(L03

VOL/UNIT (REF)	 VOL/CYCLE
(PKG.V(FT3'IT)(REF)	 C7T3^

T^TYPE UNITS/CYCLE ( REF)	
T9	 r 1

Cet

OZEd O TOT7iL^L CYCLETOTALaWT/CYCLE
( LB) (FT3)

TOTAL WT. Q

CYCLES/DAY	 DAYS/MISSION	 TOT.WT/CYCLE KG L$
' (LB)

TOTAL VOL
M15SIDN x	 % 0. QDJJ 	 (.C^_s3J_

M4 (FT'CYCLES/DAY	 DAYS/ MISSION	 TOT.(0L3}YCLE

G A JL I QU I D	 E X P EN DA B L E S	 R E QU I R jtKN T S

•	 O ©D/CYCLE	 AMT LOST^CYCLEAMT.RECOV
AMT.USED/CYCLE(REF)	

RECOVERY Qx	 U_

TYPE

Wks 	 wa Pi-

(LB)	 FACTOR (L$	 (L$

F0 ^3&.?

TOTAL WT.
MSIbN^

'^
x	 x

,;
t

	
-71

KG ZLBCYCLE 0	 D YS/Ml55IQNOT7rEOST^/CYCL
(LB) (y Q

D2.-118561-3

APPLIANCE CONCLIIT REQUIREVENTS AND PENALTIES CALCULATIONS (C0'ICLUDED)

CONCEPT; L! Ci

f

 !	 fC l 1 ^l! 	 ra 	 INDEX NUMBER	 ^1 . ! . 021
I/
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SPACECRAFT	 Shuttle
Garment/Linen

HABITABILITY SUBSYSTEM Housekeeping	 HABITABILITY FUNCTION Maintenance

APPLIANCE FUNCTION Garment/Linen Washing

APPLIANCE CONCEPT NO./TITLE 3/Piston Agitation

INDEX N0.	 3.3.1.3	 REF. NO.	 90

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 lbs) of water are left in the clothes over
and above the grater 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 lb) of
water, and this washer.concept has 0.91 kg (2.0 lb) 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.

B2-458
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APPLIANCE CONCEPT RLQUIREMLNtS AND PLNALTTES CALCULATIONS

CONCEPT-h-. 4 t^	 r+ ^C^^fYI INDEX NUMBER	 ... _ . 1. 3

CRe^ 41
gU r, 27, zf

ELECTRICAL	 p 0 W E R	 REgIfIfEMERTS

A C	 P 0 W E R

PAANO

DC	 P 0W E R__ r

USE TIME O2	 Q3	 0 ^5 DEMAND

CYCLE	 PEAK	 AVERAGE	
(WATT- 119/

PEAK	 AVERAGE
(CYCLEIIR/

COMP014ENT	 ( REF)	 (HR)	 (WATTS)	 ( WATTS)	 QI % (WATTS)	 (WATTS) 0 X(

_lLsL^I^i.l^^ 	 o 	 '
-u Ell	 ..

MAXIMUM	 TOTAL MAXIMUM TOTAL

THERMAL	 RECUIREME-NTS

LATENT	 SENSIBLE HEAT LEAK TO COOLANT

SOURCE	 (BTU/HR)	 (BTU/HR) (BTU/HR) (BTU/HR)

l!-T

TOTAL	 9.Z	 3 f .' g'?	 ? ^^

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

OPERATIONAL	 PENALTIES

THERMAL TO 
COOLANT	

ELECTRIL •' L
HEAT LEAK

WEIGHT VOLUME

SOURCE	 (BTU/HR /CYCLE)	 ( BTU/HR/CYCLE)	 (PK WATTS/CYCLE) ( LB/MISSION) ( W /MISSION)

3_	 L€' ` ci rT^r Ctr^7 re

3.. 2	 f	 n,	 :rrZ CcC ^e	 - ^^

r^r L̂^ `	 Q ^ u Ba er —

TOTAL	 Z^-S ^-2• ^	 1t a 5C	 ._	 A^	 7	 LI ^.003^
WATTS/CYCLE	 WATTS/CYCLE	 I,	 ))^^
(BTU/llR/CYCLE)	 ( BTU/HR/CYCLE)	 4^ 7

KG/MISSION

(EMISSION)
M3/MISSION

( F73/MISSION)

B2-459

T



r	 1

l

DZ-1t856i •3

APPLII04CE CONCEPT REQUIR£MLNTS A'10 PENALTIES CALCULATIONS (CONCLUDED)

CONCEPT	̂Oil INDEX NUMBER

F 	 XE. 0 WE 1 GHJVOLIIME	 RK U I REMENTS

WEIGHT VOLUME
COMPONENT (REF)	 (LBS) 00)

!
f ' !	 `'/ -lE'?,.E^'1e-2.A	 r, , ,:	 :a::rr 1

Volvii',

T—	
f

tI	 l

h^115C"^^111'^ r. `
,

TOTAL	 S'5. 3 (12 2) D..3	 S	 (f 2. 3'
KG (LBS) H3 (FT3)

SOLID EXPENDABLE	 W 	 L	 REQUIREMENTS

3
IT

4	 5
O WT/UNIT (REF)	 WT/CYCLE  VOL/UNIT (REF)	 VOL/CYCLE

(PKG.NT(LB)T)(REF)	 (L83T (PKG.Y(FT33'IT)(REf) 	 Q1 XTIT
TYPE	 UNITS/CYCLE(REF)

J	 i
,̂gr n: r r i rt F-

•
._.

^o—— F,®_.o^/:^
TOTAL WT/CYCLE TOTAL 1fOL/CYCLE

(LB) (FT')

TOTAL 14T.

MIss Iuin	 x x D.	 1 !^^]
CYCLES/DAY DAY /MISSION	 TOT.WT/CYCLE KG	 L6)

TOTAL VOL
M15SIO7N	 X X ^• ^D IS	 s^

CYCLES/OAY DAYS/MISS ON	 TOT.VOL/CYCLE H	 FT7
•(FT3)

f

G AJL I QIf i p	 EX P E N DA BL E S	 R E DU I R E M EN T S

OV	 AMT.RECOV R D/CYCLE	 AMT LOSQCYCLE

	

AMT.USED/CYCLE(REF) 	
RECOVERY	 O X n	 O _y

TYPE	 (LB)	 FACTOR	 (LB	 (LB

^yr OL SL - u, ix to r

Rinse u, a4 er T

	

o	 ^. 3	 ^0 36.2

TOTAL NT. 7l ^,-5 dM15SIbH	 X	 X	 +	 [[
^^DAY	 R"K/AM3 10N	 KGfi^JT7^La05 CYCL>	

{Li!)	
k$j-'
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SPACECRAFT	 Shuttle
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. NO.	 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.

Nospin-dry capability was assumed, just as in concept #3, and again 0.91 kg
t2 . 0 lb) 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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APPLIANCE CONCEPT REQUIREMENTS ACID PENALTIES CALCULATIONS 	 1

Pu	 INDEX NUMBER— 3. 1y	 +CONCEPT	 1 c_	 va l^^r^ .

(R
ELECTRI- CAL POWER REQUIREMENTS

[^
—

AL	 PO WE R _(^_ 0 	 PO _NE R

	—USE T 1 GiE	 2^ Q3 UEtt4Na DEMAND
CYCLE	 PEAK AVERAGE

(WATT-IIR/	
PEAK

CYCLE
033	 (WATTS)

AVERAGE	
(WATT-HR/
CYCLE

'(REF) (HR)	 (WATTS) ( WATTS) ( WATTS)	 cj}X 7CO.KP

-

ON

l

E

,

NT

Lt 
I
) , IDS-....^

._ ,. 7 — 	 --O
MAX M4	 TOTAL	 MAXIMUM	 TOTAL

T H E R M A L	 R E U! R E M E N T S

LATENT	 SENSIBLE	 HEAT LEAK	 TO COOLANT

}}

SOURCE

44

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

ll^°p^--

TOTAL	 -_ O	 Q^?^^ SowO	 _^^

WATT (BTU/HR)	 WATT (BTU/11R)	 WNTT (BTU/HR)	 WATT (BTU/HR)

OPERATIONAL	 PENALTIES

THERMAL
HEAT LEAK 

*
TO COOLANT

ELECTRICAL WEIGHT VOLUME

SOURCE	 (BTU/NR/CYCLE) (BTU/HR/CYCLE) (PK WATTS/CYCLE) OMISSION) (FT3/KISS101i)

4; 	 c a	 Lj er CnkiCe pl

r-^	 n 
1	

Zl_

1
°

alkeYYtak	 c(I M C -pis,

TOTAL	 ) ^`^, ^i 350. 14	 Ac _ 73 b o) 1.00
WATTS/CYCLE WATTS/CYCLE 1,	 ^t454 1C KG/MISSION MI/MISSION
(UTU/HR/CYCLE) (UTU/HR/CYCLE) (LIS/MISSION) (ITS/MISSION)

62-462
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TOTAL	 1	 ^^`^ D• 3 f 2 •^^^'
KG (LBS)	 ♦ M3 (FT3)

SOLID	 EXPENDABLE	 WT/V0L	 REQUIREMENTS

WT/UNIT ((REF)	 WT/CYCLE© VOL MNIT (REF)	 YOL/ y LE
{ p KG . WT^^g^T}(REF)	 01 

EO

(PKG.V(FT3)1T)(REF)	
QY3TYPE UNITS/CYCLE ( REf)

F

O TOTAL- T%CYCLE
/ --3

LETOTAL VOL/CYCLE/
(LB) (FT3)

TOTAL WT. o
F11;SIOIL  X	 x c^. r^^-	 C1 +^_

CYCLES/DAY	 DAYS/MI55EON—	 TOT.WT/CYCLE KG (0)

(LB)

TOTAL 'VOL n

-Mlssl0- X	 x 6). ow	 .05
CYCLES%DAY	 DAYS/MISSEON	 TOT	 GL/CYCLE M4	 FT

'(FT3}

G A JL I Qt! I D	 E%P E N DA B L E S	 R E QU I R E FI EN T S

d	 O AMT.RECOV^O/CYCLE	 AMT LOSTJCYCLE

AMT.USED/CYCLE (REF) 	
RECOVERY

U x^
TYPE	 (LB)	 FACTOR (LB)	 (LB

`.	 I
V`^	 <11	 ^41ff ^^r  '

O _ 75, 1	 -- O	 . 3 ZI

TOTAL

s
1 s 5TO rM x	 X	

• i	 n 	 716	
1	 v

c4O[.E7U1T-	DAYS–/Ki- 5104	 `^77CL 105I	 YCL U ( U)	 a
(L 0	 (LB)	 (x (^

I

B2-463

l

i
r

D2••11856^ -3

I	
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CONCEPT C^^/CfIC
-m
 P4 Lk1,6P '	 INDEX NUMEER ^,. ^.	 T

t
^ r	

F I X E D	 W E I G II T/V , OLU M E	 R E q  I RE M E N T S
	

•	 ti

	

WEIGHT
	

VOLUME
COMPONENT	 (REF)	 (LOS)

	
(FT))
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SPACECRAFT	 Shuttle
Garment/Linen

HABITABILITY SUBSYSTEM 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.	 90

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 end of each cycle by simultaneously pressurizing both diaphragms. This
concept has been shown to be feasible, but its cleaning effectiveness remains
to be proven by further testing.
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t
APPLIANCE CONCLPT REQUIREMENTS ARO PENALTIES CALCULATIONS

CONCEPT	 d irc c4 1't-m (	 -.ItAc 	 e INDEX NUMBER ^• ^^.	 .

(Re ^. W 90
pa ELECTRICAL	 POWER	 AEgUIREMENTS

Ajr

O	
AC	 POWER

USE TIMEO2	 O3	 OEMAt^D

 DC	 P0WE R_____

^]5	 [6^	 UERMiO

CYCLE	 PEAK	 AVERAGE	
{CYCLEItR/

(HR)	 (WATTS)	 (WATTS)	 IDX^

PEAK	 AVERAGE (Crel^TtR/
3COMPONENT	 (REF) (WATTS)	 (WATTS) QI

MAXIMUM	 TOTAL MAXIMUM TOTAL

THERMAL	 REQFIIREMENTS

LATENT	 SENSIBLE HEAT LEAK TO COOLANT

SOURCE (BTU/HR)	 (BTU/HR) (BTU/HR) (BTU/HTt)

jjro	 BPS^ --

^i^l

r ^^)$ '97	 21'? % ti^ QTOTAL	 11 

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

♦ 	 OPERATIONAL	 PENALTIES

• THERMAL	 ELECTRICAL
HEAT LEAK	 TO COOLANT

WEIGHT VOLUME

SOURCE

n1 /A

(BTU/IIR/CYCLE)	 (BTU/HR/CYCLE)	 (PK WATTS/CYCLE)	 (LB/MISSION) (FTI/MISSION)

TOTAL

Jk

WATTS/CYCLE	 WATTS/CYCLE
(BTU/HR/CYCLE)	 (BTU/HR/CYCLE)

KG/M SSION

(LB/MISSION)
M3/MISSION
(FT)MUSSION)

I	 ,
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APPLIANCE CONCERT REQUIReI-LNTS AAU PERALTIE5 CALCULATIONS (CONCLUDED)

CONCEPT	 yi	 Zl^;,^^ ; l u c^^ E'	 V JJL	 r. ) j I- LC	 'It ;Ilk	 S7 t e(- Z C INUEx NUMBER^

.r
f I x E 0	 W E I G11jAgL11ME	 REOU I a1H ENTS

WEIGHT VOLUME

COMPONENT	 (REF)	 (LBS) (fT3)

Cr} ,1 	 t'r, }	 f 1	 -

TOTAL	 6.	 ( 163) S' 3	 1 o . ()
KG (LBS)	 • M3 (FT3)

w.

50LI0	 EX PENDABLE	 W- TA q	 REOUIR£MENTS
a a	 l

VOL /UNIT(REF)	 VG,/CYCLE WT/UNIT 	 REF)	 WT/CYCLEO
(PKG.WT(LB)7){REF)	

My
(PKG.V(FTU)IT)(R£F)

(TjfTYPE
rr
	UNITS/CYCLE(REF)

^g 114 	- 	
-

^kY.11L1^dLt ^^-- -

TOTAL Wi/CYCLE DOTAL VOL%CYCLL^
(LB) (FT3)

TOTAL WT.
MISSION	 X	 X ^.	 xw,8

CYCLES / DAY	 DAYS/MISSION	 TOT.NT/CYCLE KG {I.B)
(LB)

TOTAL_ VOL s
MISSION	 %	 X 0• DOSS	 •

m^CCYCLES%DAY	 DAYS/MISSION	 TOT .VOL/CYCLE -T

(FT')

G 	 JLIQUID	 E)fPENDABLES	 REQUIREMENTS

U	 © AMr.RECOVEFOLD
AMT.US£D/CYCLE(REF)	

RECOVERY
/CYCLE	 AMT LOST,,tYCLE

Q z n	 O_ h

TYPE	 (LB)	 FACTOR (LB)	 (LB

W	 s^,	 ^.ryar, r	 3^.?	 0 ^	 _	 36.?
346-7	 0

TOTAL_ WT.
H1^5I^ti	 X^.J^._	 %

1 RYUff
• 	 '72A	 a67

—c 	 ^	 -LE/Off GAYS/Ml55ION	 YDTAL 1-6^
(LB)

r
Q	

KG (L )
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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 Ito.	 3.J.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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APPLIANCE CN4CEPT REQUIREMENT 	 AND PENALTIES CALCULATIONS

tOACEPT	 kw	 INDEX FtUMOERl fl^^^]LL;;;111.^1L^ltR^ec^	 wa	 at	 StVP-

-7A3 35
ELCTR I" CAL	 POWER	 REqtI I REME(iTS

A C	 .	 P O W E R 0C P O W 	 R_

USE	 IAT	 DEN,AH
[d^D

yDE NID -T a5 ©

CYCLE	 PEAK	 AVERAGE	
(CYCLEIÎR/

PEAK	 AVERAGE	
(WATT-11R/
QI X^COMPONENT	 ( REF)	 (HR)	 ( WATTS)	 (WATTS)	 (	 X t3 (WATTS)	 (WATTS)

MAXIMUM	 TOTAL MAXIMUM TOTAL

THERMAL	 REQUIREMENTS
i

•	 LATENT	 SENSIBLE HEAT LEAK TO COOLANT

SOURCE	 (BTU/HR)	 ( BTU/HR) (BTU/HR) (BTU/HR) 3

{	 { J -{ems r^a lo s s	 11 F) —

^a	 --

TOTAL	 D	 _ ^` D^iZ 9	 a 7 17
WATT (BTU/HR )	 WATT (BTU/NR) WATT ( BTU/IiR) WATT (BTU/11R)

+

^ S

OPERATIONAL	 PENALTIES

THERMAL TO COOLANT	
ELECTRICAL

HEAT LEAK
WEIGHT' VOLUME

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

N

l
TOTAL

4fATTS/CYCLE	 WATTS/CYCLE  Kg/MISSION MS/MISSION
( 0TU/HR/CYCLE}	 (gTU/Hlt/CYCLE) (LB/MISSION) ( FT;/MISSION)
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS (CO'ICLUDED)

CONCEPT,Phn 1 4iy.l}	 ac 1 1 tt { v J - -two	 diYCe{ i v I° a ^ 	 51QILCrE
^]	 f

INDEX NUMBER

 W E 1 611IME	 REQUF 	 XE_ 0	 /K	 I_ REMENTS

COMPONENT
WE IG11T

(REF)	 (LOS)
VOLUME
(FT3)

n ^. ' c	 f 7 t	 ^'

fc^ 1 •,^, s

As- 	 2" ;

Alt r	 11 1 fi L CS

CQLZ^•1'cljr.l'

r_ 1 % 1	 ^"	 f

.^-

' TOTAL	 11-2.2-	 C 9 3) 0.2 S 0.7
KG (LOS) M3 (FT3)

SOLID	 EXPENDABLE	 WT/VOL	 REQUIREMENTS

3 4

TYPE

©	 WT/UNIT^REF}	 WT/COYCLE	 VOL/UNIT(REF)	 YOl/{OYCLE

0ITS/CYCLE(REF)	
(PKG.WT(LB}T)(RfF}	

MT	
(PKG.V{FT3']T}(REF}	

YT3T
Ul ̂

TOTAL WT/CYCLE TOTAL VOL C CLE
(LB) (FT3)

TOTAL 'WT. =
MrSTWN X	 X Fas2

CYCLES/DAY	 DAYS/MISSION	 TOT.WT/CYCLE KG (Lb)

•
TOTAL VOL

hlI55I ON X	 X ^}. d ^ ^5	 r Q_5„^.^
CYCLES/DAY	 DRYS/MISSION	 TOT.VOL/CYCLE M,(FTJ

•(FT3)

GAJLIQUI^	 EXPENDABLES	 REQUIREMENTS

'

O 3
AMT•RECDYOD

• TYPE

RECOVERYAMT,USED/CYCLE(REF)
(LB)	 FACTOR

/CYCLE	 AMT LOST/CYCLE
G X 0	 (D- 03

WOl^^7	 LvCi1_F_I 36. 7 	 _	 p	 --

(LB)	 (LB)

-	 3 G.7

E©	 ?3.6 EO	 37.0

'M3^oR'	 z It	 2.0.5	 x	 37.0	 15'1 7-3.6,	 7Z1	 15-_L!
CYCLE/DAY	 X115/MISSI4H	 1a1lILUS^T CYCL KG (LBO(L©)
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c
SPACECRAFT	 Shuttle

{	 Garment/Linen

HABITABILITY SUBSYSTEM Housekeeping	 HABITABILITY FUNCTION Maintenance

APPLIANCE FUNCTION Garment/Linen Washing

APPLIANCE CONCEPT N0./TITLE 7/Water Spray Agitation

INDEX NO. 3.3.1•.7	 REF. N.O.	 90

DESCRIPTION

In this concept, a high velocity jet of water 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.
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y	 APPLIANCE CONCEPT REQUIREMLNTS AV ID PENALTIES CALCULATIONS

CONCEPT	 ^^C	 t: -	 S :l'_r1^..Q^ i^^^ j py^
	

INDEX NUN,QER

f4t IP	 `^^C^'# ^^^^	 E 1L^ET R I . 0 A l P 0. W E R R EU 1_R_ N_T 5 ti

AC POWER 0C POWER

USE91 ,IE_ D  ANO Q 0	 DEMAND

CYCLE	 PEAK AVERAGE
(WATT-11R/

CY CLE
1}X( 

3^ PEAK AVERAGE	
(WATT-HR/

CYCL
(WATTS)	 (1)Xa'(REF)COMPONENT (HR)	 (WATTS) (WATTS) (WATTS)

YIDS' 1 o	
--

y MAXIMUM TOTAL MAXIMUM TOTAL

THERMAL	 REQUIREMENTS

'	 LATENT	 SENSIBLE

SOURCE	 (BTU/HR)	 (BTU/HR)

HEAT LEAK
	

TO COOLANT

(BTU/HR)
	

(BTU/HR)

TOTAL
	 b	 581

	
14 -7
	 D

WATT (BTU/HR)
	

WATT (BTU/HR)
	

WATT (BTU/HR)
	

WATT (BTU/HR)

OPERATIONAL PENALTIES

iiEnY LEAK •	 TO COOLANT	 ELECTRICAL
-

WEIGHT VOLUME^
SOURCE	 (BTU/HR/CYCLE) (BTU/HR/CYCLE) 	 (PK WATTS/CYCLE) (LB/MISSION) (FT3/MISSION)

TOTAL
4TATTS/CYCLE WATTS/CYCLE KG/MISSION MI/MISSION
(BTUMUCYCLE) (BTU /IIR/CYCLE) (LB/MISSION) (F73/MISSiON)
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APPLIAUCE CONCEPT REQUIREMINIS AND PLUALTILS CALCULATIONS (CO'ICLUDCD)

COKEPT_^1" _j?^^^L_g: j l n^,	 INDEX NUMISLR _- ̂ =? •_^'

F 1 X E 0	 WE I G 11 T/V O L l!M E	 R E Q U I  E MEN T S--	 --	
I.

	

WEIGIIT	 VOLUME
COMPONENT	 (REF)	 (LOS)	 (FT))

t	 y

TOTAL	 ^o• 3	 Cr33 D• 33Z (t^^

KG (LBS)	 a M3 (FTI)

5 0 L I D	 EXPENDABLE	 41JVOE	 REUUIRfMENIS

OO	 WT/UNIT ((REF)	 WT/CYCLE
(PKG.Wi(L BB 'i)(REF)	 Q1 

LBI^
VOL/UNIT	 (REF)	 VOL/	 LE

(PKG.V(F T3') IT}(RET)	 [',^^(A^
TYPE UNITS/CYCLE(REF)

TOTAL n'T/d-dC TOTAL VOL/CYCLE
(LB) (FTI)

TOTAL WT.
Pit 5-5 1W- - x	 x	 _ D. [^.^'..	 _r.	 ..

CYCLES%DAY	 DAYS/:AISSIOIE	 TOT.WT/CYCLE KG (LB)
(LB)

TOTAL VOL
ICI"sstaN x	 z D.O Q,	 . D 53^

CYCLES/aAY	 DAYS MISSION	 TOT.VOL/CYCLE M	 FTJ}
•(FT3)

GAI/LIQUID	 EXPENDABLES	 REGUiREMENTS

d	 O AMT.RECOVER D/CYCLE	 AMT LOSTOCYCLE
AMT.USED/CYCLE(REF) 	

RECOVERY 0 x (2J	 0
TYPE (LB)	 FACTOR (LB	 (LB

Wank	 ^.^^,^^r 32,7 -

E 	 73.x_ 1;®	 36.7
--̂r	 TOTAL WT.

MISSIb^	 % %

-

'7 6 (1.5 ^9JJ
KG '(LB)CYCLE%DAY	 ^^7CY5%MI55ION	 TaTALUS^T/CYCL

(LB)
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SPACECRAFT	 Shuttle
Garment/Linen

HABITABILITY SUBSYSTEM Housekeeping	 HABITABILITY FUNCTION Maintenance

APPLIANCE FUNCTION Garment/Linen Washing

APPLIANCE CONCEPT NO./TITLE 8/Ultrasonic

INDEX Igo.	 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.

.t

r

E

3
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^^
APPLIANLE CONCEPT REQUIRCMENTS IV40 K NALTIV CALCULATIONS

^r._^ ^.
r1

CONCEPT	 ^ 1 ^,r yt1^ INDEX NUMBER

£LEC7RI_CAL

—	

P 0 W E R	 R 	 Qt1	 I RE:titf.NTS t

A. Jr
A C 	POWER 0C P0WER_

,

USE.TIME 0	 Q3	 BE"si^D 0 E^CrsANA

CYCLE PEAK	 AVERAGE	
CYCLEltR/

(WATTS)	 (WATTS)	 QI x?j

PEAK AVERAGE

(WATTS)

( WATT - silt/

0xCOMPONENT	 (REF) (HR) (WATTS)

MAXIMUM	 TOTAL MAXIMUM TOTAL

THERMAL	 REQUIREMENTS

•	 LATENT	 SENSIBLE

rr

	 SOURCE	 (BTU/HR)	 (BTU/HR)

HEAT LEAK
	

TO COOLANT

(BTU/HR)
	

(BTU/HR)

TOTAL

	

WATT (BTU/HR)
	

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

WATT (BTU/HR)

OPERATIONAL	 PENALTIES

TO COOLANTHEAT LEAK

	

THERMAL	 ELECTRICAL	 WEIGHT	 VOLUME

SOU^^R10E	 (BTU/HR/CYCLE)	 ( BTU/IIR/CYCLE)	 (PK WATTS/CYCLE)	 (LB/MISSION)	 ( FT"/MISSION)

TOTAL
11ATTS/CYCLE	 WAITS /CYCLE	 KG/MISSION	 M3/MISSION
(UTU/IIR /CYCLE)	 ( BTU/HR/CYCLE)	 (LB/MISSION)	 ( FTI/MISSION)
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APPLIANCE MXEPT REQUI WIt NTS kit) PENALTIES CALCULATIONS ( CG'+CLUDED)

	

CONCEPT r 1̀ (	 r ` 	 INDEX NUMEER	 f

l	 ,

^^	 F 1. 1fE0	 WE 1 GNTfVOLUliE	 REgU.I REMENTS

WEIGHT VOLM
COMPONENT (REF)	 (LBS) (FT3)

L4,Milt	 {T	 ,.1t ^^y^	 j` Ck.Z	 I^^_l^ ^	 _^
,p

r i' l LLUIi'

TOTAL

KG (LBS) M3	 (FT3)
e

S0LlD EXPENDABLE	 WT/YQ	 RE	 UIRENENTS

0	 0 ®	 o
© WT/UUIT (REF)	 WT/CYCLE VOL/UNIT (REE)	 VOL/CYCLE

(PKG. WT(LB)T}(REF)	 ^3 y(L (PKG . V(FTI) T)(RET}	 YFT3T
TYPE	 U41TS /CYCLE ( REF)

-	 __--
-Eo .^__ 4 _ o -

CLETOTAL b'T%CY7tLTUT	 VfJT /CYCLE

(LB) (FT3)

TOTAL WT.

CYCLES / UAY DAY$/MISSEDft	 TOT.WT/CYCLE RGLh)
(LB)

TOTAL VO L

CYCLES%DAC 
M

DAf$—/HISSIGN	 TDT.VOL%C Yd—
'(FT3)

G 	 JLIgtlID	 EX PEN DA 8L ES	 REQUIREMENTS

O RECOOVERY	
AMT.

AMT.USED/CYCLE(REF)
ALCOVE 	 D/CYCLE	 AMT LOST/CYCLE

( x O	 U - (^

1 TYPE (LB)	 FACTOR (LB)	 (LB

T,O 73,3

C	 TOTAL WT.

M1S51ON ^	 X	 X 	 r
CYCL^OAY DAY571i155fUri 3^TAL 05^CrtLE	

(t8)
KG (LU)

fL Q

v
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SPACECRAFT Shuttle

Garment/Linen

a.	 HABITABILITY SUBSYSTEM Housekeeping 	 HABITABILITY FUNCTION Maintenance

APPLIANCE FUNCTION Garment /Linen Washing

APPLIANCE CONCEPT N0 ./TITLE 9/Manual Washboard

INDEX NO.	 3.3.1.9	 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 to achieve washing,
and squeezes it to rinse and remove excess water. It was ^ sumed that only

3.02 kg (6.67 lb) of wash and 3.02 kg (6.67 lb) of rinse water are required.
It was estimated 0.60 kg (1.33 lb) 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 penalties for

this clothes was ing concept.

t
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APPLIANCE CONCEPT REQUIREMLNTS AND PENALTIES CALCULATIONS 	
'7 r^ } f

CONCEPT A40	 ILLT l	 INDEX NUMBER

E L. E C T R I_C AL. P 0 W ER R E Qli I R E_M E H T S

~0 AC	 P0W.ER 0C	 P0WER_

[}
USE TIt9E Q Q3

_{d}_
DA)0 UG DEKM40r

COMPONENT	 (REF)

CYCLE

(HR)

PEAK

(WATTS)

AVERAGE

(WATTS)
(CYCLE'lIR/
Q X(37

PEAK

(WATTS)

AVERAGE

(WATTS)

(CY`L{HR/

(1 XE^

so
MAXIMUM TOTAL MAXIMUM TOTAL#

THERMAL REgU1RE!ENTS

-	 LATENT SENSIBLE HEAT LEAK TO COOLANT

(BTU/HR) (BTU/HR) (BTU/HR) (BTU/HR)SOURCE

t-'-

TOTAL Q f 7 	 5"7, G	 ^: D

WATT (BTU/HR) WATT (BTU/HR) WATT	 (BTU/11R) WATT	 (BTU/ItR)

OPERATIONAL	 PENALTIES

THERMAL 70 COOLANTHEAT LEAK
ELECTRICAL WEIGHT VOLUME

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

2 thuc5 JrVcr cpn
!m

il
ns5f13rcc

1r^	 (- „^ ^ v	 L C 11	 C p^ S — ^._.-.

Yj

TOTAL i}2 2	 ^P C ^o AC `t_	 ?^ !l O. 	 F

WATTS/CYCLE WATTS/CYCLE
3^ 3

KG/MISSION M}/MISSION

(BTU/HR/CYCLE) (BTU/I%R/CYCLE) (LB/MISSION) (TT3/mIS514Y)
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APPLIANCE CU'ICEPT R[QUlREr •;ENI5 AND PLNALTIES CALCULATIUNS (C0%CLU1'ED)

CONCEPT l 3 }: 	 l+.1,' 	 INJEx NUMBER^ 	 r^

F 1_XCn	 WE IGMTfVOLUME	 REQU_1 R.EMEHTS

WE101T VOLUME
COMPONENT (REF)	 (LOS) (FT3)

•	 -	 +-•^J^...-^	 » _	 --	 _-.	 rte_ • _T-+.	 __.Y_
^
^

'^ `̂ '
I

TOTAL	
1	 ^^	 1 D• ^,^,_	 _	 `lf •_ r -

KG (LOS) M3	 (FT3)

50LID I X P E N 0 A 6 L E 	 WT/V0L	 R19UIR_IM£NT_5_

VOL/UNTO ( R EF)	 VOLI Y LEO	 Off/UNI ( (REV)	 WT/COLE
(PKG.W7(LB) T)(REF)	

(LB
{PKG.V ±JJT)(REf)	

1IT3yTYPE UYITS/CYCLE {REF) {FT

TOTAL WT/CYCLE TOTAL VDL/CYLLE
(LB) (FT3)

TOTAL WT. _
xx Ej_	

CYCLES/DAY-' DAYS/14155IOU	 ]OT.WT/CYCLE KG (LB)
(LB)

TOTAL VOL _ b S 3 — -

^FT;)CYCLES/CAY DAYS/t,I551bli	 TpT.YOL%CY(LF
(FT;)

GAJLIQUID EXPENDABLES	 REgUIREMENTS

©
RECOVERY	

AMT.PECfVEEPPED
AMT.USED/CYCLE(REF)

FACTOR

/CYCLE	 AMT LOSTTICYCLE
U X 2	 Q-3

(L8	 (LB)TYPE (LB)

OS ' . ĉ 	 ^ 6_G7	 0_ 0	 G. C,z .,^	 ^a	 c^ C^.(^7	 1	 , IS?	 U

E(D 1	 21 40•6-7__

TOTAL WT.
(	 Kf$	 tc	 2-	 x 2_ Q. -q- - 2 ^•	 `	 -= -Z=— --=---	 1 -1 O `.2 Y_!)

CYGLE^UAY KG (LB)"^7lYS/MI5310N	 TO`tAL^05^CYCL(r
(ED) Q
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SPACECRArT	 Shuttle
Garment/Linen

^-	 HABITABILITY SUBSYSTE14 Housekeeping	 HAQITAHILITY FUNCTION Maintenance

R
APPLIANCE FUNCT?0!1 Garment/ Linen Washing

APPLIANCE CONCEPT NO./TITLE 10/ Plain Recirculation

IHOEX 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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APPLIANCE COCLPT REQUIREI'LNTS ANO PENALTIES CALCULATIONS

CONCEPT INDEX NUMBER

IIECTRICAL	 POWER	 RE4UIREMEN.TS
ar '

AC	 POWER OC_P0WIR.____

y	 DEMAND -USE TIME O (5) Cb} UEMA 0

COMPONENT

CYCLE PEAK	 AVERAGE	
(WATI

PEAK AVERAGE
( CYCLCIIR/

(REF) (HR) (WATTS)	 (WATTS)	 01 x	 j (WATTS) (WATTS) 01 X

MAXIMUM	 TOTAL MAXIMUM TOTAL

t

THERMAL	 REgLIIREMEN15

•	 LATENT	 SENSIBLE

^SOU;r",	(BTU/HR)	 (BTU/HR)

Me^-nY

HEAT LEAK	 TO COOLANT

(BTU/HR)	 (BTU/HR)

TOTAL	 0	 q 97 _(33 1,	 7 ^ I C ?. y' '	 D
WATT (BTU/HR)	 WATT (BTU/HR)	 WATT (BTU/HR)	 WATT (BTU/HR)

OPERATIONAL	 PENALTIES

HEAT LEAK

	

THERMAL TO COOLANT ELECTRICAL	 WEIGHT	 VOLUME

SOURCE	 ( BTU/IIR/CYCLE)	 (BTU/HR/CYCLE)	 (PK WATTS/CYCLE)	 (LB/N,ISSTON)	 (FTC/MISSION)

TOTAL

WATTS/CYCLE	 WATTS/CYCLE	 KG/MISSION	 MI/MISSION
(BTt►/HR/CYCLE)	 (BTU/Ilk/CYCLE) 	 (LB/MISSION)	 (FTi/MISSION)

D
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APPLIANCE CU'tCEPT REW REMNTS ldJD PENALTIES CALCULATIONS (CO'iCLUDED)

CONCEPT T 1 '[i	 Y v- 	 Ct In4 1 al)	 INDEX HUMBER 7.

^ r	 FI.XE- D 	 WE 1 . 6NTYOLUMC	 RE	 U 1 REltENTS_	 /_ ._ ..._ _ _	 Q -.	 _	 ._ _	 I
WEIGHT VOLUME

COMPONENT (REF)	 (LOS) (FT3)
f

C"SJ-L^;l

TOTAL	
!P p •	 ^'	 J p .	 Z, ^_^ ^9^

KG (LBS) M3	 (FT3)

S 0 L I D	 Ex P E N 0 A 8 L E	 WT/V0L	 R iQUIREM_ERTS

-	 -O	 WT/UNIT (REF)	 WT/CYCLE VOL/UNIT	 (REF)	 VOL/CYCLE
(PKG.IdT{^SIT)[REF) 	 Q1 

LBQUNITS/CYCLE(REF)
(tKG.VOFTU:}!T} (HE F)	 TFTI?

'•_TYPE

ul

--	
Q -

--^` OTOTn 1JT% YCLE TOTAL VOL /CYCLE

(LB) (FT')
TOTAL WT.
MISSlO?i x	 x_ o. 5's^_	 •

CYCLES^DAY UAYS/MISSIDN	 TOT.WT/CYCLE KG	 LB)
(LB}

ToTnL vat ,
- MISSION x	 x	 _

--
C $3^D. Ct^15	

;3—-6CYCLES/UAY	 DAYS/M15flTCT,VOL/ CYCEE  14	 F}
(FT3)

GAS/LIgUID	 E%PEN DABLES	 REguIREMENTS

©	
©D

/CYCLE	 AMT LOSUCYCLE
AMT.USED/CYCLE(REF) 	

RECOVERY
AMT.RECOV

Q XQ)	 G)-ay
TYPE (LB)	 FACTOR (LB)	 (L

	

r4	 73. !,
TOTAL WT.
9155loi	 _ x	 x	 t

CYCL^UAY	 ^17CYS%Mi5510N MTQ OS^CYCLE	 (LB)

r
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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 reripheral equipment such as heat
exchanger, water separator, or other miscellaneous items. One reference
was found (Ref. 90) which contained o,':! the concepts found throughout the
other reports and presented the data fnr Each in a consistent manner for
direct comparison. Therefore, it was ^F•,. ded to collect all the clothes
washer and dryer data for this study from Reference 90.

All 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
correspondi ►ig Space Station penalty. For an itemized breakdown of the
various penalties, 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;^ried
for these cases. The dryer was assumed to remove 0.302 kg (0.67 lb) 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), 21.1 0C (700F) and 50 percent relative
humidity. Wherever a component is connected directly to the cabin cooling
circuit, it is assumed 85 percent of the ener gy transferred goes to the
cooling circuit and 15 percent is heat leak to the cabin atmosphere.
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APPLIANCE ___ --.
CONCEPT

(;} w -YD. C O.N C E P . T- _.NA N E_____ - --	 __^_^_ 1 - CABIN AIR	 (CIRCULATED), LITERS/SEC (FT3/M1T1)
-^

E	 •_ FORCED NOT A1R«ELF[TRtC
2 - CA13IN AIR 	 (LOST)	 , KG/HR	 (LB/HR)
3 - OXYGEN	 LOST)	 KG/HP.	 LB/HR, _ 

M 

A
2	 • FORCED MOT AIR-MEAT FROV TwER NAL STORAGE UNIT 4 - COOLING WATER	 CIRCULATED), KG/HR	 #LB/HR^ y3	 . TORCED CCLO DRY AIR_D1SrCCANTjVACVU# REGENERASLEI _. -	 S - WATER	 (LOST)	 KG/HR	 (LB/HR)
N FORCED COLD DRY AIR+DISICCANTIELECTRIC NEAT RE`ENERADLEI 6 -NITROGEN	 (CIRCULATED), KG/HR(LB/HR}

•	 .
yAC UUM_DRY	 _ .- _..
THER MAL VACUUN ORY.ELECTRIC NEAT

7 - NITROGEN	 (USED)	 , KG/HR	 LB/HR
B -	 ( CIRCULATED), KG/HR	 (L8/HR) 1O ._.^F__•- _ - TNER"AL VACUUN DRT - TMERMAL _ STDRAGE/RADIANT NEAT_.__--.

WATER

4 - WATER	 (PROCESSED) . KG/HR	 (L8/HR} ----	
^

CLOTHES LINE •F,DR[ED CONVECTION
f -*_CLOTHES _LINE*FORCED. . CONVECTIGN•CLCCTRIC _HEAT--O

(—)COST

O
^ (-)AVAILABLE	 INDICATOR

(1) AVAILABLE	 0-25%

(2) STATE OF THE ART	 25-5D% d
--	 -	 -

(3) SOME DEVELOPMENT REQUIRED	 50-75.

(4) EXTENSIVE DEV. REQUIRED	 75-100x	 -	 - --
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D2:4185,0 3

APPLIANCE.—
CONCEPT

.NO •....r— CONCEPT _ N A M E__

i	 fORCEO NOT AIR-ELECTRIC
2 w	 FORCED HOT AIR-HEAT FROw TWERHAL STORAGE UNIT
3_ , _w_, _ FORCED CO L D DRY AI R ^ D IS}CCA NT IVACUUH REGE NERARLEI4	 _

+	 FORCED COLD GRY AI R•DISICCA NT IELE CTa IC NE AT REGENERASLEI

S_+__.V ACUV H DRY♦ 	 TMERMAL VACUUM ORY.ELECTRIC HEAT
__.--.THER M AL VACUUM DR Y -THERMAL - STORAGE/RADIANT HEAT

S +	 CLOTHES LINE •FORCED CONvECYION
CLOTHES LINE"FORCED CONVECTION#ELECTRIC.HE nT-__

{N

'	 al9

t
i
r
C
1

;t

^	 s•a

1
^y
i

•

S
i
r

i
y

i	 20

r

^L
^	 't	 •	 1	 1 O 	 17.

••Li 1..
CONCEPT NUMBER

Garment/Linen Drying (Shuttle) Concept Trade

B2-485
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NUM BER OF DAIS •	 20.5 j 906 - TEARS}_
USES MOD SUBROUTINE 22	

-

THERMAL PENALTY + DIRECT TO COOLA,NT_tLB/BTUM . 1 90250
THERMAL PENALTY - CABIN HEAT LEAK	 ILB/BTi1H1 013550
P00ER_ P E NALTY -_ILBSI*ATT1__-TYPE-1	 25309
POWER PENALTY iLBS/wATT1 TYPE 2	 .4300

^LELLLQH ClIITR ^ . X • • ^•	 •	 GARM__^Nr!.{^IHEl^1^}IiY . INSi_i^H^^Tl E}
101/25/7S1

MIN MAX L 0 N C E P T
-FACTOR	 VALUE .YALUE____?TS 1- 2 3	 _._.r.4 _5- 6 7_. _8 9

T_ 11E1GHT - __. 26' 700-- 120 0 00. . 15__._- .8 . 37- 000 5. 31 --_8' 62_._.. - 7 . 62 __. be 37 _ 5. 12 -._10. 84 -11 . 66
P9*ER 2.4910 90.370 l5 800 9.55 6 4 97 2916 11.77 7.49 tier? -14.59 2.62
VOLUME - 5.4000-, 93000 . 1O- 8. 7 5 -_ BOB - 8.54 -_e.72 _. 9. 442 _ 9.36 - 9.25 ...	 e60 _.-	 600

., THERMAL •00000 37.54 0 15' 5.19 900 10.23 8.23 15.00 44.34 14.34 {2.64 2906
RELIAB-Y_999591 n 99958 _5._•68 •83; _	 .84 ____ • 49 44 n 48 -4s14r _ 4 n 3 q 000 -2029

r , MA{NTENC .99991 1400000 S 920 .27 .39 .00 4.33 4.17 41.25 2.87 2.71
____._SAFETY 900000 3.0004 .51967-_Le67__3,33._1e67 •QO-__•00__.00-. 5500-3033. Q

. DEY	 COST 5.0000 708000 ZS 8.57 1507 2,14 2.14 8.57 7.50 909 13.93 12.56 N
TQTAL PT- • O g 0II0 .859000 85- 3 . 42-2L •77_3 7 @75_.__32 . 05-6lo2Q-S3*3 7_S9o03 -60.52- 37.53 -'^

N RAT_NG	 •09009 l00!OQ 1411	 39.32 - . 25962 ±4 4 x42 37174 ..7ZiQp 62 !77.66 _71.20 444.16 J

>^
co

W

to
r.3
LJ
v



SENSITIVITY-ANALYSIS

RAT]N Ci. F OR-EACM. CONCE P T _ AFTER _INCREASING
SINGLE SELEC T I O N PARAMETER WE14H(3NG FACTOR BY 50 S __--

---	 - ----._(BASED	 ON	 100 - S	 MAX	 POINTS)-------	 ---- _^^.--

1. -I-	 --- - 3	 --	 y	 5..	 6 .1 8 9--

NORMAL--_39932 ._ 25962 -44.42	 37.70	 y2.Ot1	 62.79 57.68 -.71.21) -44916--

WEIGHT 40.66 23.54	 43.68 - _3 9 .31 - 70s28 63#1 40 _ 55.77 . _ . 71.28 ... 96.88 -
POVER 36.13 28470	 44.58	 35.82	 72.52	 61.75 59.37 73.31 41 n 99
VdLUME. 41999.- 28.B5-4dr70..._4Dr'16-7]+23,^b4.50__59.61^67'•58 -91.70

-. THERMAL 3804 23.54 .	46935	 39.10	 74.27	 65.45 60.75 72.29 41969 h1^
^_ REL IAEwY 38958 -- 2 5 .3 6 -- 4 3.63-36.91-	 7 2.50-- 6 3.36- 58,99 --69.16--44.21

MAINTENC 38931 25.04	 43.37	 36963	 72.42	 6 3.3 8 58.46 70981 44.94 +
1r. ,_S A FETY - -39.15 _,25984---45.D5 --.37.58._ 	 69999_.-60%99- 56.03._--.72.02-

D£Y COST 40.76 24x12	 41.97	 35989	 70. 7 9	 61.75 53.00 72.95 47953

SENSITIVITY	 ANALYSIS ► 	 - _-

co

-x - RATING FOR EACH CONCEPT	 AFTER	 INCREASI N G .__ r^-
SINGLE SELECTI ON PARAMETER WEIGHTING FAC TOR BY +50 i J"

__ ^_-----_-- _--	 -	 -__ -.-- - (BASED	 ON	 100 -%	 MAX	 POINTS).--_--

C O N C E P T

- -	 1 -_	 2	 3	 ---	 4	 ----	 S	 --	 .6	 - - ---	 7

- NORMAL -39932 , 25.62	 44.42	 3700	 72+001 - 62. 79 57.68 - 71920 44.16

wE1GMT. 37.72_ 2 8. 0 4 _ 4S•I9 _35.79- 74.0 5 - 6 4.75	 _59,96 - 71.10_ - 409 9 0 r
POWER 43912 21 .94	 44.22	 379 9 5	 7 1 . 3 7	 (4903 - 55.67 69.68 46.74 _	 -

_____YOLU M£ 36.31 _ 2108 ., 41 985 __ 34.6I-70.61-. 60.86 55.50. _ 75.27 _'16.92
THERMAL 39.78 28.09	 42.11	 36.04	 69.2 9	59.61 59901 69.90 47.10

._ RE1.1 AO-Y_- 409 10 _	 2 5. 8 9 - 45.26__ 38.55____7 ) 947- 62.18 _ $6.82 73+36 __44.10 -	 -
MAINTENC 40. 39 26.23	 45952	 38.85	 71.5 5	62.16 56.85 71.61 43.85

-	 SAFETY. 34950-25@3g _,_..43%7.4_,"_37.8 474 P 1 8 	6y•6 g S	 . 43 70 .33!13.47 -_	
--OEV COST 37.59 27990	 47.33	 3907	 73%4 4	64903 63926 69910 40.13
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APPLIANCE CONCEPT COMPONENT SUMMARY MATRIX

APPLIANCE FUNCTION: 3.3.2-GARMENT/LINEN DRYING

NUMBER OF	 COMPONENTS

COMPONENT TYPE
uj

x NUMBER
c.,.
M « a

o
Iii x w

0
U OF

a of
z a x a T  o Q Fw SAFETY

I° v sw- ^
d w

¢
w
oa

w
-I

in a
aw

a a

z^
m:

Lu
w
_j

V Ln

iz CRITICAL
o
i

U
Q

¢ W
V)

Tic
=

w C3
= ©

w •-+
m d

..
L.4.

aLn
^--'

o ►
CJ }-^

z
F-

. wd
G] U

ITE.'15
1 4 Q L

U

`9 Q (5 g 70 a ^ 0
APPLIANCE TYPE	 N0.

FORCED HOT AIR-ELECTRIC (pg. 51) 1 1 1 1 1 1 1 1 1 - - - 2

FORCED HOT AIR-HEAT FROM THERMAL 1 1 1 1 - 1 1 1 1 1 - - 2
STORAGE UNIT ( ^g.	 55)

FORCED COLD DRY AIR-€IESICCANT- 1 1 - - - I 1 1 1 - 2 1 1
VACUUM REGENERABLE (pg. 58)

FORCED COLD DRY AIR-DESICCANT I 1 1 1 1 1{ 1 1 1 - '_ 1 2
ELECTRIC HEAT REGENERATION
(pg.	 61)

VACUUM DRY (pg. 64) - 1 - - - - - - I - 1 - 3

THERMAL VACUUM DRY-ELECTRIC - 1 - - 1 - - -. 1 - I - 3

HEAT	 (pg. 65)

THERMAL/VACUUM DRr-';NERMAL - 1 - - - - - - 1 I 1 - 3
STORAGE/RADIANT HEAT ( pg. 68)

CLOTHES LINE- FORCED CONVECTION - - 1 1 - 1 - - _ _ _ - p

(pg..	 72)

CLOTHES LINE - FORCED CONVECTION - _ 1 1 1 1 - - - - - - 1

+ ELECTRIC HEAT ( pg.	 74)

.f



AIR OUT

LECTRICAL HEATING ELEMENT

AIR IN

Q2-J18561-3

SPACECRAFT	 Shuttle
Garment/Linen

HABITABILITY SUBSYSTEI-111ousekee2ing 	 HABITABILITY FUNCTION Maintenance

APPLIANCE rUNCTION_ Garment/Linen Dryin^___

APPLIANCE CONCEPT N0./TITLE	 1/Forced Hot Air - Electric

INDEX NO.	 3.3.2.1	 REF. NO.	 90

DESCRIPTION

In this concept, a jet of air spray at fiO°C (140 0F) is directed into the
clothes from outside the drum. The clothes are contained in a wire mesh
drum which 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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r
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I.
APPLIANCE CONCEPT REQUIRLMLNTS A04D PENALTIES CALCULATIONS

CONCEPT	 n	 c [	 T-	 - e !2 c	 r^i c	 INDEX NU",	 ,i BER

ELECTRICAL P 0 W E R	 REQUIREMENTS

A C	 P O W E R D C P 0 W E R_

DEMl^OUSECIME_ @	 ( DEr	 O ( @

CYCLE PEAK	 AVERAGE {[YG^EHR
/

PEAK AVERAGE
(WATT-HR/'

YCL
0 X(DCOMPONENT	 (REF)	 (HR) (WATTS)	 (WATTS) (D X (WATTS) (WATTS)

_f u11
Hr n4 c1

MAXIMUM TOTAL MAXIMUM TOTAL

THERMAL REsUIREMENTS

• LATENT SENSIBLE HEAT LEAK TO COOLANT

SOURCE (BTU/HR) (BTU/HR) (BTU/HR) (BTU/HR)

A

FCd 11

^etz	 er- —

S1. 7 (177 If 1. C 515} 70.	 2 z) 1	 17-2TOTAL

WATT (BTU/HR) WATT (BTU;NR) WATT (BTU/HR) WATT (BTU/HR)

0P£RAT10NAL	 PE.N.A.LT[ES

•	 HEAT LEAK	
THERMh•-TO 

COOLANT
ELECTRICAL	 WEIGHT VOLUME

SOURCE	 (ETU/HR/CYCLE)	 (BTU/HR/CYCLE)

w IV 1,4—

(PK WATTS/CYCLE)	 (LB/MISSION) (FT3/MISSION)

i

TOTAL
WATTS/CYCLE	 WATTS/CYCLE KG/MISSION Mr/MISSION
(4711MR/CYCLE)	 (BTU/HR/CYCLE) (LO/MISSION) (FT)/MISSION)	 ?-

; B2-490
3
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D2-4,8561,.3

APPLIANC E tUNUH RLQUIVF ! 'LfJT 60 PUC.ALTILS UU-ULATICAS (t;I,glumo)

CO-"CEPT 3 L - L; ?—^-L	 01r	 ele gy l r^^	 INDEX UUM^ER 3.

	

r	 rtn	 E1ci^ I^r0EU14E	 it .2ei _RIM ftlS

WEIfNT	 Vol - I ME
COMPONENT	 (REF)	 (LOS)	 (FT')

TOTAL	 .^ ! ;	 S ^.	 [ U. y, Zy ((I	 ( J
KG (LOS) ,	 F13 (Fo)

e

SOLID	 Ex P E N D A 8 L E	 WT/Y0L	 REQ UI 	 I MEN T_S

	

3	 ti	 5
WT/U:TI^REF)	 WT/CYCYCL'^	 VOL/L''41T (REF)	 VOL/CYYCIE

TYPE	 01T5 /CYCLE(REF)	
QMI+iiIL }T)(REF)	 GLO	 (PKG.V{F^^:^IT)(REF)	

IFp)

— ---------------------

-	 -- --	 ^^ - TOT AL 	 LE	 ^ ^ ' f01P C 10l%CYLI.E

	

(LB)	 (FTI)

TOTAL WT.
F:C5Si0tC	 %

	

CYCLES%Oi1Y 	 DAYS/11lSS1Or3	 TOT.':f/CYCLE	 KG {Lb^ ^-
(LU)

TOTAL VOL	 -

- ^^issio;+ '	 x	 x

	

`— CYCLES/ 0,Y0^1fSlItSSi()t1	 70T,Y!1tICtCCE
(FTf)

G A 5/L L Q  1 D 	 EA P E N O A 6 L E S	 R E CC U I R E M E 1 T S

	

Q	 n

	

RECOVERY	
AMT. RECf3;T'r'U/CYCLE

A,YT. USED/CYCLC(REF) 	 (^ If (f
TYPE	 (LO)	 FACTOR	 (LI

DD-

i

TOM Wt. n
- isl'^51i7ti	 x	 _ x

	

G1'CLlWl t41Y --- 	 "- l^Ar!.^115,1i'1	 Tl'i;,t^l i;?,CrCi^	
^^._	

_	 ^_.....►.0 ^L1i}	 ^ ^	 -

B2-491

;x.

d
AmT I GSTicYCLI

{LB



._i

-	 D2-{{861-3

SPACECRAFT	 Shuttle

Garment/Linen

HABITABILITY SUBSYSTEM Housekeeping	 HAOITA[ILITY FUNCTION Maintenance

^.	 APPLIANCE FUNCTION Garment/Linen Drying

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

INDEX NO.	 3.3.2.2	 REF. NO.	 90

DESCRIPTION

This dryer concept is the same as Concept I except the electrical heater is
replaced by a thermal storage unit which utilizes waste Beat from the wash/
rinse cycle. This concept should receive a credit for cooling the clothes
washer water- however, this has been neglected. Clothes are dried by air

at 490C (1206F) from the thermal storage unit directed into the slowly

revolving wire mesh drum.

rxiiAusT
AIR OUT

CLOTHES
	

CLo"LS

WASHER
	

M R

uATCR
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THWAAL

•	 S10RAf E

FAR	
AIR III

{EATER
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^ 	 APPLIANCE

CONCEPT	 17Y r F 'tl	 r ô	 0, it-
CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS

INDEX NUMBER_ .^. ... .

ELECiRI, CAt POWER	 REQUIREMENTS

AC	 POKER 0 POWER
^}

_
USE TIME 02 0 DEY&.4D Q ® DEKA D

CYCLE PEAK AVERAGE {WATT - 11R/

01 XE6

PEAK AVERAGE
( WATT- HR/

COI X0COMPONENT	 (REF)	 (HR) (WATTS) (WATTS) (WATTS) (WATTS)

D62
MAXIMUM TOTAL MAXIMUM TOTAL

l

THERMAL	 REQUIREMENTS

•	 LATENT	 SENSIBLE

SOURCE	 (BTU/HR)	 (BTU/HR)

Mb^^

btln^^1	 l^^^-r.•^-± rYa^ ^^^

HEAT LEAK
	

TO COOLANT

(BTU/HR)
	

( BTU/HR)

k

TOTAL
	 10 1

	 2 /	 4 ~1)

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

WATT ( BTU/HR)
	

WATT (BTU/HR)

0PERA710NAL	 PENALTIE5

HEAT LEAK

THERMAL 
TO 0001 ANT	

ELECTRICAL	 WEIGHT	 VOLUME
• 

SOURCE	 ( BTU/HR/CYCLE)	 ( BTU/HR/CYCLE)	 (PK WATTS /CYCLE)	 (LB/MISSION)	 ( F1'/MISSION)

TOTAL
WATTS/CYCLE	 WATTS/CYCLE	 kG/MISSION	 Mr/1lISSrom

( BTU/IIR/CYCLE)	 (BTU/HR /CYCLE)	 (LB/MISSION)	 ( IT'/MISSION)

B2-493
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APPLIANCE CU'ILLI'T RL F̂ UII+I''LIITS kiU NNALTILS C4LUTATIt'4S (CL'.cluvlU)

CO';CEPTij:C r^^{jl	 {^tPr1}1^!	 f7c•YI^Jt' INGLXNUM?[R	 ^?•..' •-^-
r

t FIAIU	 LIG11,ijIULUHF	 hL	 UIkEHLt; iS

COI •PGIiEHT w(LCS)(REF) (FT3 )E

^l1t i t,

' TOTAL	
^^. '•	 h ^, 3	 ! S—L _^

KG (LOS)	 > ITS 	 Oil)

E S 0 L 1 O	 EXP.ENDA8LE	 tiriJYOt	 RE_QUIREME_T1TS	
3

--
o	 Q ®	 0

O	 Y1T/UIIIT (REF)	 WT/CYCLE VOL/LI'IT	 (AEF)	 VOL/CM F.	 y'

(Pr.G.WT/L'•'.IT)(P.EF)I	 x	 7
(L$3YU`IITSICY1LE(REF)	 (U)

(PKG.YCLIUNIT) (RE F) 	 T	 X
({FT3^(FTI)TYPE

I (if nL	 'nT/CYCLE TUfld YCT/CYdt
^ (Lis) (FT3)

TOTAL WT.
i 5510'1

CYCLES%Qrii	 —	 UAYS/ 11iSIUN	
_	

TGT.',fT%CYCLE YG (L8^

(ITS)
TOTAI VOL.
- FlI5514N x ^^'- __ .^___ _	 __ X

CYCLES/ OAY0;1Y5/ISI55[G.;^ — 	TOf.'f^l/CYCLE f4	 {FIB}"
(Fr3)

G 	 JL iRU iU	 EX PEN OA BL E- 5 REQUI R> MFItTS

(
o (-3) o

AMT.USEU/CYCLE(REF)
RECOVERY

A'iTJLf0:f'!M/CYCLE
(Jx(D

A'.!T HST/CYCLE
(T)

(Li5TYPE (LB) FACTOR (LR

Lr

TOTAL.	 ',{ T.

^ -

_X , 	x
- tt'cit%irAY R	 _ LAYS%r 1^I^Yi	 Ytir;;l. i u:s/s.si^> —	 --- ----- L--.-

^r, (LP)-- —

1£ (LB)	 (Z

B2-494
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D2.•II656I.3

SPACECRAFT	 Shuttle

.	 -	 Gantient/Linen
HousekeepingHADITARILITY SUBSYSTEM Housekeeping 	 FUNCTION Maintenance_

APPLIANCE FUNCTIO,^ Garment/Linen Drying

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

INDEX NO.	 3.3.2.3	 REF.-N0.	 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 regeneration.



D2•ri18561.3

I I PLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS

3. 3. 2.. 5_CONCEPT r I tF	 L^l	 ry	 air -•	 -Q	 c	 ^•-	 d esic.^ aM^ INDEX NUMBER

vAcuum	 re gen rviLle
ELECTRICAL	 POWER	 RE 4UIIENENTS

Q	
AC. POWE R 	 _ D 	 POWER

USE TIME	 0	 @	 DEMAND 05	 0 DEMAND

CYCLE	 PEAK	 AVERAGE	
(WATT-HR/

PEAK	 AVERAGE
(CYCLEHR/

COMPONENT	 ( REF)	 (HR)	 ( WATTS)	 (WATTS)	 Q1 X3 (WATTS)	 (WATTS) d Xl

• Fan	 _	 ^ ^ .._..._.

•	 MAXIMUM	 TOTAL MAXIMUM TOTAL

THERMAL	 REQUIREMENTS

LATENT	 SENSIBLE HEAT LEAK TO COOLANT
i

SOURCE	 (BTU/HR)	 (BTU/HR)
'

(BTU/HR) (BTU/HR)

-

(2	017

d

E2

TOTAL	 D	 6 3.5(2-1-17) 616 2- L7 0
WATT (BTU/HR)	 WATT (BTU/HR) WATT (BTU/HR) WATT (BTU /MR)

• I

• OPERATIONAL	 PENALTIES

THERMAL 
TO COOLANT	

ELECTRICAL
^--	 ^ HEAT LEAK

WEIGHT VOLUME

+	 SOURCE 	 (BTU/HR/CYCLE)	 (BTU/HR/CYCLE)	 (PK WATTS/CYCLE)	 (LB/MISSION) (W /MISSION)

mh ke!	 tl Li9	 ^t?

TOTAL	 D	 D 3, S 7^. 7: 0. 0Z ^^_' ^1 }
WATTS/CCYCLLE r	 WAITS/CYCLE r KG/MISSION W/MISSION
(BTU/JJR/CYCLE)	 (BTU/HR/CYCLE) (LB/MISSION) (F13/MISSION)

B2-496
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AV PLTA'ILt CUNCLi ' T REQUI14 ! : t11S AHD PLHALIILS CALCULATIONS ( 60INQURD)

COLIC£ l F—praed rn d -dry air - - des/cCnni 	 (i1O[X f1UHCER	 3, z. 3
1/OLCL( 1 1)YT re3eheraLle

f l X C 1)	 W. E 1 G II J/± 4 k U N E	 R E Q  I N E M E N T S

WF.If11T	 VOLUME
COMPONENT	 (AEF)	 (LOS)	 tFr3)

vaL /v

- -- --- - -40rAl__ ____ - - 2..1,. d _ - . ^^^ D. 3	 12.9
KG (LBS) ,	 H3 (FT3)

S 0 L 1 0	 Er P E N 0 A B L E WJVOL	 REQU iRE 19ENTSQ G
VOLIDLE

Q	
F.'T/UTIIT (REF) WT/CYCLE VOL/D:•ITT (REF)

(PKG.WTi`B{^T) {REF) OL (PKG.VOLb:l1T)(REF) TX
U'1lT5/CYGLE ( REF)	 (L

B

.	 F

}	 TYPE

Flo
_ 

OTOTAL WT/CYCLE TufA YCUCYCLE
(LB) (FT3)

TOTAL
i•S I SSl 03 	' X X ^_._

CYCLES^OAY'^ 	 -qYS%ii15S1Oi1-'^' TOT.i;i%f'ICLE ^ KG (LB)^^^

TOTAL VOL .
- 1Si551O11 X  X

CYCLf5^U1Y6111'5%ifi1SSlO},' TOT.V^L/G^CLE 1i^t}^
.	 tFF3)

G A Yk j. Q U t 11	 EXPEN0ABLE5	 RE QUIREMENTS

Q U .RECRVO:U/CYCLE	 X-IT LOSTT//CYCLE
AMT.USED/CYCLE(REF)

MIT
PtCOVERY

TYPE	 {LB) FACTOR U%(D	

U_(,,

(LC	 (L3

Air.. ^os_.Tx . Sac_..	 0.0031
l^l er_ ^P^^ E v__s^^ c.^ 0.53

Z 
TOTAL WT.

^^a^0 2z_ o` tf1S51t}ts ' 	 z.	 X	 z0,5	 Y.'	
i	 L ._...^	 ^^

G1f(LI- /I^i^f	 +U11YS/3 is-}, 1 ^:c --	 VUTAI. l,tt41t.'i'o 	 rli o.'I •.•_
^z La	 LLB)	 Tz (D _1

^f
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#r.A:	 a

SPACECRAFT	 Shuttle

Garment/Linen
HABITABILITY SUBSYSTEM Housekeepinct	 HABITABILITY FUNCTION Maintenance

APPLIANCE FUNCTION Garnien jLinen Drying

APPLIANCt 'CONCEPT NO./TITLE 4/Forced Cold Air-Desiccant•Heat Regenerable

INDEX NO.	 3.3.2.4	 REF. No.	 90

DESCRIPTION

This concept is identical to Concept 3 d4 pt that the desiccant is regenerated
by an electrical heater instead of vacuum.

•ELECTRICAL HEMER

B2-498
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Heal c[! / way er -

-	 QZA18561.3

'	 AP LIANCE CONCEPT REQUIREMENTS AND PENALTIES

r
CALCULATIONS	 v

INDEX NUMBER ^J . ?+. 2 • ^ .CONCEPT	 ^	 r	 ^	 a j /-	 - c^ ^ 5r C C^ tt ^ ^-

'	 heuF re^elte.rab^^
ELECTRICAL	 P,0WER	 REQU IREMENTS

410

Q	
AC	 .	 POWER

Q_
DC POWER

0USE TItsE	 ^2	 O DEN.AND ( ®	 DEMAND

CYCLE	 PEAK	 AVERAGE
(CYCLEHR/

PEAK AVERAGE	 (CYCLEIIR/
(WATTS)	 © X^COMPONENT	 (REF)	 (HR)	 (WATTS)	 (WATTS) [1 X (3) (WATTS)

va yes 	 ._ .._ .	 ._^'

,Fah,

MAXIMUM TOTAL MAXIMUM TOTAL

THERMAL	 REQUIREMENTS

LATENT	 SENSIBLE	 HEAT LEAK	 TO COOLANT

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

TOTAL
	 s1.	 70 tz 4 0J- 	 63(21 2). 	52(200).

	WATT (BTU/HR)
	

WATT (BTU/HR)
	

WATT (BTU/HR)
	

WATT (BTU/HR)

OPERATIONALPENALTIES

	

THERMAL	
ELECTRICAL	 WEIGHT	 VOLUME

^-	 HEAT LEAK	 TO COOLANT
SOURCE

^ I A	

(BTU/IIR/CYCLE)	 (8TU/HR/CYCLE)	 (PK WATTS/CYCLE)	 (LB/MISSION)	 (FT'/MISSION)

• _,	 JYILfi —	 ,

S

i

TOTAL

WATTS/CYCLE	 WATTS/CYCLE	 KG/HISSION	 M3/MISSION
fBTU/IIR/CYCLE)	 (BTU/HR/CYCLE)	 (LB/MISSION)	 (FT3/MISSION)
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CO:iCEPT—EL rrLl
ArPPLIMILE CUICLP1 REGUIPU lUrS A10 PVIALMS CAI.CULATIOtiS (I.W.CLUma)

cn	 J p 	 3!	 Ell"/	 car —	 sicCQ114 	—	 IIIDLX NUMER .3.	 .^ •^{

I,eal	 r eo e lIcr tkug 

f I A	 W	 ^^11T/voL 0 ME	 RE.rtutaEMEriTs

WEIGIIT	 VOLUME
CU`TPMENT (REi)	 (LOS)	 (Ff ^)

.--FALL--.^ ^.
Vn IL't'

r

TOTAL	 r 2 3. 3	 5 f,	 ! 1• ^F	 -^
KG (LOS)	 ,	 H3 (FT3)

SOLID	 EXPEUDABL£	 WJYOL	 REOUIRENEHTS

WT/U`41T A (REF)	 WT/CYCLE	 VOL/UNIT (REF) 	 VOL/VC
(3)

TYPE
(PY.G.WT{Ua,T)(REF)	 (1'LBQ	 (PKG.V{L/UIIT)(REF)	

XU"iIIS/CYVCLE(REF) 	 (

TOTAL WT/CYCLE	 j	 TOTA! VOr.AYCUL
(LB)	 (FTi)

i_OTAL Wt,

F`[55 p̂ t1 xx
CYCLES%UAY	 —HAYS/t•1IS5rON	

_
	 TO . 14' CYCLE	 Y 	 L!S

(LB)

T_OTAL VOL
rIMI61 x	 x

^UT.L'0L^14^CYCLES/ DAY	 DNY5/Sd1S510y	 /CYCLf	 ^T
(FT3)

0AJL I 	 ID	 E•XPE110ABLES	 REDUI REM EH TS

• O	 Q	 Q	 Q

TYPE

RECOVERY	
AMT.RECOM'ED/CYCLE	 AMT LOST/CYCLE

AMT.USED/CYCLE(REF) 	 () x ()	 Q - y
(LB)	 FACTOR	 (L8	 (LB

t

_TOTAL WT.
itlsslb^r" •	 x	 x'

CtcCc/pAr "` " i^nY %F ISSIU i	 IuiAt—i otil j cfdf •
(x U)

" KG •{LO
{LB)	 (x Q

52-500
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VESSEL
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f

r	 SPACECRArT	 Shuttle
Garment/Linen

HABITABILITY SUBSYSTEM housekeeping	 HABITABILITY FUNCTION Maintenance
t y

APPLIANCE FUNCTION Garment/Linen Dryinq

APPLIANCE CONCEPT N0./TITLE 5/Vacuum Dry

INDEX NO.	 3.3.2.5	 REF. N0.	 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.

f
VENT TO VACUUM

a

B2-501
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^1 APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS

^•l	 INDEX NUMBER 3.CONCEPT	 acut_wV

ELECTRICAL POWER
-	 -	 --

REQUZREFIENTS

Q
AC.	 POWE R 	_

DEMO

DC PO WE R

DEMANDUSE TIME 0	 ^3 Q5

CYCLE PEAK	 AVERAGE
( WATT- HR/

Qk X$

PEAK AVERAGE	
(CYCLEHR/

(WATTS)	 (DI X^COMPONENT (REF)	 (HR) (WATTS)	 (WATTS) (WATTS)

- MAXIMUN TOTAL MAXIMUM TOTAL

THERMAL	 REQUIREMENTS

LATENT	 SENSIBLE	 HEAT LEAK	 TO COOLANT

SOURCE
	

(BTU/HR)	 (BTU/NR)	 (BTU/HR)	 (BTU/HR)

/A

TOTAL

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

WATT (07J/HR)

0 P E R A T 1 0 N A L	 PENALTIES

^- •
THERMAL 

TO COOLANT	
ELECTRICAL

HEAT LEAK 
WEIGHT VOLUME

SOURCE ( BTU/IIR/CYCLE) ( BTU/HR/CYCLE)	 ( PK WATTS/CYCLE) (LB/M:SSION) (FTS/MISSION)

oakage d_: . Cl  ^h

f+

TOTAL D D	 Q 3.6 ^'^.`l ^.^^?	 ^•^13^.
WATTS/CYCLE
(BTU/IIR/CYCLE)

---

WATTS/CYCLE
(BTU/HR/CYCLE)

KG/M15S1^+,+
(LB/MISSION)

M^/M155ION
(FT imissfON)

B2-502
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APPLIANCE CUKEPT kt^UIPUILNTS AND PENAL M S (ALCULATICB; ( CC_',CLUOLO)

COIICEPT - V^ lkDEx 11UM pFR	 3,	 .. !a

F i x E 0	 W	 1 6 1 1 V 0 L U M E	 k– –E a	 i {tEliENT5

WEIGHT
COMPONENT	 (REF)

(OTIJ)E

itj It'-el.

fTOTAL 12.4	 ( Z_7.3
3 KG (LOS) M3 (FM

SOLID	 E X P.E li BA B L E	 w TfV O L	 R E Q1; I R E M E H ES

j
NT/U'11T	 (REF)	 WT/CYCLE

©	 (PK;.WT/UN1T)(P.EF) 	 q X62
VOLN-11T (REF) 	 VOLICYYCLE

(PKG.V0L/UN1T)(REF) 	 1 x 4
(FT;)	 [F73^TYPE	 UMTS/CYCLE(REF) 	 (LB)	 (LB^'t ^

TO h	 r.T ICY LLE TQT^^L '10L%CYCLE
(LB) (Fri)

T_ O T AL WT._ T
h;i^OH	 X	 1i

-- ------ --1

J
—	 _^__-

CYCLES%RA1' —	 dAYS%?II55101E	 TOY-111 /CYCLE KG ^La
(LB)

TOTAL VOL y	 .

XK15SIUH	 X
GYGI.ES/OAY	 O,YYS%ifiS519^1 ^	 Tdi.YdL/CYCLE

__
i1^^FT^^^

(FT3)

G A JL I QU T D	 E X P Err D A B L E S	 R E g U I R	 N T S

(D
AMT-USED/CYCLE(REF)

Al4T.RECa,FFFD/CYCLE Mf LOSUCYCLE

U x	 U -^
TYPE	 (LB)	 FACTOR (LB)(LB

• 7o,s4	 to spa cp—	 0. 05 1
W&4_er loA fd spacc- T^._^ 3

TOTAL WT. -
H 1551 l}tl	 x	 x

r
_	

^10. D^.9^
CYCLE%Ur1Y^	 w 11^lY4^i'lS' ^^ir	3UtPi 1	 :•i%C'iLl!	 --

(Ul
^G	 LH)

(D

B2-503
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.EMENT

SCREEN

D2•-118551.3

f

SPACECRAFT	 Sotiuttle
	^,.	 Garment/Linen

	

..	 HABITABILITY SUBSYSTEM Housekeeping	 HABITABILITY FUNCTION Maintenance

APPLIANCE FUNCTION Garment/Linen prying

APPLIANCE CONCEPT N0./TITLE 6-Thermal Vacuum pry -Electric Heat

INDEX NO.	 3.3.2.6	 REF.. NO. 90

DESCRIPTION

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

concepts.

VENT TO VACUUM.



THERMAL	 REgUIREMEMTS

LATENT	 SENSIBLE

(BTU/HR)	 (BTU/HR)

HEAT LEAK
	

TO COOLANT

(BTU/HR)
	

(BTU/HR)
SOURCE

+E C1 P

D2•-118561.3

'	 APPLIAN E C014CLPT REQUIREMENTS AND PENALTIES CALCULATIONS 	
INDEX NUMBER	 . w • GCONCEPT ̂ lc 	 cl	 uit)	 —	 /C	 bp- ix+c vy	 elec4r

•	 E ^ECTRICAt P 0 W f R	 REQUIREMENTS

POWER D C POWER

TIMEUSE TIME OZ	 O

_

DE	 D Q ©	 DEMAND

CYCLE PEAK	 AVERAGE (CYCTf11R/
Q X63

PEAK AVERAGE	
(WATT-IIR/
CYCL

X(COMPONENT	 (REF)	 (HR) (WATTS)	 (WATTS) (WATTS) (WATTS)	 Q

iy e
Lyn

e..R 1 r	 -.-.---

37 0_- MAXIMUM TOTAL MAXIMUM TOTAL

i

a

1

1
J
i

t

TOTAL

	
. 

1)
	

S.f? 3^•
	

^- is
	
a-

WATT (BTU/IIR)
	

WATT (BTU/HR)
	

WATT (BTU/HR)
	

WATT (BTU/HR)

OPERATIONAL	 PENALTIES

• HEAT LEAK	
TNL@MALTO 

COOLANT	
ELECTRICAL WEIGHT VOLUME

SOURCE (BTU/IIR/CYCLE)	 (BTU/NR/CYCLE)	 (PK WATTS/CYCLE) (LB/MISSION) (FT'/MISSION)

• J ^ S ^	 At 1 I^ ^ G^ f'L

f

TOTAL a	 p r^7 qq3. 6 ^ `(! ^ ^ x. 02.I O_	 ---
1PATT5/CYCLE	 WATTS/CYCLE/
(BTU/HR/CYCLE)	 (BTU/HR/CYCLE)

161111S:40"
(LB/MISSION)

Mi/t4ISSi0N
(FTC/MMION)

B2-505
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D2•-118W -3

APPLIANLE C4IKEPI REQUIT'.I.'L lITS AND P1.10LIIES CALCULATIONS (CL.,.r•tuDED)

CONCEPT	 ,r	 ril-YOr	 t4m	 dry --	 a/ecfric. INDEX NUMBER	 •i • 7^ • .2 •^

F ^xfu	 WE 1611	 I/, A	 Ll L	 R E q gL_REHLti [S

WEIGHT Vol	 E

COMPOUENT	 (REF)	 (LOS) (FT-

TOTAL	 1(, . 9	 (3 7.3 D15.3
KG (LOS)	 , M, (FT])

SOLID	 ErPENDA8lE	 WT/V0L	 R_EQU1REtLllENTS

-	 - -WT/UtiI7U(REF)	 WT/CYCLE OVaL/U'iIO (REF)	 VOLT	 LE
(PKG.S:Tf I¢)T){REF)	 [{LSO

TYPE	 U'EITS/CY^ELE{REi}
{Pk;.Y(FT,)li)(REF)	 (7Tj(]

-	 ---	 --	 - E®-.	 - -E®=- -..-- -
TOTAL	 LE TaTAL(Fi^'CYCLE

TOTAL WT.
1

-- CYCLES/DAY	 xDAYS/P11551at0	 FOT.I,T/rYCLE XG LB
(LB)

TO 	 VOL	 •
m.155iQti '	 _	 X	 X

T UYCLES/DAY	 UAY5/MIS51Qti	 TaT.VOI/CYCLE

^-----^

{FT3^^
(FT C )  ,

G 	 JIiQEf ID	 Ex PENDA8LES	 REQ11I REMENTS

© U/CYCLE	 NIF LOSUCYCLE
AMT.USLu{CYC1.E;REF)
	

RECOVERY ArT.RECn,.

U g	 U(LTYPE {L

^I r• Josi	 Space	 Q,_051 •	 __	 _

Wa4e r -)osf fn _-;P- 

DD
(^..	

TOTAL :li.
- i:ISSIOI^ • 	x	 X	 •' +. q23..?i

E/6'W	 DAY5jIi1 5lu'1	 Y111AL IL IfCYLCE d)
tX	 t	 (LS)
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SPACECRAFT	 S;iuttle

Garment/Linen
HABITABILITY SUBSYSTEM Hausekeepinn 	 HABITABILITY FUNCTION Maintenance

APPLIANCE FUNCTION	 Garment/Linen Drying

'APPLIANCE CONCEPT N0./TITLE 7/Thermal Vacuum Dry-Thermal Storage-Radiant Heat

INDEX NO.	 3.3.2.7	 REF. N0.	 90

DESCRIPTION	 {

This concept is identical to Concept 5 e&pt 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 vacuum,

and the energy required for sublimation provided by the thermal storage unit.
A drying time of 4 hours was assumed.	 a

PHASE CHANGE



- D2,-118561.3 -

•	 APPLIAUCE CONCEPT REQUIRLMENT	 A11O PENALTIES CALCULATIONS

COTICEPT	 zh_P I:	 Ct	 '	 C14u ltT	 d it y	 —	 fAer lr	 . +01roje	
INDEX HUMFEII	 3 ^ ^ • ^ • ^

r a c^ i ^+ •rT ^	 11e a •^

lLtCIRICAL	 P0WEk	 kLq!L.	 RLL?ITS
—

L4 r
•

Q1
A C	 ,	 P 0 W E R 0 C P O W f R

7
_

(	 O3	 RCAIA M̂USE^IIME ®	 0E!•JUIO

CYCLE PEAK	 AVERAGE	 ( CYCLEIIR/

(WATTS)	 (WATTS)	 [)X3
PEAK AVERAGE	

(WATT-11R/

COMPONENT	 (REF)	 (HR) (WATTS) (WATTS)	 ()X[

3 6.7 p
• MAXIM11	 TOTAL MAXIMUH TOTAL

THERMAL	 RE(),U[REMENTS

LATENT	 SENSIBLE

SOURCE	 (13TU/11R)	 (STIJBIP,)

errs;.	 soru"^_ c+ni{

TOTAL	 sc^^3D
i(ATT (BTU/lift)	 WATT {BTU/}IR)

HEAT LEAK	 TO COOLANT

^, y 3r7	 0
WATT GTU/IIR)	 WATT (BTU/HR)

OPERATIONAL	 PENALTIES.-_	 —

•
THERMAL

II£AT LEAK	 TO COOLANT
ELECTRICAL WEMUT VOLUME	

E
SOURCE (BTU/IIR/CYCLE)	 (BTU/HR/CYCLE) (PK WATTS/CY".LE) (LB/MISSION) (FTI/11ISSION)

TOTAL

^. 
4	 a Q	

_

3^0^7^ l} ^IOL^^?^/
11-MIS/CM E^	 I.,ATTS/CYCLE ^o.; t I,l_.IO ^ r+^/s^1551+'1

(uIU /I1l{ /CY(LE)	 (liMi M/CYCLE) (Lis/;11S5103) (IT `! Nit ssIcl)

B2"5J0$
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APPLIANCE C0111UPT REOUTATINTS !h
i
ll) PEIIALTILS CALCULAIIONS (.O.NW)UED)

COItCEPT	 c'	 --vice tiht d y - fhermai	 VIDEX NUMBER

y- tt ck 1%4	 11 -e  ad

F I X E 0	 W E l 4 11,f/Y 8 L u N E	 R E,0 U I R E H E 11 T S

WE IGIIT	 VOLUME
COMPONENT	 (REF)	 (LDS)	 (FT3)

f t! °^

TOTAL	 '^^. ! • S	 7. 3^	 V I	 •^
KG (LOS) ;	 M3 (FT3)

SOL10	 EXPENDABLE	 wJv_o^	 RE4UIREr1ENTS

3 4 5
O	 4IT/UIIT (REF)	 WI/CYCLE

(?xG,IiT^LII}T}(P,EF)	 GL$^'2]
VOL/UNIT (REF)	 VOL/CYCLE

(PxC.V(FT :)li)(REF) 	 (17T;(4)
TYP UNITS/CYCLE(REF)

- O -^TOTAL WT/ CYCLE 1 TOTAL ITdLY-CYCLE
i (LB) (FT3)

TOTAL

tjts^iaH _	 z	 z
CYCLES/DAY	 DAYSIM1-§SIOti	 TDT.;,Y/CYCLE RG^I u)

{LIS)

1OTAL VOL a
" ;tISsl p ri

`
x	 x

CYC4.E5/I}AY "-	 DAYS/191SSIUti—	 TOT.VOL/CYME-
(W)

6 JL IQU10	 E•X PEItDA0LES	 REOU I REMEHTS

• OI	 O
A'3T.L'SER(LBB'LE(REF)

	
RECOVERY

MIT.RECOVERED/CYCLE

O(LB)

AW LOSTICYCLE

UTYPE {LO}

^f r_ ..Io6l lo—,spase.-. 	 Q, 0
Wvj e r. /A Sl _ ^pjGf—

F, V
i

TOTAL WT.r
l " X	 X

7

i	 r

_	
q

Q• ^	 ^^Lam.	 -Ci	 1IElS1lO	 _	
-

. Cl'G17011Y -'•_	 ^ ESiCYS'/IfI5SiI1;i '-	^'Ulhl. - x^i-'(LB^{^i}S^CYLt^
(to) (r 

d

)
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SPACECRAFT	 Shuttle
Garment/Linen

HABITABILITY SUBSYSTEM- housekeeping	 HABITABILITY FUNCTION Maintenance

APPLIANCE FUNCTION	 Garment/Linen Drying

APPLIANCE CONCEPT N0./TITLE 8/Clothesline-Forced Convection

INDEX NO.	 3.3.2.8	 REF. NO.	 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 	 j

relatively high compared with the other concepts. Drying time was assumed
to be 8 hours.	 {

GAFF

Alit TO

CABIN

x

BA

CLOTHES LINES

+*
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j	

I	
r	 APPLIA14CE CONCEPT RCQUIREVENTS 14'10 PEIIALTIES CALCULATIONS

CONCEPT C k	 1L 5	 ^^ n e	 r,,rc e r!	 c oo Y e t i;oil IHOEX NUMBER

lLECT R I CAL	 POWER	 REroU I KELUHTS

4

A C	 P O W E R D C P O W E R_

Q
•	 USE' 114E O2 	 (3̂	 f)FMID o ® ^fl

' CYCLE	 PEAK	 AVERAGE	 (CYCL)iR/
CCKPONENT	 (REF)	 (HR)	 (WATTS)	 (WATTS)	 (D X$

PEA%	 AVERAGE	
(WATT-HR/

(WATTS)	 © X%
9

(WATTS)

F

• i

_	 s

a

•	 MAXIMUM	 TOTAL MAXIMUN TOTAL`

' THERMAL	 REQUIREMENTS

LATENT	 SENSIBLE HEAT LEAK TO COOLANT

SOURCE	 '	 .	 (8TU/HR)	 (anym) (BTU/11R) (BTU/HR) .
,,,+++} 	

^

•	 •	 •
• ^11

^	

j

aM

.

7 ^

f

TOTAL 3(106) 0
^a

WATT (BTU/HR)	 WATT (13TU/11R) WATT (BTU/11R) WATT (BTU/HR)

OPERATIONAL	 PENALTIES• T

3

^-
THERMAL

HEAT LEAK	 TO COOLANT	
ELECTRICAL WEIGHT VOLUME

r

• SOURCE	 (STl)111R/CYCLE)	 ( BTU/Ifit/CYCLE)	 (PK WATTS/CYCLE)	 (LB/MISSION) ( FT3/HISSION) - a
• ^	 S

N IA- r	 ^. 3

TOTAL

IIATTS/C1Ct>^	 wAliti/LYCLf / AG/Iti5510N F1'/ItI,SI4
(U11I/11R/LYCLE)	 (111IJ/){ujCYCLE) ( LB/Ii1»148} (f)flm!i	 Slvl)

B2-511
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APPL1AKE UJIMPI RLWIPE.11fits MD PE:ALFIES CALCULATIONS (CoCLUI)ED)
CONCEPT	 ForEect cotwecfion	 INDEX NUMBER

(	 F1xE0	 W E I G H j/j ALUHE	 REDUI RLHE NTS

	

WEIGHT	 VOLME
CM*PG:4ENT	 (pEF)	 (LOS)	 (FTC)

fra If

i

i

TOTAL	
15. t 3 3}	 (	 ^• ^^ $: 1

1	
KG (LOS)	 N3 (FT3)

I	 ^

50L ID	 EXP_. ENDA8LE	 VJv_ 0l	 R gU IREPtENTS

WMAIT (REF)	 WT/CYCLE	 VOL/MITT (REF)	 VOUCY LE

!fPE	 OMITS/CYYCLLE(REF)	
(PKG.i;i(LB)T)(REF)	

QLB)	
(PKG.Y(FTry)1T)(REF)	

IrT^

r3	 5	 _
`	

v TOTPC—,,T CYCLE 

	

TOTAt(vlTcM 1£—

TOTAL NT.
`;:;'sfl N-	 x	 x

	

CYCLES%OAYDAYS/P1155i011	 TOI.f;T%C'FCLE 	 KG—(L^
(LB)

TOTAL VOL
h1I5S10N	 x	 X

CYCLES/DAY	 Df1YS%;4155I08 	 TOT—VOL/CYCLE	 1T Fi ^^-
(FT3)

G JLIQUID	 E X P E N D A 8 L E S	 REQUIREMENTS

©	 O	 AMT.RECnVEEPPCD/CYCLE	 IL'4T LOST/CYCLE
	A:4i.U5ED/CYCLE(REF)	 RECOVERY	 QI XQI	 ()-^

TYPE	 (LO)	 FACTOR	 (!8	 (LB

go o
TOTAL 6rf n

G1`CLf/UAY'^	 I)A f^^i•1i51iJY	 "fQi,1l I.^ TTLYrL	 KG -[1.4)
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SPACECRArT	 Shuttle
Garment/Linen

^.	 HABITABILITY SUBSYSTEM Housekeeping	 lIABITABILITY FUNCTION M in . u^^-

APPLIANCE FUNCTION Garn:entLinen Dryin-g

APPLIANCE CONCEPT N0./TITLE , 9/Clothesline-Forced 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.

t.	 .

r	 "

HEAITNG 	 ^

BAFFLE	
ELEMENTS	 .

'	 ASR TO	 AIR FROM
cam.'— 
	 =FANEx G^—	

3

Ubvint.) i iFiL5
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!
	 1;&e.	

APPLIANCE CONCEPT RLQUIREN r NTS MID PENALTIES CALCULATIONS 	 ^y
CONCEPT	 11^'S 	 — Ftar[ec,	 convec#ion plus	 e/ecTrrc	 head	 INDEX NUMBER	 -3m 0-2>-

EEECTRICAL	 POWER	 REaUIREtiENTS

'	 AC	 .	 POWER 	 0C POWER_
I

USE^TIME	 O2	 Q	 OEfi0	 I) ®	 DEMAND

CYCLE	 PEAK	 AVERAGE	 (WAIT-11R/
	

PEAK

COMPONENT	 (REF)	 (HR)	 (WATTS)	 (WATTS) QI X^J	 (WATTS)

AVERAGE	 (WAIT—HR/CYCLE
X^(WATTS)	 QI

•	 NCtr^r~r

.Z..•	 '171
•	 RAXII3M	 TOTAL	 MAXIMUM TOTAL

THERMAL	 REQUIRENtNTS

LATENT	 SENSIBLE	 HEAT LEAK TO COOLA14T

SOURCE	 (BTU/HR)	 (t?TI^/HR}	 (BTU!/H!t} {BT^^•/}fR)

TOTAL	 I t 1 1.	 Tl^l _f 735`. Ì D
. WATT (BTU/!IR)	 WATT (BTU/HR) WATT (BTU/III) WATT (BTU/HR)

OPERATIONAL	 PENhtTI£5

THEIU4AL 
TO COOLANT	

ELECTRICAL• HEAT LEAK WEIGHT VOLUME

SOURCE	 (BTU/HR/CYCLE)	 (BTU/HR/CYCLE)	 (PK WATTS/CYCLE)	 (LB/HISSION) (FT'/MISSION)

TOTAL

VATI5/CYCIE--	wRtF".%CYCLE i ttt/Hi55I0'1
(Hit!/11Z/CYCLE)	 (111U /114Ct'CL E) (LII/74IyS10Y} (ITl/tti55lCVi)

82-514	 `
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AVVLMULL CU'1CLPF RLQUI fUN15 MU PUTALTUS tALCULATIUNS (CQ*-CLUDED)

CO33CEPT ► E'' r^i►)	 =^ Forced	 moved vn	 eleCI rIC	 t)eQ4	 INDEX NUPICER_ploy 2, .	 .	

.

F 1 x E 0	 WEIGHt/YOLULl L	 REgU 1 REL4EN f S

MEIGNT YDLME
COMPONENT (REF)	 (LOS) (FT3)

IOTA	 12.	 Z7)	 -^•' 9.
' KG (LB5)	 s K3 {Fi3)

SDLI D 	 EXPEN D ABLE	 W7fY0L	 RfQUIRE1dENTS

hT/UNITOREF)	 NT/CG)	 YOL/U.'1{O(REF) ©LEYOL,'

TYPE
(PKG.WT/UN1T)(REF) 	 1 XT22	 (PAG.VOL/UN1T)(RIF)

-((LB}
I	 K 4

TT3TUKITS/CYCLE(QEF)	 US)	 (FTl)

- O	 ^^ OTOTAL NF/CYCLE iOTAE YUL/^YCLEr

(LB) (FYI)

TOTAL WT.
MI Salors a xx--

CYCLES/DAY	 DAYS%fiS5I0^1 -'	 TU1.141/C'fC,LE KG LB^
(LB)

MTAL VOL
tt! 551 Qi x	 X

GYCLES/OaY	 DAYS/1-115510i	 TOT.YOL/CITCLE t^{FT

(FT3)

GA JL i qu I D	 E X P E11 n A8L E 5	 RE QU I ?f KENT S

(D	 0 0

TYPE

AMT. RM) FPFD/C-'CLE

A+1T•USM/CYYCLE , REF)	
RiACTORY	 U{Ll()

INT LOST/ZYCLE

( (L3y

E (D

TOTAL WT.

- !1[SS1Qii^
•

x	 X,+_	 ^	
^"GirCLE/UAY r'	 ` DAYS%ti1t51uN ^	 101i1L^t.1tiST/CYCI^ Y.I^LII^	 '

(LB)	 o
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•-	 HABITABILITY SUBSYSTEM	 3.0 housekeeping

HABITABILITY 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. Washer and dryer data were combined, and the redundant components
eliminated. Peak poker and thermal requirements were taken to be the maximum
for the individual washer 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 lbs) and 0.483 cu in
(17.07 cu ft) required for a 4-man crew with an automatic clothes washer/
dryer.

The clothes required for the disposable case were computed from a wear rate
of 0.481 kg (1.061 lb) per man per day, with the volume again taken from
Reference 100.

B2-515



ITEM

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 ARTICLE WEIGHT TOTAL WEIGHT
INTERVAL NUMBER #u- lb kg_ ]b

3 days 4 0,20 0.45 0.82 1.80

7 days 3 ,54 1.20 1.63 3.60

7 days 3 .50 1.10 1.50 3.30

2 days 6 .26 .57 1.55 3.42

3 .31 .69 .94 2.07

21 days 3 .08 .17 .23 .51

1 day 7 .10 .23 .73 1,61

.5 day 12 .035 .077 .42 .92

2.035 . 4.50 7.82 17.23

N

0
w
Ch

w
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00
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CONCEPT
w0,_ G-v N_ C.^^_.T _	 N ARE--.	 _	 ...	 _	 _ 1

---	 2
- CABIN AIR	 (CIRCULATED),
- CABIN AIR	 (LOST)

LITERS/SEC
KG/HR

(FT3 /!!IN)
(LB/HR)

y

^ I- _ FLUIDIC AGITATION/FORCED HOT AIR-ELECTRIC HEskTE R
3
4

— OXYGEN	 LOST)	 ,
- COOLIM WATER %CIRCULATED},

KG/HR
KG/HR

HRL$/
L$/HR

^	 I ti
2 FLUIDIC AOIIATIONIFORCEn NOT AIR-THERMAL STOP{AGE NEATER

5 - WATER	 (LOST) KG/HR (LB/HR)

O 3 --
FLUIDIC AGITATION/FDRCEt ► AIR DRYI NG-CLOTHES LINE

6
,

- NITROGEN	 CIRCULATED},( KG/HR (L8/NR) 0FLUIDIC AGITATION /FO RCED AIR ORYG-CLOTHES LINE
7 - NITROGEN	 USED)

(
KG/HR L8/HR

(	 )
S RATER SPRA^._AG]TATION/FORCED HOT AIR-E^Fr; 

RIC HEATER
B - FREO1^	 (CIRCULATED), KG/HR (LB/HR)A	 - HATER SPRAT AGITATION/FORCED HOT AIR-.THERMAL STOR A GE NEATER
9 - WATER	 (PROCESSED) KG/HR (t6/HR)O 7 •__ lffATER SPRAT_ AGITATION /FORCRO AIR PRYING-CLOTHES LINE .

4	 - RATER SPR AY AGITATION/ELECTRICAL&-Y HEATED-CLOTHES L110E
S ._r.._—DISPOSABLE CLOTHES'

( *wee COST
— (**)AVAILABLE INDICATOR

• ,.-.	 (1) AVAILABLE 0-25% C

(2) STATE OF THE ART 25-505

D (3) SOLE DEVELOPMENT REQUIRED 50-755 -

(4) EXTENSIVE DEV. REQUIRED 75-1005
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Q2 -118r	 -1
.APPLIANCE ..	 _.	 _.._.	 ___ ..	 .	 ._	 .-•	 ---_._
CONCEPT

G_0	 N.C. E_ P T ... N	 A N E

1__!. PLUIOIC AGITATION/FO R CED 140T AIR -ELECTRIC HEATER

2 FLUIDIC	 AGITATION/rORCEn NOT AIR-THVRMAL STORAGE HEATER
1k  A	 _-... FLUIDIC	 AGITATION / FC R CEM 	 AIR DRYI N G -CLOT HES LINE

R FLUIDIC AGITATIO N / FO R CED	 AIR DRYI NG-CLO THES LINE
- %—a IN A TE R  SPRAT	 AGITATION/FORCED qO Y A I R-ELEC T RIC. "CATER —_-

A RATER SPRAT AGITATION /FORCED NOT AIR-THERMAL STOR A GE HEATER

p
0
7._^_.t-MIATER SPRAY AGITATION/FORCRD AIR DRYING-CLOTHES LINE

vii;ER SPRAY	 AGITATION/ELECTRICALL Y HEATED -CLOTHES LINE

-. •. __.OI SPOSABLE CLOTHES

i'

ISO

i
4

S	 ; ,

r
- e

,t

'r	 ^ • e

t	 i

r

_

•	 ; s6

S '

I	 A

s

.

i

t J	 # 1G

CONCEPT HUMBER

Garment/Linen Washer/Dryer-Disposable Clothes (Shuttle)
Concept Trade

B2-519



t 1-;f - f

NUMBE R OF DAYS •	 205 - 1	 006 YEARS)
USES MOD SUBROUTINE 37
THERMAL PENALTY - DIRECT - TO COOLANT ELSISTUNI .0250 -	 - -
THERMAL PENALTY - C ABIN PEAT LEAK ELSISTUM) 90550

--POSER- P ENALTY--ttS$/IIATTI--TYPEi-t"- oS300 ---
POWER PENALTY	 tLBS/MATT)	 TYPE 2	 9,1700

HIEC T^EIN-i4AIR-11t---+--+-+-•-•-GARMENT/LINEN NASMEIt/ DRYER•DISPOSABLE-CLOTHES--(SHUTTLE!
i '^ ED41I8/75I

- --kIH	 MA X C	 0 N. C E P T
/ACTOR	 VALUE	 VALUC'"-PT5 1- - 2	 - - 3 -	 y 5 _	 6 --- 7 B -

- --	 11E EGMT	 11 4 .00 ---	 269.00	 15 1628 •22	 3.79 4.24 3.90 600 3.57 3.90 -
POA'ER	 83.7+Fo	 157.27	 is .62 Tool	 7.Ot •c0 o82 lo ot Tool •00 loci

` r^ VOLUME,	 -	 I5 . 100	 :- 10 9.440	 10 8.s2 6•b4	 .6l o0Q 8.59 7.82 •63 •04 8403
^-

THERMAL	 000000	 IO2.76	 I5 955 •co	 1.38 1.38 ,55 •00 14311 1.36 15.00
RELIA8 •Y-. 4 619 9 	l•0000	 5--` 2.07 2.09	 •00 2.27 3.21" 3.41 2039 3.62 - 5•GO
MAINTENC	 099994	 •99999	 5 000 .03	 9t9 939 2945 2991 3•t0 3030 4.54

- -	 SAFETY	 --•00000 ---- 2.0000 -_. 	5	 - too 900	 5.00 2.50 000 900 5.00 2•s0 S9oo -	 -
DIV COST	 .00000	 65.000	 15 lot$ 900	 lots lots 5.77 too 5.77 5.77 Is000 v
TOTAL PT--900000 ---'BS.Ooo	 --- 	 Bb 14.49 15990	 I 9. 1 14 11 .99 25029 21.15 28985 20.51 68924	 - -	 -	 N

N 4

k

--^-iIATINfr	 00000^--100.00	 100---17.05--"'18173 -22.52-19.05- 29075-'_2M989--33.9N-74913-60927
cn

CD

^^ tiJ

x W

17.n a 1



i

SENSITIVITY ANALYSIS

TING- FOR - EACH - CONCEPT AFTER INCREASING - - "-
SINGLE SELEC T I ON PARAMETER NEt6HT1NG FACTOR 81	 SO S

i- ---
	 IBASEO ON	 100 8 MAX POINTS)

. ,	 C O N C E P T

---	 NORMAL -	 17@0S	 I$.71	 22.52	 14•{{5	 29.75 2 14.89 339914 24.13 80.27	 -	 -	 --

WEIGHT - ---16036	 17.31	 22.75	 15 . 20	 29@4S 22 . 87 33.12 24.2$ 78943
POWER 16 9 11	 20 948	 2 4 #4 9 	 12 r9 1	 27#76 26 9 66 34.98 22 . 17 779SS
VOLUME 20.89--21930-21961	 13 . 21	 32.87 27985 32.4{ 22:81 80.26
THERMAL 15996	 17919	 21w44	 13066	 27064 21 9 87 31994 22 9 92 61987
RELIAB-Y 17.74	 1907	 219$8	 14.94	 30.73 26•13 34.34 25.51 80,83 -- ---	 _-- --- - -	 ------ -^---- - - -	 ---
MA INTENC 16956	 16919	 21@99	 13987	 30 9 30 25 9 64 34.74 25933 80957

.^ --""- SAFETY 16@56	 48917	 -34.74	 15907	 26990 24 9 Ie 3S963 24987 80983	 -	 - - _	
- -	 --

	
-

OEV COST 16x29	 17 9 19	 21932	 13953	 30@46 22 9 87 34931 25929 81x87

co
N 

1 -.SENSITIVITY ANALYSIS
-

N ^
^• ------	 RATING F OR EACH CONCEPT AFTER INCREASING_-

SINGLE SELEC T I ON PARAMETER WEIGHTING FACTOR BY -S0 5
-	 - - '-	 111ASED ON	 100 5 MAX POINTSI

C O N C E P T
- 1	 - -	 2	 3	 4	 5

NORMAL 17.05- 18971 - 22 9 52 	 14905	 29.75 24 9 89 33994 24913 80927 - ---- -	 - - -	 - - ---- --- - -	 -

• *EIGHT----17.87 20+3 7-2 29 2 5 ----12 . 67-30911- 27 0 30 - 34#92 -23995 - 112.46 ---
POWER 18917	 15999	 20918	 15.41	 32910 22.77 32.70 26.47 83.5{ ^- -
VOLUME - 12973---15.78- 23.55	 14.93	 26.24 21 . 55 35x67 25962 80927 -	 --- -	 --	 - -	 -- ----	 ---- -	 -
THERMAL 18#35	 20952	 23981	 1 47 52	 32928 17.30 36.34 25 . 57 78936

-RELIAB^T 16931--I8,p0- 23 9 20	 13 9 10	 28971 23958 33.52 22967 79967	 -	 --	 -	 --	 ---- -- --	 -
MAINTENC 17957	 19#26	 23.09	 14.23	 29@17 23988 33.09 22086 79095
*SAFETY----17 .57--19-92 7--20+17-)2@96--30965-25.64 31994-23935-79967
Div COST 17#96	 20962	 23 9 96	 34@66	 28@91 27930 33951 22 97 4 78936
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APPLIANCE CONCEPT COMPONENT SUMMARY MATRIX

APPLIANCE FUNCTION: 3.3.3-GARMENT/LINEN/WASHING/DRYING COMBINATIONS

i

to•N
•0C
t,`*
C.

W

NUMBER	 OF	 COMPONENTS

COMPONENT TYPE a

c NUMBER
Lu OF

+•+a Ja H
d a

ry
c^ x
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o

V
.-^ x

C3
z oc a

^-+ J d W
c. r SAFETYOC

CD
F-

a
S W
W y
JJ V

W¢
ra_

W
h
J

}-- U
ca F-w0.4
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rz Q V

•-• r^..
d

H s
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N
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V VJ
"""v1^ CRITICALC? O 4

ul 7
V
4

d W
V)

0-4 J 3 a J^
Lt. Vf

W X w fJ
s G]

J

APPLIANCE TYPE
u_ w V) V S W m a r- r a ca c^

ITE^;SO 2 O ® 6 ® IO a (9) ®
U7

^
^ =N0,

FLUIDIC AGITATION/FORCED HOT AIR- 6 2 2 2 1 1 7 1 10 1 1 1 1 - - 2
ELECTRIC HEATER.

FLUIDIC AGITATION/FORCED HOT AIR- 6 2 2 2 1 1 7 1 10 - - 1 1 1 - 2
. THER14AL HEATER

FLUIDIC AGITATION/FORCED AIR 5 2 2 2 1 1 7 - 10 1 - 1 - - - 0
DRYING RACK

FLUIDIC AGITATION/ELECTRICALLY 5 2 2 2 1 1 7 - 10 1 1 1 - - - I
HEATED DRYING RACK

WATER SPRAY AGITATION/FORCED HOT 3 1 2 2 1 1 4 1 - 1 1 1 1 - - 2
AIR-ELECTRIC HEATER t

WATER SPRAY AGITATION/FORCED HOT 3 1 2 2 1 1 4 1. - 1 1 1 1 - - 2
AIR-THER14AL STORAGE HEATER

WATER SPRAY AGITATIONPORCED AIR 2 1 2 2 1 1 4 - - 1 - 1 - - - 0
DRYING RACK

WATER SPRAY AGITATION/ELECTRIC- 2 1 2 2 1 1 4 - - I 1 1 - - - 1
ALLY HEATED DRYING RACK



D2-118561-3

SPACECRAFT	 Shuttle
Garmant/Linen

HABITABILITY SUBSYSTEM Housekee in L	 IIABITABILITY FUNCTION _F ^int.^t^anc^

W	 APPLIANCE. FUNCTION Garment/Linen	 C16thr's

APPLIANCE CONCEPT NO. /TITLE. 1/F1 ui di c Asti tation r-brred lint Air•-Electri g llpii ' _

- INDEX I40.3.3.3.1	 REF. NO.	 90- -

DESCRIPTION

This concept is a combination of clothes washer Concept 2 and clothes dryer
Concept 1, as described previously in Section 3.3.1 and 3,3.2.
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a
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j ELECTRICAL 11E ► TING

MmENT
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VATER Ita

WATER OUT
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4

s	 ^
t

i	 °2-52'



D2.-118561

APPLI NCE CONCEPT REQUIREMENTS 44D PENALTIES CALCULATIONS

CU4CCPT /TAr/u^^r  a^	 /rFT ^^,p ESC T^/C flEgT INDEX NUMBER

C^^i^ a qp P ^ z ; s'/'s^^,
'	 ILECTRICA_ G POWER	 REfLUIRCMENYS

1
AC	 P O WER	 _

U3	 OE^1^fND

0C	 P0 1{ER__

-DEMANDUSE TIME,	O ( @6

CY	 PEAKCLE AVERAGE	
(GYGLEHR/

'	 3}

PEAK AVERAGE
(CYCLEHR/

Q X{'COMPONENT	 ( REF)	 (HR)	 (WATTS) (WATTS)	 (D (WATTS) (WATTS)

MAXIMUM TOTAL MAXIMUM TOTAL

THERMAL	 REQJIIREMENTS'

'	 LATENT	 SENSIBLE
	

HEAT LEAK
	

TO COOLANT

SOURCE	 (BTU/HR)	 (BTU/HR)
	

(BTU/HR)
	

( BTU/HR)

TOTAL	 5.2. 0 7	 931(33¢7)	 f7)	 1 32 r^SJp
WATT (BTU/HR)	 WATT (BTU/HR)	 WATT ( BTU/HR)	 WATT (BTU/HR)

OPERATIONAL	 PE4ALT1-ES

HEAT LEAK
THERMAL 

TO COOLANT
ELECTRICAL	 WEIGHT	 VOLUME

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

TOTAL
WATTS/CYCLE	 WATTS /CYCLE	 KG/MISSION	 Ml /MISSION
(BTU/lilt/CYCLE)	 (BTU/HR/CYCLE)	 (LB/MISSION)	 (FT'/MISSION)

62-524
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D2•,118561.3

^`	
APPLIANCE CU`1 EPT kLQUIWlENTS AND PLNALTIES CALCULATIONS (CONCLUDED)

-oCOIICEPr gI Ic.	 l,lT riovIkocer t r1',9,^ -	 L^GT /C ficF, T INDE
X
 NUMBER

F I X E D	 W E I G 11 jJX q L Ut 	 R E Q 11 1 R f ME H T S

WEIGHT YOLOME
COMPONENT	 (REF)	 (LOS) (FT3)

TOTAL	 l	 111, -6	 Z# 6	 1)	 9
-- ^S

KG (LOS)	 • M3 (FT3)

50L I D 	 EXPENDABLE	 WT/Y_ OL 	 R Eg 11IREME NTS

-	 - WT/UNIT (REF)	 WT/CYCLE	 YOL/UN1ITT (REF)o	
(PKG.Wi`^!g^T)(REF)	 (LO)	 (PKG.Y(FT3'IT)(REF)

VOL/CYCLE

FT
TYPE U':ITS/CYCLE(REF)

T07^O1YCLE" TAL W7%CYCLE
(LB) (FT3)

TOTAL WT.
'Mis^1ol3	 Z	 x	 Z O,	 x

CYCLLS/DAY	 DAYS%1415514N	 TOT.WT/CYCLE XG	 LB

(LB)

TOTAL VOL _	 ^n
MI55I0N	 X	 i'^n S	 X	 r Q^^.^	 ^ .0^ Jr	 • U

CYCLES/DAY	 DAYS/14ISSION	 WrVOL3}YCLE MJ	 FT

GAJLIgUID	 EXPENDABLES	 REQUIREMENTS

0	 © AMT.RECOVER D/CYCLE
AMT.USED/LYYCLE(REF)	

RFACTORY	 ^x(2)

AHT LOST CYCLE

(D.-TYPE

E O

- TOTAL WT.	 Z p ,^	 x.	 ,
^
r^

_	 505	 3 3_'^4i5571^i^	 X	 --	 ^_	 •	 • ^^15?
•-KG^"LB)--	 .CYCLE DAY	 ^Y5/MISSIOhf	 TQTALaI.0 TS^/CYCLE (LB)	 ^ a
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SPACECRAFT. 	 Shuttl e
1	 µ	 Garment/Linen

HABITABILITY SUBSYST111 Housekec'}»i1lIIABITAGILITY fUNCTIO1N [Ljnt.o^a

APPLIANCE (-;7rtCTION Gar;iient/Linen-i%l asiier/Dryer--Dispos(ible Clothes

APPLIANCE CONCEPTPdO./TITLE 2/Fluidic Aqitatio3,/Forced Hot Air -Thermal Storztne

r	
.INDEX NO.	 3.3.3.2	 REr. t;0.	 90

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.

I	 CENTRAL CORF. WITH
ALT€RNIATING JET

WATER OUT

AIR OUT

s^THERMAL STORAGE IlN17

WATER III

FAN

AIR IN

r
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APPLI !iCE . CUNLEPT REQUIPEMLNIS X-40 PE!IALTIES CAI.CULAIICNS

3 3 . 3 ZCD'iCEPT^i !/1pI^ /'lI^/T/%T/ /V rrQ^t-^ f/^ % ^j/^Q"71r^r'^L -rx"6^^ lHnE7f HUM4ER •

'	 EIECTRI.CAi	 POWER	 REQUIREMENTS

AC	 -	 P 0 U E R	 , 0C PO WER_

DESK OUSE Till 	 OEAL	 1 ©

CYCLE	 PEAK	 AVERAGE	
(CYCLEHR/	

PEAK AVERAGE

(WATTS)

(WATT-

Q Xll'(REF)COMPONENT	 (HR)	 (WATTS)	 (WATTS)	 Q1 X	 (WATTS)

MAXIMUM	 TOTAL	 MAXIMUM
f

TOTAL

t	 ^

T H E R HA L	 R E Qli 1 • R E M E N T S

LATENT	 SENSIBLE	 HEAT LEAK
	

TO COOLANT

SOURCE
	

MUM)	 (BTU/HR)	 ( BIU/HR)
	

(BTU/HR)

TOTAL?̂' L 7^

WATT (BTU/HR) WATT ( BTU/HR) WATT (BTU/HR ) WATT (BTU/11R)

OPERATIONAL	 PENALTIES

HEAT LEAK .
	THERMAL 

TO COOLANT	
ELECTRICAL	 WEIWIIT	 VOLUME

-
SOURCE	 (BTU/IIR/CYCLE)	 (BTU/HR/CYCLE)	 (PK WATTS/CYCLE)	 (LB/MISSION)	 (FTC/MISSION)

5

TOTAL

WATTS/CYCLE	 WATTS/CYCLE	 KG/MISSION	 M3/MISSION

(BTU/HR/CYCLE)	 (BTU/HR/CYCLE)	 (LB/MISSION)	 (FT'/MISSION)

$2-527
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D2.•^^85^1.3

	^ ► 	
APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS (CONCLUOEO)

CONCEPT 	j /M/i4cO AkIf Me - r% ^yf^[ uQ44^	 INDEX NUMBER

x` 4	 XZ)
F1%EU	 kEIGfj/ OLUME	 RE QUI " REMENTS

	

WEIGHT	 VOLUME

	

COMP64ENT	 (REF)	 (LOS)	 {FT3)

TOTAL	 2 a	 ^. O	 J "I • ^7 )7

KG (LDS) s	 M3 (f T3)

^j

,i
,I

TYPE

--- - 
P	 i • e

4

50L10	 EXPENDABLE

© WT/UNIT

UNITS/CYCLE(REF)	
(PKG.NT(LO}T)(REF)

iiJVOL	 REQUIREMENTS

3
IT

5
WT/CYCLE VOL/VNIT	 (REF) VOL/CYCLE
Q x2 (PKG.VOL/UNIT)(REF) (1] X G

((LB (FT3) (FT3T

O TOTAL tiT/CYCLE	 O TOTE VUL/CYCLE
(LB)	 (FT3}

TOTAL WT. _
Mff§fo-- X X -	 a. 

CYCLES/OAY DAYS/MISSION TOT.WT/CYCLE KC	 LB

TOTAL VOL

h1IS5ION % %
- -

^ 	 U• U`̂  ^	 . ^S
CYCLES/DAY D YS/MISSION TOT.VOL/CYCLE M T T

(FT))

G 	 JLiQUlI7	 EXPENDABLES REQUIREMENTS

© ®CYCLE
AMT.USED/CYCLE (REF)

RECOVERY
AMT.RECOVERREO /CYCLE

U X0

AMT LOS

(1). -	
-

LB• TYPE (LB) FACTOR (LB)

'R i13 °.^ ^„	 er

_	 TOTAL WT.
^1155Z^7^ X k ^6	 5 7

CYCLE O Y 07CY5 /MI551UN	 rpT7L̂ l Wf-/ YC-Ly KG	 LB)(L8)	 a

4

Y B2-528



CEHTRAI mur WIT11	 AIR VENTS

ALTEF

1

D2.118561-3

i
r SPACECRAFT	 Shuttle

E Garment/Li twn
HABITABILITY SUBSYSTEUI Housekeeping 	 HABITABILITY FUNCTION 4-1intenance

APPLIANCE rUNCTION Carmelit/Linen-Washer /Dryer-Disppsable Uothes

APPLIANCE CONCEPT NO./TITLE 3/Flssidie Agitation/Clothesline -Forced Convection

'INDEX N0. 3:3.3.3	 REF. PAD. 90

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.



^. t

D2-118561.3

APPLIAICE CONCEPT REQUIP I '11 ITS AND PENAL T IES CALCULATIONS

3•CO4cEPT l̂ ^,D^f l9^'T/ugh'/CtoTE c r 4 /N^= ,Cc sPCE t7 CvN3 rro^/	 tNDl7I NUMBER^

'	 ELECTRICAL	 POWER RE	 U.IREAENTS

•y	 AC POWER DC	 POWER

Q1
USE TIME	 O2

_ _

p3	 ^ DEP^AND n	 n DEMAND

CYCLE	 PEAK AVERAGE	
(CYCLEIIR/

PEAK	 AVERAGE {CYCLEIIR/
a7Q1 X COMPONENT	 (REF)	 (IIR)	 (WATTS) (WATTS)	 01 X (WATTS)	 (WATTS)

I se
MAXIMUM TOTAL MAXIMUM TOTAL

THERMAL REQUIREMENTS

LATENT SENSIBLE HEAT LEAK TO COOLANT

SOFCE	 MUM) (BTU/HR) (STU/HR) (BTU/HR)

_

7	 ^^7 7 ^i	 33 9F 1	 571^f 7 U
TOTAL

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

OPERATIONAL	 PEHAL.TIES

NEAT LEAK TIIERM TO COOLANT
AL	 ELECTRICAL	 WEIGHT	 VOLUME

SOURCE	 (BTU/Ilk/CYCLE)	 (BTU/IIR/CYCLE)	 (PK WATTS/CYCLE)	 (LB/MISSION)	 (FTC/MISSION)

N/A

OF

i

r

TOTAL

WA	
_

TTS/CYCLE	 WATTS/CYCLE	 KG/MISSION	 M)/MISSION
(BTUAR/CYCIE)	 (BTU/HR/CYCLE)	 (LB/MISSIO.N)	 (FT'/MISSION}

B2-530
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DZAM61-3
^	 APPLIiHCE CONCLIII RCQUIRE}:LNTS AND FLNALTIES CALCULATIONS (CONLLUVLO)

CONCEPT U'^%? Zclll ; .	 ^ ffer i./1C -	 INDEK NUMBER ^'^- ?•
/t.ed 	 7x 73)

'	 FIIfED	 WEIGNTfYOCUMf	 REQUIREMENTS

	

WE IGIIT	 VOLUME
COMPONENT	 _	 (REF)	 (LBS)	 (FT3)

/	 ^r

If

TOTAL	 1 . zo ^^	 I	 _ fo; .^^
	KG (LBS)	 M3 (FT3)

a

SOLID	 EXPENDABLE	 NTfVQL	 REQUIREMENTS

©	 WT/UNIT( (REF)	 WT/CYCLE  	 VOL/UNIITT (REF)	 VOL/CYCLE  

TYPE	 UNITS/CYCLE(REF)	
(PKG.WT(LB)T)(REF)	 (L BIT	 (PKG.V(FT3.yIT)( REF) 	

iFTI

_ger!bi r

t
r

t

`^ O -TO-TAL VCCI-tTLLE
(}T=}

KG(LB )

Q.Op;	 .O
H ^T

F, 
O TOTAL 671CYCLE

•

	

	 (LB}

TOTAL WT.
k-Y5Kl o f	 x	 _	 x

CYCLES%DAY 	 TOT.WT/CYCLE
(LB)

TOTAL VOL-
MISSION	 x	 x

CYCLES/DAY	 DAYS/MISSION	 TOT.VOL/CYCLE
(FT3)

GAJLIGUID	 EkPENDA3LES	 REQUIREMENTS

©	
Q	

AMT.RECnY ©D/CYCLE	 AMT LOS( CYCLE
AMT.USED/CYCLE(REF)	

RECOVERY	
Q x	 QI - J

TYPE	 (LB)	 FACTOR	 N	 (LI

_"l2in se wr•4 e^

•

E®r,o
TOTAL WT..
MIS'SIE^fT `	 X	 x

--eYC E DAt7 	 -- VS/MISSIW ^ WAL^I.Gs^TffyCtf	
(LB)

B2•-S33

KG (LH)



CENT VAt CORE WITS+

ALTERNATING JE

AID VENTS

D2-1185C1.3

SPACECRAFT	 Shuttle

-^ 	 Garment/Linen
IIABITABILITY SUBSYSTUM Houseke .eni n g HABITABILITY FUNCTION Mai ntryianr:(

r

	

	 '
APPLIANCE FUNCTION Gari,-ient/k.inen- l-lisl lr^+• Dt ,ver-Di slnsahl e Clothes

APPLIANCE CONCEPT N0./TITLC'4 Fluidi c. Aftidat ion/Clotliesliiielfntsecl Ct^ay-utl.c.^....
with Electric Heat

r	 'INDEX 110.	 3.3.3.4	 REF. NO.	 90 -
4-

DESCRIPTION

This concept is a combination of clothes washer Concept 1 and clothes dryer
Concept 9 as described previously in Section 3.3.1 and 3.3.2.

WATER 1H ' 	WATER OUT

SEATlKG

t1AFrL£	
ELEMENTS

•	 I

AIR •TO	 Alit tROA

CABIN

	

	 F.CY -+ Y-.
[AB3Fi

3

4

i

3



D2.118561.3

APPLIANCE CONCEPT REQUIREMENTS AND PE11ALTIES CALCUt .A71045

CO,IGEPr ^U/ja/C•^^TICJrf//C^UTi/CS G /NC rfr^C'^p G(J^f/mil/bI^HOE1f Hu>rnER	 S•

a	 ^eP^F' ^` QlJ^	 ^¢ Z G ^d 7-0	 7H 4 cf41, C h(2WT
ELECTRICAL	 POWER	 AE4U3REM_fNTS

A C	 P O W E R  	 DC	 P 0 W f. R.	r

USE TIME.	 @	 DEM14`IO	 O	 0 DEMAND

CYCLE	 PEAK	 AVERAGE	
(WATT-11R/

PEAK	 AVERAGE

COMPONENT (REF)	 (HR)	 (WATTS)	 (WATTS)	 (Î X^	 (WATTS)	 (WATTS)

(WATT-11R/

(1^ X

MAXIMUM	 TOTAL	 MAXIMUM TOTAL

THERMAL	 REQUIREMENTS

LATENT	 SENSIBLE	 HEAT LEAK TO COOLANT

ff

	 SOURCE	 (BTU/HR)	 (BTU/HR)	 (BTU/HR)

1

(BTU/HR)

512 ! 7 7) 	 ^ 1 3 3^4	 9$ ^	
U 7TOTAL "- —

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

0FERAT10NAL'	 FENALTIES

THERMAL	 ELECTRICAL	 WEIGHT
HEAT LEAK	 TO COOLANT

VOLUME

SOURCE	 (BTU/IIR /CYCLE)	 ( BTU/HR/CYCLE)	 (PK WATTS /CYCLE)	 (LB/MISSION)

Nh
(FT3/MISSION)

€.
TOTAL

IIATTS/CYCLE	 WATTS/CYCLE	 KG/MISSION M}/MISSION

(BTU/HR/CYCLE)	 (BTU/HR/CYCLE)	 !	 (LB/MISSION) (F731MISSION)

B2- 533

4
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AAPPLIA14CE CUNCLPT REQUIRO'ENIS IjID PLPLuA
,
LTIES CALCULATIONS (COUCLUUEO)

CONCEPT f //^' tĉ !cllT^^^LCi^i^fE^ ^icl'O^^ON INDEX NUMEER ^• 7. 1

	

{ ^'^-^ qi / z Z 7y^ 7S'	 aory ,:; 4̂ccr-,cic *^597 I
A	 FIXED	 WEIG11YX k q !I	 REQUIRE HINTS	 ti

	

WEIGHT	 VOLUME
COMPONENT	 (REF)	 (LOS)	 (FT3)

	

TOTAL	 ^'87^ S
	

3. 1 G__^iag,^^

	

KG (LOS)
	

M 3 (FT3)

TYPE 

'' l /I

 

4p

5 0 L I D	 E%PEN0A8L E

WT/UNIT (REF)
(PKG.WT/UNIT)(REF)

UNITS/CYCLE(REF)	 (LB)

WJV_OL	 RE4U I REFiENTS
5

VOL/CYCLE
Z lX )
FT3

3
ITWT/CYCLE VOL/UNIT (REF)

QI X2 (PKG.VOL/UNIT)(REF)
(LB (FT3)

^O
^O

TOT^IL WT/CYCLE TOTAL TOL%MI-
(LB) (FT3)

TOTAL WT.
i^I^s1oH X x D. G 4	 /. ^6

CYCLES/DAY
_

DAYS/MI55T04-- TOT.WT/CYCLE KG	 LB
(LB)

TOTAL VOL
EMISSION X X s	 U. OJ 1	 ('sO$^

CYCLt	 DAY DAYS/MISSION TbT-.Y0L/CYCLE w (FTC)
.	 ' (FT3)

GAS	 IQUIR	 E%PENDA9LE5 REQUIREMENTS

© ©
©O

AMT.USED/CYCLE(REF) RECOVERY
AMT.RECOV /CYCLE	 AMT LOST	 YCLE

U x n	 Q -,3' 
TYPE (LB) FACTOR (LB	 (L

Ise w^4cr

^ (D ^®

u.. TOTAL WT.
H1551 x X ♦ 	 '	 7^C*a	 ^57

CYCLEIDAY OAYS/MISS ON	 TVT7G7, 0 TaCY L KG (LB)
(LB)

n:

B2-534



{	 SPACECRAr'T	 SI:ittle
•^	 Garment/LinenI;r HABITABILITY 511f35YS'TEM t1og^c{;ceif^n 	 fiAi3t rl^r;If_IT1' i"UFtCTIOt^_^ij^;^^ce_

APPLIAWL rUNCTI0id Gar ►^c^ni:JE.inen-k'^ashnr/pr^nr-f?is;^nsszhl^_C3ot^le 	 - - —

APPLIANCE CONCEPT W0. /TITI.G___V1.1at^ er Serra%, AQi 1:at:i gn/f Qr,cc_din-_ Ai r-Electrizj- lut
d

'INDEX NO.	 3.3.3.5	 _	 REF. rya.—go__
z	 DESCRIPTION

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

'	 9
"	 3

-	

7^

7

i

•	 •	 3

f	
i

ELECTRICAL HEANNG

WATER IN
WATER OUT

FAN M

AIR.IFi	 AIR OUT

r
•

t	 _

B2-535	 '.
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APPLIANCE CONCEPT REQUIREMENTS A40 PENALTIES CALCULATIONS

CONCEPT	 ^ •Sfi^li . /^'ITl,;'jj7A/^.d6,1^^ 9l6//- ELECTRIC /16Vr	 INO[x NuMO ER	 .r.^
+3-S

(,eer- t'"^'D ^° 3^ ^^^ 51-Sf
ELECTRICAL	 P 0 W E R	 REOUIREM NTS

AC	 POWER	 _

USE IME	 0	 ^	 OEM^O

0 PONE R___

^ ^ DEMAND

COMPONENT	 (REF)

CYCLF	 PEAK	 AVERAGE	
(CYCLHR/

(NR)	 (WATTS)	 (WAITS) XE^

PEAK AVERAGE
(WATT-HR/

(1) x(WATTS) (WATTS)

MAXIMUM	 TOTAL MAXIMUM TOTAL

t	 ^	 -

THERMAL	 REQUIREMENTS'

	

LATENT	 SENSIBLE	 NEAT LEAK
	

TO COOLANT

f	

SOURCE
	

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

(BTU/HR)

TOTAL 51.7 / 7	 7) 981 .3	 32 'Eo
WATT (BTU/HR)	 WATT (BTU/HR)	 WATT (BTU/NR)	 WATT (BTU/NR)

OPERATIONAL	 PENALTIES

HEAT LEAK
	THERMAL 

TO COOLANT
ELECTRICAL	 WEIGHT'	 VOLUME

SOURCE	 (BTU/HR/CYCLE)	 (BTU/HR/CYCLE)	 (PK WATTSICYCLE)	 (LB/MISSION)	 (FT3/MISSION)

NZA

f

r

TOTAL

	

FIATTS/CYCLE	 WATTS/CYCLE	 KG/MISSION	 M3/MISSION

	

(BTU/HR/CYCLE)	 (UTiI/klk/CYCLE)	 (LB/MISSION)	 (TT3/MISSION)

82-536
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n
APPLIANCE CONCEPT REQ IREMENTS AND PLNALTIES CALCULATIONS (CONCLUDED)

y	
CONCEPTa Y 	 V	 î u ^+>; l^rlQe^	 ^1^'^	 it AX A&^'7	 INDEX NUMBER

FI xED	 WE IG1iJY0LU rTE 	 REQ111RENENTS

WEIGHT VOLUME
COMPONENT (REF)	 (LBS) (FT3)

r-s>rr.- Z 7 ^

TOTAL	 C,0.
KG (LB5)	 • !13 (FT3)

SOLID	 EXPENDABLE	 WjA	 L	 REDUIREMEtITS

TYPE

Q
WT/UNIT (REF)	 WT/CYCLE

{PKG,WTiLS}T)(REF)	
O

VOL/U111TT ( REF)	 VOLICYYCLE
(PKG .V^FTU^[T)(REF)

FllfUNITS /CYCLE(REF)	 LB)

EO3 5	 f
^OTOT^WT/CYCLE TOT71L VOL/CYCLE

(LB ) (FT3^

TOTAL WT.
M15f1Oti	 %	 X

/DAY	 DAYS/MISSION	 TOT.WT/CYCLE
Tl

CYCLES KG	 L8

(LB)

TOTAL VOL

M155IOff - %	 % Q. OD 1 ^-	 +D
CYCLES/DAY	 DAYS/Ml5SION	 TOT.VOL/CYCLE -- M J	 FT-T)

-(FT3)

GAJLIDUIO	 E % PEN DA BL ES	 REgEIIREMENTS

O AMT. RECOVEERLD/CYCLE	 AMT LOST^CYCLE

•	 TYPE
AMT.U5E0/CYLLE(REF)	

RECOVERY

( LB)	 FACTOR

O n
X	

-

(LO)	 (LB

IN 0	 E' -

la^h ^^	 LnJ0.'^L-'^

TOTAL WT.	
+	 ) (^ ^^ S 7M75^l^N

—L1LEjQff— _ U7CY5%M-r55IUN dTTll SGYCLf	
( LB)	 Q	

KG (LB)

ez-537
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T

THEPJ-1AL STORAGE U111T

i

I

E

^2=X18561-' 	 .
'	 t

{	 SPACECRAFT	 Shuttle	 r

Garment/Linon
•,	 HABITA13ILITY SUBSYSTEM Housekeeping	 11ABITABILra FUNCTION MAntonance

APPLIANCL FUNCTION	 Clothes

APPLIANCE CONCEPT NO./TITLED/1-later Spray Atlitation/lore p d Hot: Air-Thermal Storage

f
{	 'INDEX 14O.	 3.3.3.6	 REF. NO.	 90

DESCRIPTION
z

S'

This concept is a combination of clothes rusher Concept 7 and clothes dryer
Concept 2 as described previously in Section 3.3.1 and 3.3.2.



D2-118561.3

APPLIA'ICC C0Y EAT REQUIREMENTS N40 PINALTIES MCULATIOYS 	 ?^

CO.9CEPT ̂ Ĵ I ! . f̂ ±Q^c' /^c /T	 ^FraQ[^^	 1NUEX NUMBER	 a1q^^ •r^,/^C^/12QL^l^T	 .JTjry0,

^ELE CTR 1. CAL	 POKER	 REQ'U I REMEN-TS

yr AC.	 P OW ER 	 0C _POWER.__'_

TIME O[T^ DUSE 	 ^	 ^3DEti^0

COMPONENT	 '(REF)

CYCLE	 PEAK	 AVERAGE	
(WAIT- 11R/
	

PEAK

(HR)	 {WATTS}	 (WATTS)	 (7 X^	 (WATTS)

AVERAGE	
(WATT-HR/

QI X${WATTS}

p.	 .

'̂']44 V	 Y

MAXIMUM	 TOTAL	 MAXIMUM TOTAL

. THERMAL	 REQUIREMENTS

LATENT	 SENSIBLE	 HEAT LEAK TO COOLANT

SOURCE (BTU/11R)	 (BTU/HR)	 (BTU/HR) (BTU/HR)

S 1.9 Cl	 P' (3 14 7) 2— 1	 7 7^
TOTAL	 !

WATT (BTU/HR)	 WATT (BTU/HR) WATT MUM) WITT (BTU/HR)

OPERATIONAL	 PENALTIES

THERMAL	
ELECTRICAL

r	 HEAT LEAK.	 TO COOLANT
WEIGHT VOLU iE

SOURCE	 (BTU/HR/CYCLE} 	 (BTU/HR/CYCLE)	 (PK WATTS/CYCLE)	 (LB/MISSION)

A

(FT3/MnSION)

TOTAL

WATTS%CYCLE	 WATTS/CYCLE KG/MISSION M3/MI5516N
(BTUAR/CYCLE)	 (BTU/HR/CYCLE) (LB/MISSION) (FTI/MISSION)

B2-539
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APPLIANCE CUIICLPT REQUIREMENTS AND PENALTILS CALCULATIONS (CO'tCLUOED)

CONCEPT `^^T /^ ^^Alti	 ^r1. `+ ^( /	 t ' /	 " 3j, n: ' a1NDEX NUMBER	 1.S/.. , , S ^f= ,	 •^ ^rraT ^, nCC - Til,.ni%f, c	 ¢ 

F I J( E_ p 	W E l G 41 JV 0 EU Hf	 R E Q U! R E M E N T S

	

WEIGHT	 VOLUME
COMPONENT	 (REF)	 (LOS)	 (FT3)

TOTAL	 ' Z 2 6C

	

KG (LBS)	 M3 (FT3)

,SOLID	 EXPENDABLE	 WTVOL	 RE q UIREMENTS

©	 WT/UNIT (REF)	 WT/CYCLE	 VOL /UNIT(REF)	 VOL/CYCLE  

	

TYPE	 UNITS/ CYCLE (
REF){PKG.WT^L^ ' T}(REF)	 D LBZ	 (PKG.V(FT}}IT)(REF)	

[FT3

	

TOTAL W`T/CYCLE 	 O TOTAL VOL%CYCLE
(LB)	 (FT3)

TOTAL
	 -	 x	 x ^__	 0- ^ i1	 /. 7G

CYCLES/DAY	 DAYS/MISSIOt1	 ?OT.WT/CYCLE	 KG (LB)
(LB)

TOTAL VOL

	

M1551CN '	 X	 x	 ^. GQ	 •^S
CYCLES7/0AY	 DAYS%MISSIONZDT,VOL/CYCLE	 M FT

(FT3)

t

G JLIQUID	 EXPENDABLES	 REDLIIREHENTS

3

	

Q	
RECOVE RY	

AMT . RECOVERED/CYCLE
AMT.USED/CYCLE(REF)	 U x

TYPE	 (LB)	 FACTOR	 (LB

1^.la^x^, L ^ n ^...^t	 •

AMT LOST CYCLE
01-3

(LB

	

Q	 !^
i	 .
(	 TOTAL WT..	 'j i L^MTSSTGri	 x	 x	 _	 *	 5 7 91

^CYCL7T)AY	 ^ITIYS/I115510N^ idr7^LoSLYC	
(LB)-

	
KG ^CB^

B2-540
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SPACECRAFT
Gaivent /Li nen

A*	 HABITABILITY SUBSYSTEM Housekee p ing 	 IIA131TABIl_IIY rUNCTIOI; .Ljjjjj[, i ce

APPLIANC E FUNCTION raari.ient Linen-Idarherj ryer•-O7s^,^'^.7^zL.^]^es

APPLIANCE CONCEPT NO./TITLE 7 /Ilater - Sr.ra1i Anitatior,CI th - 51jnQ--_FI= oru.c1 Cnr)vectjon

'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 previ .ousiy in Section 3. .3.1 and 3.3.2.

r "d

K

BAFFLE

Alit 10	 /r	 AIR FROM

CS' BIN	
CABIN.

••	 BAfFLE

CLOTHES LINES

B2-543
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Q2,118551.3
F^

CONCEPT .rHr 	 stit'Acf
APPLIANCE CONCEPT REgUTRFMI.NTS NTD PLUALT1ES CALCULATIONS

r7^,r^r^o,^/ ^pTyC  f/N^ - F,(^[EjJ CUV(/T/ON INDEX NUMBER	 J•_.

ELECTRICAL	 POWER	 REQUIREMENTS

AC	 POWER	 DC P OWER

DEtM t}USE	 IE	 Q2	 ^3	 DEMAND ^6^

CYCLE	 PEAK	 AVERAGE	
{WATT-HR/	

PEAK
CYCLE

AVERAGE
(WATT-HR/
CYCLC

COMPONENT	 (REF) (HR)	 (WATTS)	 (WATTS)	 %	 (WATTS}}	 (] (WATTS} C7 %(

MA%IMUH	 TOTAL	 MAXIMUM TOTAL

THERMAL	 REQUIREMENTS

LATENT	 SENSIBLE HEAT LEAK TO COOLANT

SOURCE	 (BTU/HR)	 (BTU/HR) MUM) (BTU/HR)

2 ^.	 981 3747) 981	 33 7)TOTAL

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

OPERATIONAL	 PENALTIES

THERMAL
HEAT LEAK	 TO COOLANT	

ELECTRICAL WEIGHT VOLUME

SOURCE	 (BTU/IIR/CYCLE)	 (BTU/HR/CYCLE)	 (PK WATTS/CYCLE)	 (LB/MT SIGN)

IV q
{FT3/HI55fON}

TOTAL
WATTS/CYCLE	 WATTS/CYCLE KG/MISSION HI/MISSION
(MU/11R/CYCLE) 	 (BTU/11R/CYCLE) (LB/MISSION) (FT3/MISSION)

B2-542
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APPLIANCE CUNCtILT NLQJlHE:'ENTS AND PENALTIES CALCULATIGNS (CG'iCLUDED)

CONCEPT ^?'WrZ- 2 iA7141 A^ /Tn,77D/1/1C
GCr11,T ^^NC- FGi ctig9 d;,v1GtiT/C^ /	 IHDCN NUMBER	 ^,	 •

(h'EiF oqo P :G 37 72 73)
t	 ,

F I X E D	 WE IGIIJVOLUHE	 RLgIt1.	 E IS ENTS	
V

COMPONENT
WEIGHT

(REF)	 (LOS)
73

VOLUME
(FT3)

TOTAL	 ^ . Q	 Z ds^ ^ .2 ' g 0
KG (LOS)	 . M3	 (FT3)

' S 0 L I D	 E X P E N. D A•D L E	 W T V O L	 R E	 U I R E M E N T S

VOL/UNTO (REF)	 VOL/CYCLEO	 NT/UNIT (REF)	 WT/CYCLE
(PKG.HT/UNIT)(REF) 	 3	 X2 (PXG.VOL/UUtT)(REF)	 3	 X 4

iT3TYPE U'1ITS/CYCLE(REF)	 (LB)	 (LB (FT3)
r^

F,
TOTAL wT/CYCLE TdThL YOI/CYCLE

(LB) (FT3)

TOTAL_ XT.
KI '5SION X	 X p,--	 4.^o_

- CYCLES/DAY	 GAYS/MfSSIOP^	 TOT.WT%CYCLE KG rB
(LB)

TOTAL VOL _
M ISSION X	 X

!

Ol l0 	 QS
CYCLES/DAY	 DAYS/MISSiON	 TW VOL/CYCLE MT (FT^-

(FT3)

GAEL I OU 10	 E1tPEN0ABL ES	 REQU I REMENT5

©	 O AMT.RECOVEERRFO
AMT.USED/CYCLE(REF)	

RECOVERY
/CYCLE	 AMT LOST/CYCLE

U 
X (,)	 o _fl

(LBTYPE

^111a	 ^

( LB)	 FACTOR (LB

s	 _ _..^	 e r

^O E 
t	 TOTAL WT.

M15514H X	 X •	 6  05-79);
CYCLETAY XG (LB)DAY$/I/17155IOH	 TQf/Clt 6T̂WRLJE

(LB)
f
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V

SPACrCRAI'1'	 Shuttle
Carl ent /Linen

IIAB TAI;ILITY SUCSYSTi.,i Housekeeping	 HABITABILITY FUNCTION Maintenance

APPLIANCE FU.NCTION G i rwent. / L inen - Has her/Dryer--WsposanIc Clothes

APPLIANCE CONCEPT ISO./T ITLC• 8/Wa ter Spray Agitati on /Clothes line-Forced Cnn-r. ction._.^..	 _..	 --- ti.^ j tll ^Te L i 1' i L Tl e d t
'INDEX NO.	 3.3.3.8	 -REF. 140.	 90

DESCRIPTION	 f

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

}

t

'	 BLATtt,'^.

BAFFLE	
Rows

AIR FROI

	

^A1R l0	
FAA -^--

	

• CA91Y	 'r^	 CA6I>s
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APPLIANCE CO'ICEPT REQUIRE!'LNTS NQ PENALTIES CALCULATIONS

CO-ICEPT .114re2	 r^o^v,/^r►1,^tr..^.S/:, *	 ^^ ^S11/^^^"^/V IkUC1I NUMBER_s5§N41._A^rj 3r 70

cp f ri l GLEGT2l C /l^c=f

ELECTRICAL	 POWER	 REQUIREMENTS

A C 	POWER	 _
	

----DC--- P--O.

TIME	 )4D

WER

- OEft^ANpUSE	 0	 ^	 OEt	 05 Q
CYCLE	 PEAK	 AVERAGE	

(WATT-HR/	 PEAK

COMPONENT	 (REF)	 (HR)	 (WATTS)	 (WATTS)	 QI x^3)	 (WATTS)

AVERAGE
(CYCLEIER/

(I)X$(WATTS)

t
KAXIHU14	 TOTAL	 MAXIMUM TOTAL

THERMAL	 REQUIREMENTS'

•	 LATENT	 SENSIBLE	 HEAT LEAK	 TO COOLANT

/	

SOURCE	 (BTU/HR)	 (BTU/HR)	 (BTU/HR)	 (BTU/HR)

TOTAL	 5 . 177	 9^' 7	 q81	 ^^
WATT (BTU/HR)	 WATT (BTU/HR)	 WATT (BTU/IIR)	 WATT (BTU/HR)

OPERATIONAL	 PENALTIES

HEAT LEAK THERMAL TO COOLANT	
ELECTRICAL	 WEIGHT 	 VOLUME

	

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

TOTAL
YIATTS/CYCLE	 WATTS/CYCLE	 KG/MISSION	 MI/MISSION

	

(BTU/HR/CYCLE)	 (8Tl1/H1t/CYCLE)	 (WHISSION)	 (FT'/MISSION)
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APPLIANCE CONCLI'T REQUIRkMEN15 ANU PLNALTIES CALCULATIONS (CQ4CLUOEO)

CONCEPT.%r 	 _ f,=^T,q^i^^(lj^,;^,r' z,j' L/NE FeC6p C-AjVScTiay INDEX NUMBER -f v 7,

•w FIXED	 WEIGHTYOLUME	 RE	 UIREMENTc.

WEIGHT VOLUME
COMPONENT (REF)	 (LDS) (FT3)

lr/.4S^f 2 r 3 ^, /A

ee

TOTAL	 93	 /Q 3.09-^_^
KG (LBS)	 ♦ M3 00)

SOLID	 EX P E N D A 8 L E	 WT/V0L	 REQUIREMKNTSD.

	 - - WT/UNIT (REF)	 WT/CYCYCLE VOL/UNIITT (REF)	 VOI/CYYrLLE

TYPE
(PKG.WT{E8?T){R£F}

U4ITS/CYCLE(REF)	
(LB O (pKG.V(FT3)[])(REF)

	 IF T,

» O -^ OTOTAL VAT/CYCLE TOTAL VOL%eYCLE
(LB) (FT3)

TOTAL FIT.
MTSSI^N ^X	 X ^^. ^^	 1, 74

CYCLES%DA Y	 DAYS/MISSION	 TOT.WT/CYCLE KG	 LB

(LB)

TOTAL VOL _
K15SION X	 X ^. t^G 1	 •0

CYCLES/DfY	 DAYS/MISSION	 TO .VOL/CYCLE NJ (Ta
'(FT3)

G A JL I DU I D	 E X P E N D A 8 L ES	 R E gU 1 R E 1S EN T S

0	
©

AKT.RECOVERD/CYCLE	 AMT LOST/CYCLE
RECOVERY

AMT.USED/CYCLE(REF) Q X	 OT -T

TYPE ( LB)	 FACTOR (LB	 (LB

^A/d. 3̀ N	 rr^`

(
^• ° p TOTAL_ WT.

+735f6^i x	 x +	 Ls?$
^U71Y5 K	 [LD)Y LET1lY	 /MISSIOFi	 TOTALa05T7CYtIr (LB) p
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SPACCCRA!"T	 _ _Shuttle
Garment/

IIABITAI;ILITY SM'.SYSTCI•i Housekeeping	 !IARITAVILITY nuCTION Linen Maintenance

x

AI'f'LTI+LICE FUNCTlOII	 Garment/Linen 4lasher/Dryer ^^ispo^gih1lM^ut}^^^

APPLIANCE COi;CI'F°T NO. /T11 - 1 L^ 9/Disposable Clothes
S	 ,

114DEX 110,	 3.3.3.9	 REF. NO.

DESCRIPTION	 This concept assumes no clothes brasher/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 lb) clothing/towels/washcloths per man per day was
assumed from Reference 215. 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/lb) as recommended in Reference 100.
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^-	 • NEAT LEAK	
THERMAL 

.O COOLANT
EtECTRICAE.	 WEIGHT VOLUME

SOURCE (BTtl/IIR/CYCLE) (BT,	 lla/CYCLE) (PK WATTS/CYCLE)	 (LB/MISSION) (FTC/MISSI011)

TOTAL ___ _ ___
—1111TS/CYCI.F— i;AITS/CYCLE LG/HISSIo^I yH' /,!t5S1VA

(11111/kNICYCLE) (Is111/Hf10CLE) (1.N/t;1!.',1014) (I)^/iI['>>It}'I)

4	
1	

I	 I	 ^

D2.-116561 -3

AP t	 E CONCEPT REQUIREMENTS KID PE14ALTIES CALCULATIONS 	 q
CO!10EPT	 INDEX NUMBER	 I

EEECIRICAt NOwCk A. 	 UIRE14E11TS r
s. AC .	 POWER 0 C POWER

Q•
USE:TIME ^2 !"1^4DE0 @4 s6	 DEMA

(WATT-NO
s:	 CYCLE

CC`4PONENT	 (REF)	 (HR)

PEAK

(WATTS)

AVERAGE	
(CYCLEIIR/

(WATT3)	 0 X3s

PEAK

(WATTS)

(
AVERAGE	

CYLLEI

(WATTS)0 X

J
A --

- !MAXIMUM TOTAL MAXIMUM TOTAL^

THERMAL REf^U I REMENT t

LATENT SENSIBLE NEAT LEAK TO COOLANT

SOURCE (AmpIR) ($T11/HR) (BT11/IIR) (BTU/NR)

f

TOTAL

WATT (BTU/11R) WATT (BTU/HR) WATT (BTU/Ilk) WATT (BTU/HA)

OPERATIONAL	 PENALTIES
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APPLIANCE CGl; 21 REQUIREMENTS AND PENALTIES CALCULATIONS (CONCLUDED)

CONCEPT r ^S!' ^^^f  ccorH^^	 IHOEX NUMBER

FIXED	 HEIGHJVOLIiME	 REQUIREMENTS

	

WEIGHT	 VGLUME
COMPONENT	 (REF)	 (Los)	 (FT3)

Dc.^lc1 ^^^^CF Gtr<,.::5	 /t^	 ^. S

TOTAL	
1 . :Z.-- - -s
KG (LOS) X3 (FT3)

,SOLID EXPENDABLE	 KT/VQL	 REQUIREMENTS

©LE©	 WT/UNIT©( REF)	 WT /CYCLE VOL/UNIT (REF)	 VOL/
(PKG.WT/UNIT)(REF)ID.X P

UNITS
(PKG.VOL/UNIT)(REF)	 X 4

/CYCLE(REF)	 (Ln)	 (L8 (FT;)	 (FT3

__ 

T	 O TOTAL WT/CYCLE 70111E VOL%CYGLI=
(LB) (FT3)

TOTAL WT.

CYCEES/DAY	 DAYS/MISSION	 TOT.WT%CYCLE KG (itj

(LB)

TOTAL VJL ,
MISSION

Y

X	 X
CYCLEW AY	 DAYS/MISSION	 TOT . VOL%CYCLE A3 FT3^^

(FT3)

• G 	 SLI	 UID	 ExPEN0ABLES	 RE	 UIREMENTS

© ©D/CYCLE	 AMT LOSTOCYCLEAMT.RECOV
AMT.USED/CYCLE(REF)	

RECOVERY
Q 

X	
U •5

,TAPE (LB)	 FACTOR (LE	 (L8

I,

	

E(D	 E^
70TAL WT.
MIWON— 	k 	 X	 •	 ^

CY E 011Y	 DKf- ISSIDt► 	 TOT7 FL -t -0 5 —Tl-c-Y -c-Ly	 KG LB)
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HABITABILITY SUBSYS'iEM	 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 Shuttle Orbiter for the benefit
of future missions as they are extended with the addition of payloads such
as Spacelab.

B2-550 '
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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.

3

(2) The actual Skylab equipment was used for the appliance function. This
was the only concept used because of the simplicity of 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 Shuttle. The weight and volumes were then multiplied by these ratios.

1

'	 1
1

' 	f

u'.	 •	 ;'

G-	
.,	
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APPLIANCE CONCEPT COMPONENT SUMMARY MATRIX

APPLIANCE FUNCTION: 4.0-OFF-DUTY ACTIVITIES

NUMBER	 OF	 COMPONENTS

COMPONENT TYPE
NU14BER

OF

SAFETY

CRITICAL

APPLIANCE TYPE	 N0.
ITEM,S

NO MECHANICAVELECTRICAL COMPONENTS
RECORDED FOR THE 4.0 APPLIANCE
FUNCTIONS,	 SINCE NO TRADES WERE
MADE FOR THE APPLIANCE FUNCTIONS.

v
N

Cn

W
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SPACECRAFT-

	

	 Shuttle'
Off-Duty

HABITABILITY SUBSYSTEM Activity 	 HABITABILITY FUNCTION Entertainment

APPLIANCE FUNCTION	
Music

1/Cassette Player/RecorderAPPLIANCE CONCEPT NO./TITLE

INDEX 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 unit: provided for each-of the above units is summarized below:

Space
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
Speaker	 .1	 1.

L
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MICROPHONE HEADSETS

D2.118561.3
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cot1clPT1^L'r 	 ET1^'
APP11ANCE CONCLPT tt[QtllPlltltl ) S Atli) PIHAI . TILS CALCULATIOIIS

sic%ems-44w4 0 E:r	 I^1I^L>< Hltrti,:CR_ . 	:/^! L^..^.

I ^r

ELECTRICAL	 P -WIR	 REQUIREIFH75
--r

s
r

AC	 POWER DC POUffi

N10USF. TIME	 Q	 0	 Dfrun ^5 Q	 OI

r

CYCLE	 PEAK	 AVERAGE	
(CYCLEt,R

/

3)

PEAK AVERAGE	 ( CYCLEIIR/

?Da CO"1POVENT	 ( REF) (HR)	 ( WATTS)	 (WATTS)	 Q (WATTS) ( WATTS)	 QX

f

i
c

I
a

,

.30	 yep
t MAXIMUM	 TOTAL MAXIMUM TOTAL

THERMAL	 REQUIREMENTS

LATENT	 SENSIBLE HEAT LEAK TO COOLANT

SOURCE (BTU/HR)	 (BtU/HR) (BTU/HR) (BTU/HR)

Clf^SC 1To1L /	 . 3 102.3-,

TOTAL	 30	 Poe. 3) -10 pp . ,
WATT (BTU/HR)	 WATT (DIU/HR) MATT (BTU/HR) WATT (BTU/HR)

0PERATI'OHAL	 PtiHALTIES

THEM TG COOLANTELECTRICALHEAT LEAK
WEIGHT VOLUME

SOURCE	 (BTU/IIR/CYCLE)	 (BTU/IIR/CYCLE)	 (PK WATTS/CYCLE)	 (LB/MISSION)	 (FTC/MISSION)

^ w

l d

TOTAL
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APPLIANCE t(INU M UQ11IN ?l NIT !. flio III NAI TIJ 14 U.1 011 AT M14', (I 	Wil 11)

MIC I PI .	 r7-.L-- PM A, XXIA06-40AO& X	 111,01 y NUMELP 4 -A 4.

tr •	 r i x r p W E 	 1_G 11 T	 V 0 L	 U M I	 R I	 Q 0	 1- R C	 M I - It I S-

WE li;IIT VOLUML
C01,1110 1MIT	 (REF) US)

C ^IMA 111a.P C6 4-

TOTAL

KG (M)— ml	 (113)

S 0 L I D	 E X P E N D A B- L L.	 W 1/y q L	 f^	 q U I	 R E 14 N T	 S

Q	 m (D	 6)

(D
WT/UNIT (REF)	 wr/cYCLE

(PKG.WT/UNIT)(REl-)	 (DX 7
VOLIM11	 (Vff)	 VOL/CYCLE

(Pl',G. VOLN'il T ) (KEl	 yf4)
YFT=jTYPE	 UNITS/CYCLF(REF) (LB)

I	 —CYCL E,
	

-fuwq- M-ICYCL-F

(LB)

TOTAL 14T.

X	 x

CY ccSTD`Alf--

TOTAL VOL

MISSION	 x	 x

Cyrus/	 —61FKimfffl-o-N-- —16-1. Voci—cyd'[-
(FT3)

G -A 	 IgUIU	 E X P E N 'I) All L E S	 RF gU IK E H T

0
Af4T.RECnVl 

0
krD/CYCLE	 AMT LOSIJCVC,i

A14T.USED/CYCLE (REF)	
RECOVERY	 7	 01-

ByTYPE	 (LB)	 FACIUR	
U. 9	

(L

101AL WT.
+

—&cL(-fvt'y-- --DTY S-im I -w -1 0 f ml Y
(Z Q4	 (0)	 (Z Q

B2-557



• D2.118561-3

HABITABILITY SUBSYSTEN . 4.0 Off-Dut Activity

-HABITABILITY FUNCTION 4•I Entertainment

APPLIANCE FUNCTION	 4.1.2 Library

NUMBER OF CONCEPTS CONSIDERED 	 1

ASSUMPTIONS

(1)^The library appliance 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. 	 s
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SPACECRAFT	 5huttla	 -
`	 Off-Duty

HABITABILITY SUBSYSTM	 HABITABILITY FUNCTION_ Entertainment

APPLIANCE FUNCTION	 Library

APPLIANCE CONCEPT N0./TITLE 	 1/Books

INDEX NO.	 4.1.2.1	 REF, NO. 	 96

DESCRIPTION

The book concept consists of individually selected off-the-shelf paperback
books takes 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.

U UP I•

FIRE RESISTANTARV BOOKS
iOOK COVER5 	 SELECTED

STOWED 11# W714G ONLY

z 	 •

•	 B2 -560
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CO'ICEPT j^!S APPLIANCE CONCEPT	 RLVUIP111INIS A'IU FLNAITIES CAtCUTATIONS

# INDEX N131+.ISl k

EIECTR1tAi	 pOWER	 REOU1REHiNTS

A C	 P O W E R O C P O W E R

AS	 TIME @	 Q	 DE}tIJ U O (9)	 DEMAND

CYCLE PEAK	 AVEFAGE	
(WATT-HR

/
PEAK I

IIt
AVERAGE	

(

I

xl/

+	 COMPONENT	 { REF) (HR) (WATTS)	 (WATTS)	 [)k ) (WATTS) ( IiA1T5)	 tat

MAXIMUM	 TOTAL KkXIMUM TOTAL

THEEtj%L	 RER	 IREMENTS

LATENT	 SENSIBLE HEAT LEAK. TO COOLANT

SOURCE (BTU/HR.)	 (BTU/HR) (BTU/HR,} (8TU/110

TOTAL --

WATT (BTU/HR)	 WATT ( BTU/HR) WATT (8TU111R) WATT	 ( BTU/Ilk)

OPERATIONAL	 PENALTIES

NEAT LCAK
THERMAL 

TO COOLA14T	
ELECTRICAL	 WEIGHT	 VOLUME

SOURCE	 (BTU/HR/CYCLE)	 ( BTU/HR/CYCLE)	 (PK WATTS/CYCLE)	 ( LO/MISSION)	 { FT'/MI5SION)

MIA

E

s f

{	 TOTAL

WATTS/CYCLE	 WATTS/CYCLE	 KG/HISSION	 Mi/MISSION
(BTUtHR/CYCLE)	 (STU/HR/CYCLE)	 (LB/MISSION)	 (F1^/Mi5SI0,I}

SY
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APPLIANCE CONLLI'T REQUIRIMI NTS AIM P NALTILS CALCIII ATIONS (CONLI Mil.1))

CONCEPT-^	 INDLx DUMUER ^!,^!•_^

r I x r D	 WE I G it T/Y O L D M E	 R E {) D l R E M E N I S

	

WE IOIIT	 Vol ME
CDMPO^ifNT	 (REF)	 (lDS)	 (FT3}

.e--s

TOTAL	 ,'^ 7G	 /. DS	 r ,oio9 W -.3.3
•	 KG (LBS)	 M3 (FT3)

SOLID	 EXPENDABLE	 x_JVOL	 REQU1REME14TS

O	 WT/UNIT (REF) 	 WT/CYCLE	 VOL/UNIITT (REF)	 VOL/OLE

TYPE	 UNITS/CYCLE(REF)	
(PICG.IiT(LB)T)(FEF)	

O(LB}	
(PKG.Y(FTUI)IT)(REF)	 F7, 'T

0 ^ T0TJ1^ VO1%CYCL E
(fT^)

t	 KG'TLB^

M 
FTC__ __	 J

TOTAL W7/CrCIE-.

TOTAL
?11- 51 ON- 	x 	 x	 r

CYCLES/DAY	 DAYS/MS'S-1 P3 IOT.h'T/GYCLC-
(lB)

TOTAL VOL	 t
F15si	 x	 x

CYCLES/UAY	 DAYS/MISSION	 TOT.VOL/CYCLE
(FT3)

	

GAJL]QU1D	 EX PENDABLES	 REQUI REMENT S

	

O	 RECD CRY	
AMT.RECQVEEPED/CYCLE	 AMT LOSOCYCLE

plAMT.USED /CYCL,E(REF)	 xO7	 01 -(3^
TYPE	 (LB)	 FACTOR	 (LB)	 (LD

F(D	 G)

TOTAL_ NT.

CYEL[/ffAY — YS/Rssl-	TDT•, ^OaCYCC	 (LBO	 Q	 KG (L4
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HABITABILITY SUBSYSTEM 4.0 Off-Duty Activity

HABITABILITY FUNCTION 4.1 Entertainment

APPLIANCE FUNCTION 	 4.1.3 Visual Recreation	 T

NUMBER OF CONCEPTS CONSIDERED 	 1

ASSUMPTIONS

(1).The visual appliance function provides the ibeans for programed television
to be displayed on board,the spacecraft.

a
{2) The Panasonic and Sony television sets' were the basis for the engineering

•	 -numbers.

(3) One unit was assumed to be provided for each vehicle.

B2-S63	
';.
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M-118561

SPACECRAFT	 Shuttle
•	 Off-Duty

HABITABILITY SUBSYSTEM Activity	 HABITABILITY FUNCTION

Visual Recreation 	

Entertainme

APPLIANCE FUNCTION	 --

APPLIANCE CONCEPT N0./TITLE 1/Television

INDEX NO.	
5.1.3.1	 REF. NO.	 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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APPLIANCE CONCEPT REQUII11111 . HBS AttO PENALTIES CALCULATIONS

CONCEPT , f^r^•^fQ,^[,._	 --	 INhCX Itt1NB [R .,^^J^3L^ .

ELECTRICAL	 POKER	 REQUIREMENTS

(^	
AC	 .	 PO W ER	

[^.
USE1FNE	 a	 Dcan

O C 	 PO WE R	 _

Q5	 (6 OEMAT40

CYCLE	 PEAK	 AVERAGE	 (WAIT-HR/

COMPONENT	 (REF')	 (HR)	 (WATTS)	 (WATTS)	 oX3

PEAK	 AVEWICE
(WATT-HR/

Q X%(WATTS)	 (WATTS)

MAXIIIIRI	 TOTAL ' MAXIVAM TOTAL	 .

THERMAL	 REQU I REHENTS

LATENT	 SENSIBLE HEAT LEAK TO COOLANT

SOURCE	 (BTU/HR)	 (BTU/HR)

if	 L ; •^!^

(BTU/HR)

9

(BTU/HR)

'TOTAL ^
WATT (BTU/11R)	 WATT (BTU/HR) WATT (BTU/HR) WATT (BTU/HR)

' I

•

+	 OPERATIONAL	 PENALTIES
- a

HEAT LEAK	
THERMAL 

TOCOOLA14T	
ELECTRICAL WEIGHT VOLUME	

3

SOURCE	 (BTU/1IR/CYCLE)	 (BTU/HR/CYCLE)	 (PK WATTS/CYCLE)	 (LOMISSION) (FT)/MISSION)

l^

^A

a

TOTAL
NATTS/CY/CYCLC^	 WAIT$/CYCLE KG/N15st4Y "ImISSIGN

•	 (BTU/I1R/CYCLE)	 (BTU/11121CYCLE) (LB/MISSION) (FT' /KISSION)

''	 B2-566
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APPLIANCE CONCEPT REQUIPEPILN1S AND 1 1 0KTIES CALCULATIONS (CCNC1UUL11)

	

CONCEPT .)	 rlw-s- Qw	 tt+uex NUM(iER S. ,/,.A- I___

VOLUME

•	 ilXEQ	 IICIGIIJYOLUME	 R[Qt}IREHEkTS	 -

COfvoNENT (REF)	 M(LOS)	

ll;f

[^ CY1 S, a,y	 v^0	 —______ 4,27

TOTAL ZZ. 6g ^Q	 . ^Z	 1^. Z7)

	

•	 XG (LOS)	 !II (FTi)

	

SOLID	 Ex P E N D A 9 L E	 WJyOL	 REQUIRFnENT_S

	

O	 WT/UNIT (REF)	 WT/CYCLE	 VO4/UN1IT(REF)	 VOL/C CIE

	

TYPE	 UNITS/CYCLE(REF)	
(PKG.WT ^SfT)(RLF)	 01(iBBT	 (PKC;.V`FT3'}IT)(REF) 	

1+T3^

TOT L^YCLE	 TOTAL VOL/CYCLE

	

NO	 (FT 3)

	

TOTAL WT. _	 - -
'^FFI$STDi^

YCLES/DAY	 DAYS/14I5510Y+	 —fFfNf/CYCLE	 KG Le)
NO

	

TOTAL VOL	 w

	

FUSSIOR	 X	 X
CYCLES/DAY	 D YS/H1Sf30l+ 	 TOT.VOL%CYCEE 

(FT3)

	k A A i g U I D	 E X P E N D A B L E S	 R E D U I R ! ENT S

	

©	 AMT.RECOVEIRED/CYCLE 	 AMT LOST^CYiLE
AMT.USED/CYCLE(REF) 	

RECOVERY	
Q 

X n
	

(D- "I

^TYPE

	

(LB)	 FACTOR	 (LB`]	 (Lb

TOTAL WT.
H-1W10'i	 X	 x	 _ +

CYCLE7E1Ai^ — 'T3AY5/i4TS5I(SIV TbI L 16s-T/CYCEE 	
{LB)	 (£ a --	 KG LB.

F
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.HABITABILITY SUBSYSTEM 4.0 Off-Duty Activity

HABITABILITY FUNCTION 4.1 Entertainment

APPLIANCE FUNCTION 4 . 1 .4 Games

HUMBER OF CONCEPTS CONSIDERED

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 equipment 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 equipme-nt.

f

B2-568

I



-	-	^_VV1^

m- -- -	-
Ch
to

3

•L[14

u r
C1̀

w	1 J ZI aa^
1J3]MOa

M7f	1	+!- 7a	1 JJd
^e

7ro•	1u0•	1e*•1 .	o•	0• 	too	1	440	s	___	_^ao•3rii 04s	t	,0o•r•00	04	60	00Doss	s

.."—'-`-^	+ealefiii•iiffiia••!!!leealaleal•f•e!i•ieeee•a•efefea••eaefat^ffeifalaa•fieiallieeea•i•aaefaleef^N^ee^i^*...r.,......r?
`ISf1tt1! n]195211ASILVA-	fS119M-	tNMIn191	IYw/nl9t	11 9301	t9ts44tat	t3mFoll

0911.fees$	toot-M n3'-%N.10	]0	-S11vs-	49110",	03 9g0a a9"N"-• -	_r35NS]I•—I&A -•--UnfSNM(^	r 1"9126!30"t 14YAV361nloA1"91143v	311	11471 161	1gr100]	4N31	S93UJM01!	0350	7JA11110/S]Sn
USA 9AV	USA yJ•LNG	--•__—----

J...r .........................................	................	.............ao...........G 1503_- —3619-&	BAN
i1JJnS3MiNU4611A30SjMt3b1oA/1MSlUftla 141 2313	S161b74 1i61M3N1	Si"3w3Ytn07NMali 01211 53lovu	MO]3911Sn	1423"07

I3111n"S} S311yJ	rase Y-_1416` •oM 170M=

'---	-1r}M11'N N0S1]NM 1J7]MO] 3]Hlt14Jr- ------ --^----_----



i
D2:-11$561.3

SPACECRAFT	 Shuttle
Off-Duty

HABITABILITY SUBSYSTEM Activity	 HABITABILITY FUNCTION Entertainment

APPLIANCE FUNCTION	 Games

APPLIANCE CONCEPT HO./TITLE 	 1/Handball

INDEX NO.	 4.1.4.1	 REF. TAO. 	 293,96

DESCRIPTION

The handball-concept provides three hand balls, one pyrell, 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
CONTAW R	 VELCRO

NOOKS

•	 ^	 w

r
wLS 0)

1
t

3

yi
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APPLIANCE CONCEPT IlEgt11IQM1NTS 16'41) PENALTIES CALCULATI(JUSCONCEPT^LL
`	 1NU[x NUN,BLR

ELECTRICAL POWER	 RE 2U IRE RENTS

AC	 P 0 W E 
R^dj.

DC POWE R

USE TIfj Q2	 rl̂	 VEt^t NO ^5 '6 DES MAN

CYCLE PEAK	 AVERAGE	 (CYCLE,IIR!
L?3)

PEAK AVERAGE	
(CYCLEIif/

xib(WATTS)COMPONENT	 (REF)	 (fill) (WATTS)	 (WATTS)	 n (WATTS)

MAXIMUM	 TOTAL MAXIMUM TOTAL

THERMAL	 REQUIREMENTS

LATENT	 SENSIBLE HEAT LEAK TO COOLANT

SOURCE (BTU/HR)	 (BTU/HR) (BTU/IIR) (BTU/HP,)

N.,1A - -

TnTAi - ---	 -- -
WATT (BTU/IIR)	 WATT (BTU/HR) WATT ( BTU/HR) WATT	 (BTU /IIR)

OPERATIONAL	 PENALTIES

THERMAL 

TO COOLANT ELECTRICALHEAT LEAK WEIGHT VOLUME

SOURCE	 (BTU/IIR/CYCLE)	 ( BTU/HR / CYCLE)	 (PK WATTS/CYCLE) ( LB/MISSION) (FT'/MISSION)

TOTAL
W4 TS/CYCLE	 WATTS/CYCLE WMISSION MI/mIsSim
(BTU/HR/CYCLE)	 ( BTU/ItR/CYCLE) (LO/MISSION) ( 1,73/MISSION)
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APPLIANCE C011CL PT RLQUIREMBTS k1l) H NAL 111 S CALCULATIONS ( M ICIU11111)
CONCEPT-//^^^Q ^	 i	 INNx NUMBER_^i-^_^^_

TI xED	 ME 1 GHT/Y0LII_MC	 R 	 Qi11 REHENI S

	

lfEIf,NT	 VOLUME
COMPONENT	 (REF)	 (LOS)	 (113)

TOTAL	 E	 E:.GQZ
	KG (LOS)	 M3 (fT3

SOLID	 EXPENDABLE	 RfT/VOL	 REQUIREMENTS

	

WT/UN1T©(REF)	 WT/CYCLE	 VOL/01TT (REF)	 VOL/CYCLE

©	 (M.WT /UNITMEF)	 QI x2	 (PY.G.VOL/UNIT)(P[F) 	 Qx (â
TYPE	 UNITS/CYCLE( REF)	 (LB)	 (LB^	 (fl °) 	 ,FT3)

^03
TOTAL 1!T/CYCLE 

_

(LB)

TOTAL WT.	 w
RITSTUN,- 	x 	 — x

O	
--

CYCLES/DAY	 AY5llA] S51Dt^ 	 TDT.ki/CYCLE
(La)

TOTAL__VOL
HI$SION	 x	 x

CYELES/UAY	 DAY5Al SSIOH ^
	

TOT.VUL/CYCLE
(FT3)

O 
-

TOTKL VOL)CYCLi
(fT ^ )

KG-(LBO ^^ ^^

ITT-T-^-------}

GAJLIDU ID 	 E xPENDA . BLES	 REDOIRE,MENTS

	d 	
RECOVERY	

AMT.RECOV^D/CYCLE

AMT.USED/CYCLE(REF)	 Q x(9)

TYPE	 (LB)	 FACTOR	 (LB)

Al 1A

4
AMT LUST/CYCLE

UI -3

(LaI

	

^o	 ^v
TOTAL WT.	 -'

HTSSiu^a	 x	 x	 -
—0-CL (7D Y	 -i51CY5%M SYIbti 	 M-hL LDSflCYZIE - (LB)^ T	 KG Laas
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SPACECRAFT	 Shuttle

	

Of	
1MIRY-

HABITABILITY SUBSYSTEM Activity 	 HABITABILITY FUNCTION Entertainment

APPLIANCE FUNCTION	 Games

APPLIANCE CONCEPT N0./TITLE 2/Dart Board/Darts

INDEX NO.	 4.1.4.2	 REF. rya. X 293, 95

DESCRIPTION	 f

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. .	 i

i

1{\ SNAPS

VELCRO-f.&::^ STRrP

UNEX

OARTEOABQ	 1

M^

,-; A
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0PERAT10NAL	 PENALTIES

TH£RIIAL TO COOLANT	
ELECTRICAL

HEAT LEAK
WEIGHT VOLUME

SOURCE	 (BTU/HR/CYCLE)	 (BTU/HR/CYCLE)	 ( PK WATTS/CYCLE) (Lis/MISSION) (FT'/MISSION)

TOTAL
WATTS/CYCLE	 WATTS /CYCLE KG/MISSION MI/MiSSirn!l
(BTU/ISR/CYCLE)	 ( BTU/HR/CYCLE) (Lis/915SION) (IT`/MISSIM)

B2-574
t
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AI'i I LANCE CONCEPT M QUIRIMI.NIS A71) 1 I L14AI T IES CALCUICONCEPTi^^rQ je	 i Al IOYS

INUE% NUMHfR .

•

E L E C T R I C A L	 '	 P 0 W E R	 R E U U l R 114 L N T S

AC	 .	 P 0 W E k

DCM(ANU

DC	 POWLR_

USETIIME . 	@2 	 0 0	 @ DEMAND

CYCLE	 PEAK	 AVERAGE
(WAT T-HR/

U X3)

 PEAK	 AVERAGE
(WAIT-IN!/

n XcoMR)	 (WATTS)	 (WATTS) (WATTS)	 (WATT$)•	 COMPONEN

/

T

(^	

(REF)

MAX]" .
	

TOTAL	 MAXIMUM
	

TOTAL

THERMAL	 RE4HIREMENTS

LATENT	 SENSIBLE	 HEAT LEAK
	

TO COOLANT

SOURCE
	

(BTU/HR)	 (BfU/HP,)	 (BTU/HR)
	

( BTU/HR)

c

TOTAL

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

.WATT (BTU/HR)
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APPLIANCE (ONLLPT REQUIRUIENTS lJilt PINAITILS Lrl. DLATIONS (CUNCIUirIU)

CONCEPT_I	 INU X NUMUR ¢^ f,_¢^ Z^__^

F I x  O	 W E I G 11 Jy O L_ U M E	 R f gy. ! R E M L N T S

	WEIGHT	 VOLUME
COMPONENT	 (REF)	 (LBS)	 (FT3)

mar-

TOTAL

•	 KG (LBS)	 M3 (FT(

50R:D	 EXF'EHOABLE	 k'T/VO!	 IREMEIrT S

WT/UNIT (© (REF)

r

CD
WT/CYCLE VOL/UNIT	 (REF) VOL/ Y LE

(PKG.WT/UN1T)(REF) 1	 X
^M7

(PKG.VOL/U'TIT)(I!E F} 1	 X	 A

YT^TTYPE UNITS/CYCLE(R£F)	 (LB) (FT;)

FOT-K 9T/CYCLE TOTIiL YDI%CY^I E
(LB) (FT")

TOTAL WT. _
T1135"1 ^'^^ X	 X

_
I

Y Y1

^CYGLES/OAY	 GAYS/F115 l-Or TOT.WT/CYCLE KG LB
(LB)

TOTAL )PL -

i^N15510 	 ^ )<
-0CYCL£5/Dl1Y	 AYSjKI- SIGN	 TOT. V^YCL E FS rTFTI

(FT3)

GAJLI gU 1 T3	 EXPENDABLES	 R EQU I itEMCN T S

	

©	 a	 AM7.RECOY ©0/CYCLE	 AMT L05®CYCLE

	

AMT.USED/CYCLE(REF)
	

RECOVERY	 O X	 (D- 3
TYPE	 ( LB)	 FACTOR	 (LBI	 (LIB'

	

r,o	 ^®
TOTAL WT.

m 15TTO;i	 X	 _ X	 +
^'^/I^AY ^1^Y5/FSISSI(?'^ 	 TOl i7-! I -6ST7CYCR	 KGLB

. (r (2)	 (LB)	 (L d
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SPACECRAFT	 Shuttle

	

..	 - u y	s
HABITABILITY SUBSYSTEM Activity 	 HABITABILITY FUNCTION Entgrtaiampnt

•	 i

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.

.	 r

•	 - 	 k	 1

a

	

'	 CONTAINER

i
VELCRO
r.00x

VELCRO
MLE -

BINOCULARS

:.i
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APPLIANCE CONCEPT NLUUIllll3LNTS AND P1f4A1T1CS CAtCUTATJ0A5 	 ^	 2

CUNCCPT, ^^^	 INDEX NUlAbLk ,/ T 1- i -

ItECTR= •CAL P 0 W t R REQVI_REMEHTS

AC	 POKER  0C POWFR

USE	 T I1.1F 0 Olf'	 D 0 © Dfh	 O

CYCLE	 PEAK AVERAGE (LYGLEIIR/
OlExt3)

PEAK AVERAGE
(CYCLElR

Ql XV7)COMPONENT	 (REF)	 (HR)	 (WATTS)

YA
(WATTS) (WATTS) (WATTS)

MAXIMUM TOTAL MAXIMUM TOTAL

THERMAL	 REq!tjjK ENTS

LATENT	 SENSIBLE	 }TEAT LEAK	 TO COOLANT

SOURCE	 (BTU/HR)	 (BTU/HR)	 (BTU/HR)	 (BTU/HR)

TOTAL

WATT (BTU/HR)	 WATT (BTU/HR)	 WATT (BTU/HR)	 WATT (BTU/11R)

s

OPERATIONAL	 PENALTIES

THERMAL TO COOLld1T	
ELEC-RICAL

HEAT LEAK
WEIGHT VOLU14E

SOURCE	 (8TU/HR/CYCLE)	 ( BTU/HR/ CYCLE)	 (PK WATTS/CYCLE) ( LB/MISSION) (W /MlSS10N)

TOTAL

WATTS /CYCLE	 UATTS/CYCLE KG/MISSION Mi/MISSIOu
(BTU/HR/CYCLE)	 (BTU/l[R/CYCLc) (LS/MISSION) (FT' /mIss101t)
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APPLIANCE CONCEIT REQUIREMENTS ANU i'LNAI.TIES GALCULAIIONS (CONCLUPLO)

CONCUPl A51 (&=04&e 917-	 INDEX NUMBE R IL .

F 1 x E D	 IfE IGNJVOLUME	 REQU I kLMEN7 S

WEIGHT 	 VOLUME
COMPONENT	 (REF)	 (LOS)	 (FT3)

TOTAL	 07. T ^_ ^^/	 . G?^ Z . O
KG (LBS)	 M3 (FT3)

SOLID	 EXPENDABLE	 W- 0	 REgU 1RFMEUTS

©	 tiff/UNIT (REF)	 WT/p'.,E	 VOL/UNIT (REF)	 VOUCYYCLC

	

TYPE	 UNITS/CYCLE(REF)	
(PKG.rfT``BB}T}{REF}	 (

LBO	
(PY•G.Y(Fll) T)(RE F)
	 TAT

-^ O fQTAL WT/CYCLE	 F, d TOTALL YOL/CYLIT,
(LB)	 (FT3)

TOTAL WT.
^IT;STON	

x	
x

CYCLES/DAY	 DAYS/MISSION 
	

TOT.WT/CYCLE	 KG LB
(LB)

TOTAL VOL

	

MISSION _	 x	 x
CYCLES/DAY	 D- YS%MISSION	 TOT. OL//CYCLE	 TFTr^

(FT3)

	

GAJLIOUID	 EXPENDABLES	 REDUIRELIENTS

O	 AMT.REC[►Y ©D/CYCLE	 AMT t.OSTT//CYCLE
AMT.USED/CYCLE(REF)	 RECOVERY	 Q x !	 ^. 3

TYPE	 ( LB)	 FACTOR	 'LI 
•	

(LBT

t

TOTAL WT.
wayfoi	 X	 x

COLE DAY	 -0-KYS%MI5SID,4	 TbT71LT.0fT')tVT1E -	 r	 KG^(LB^
CE (3)	 (LB)	 (S1a
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11 1 	 PLAYING CARDS
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COD RETAINER M4001
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M-11850 -3

SPACECR`,7T_ _ 	 Shuttle
—Utt-Duty

HABITABILITY SUBSYSTEM Activity 	 HABITABILITY FUNCTIONS rain ent

APPLIANCE FUNCTION 	 Games

APPLIANCE CONCEPT NO./TITLE 4/Cards

INDEX NO.	 4.1.4.4	 REF. NO.	 293, 96

DESCRIPTION

The cards concept provides card decks and card deck retainers for card playing
in zero-g. The card retainer is constructed using a flexible strap with a
magnet 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.

t
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APPLIANCE CONCEPT III.(IUIRfrlFNIS AND PI.NAII-IES CALCULATIO.15

INDEX NUMBER

E{ECTRICAL	 POWER	 R£QUIREMIHTS

AC	 .	 PO K ER 0  P OWT R^_

THEUSE	 (DQ3	 OLF t{D W^5 ^G	
DEMAND

CYCLE	 PEAK	 AVERAGi:	
(CYCL EIiR/

PEAK	 AVERAGE
(WATT - 11R/

CYCLE)
C014PONENT 

	

(REF) (HR)	 (WATTS)	 (WATTS)	 o X (WATTS)	 (WATTS)	 01 X ^

MAXIMUM	 TOTAL TOTALMAXIMUM

THERMAL	 REEOlREHENIS

LATENT	 SENSIBLE HEAT LEAK TO COOLANT

SOURCE (BTU/HR)	 (BTU/HR) (BTU/HR) (BTU/HP,)

'^/^`r` r

.TOTAL -	 - -

WATT (BTU/HR)	 WATT (BTU/HR) WATT (BTU/HR) WATT	 (BTU /11R)

0PERAf10NAL	 PENALTIES

THFR3AL
ELECTRICAL

NEAT LEAK	 TO COGLA14T
WEIGHT VOLUME

SOURCE (BTU/IIR/CYCLL)	 (BTU/HR/CYCLE) 	 (PK WATTS/CYCLE)	 (LB/MISSION) (FTl/MI5510N)

TOTAL 	 M
WATTS/CYCLE	 WATTS/CYCLE KG/MISSION W/I.IISSIOk
(BTU/IIR/CYCLE) 	 (BTU/HR/CYCLE) (Li MISSION) O T3/MISSI04)

B2-5$d tl
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APPLIANCE CONCIPI	 NCUUIP17MENTS Atli) I'LNALIUS CALCUTAIIUNS (CONCLUI)EU)

CONCEPT¢r(^i^^ 	 _--	 f
A

INDEX 1JUML'LR 1t^^^ 	 r

•	 FIXED	 WEIGNJVDGUMC	 REgU11t.[MENTS

WE IGHT VOLUME

COMPO":ENT	 (REF)	 (LB5) (FTI)

e	 lec r .,c^ s ^	 ^_J„ _4

TOTAL	 /. 5	 .3..3f , 0024 ^`^
KG (LBS) M3	 (FT3)

S OL I D	 E x P E N 1)A13 k£	 WJV Df_	 R E g t̂ 1 R E M E N T S

VOL/UNIITT (REF)	 VOUCY LE©	 WTANII 0 1 .F)	 WT /CYCLE
( p KG .WT(LB'T)(REr)	 1Q 

LBQ
(PKG.V(FTa,lT)(HEF)

T x3 )TYPE	 UNITS/CYCLE ( REF)	 j t

--

F,O ^0TOTAL WT/CYCLE TOT13E	 VQC%CYCLE

(LB) (fT°)

TOTAL ---
4N
	

x	 x
CYCLES/DAY	 DAYS/1415S1ON	 TOT.WT/CYCLE ^'-- KG (LBO

(LB)

TOTAL VO L

TI55ION " 	x	 x
`CYCLES/DAY	 DAYS%MISSION	 1OT.	 / YCLE M	 FT I ) 

G A JE I QU I D	 E XP E N DABLE S	 R E —QU I_ L M E N T S

C)	 O AMT.RECOVEOPED/CYCLE	 AMT LOST CYCLE

AMT. U	
RECOVERY

SED/CYCLE(REF)	 Q x 2	 (1) - 3

'rTYPE	 (LB)	 ACTOR

NIIA

(LB)	 (LB

Fo o

I
TOTAL WT. 

R •y!'153^Dia	 x	 x
LE DAY	 ^ti5%M15:1pN	 T^^05T/,CYCLC KG-

(L	 i	 (LB) (Z a

B2-581
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SPACECRAFT	 Shuttle
off-Du ty

HABITABILITY SUBSYSTEM Activity 	 HABITABILITY FUNCTION Entertainmen t

APPLIANCE FUNCTION	 Dames

APPLIANCE CONCEPT NO./TITLE	 5/Calculator

INDEX NO. 4.1.4.5 -	REF. NO.

DESCRIPTION

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

•	 wr►,. .rte	 i .
ENTER f	 G+5	 EEZ	 COY. i

X 	 1 , 21 3 ^.

B2-582
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I

J,	 APPLIANCE COM PT REQU1R1 141f1LS Mil) PENALTIES EA1C1nAT1(9IS

cONcEPT ^f^[+^1 jp,^	 INULIt NU114 14^yr,!r,. ,̂ j

[ifC?RiCAL POWER	 RE!j!jfRKtLNTS.

AC	 .	 P0W CRR 0 P 0 W I R

Q
USE T1HE ^2	 ^	 DEM711D a5 a6	 t 1'(75

CYCLE PEAK	 AVERAGE	 (CYaEHR/

(WATTS)	 (WATTS)	 Qi X^

VE• AVERAGE	
( wII - IA/

COMPONENT	 (REF)	 (lip) (WATTS; (WATTS)	 ()X

SL

MAXIMUM	 TOTAL MAX IML114 TOTAL

THERMAL	 REgUIREMENTS

LATENT	 SENSIBLL BEAT LEAK TO COOLANT

SOURCE (BTU/HR)	 (BTU/ILR) (BTU/HR) (BTU/HR)

t

TOTAL ,

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

t

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

OPERATIONALPENALTIESr--_

TO COOLANTHEAT LEAK
THERMAL	

ELECTRICAL	 WEIGHT	 VOLUME

SOURCE	 (BTU/HR/CYCLE)	 (B71J/NR / CYCLE)	 (PK WATTS/CYCLE)	 ( LB/MISSION)	 ( FT'/MISSION)

._.^1ZA

TOTAL 	 ___
WATTS/CYCLE	 1r1TT5/CYCLE	 KG MISS10%	 M1/HI SSwN
(B1U/NR/CYCLE)	 ($lu /1iR/CYCLE)	 (LB/MISSION)	 (TTY/MISSIO?1)

B2-583
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APPLIANCI CONCEPT REQUIllif Lf0i A110 PLNALT II S CALCULATIONS (0 %CI UULU)

CONCIPT_5/—CA4 494&,* 74:1e	 INDLX NUMBER

F11cED	 Wf^. cHT/va^uME	 REQUIREFSLtITS

	

WEIONT	 VOLUME

COMPUMNT	 (REF)	 (LOS)	 (FT 3)

TYPE

m

TOTAL	 Z. DMZ_ 4	 • d^Z f^^^
KG (EB51 _-

	

M3 (F T3)

S 0 L 1 D	 E x PE N D A B L E	 WT/V 0 L	 R E g U I R E M E fi T S

WT/UNIT (REF)	 iT/CYYCIE	 VOL/UNITT (REF)	 ICYCIE

UNITS/CYCLE(REF) (PKG.wT(LB)T){
FEF) 	I(LU(T^	 (PKG.V`FT3t'1T)(REF)	 vy

E O ___ ----	 E ®- - -
TOTAL WT/CYCLE	 TDTAL YOL/CYCLE

;L[S)	 (FT3)

TOTAL_ WT. _	 ,	 -
`k1"S510N	 xx

CYCLESIDAY	 , DAYS%MISSION	 TOT.WT%CYCLE	 KG TER}
(Lr,)

TOTAL VOL
if 	 NN_ _ x	 x

CYCLES/DAY	 PAYS/M1SSfON	 T -,nT-.(of^CYCLE	
A (Fib

6AJLIQUIO	 EXPENDABLES	 REQUIREMENTS

Q	 ©	 AHT.RECOVEERRFO/CYCLE 	 AMT LOST/CYCLE

	AMT.US£D/LtCLE(REF)	
RECOVERY	

QI zTX	 U _ 3

TYPE	 (LB)	 FACTOR	 (LB}	 (L8

F

TOTAL WT.
t , .,	

of 5510}{	 x	 x	 n
CYCLE DAY	 0Y5/MTSSIOH` TbT7.1tOCYCLC

R

B2-5P4
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•HABITABILITY 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 Spaco. Station and .four men divided by three men
fur Shuttle. 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.

.	 a
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t y P SPACECRAFT Shuttle	-

	

f='6W.v	 Physical

	HABITABILITY SUBSYSTEM Activity	 HABITABILITY FUNCTION Conditioning

APP+LIANCE FUNCTION_ 	 Exercisers s

APPLIANCE CONCEPT NO./TITLE 	 1/Exec-Gym

4.2.1.1	 REF. ISO,	 293, 96

DESCRIPTION
i

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.	

^.
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APPLIANCE CONCEPT	 PLQUIkLMLNTS ANN I I f*IAITIFS CALCUTAtIINS (Crl!4CIUNFO)

CON CCPT 	 'gg^_o Y*l 1NbCx NU!4lsEk

FIx ,EO	 WEIGIITYDLUFIE	 RE	 U. I Pf MEHTS

WEIGHT VOLUME

COMPONENT	 (RJ)	 (LOS) (FT3)

d

TDTAS  , c-68	 Felt)7
KG (LBS) '3	 (FT))	 !

j

S,0L10	 EXPENDABLE	 WT/VOL 	 9E99i it	 NTS_

3 4^ 5	 j
C1FVOL/UNITT (RFF)	 Vf;L/C	 1O	 ITT/017 (REF)	 WT/CYCLE

(PKG.WT/UN1T)(REF)	 1	 x 2
O(Ldd4

(AKG.VOL/UNIT)(PEI)	 1	 x 4)

TYPE	 UNITS/CYCLE(REF)	 (LB)

MIA—	 —
(FT3)	 l ► T3

---- —

i

E 0
`E (D— I(1TAL H7/CYCLE TOTE	 YOL/CY[ L C

{tB) (FT3)

TOTAL HT.
lil5Sfa	 x	 %

-	 fCYCLES/DA Y —	 PAYS%M15SION	 TOT.WT%CYCLE KG tLO^

TOTAI- YDL

^ils51oi1 `	 x	 x L_	

--_^

____ -_	 _
CYCt'C5/DAY	 AAY^/MI55ION	 -'S4T—aT;'YCLL If-FTFT^ 

GAJL I QU I n	 EXPENDABLES	 REgU I,Rf!t NTS

O	 OV ©D

RECOVERY	
AMT.RECQV

AMT. USED/CYCLE (REF)

/CYCLE	 JUST LOS; 4tYCLE
01 %(7 	(^- 3	 a

TYPE	 (L9)	 FACTOR (LB)	 (LB

	

1:Q	 ^o
a"	 TOTAL WT.

Nl^a510^1	 %	 _	 x	 •
—Y^EL7D71T ^^CYS/KI ( p9	 TP' L IOST-TtfdE	 KG (LB)R

C^	 (L$)	 (>: d
R	 -

82 -588 i^
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APPLIANCE

CCL4CCPT^C^C^:
CONCEPT RLVUIIlNitllS AND PtPlAIIIC5 CALCULAlIANS

INUEII NUN,UER_7
w

e Z—.4

E L C CT R I C A L	 P.0W E R	 R
-	 -	 -

f Qtl I R E H F N T S 
-	 -	 -

AC	 P0W_f R  DL P 0 W F R_

USE 1IME 0 UEMA.'40

_

@ - DEMAND

CYCLE PEAK	 AVERAf,E (WYCI LHR/ PEA!, AVERAGf (CYCL
WATI

COMPONENT	 ( REf)	 (HR)

141A

(WATTS)	 ( WATTS) o x 6 (WP 'iTS) {WATTS) C1) x 

MAXIMUM TOTAL MAXIMUA TOTAL

THERMAL	 REQUIREtLNTS

	

LATENT	 SENSIBLE	 HEAT LEAK.	 TO COOLANT

SOURCE
	

(BTU/HR)	 (BTU/HR)	 (BTU/HR)	 (BTU/Ilk)

A

TOTAL

WATT (BTU/llR)
	

WATT (BTU/HR)
	

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

OPERATIONAL	 PENALTIES

HEAT LEAK
THERMAL 

TO COOLANT
ELECTRICAL	 WEIGHT	 VOLUME

SOURCE

	

 (BTUMR/CYCLE)	 ( BTU/F(R/CYCLE)	 ( PK WATTS/CYCLE)	 (LB/MISSION)	 (FTC/MISSION)

TOTAL

	

W i- /CYCLE	 WATTS/CYCLE 	 WHISS1011	 MS/MISSI(Yt
	(BTU/HR/CYCLE)	 ( BTU /tlR/CYCLE)	 (LB/MISSION)	 p T`/MISSI(m )

82-589:
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SPACECRAFTShuttle
•	 -Duty	 Physical

W."ITABILITY SUBSYSTEM Activity	 HABITABILITY FUNCTION Conditioning

APPLIANCE FUNCTION	 Exercisers

APPLIANCE CONCEPT NO./TITLE	 2/Nand 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 maintaininV 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.

s
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APPLIANCE CONCEPT REQUIRLMfNIS 109 PL?JALTlLS CAICUI.AII { INS

INDEX NUMUIHcolic EP7-.2/w^ Q_	 ^	 /$^

(	 ELECTRICAL	 POWER	 REQilIRLMIN_TS

AC	 POWER DC p4WfR	 _	
3

'--^^'f0USE TIME	 ^2	 O O DEMfl!lII
CYCLE	 PEAK	 AVERAGE	 (CYCLEHR/

PEAK AVERAGE	
(CYL`L!(R/

+	 COMPONENT	 (REF)	 (HR)	 (WATTS)	 (WATTS)	 QI X (WATTS) (WATTS)	 C1 xFo

MAXIMUM ^	 TOTAL MAXIMUM MAi

1
v

i

THERMSAL	 REOUI RE HENTS

{

LATENT	 SENSIBLE HEAT LEAK TO COOLANT

SOURCE	 (BTU/HR)	 (BTU/HR) (BTU/FIR} (BTU/HR)

Aa

TOTAL.

7

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

+	 OPERATIONAL	 PENALTIES

HEAT LEAK

	

THERMAL TO LOOLAlIT	
ELECTRICAL	 WEIGHT	 VOLUME

SOURCE	 (BTU/HR/CYCLE)	 (BTU/HR/CYCLE)	 (PK WATTS/CYCLE)	 ( LB/MISSION)	 ( F13/MISSION)

3

,l
TOTAL

WATTS/CYCLE	 WATTS/CYCLE	 KG/MIS$10x	 M3/1415SIO4

(BTU/HR/CY(:LE)	 (BTU /!(R /CYCLE)	 (LB/MISSION)	 (FT3/M1551U4)

B2-591 _	 E



I
l	 l	 t	 I	 I	 l

P2-11$561=3
APPLIANCE CONCEPT REQUIREMI.NTS ANti PENALTIES CALCULA110115 (CONCLUDED)

CONCEPT,f^,^^t^^C,($'	 lNOEX 11UMDCR__

•	 FIXED	 WE]GNJY0LUME	 REQUIREMENTS

	

WEIGHT	 VOLUME
COMPONENT	 (REF)	 (LEIS)	 (FT3)

TOTAL	 * ^^	 r 3^	 ♦ Q'Y ! T i •,[7

	

KG (LB-)	 M3 (FT3)'

SOLID	 EXPENDABLE	 Wl/yRk	 REQUIREMENTS

O	 WT/UNIT (REF)	 WT/CYCLE	 VOL/UNIITT (REF)	 VOL/C(YYCLE

TYPE	 UNITS/CYCLE(REF)	
(PKG.WT(LB)T)IREF)	 I(

LBQ	
{PxG.Y(FT3)IT)(REF)	 C1^T34

O OTOTAL WTI /ZYCLE TO L VOL`/CYCLE
(LB) (FT3)

T°^t^^^l' ` x x
CYCLES/PAY DAY 51Ml5S10N TOT.WT CY L xG (LBT— —

(L$)

TOTAL VOL
rs15514N x x

YCL£S CAY DAYS F115SION 70f:VOL/CYCLE M3	 FT

(FT3)

jAyLjqjL .Lk	 EXPENDABLES	 REBUI REMENTS

© ©D
^

AMT LOS
{
T/CYCLE

AMT-USED/CYCLE(REF)
RECOVERY	

AMT.RECOV /CYCLE

^(LBg

(D.-

YTYPE (LD) FACTOR-

--

^o ^o
TOTAL WT.

L	 0+ —Mg—Mg- TOTAL KG LB^LO^T^TCYGLE	 (Lg)

B2-592
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I
HABITABILITY SUBSYSTEM 	 Medical

i
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
C missions.
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{	 HABITAQILITY SUBSYSTEM .5.0 Medical

HABITABILITY FUNCTION 5.1 Sterilization

APPLIANCE FUNCTION	 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 low.

r

t
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-^ INDEX "Do 50141 roar	 AUTOCLAVES ISHUTTLE!

CONCEPT	 USAGE CORSUNAGLES AND ►LO* REQUIREMENTS THERHAL NEVMTS ELEC FOR REQPsTS	 nT/VCL REBMTS DEVELOPMENT RESUPPLY
IRE COST
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APPLIANCE
^CONCEPT ._^

NO•	 C O N C E P T M A K E

•	 1 •	 MOIST MEAT
...__.. 2	 DAY HEAT .

3	 ETHYLENE OX10E

a

•	 s

tN

t•

•	 C

•

t •
t

t

1

M

•

1
t

r

•

CONCEPT NUMBER

Autoclaves (Shuttle) Concept Trade
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I NUMBER OF DAYS • 	 2095	 1	 9 06 YEARS)	 _-	 -	 ---	 --	 -	 -.--	 -.-- ---.._	 .---	 ---	 ---
uses MOD suaROUTINE	 0
THERMAL PENALTY - DIRECT TO COOLANT ILB/SYUMi 	 9o2SD
THERMAL PENALTY - CABIN MEA T LEAK	 1LBfBTUHI	 90550
PO A'£9°!'ENALYY`-l'LBS/WATY1 - TYPE	 I	 :S3O0	 - --r-	 ---- -.--
POWER  PENALTY ILBSIWATTI TYPE 2 	 .9300

tttCT*iON-NXTR-i	 ISMUTTL-E7
. Ip9/ISf751

M IN	 MAX	 C 0 N•C E F T
I FACTOR—'—'YKtUt	 VALUE-"Fes""i_ ____.2 _.	 3-

7
WEIGHT	 24.000 - --96 a 000 -	15 - 9.28	 - I0.81	 900	 --- - -- -- ----' '.
-POWER	 121.90	 805.60	 I5	 900	 7 111	 12.73
VOLUME . —'R r 7800	 • -6.0900-10 ._

	
. 8 2 — 2.15	 .00 ^--

THERMAL	 2ov955	 790090	 15	 9902	 900	 11.03
RELIAO-T	 V961w	 999990	 S-4*67-39BD	 `-900
MAINTENC	 949999	 Iacocca	 5	 3916	 •00	 3917
S AFETY — I # D000	 2.0000	 5-- 2.50	 2150	 900

"	 1 DEV COST	 25.000	 959000	 15	 6.67	 6967	 900
pp TOTAL PT- - 900000	 85.000	 -	 85 - 31.32	 -33104 __--

N
RAFtfK ------ r00000 ------ H1or00-"-`1OQ-36:9Q-36,87-3r#6&

ko

i CTt

3

1

1

^^

9
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SENSITI V ITY ANALYSIS

NXIING	 it EACM`CONCEPT-AFTER-INCREASIN
SINGLE SELEC T ION PARAMETER WEIGHT1140 FACTOR 6Y SO T

-	 IGASEP ON-100 i MAX POINTSI

I%	 — —

I^	 NORMAL	 3604--38987--33.68--	 — --- --- ---- -	 -...-

HEIGHT — 3807 —11 1.56 -- 2 9. 11	 — _------___ ---- --- ---- -------_	 ------ —	
- ._--

POWER	 33986 39.56 35.99
------ 11OLuME---354 25'-37 o9 l 4 9 o 92

^	 THERMAL	 369C3 3S972 35+07
REL IAb O l	 38.58-39.93"30.77	 ---- -- -- --	 -	 _ -.	 _	 _-- -.

•11 A INTENC	 37.60 37976 32958
SAFETY'—"`37922"-`J9^I9-30.77-	 ---------_-__----	 .--	 ----- -----	 --	 --	 ------ ----
0EV COST	 37946 39932 2%•ll

7

	

^	 IV

	

J	 SENSITIVITY ANALYSIS

tS1

--11 AiiHG 'iOR- CACM CONCEPT AFTER IN CREAS ING `-'--------`""-y---- - ^	 . f
SINGLE SELECTION PARAMETER NEIGMTIHG FACTOR BY - 50 S	 - w

°--	 - -- ISASED ON 100 S -MAX POINTS?	 --	 ----	 ---- ^- --	 --- - — --- -- - - --

!	 C O N C E P T
3	 _	 _—..---- __— —.__— ---- -	 --- --	 - -

--- NORMAL--- 36984- 3807 31 . 68	 -
E

^	 I

ilEtGt1T -34.42 -359 44 -349 74
`.	 (	 1	 POWER 40941 36105 26.53	

—I	 VOLUME —__. 36963 39a96- 33966
THERMAL 37.82 42963 27963
REL:AB-T-3S9Oq ... 37.74 32.64 -

MAINTEMC 34.04 4090S 30972
—SAFETY 36 9 44-38 9S3-32964

DEV COST 36911 38933 34974
c	 '
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APPLIANCE CONCEPT COMPONENT SUMMARY MATRIX

APPLIANCE FUNCTION: 5.1.1-AUTOCLAVES

NUMBER	 OF	 COMPONENTS

COMPONENT TYPE
NUMBER

ce

Q a
cz OFo w

U. o ^ a 1 x o a ac SAFETYm ww xui v)- dw u w ^a w a ui
Q -j _j _j _j wt z_j w-j a ^2 ° o CRITICAL
v u, ¢ Cl a x uJ a z¢ w o ^d •• 0 1
a a^

V}
0. y

`^ y=

C, `—
ti m

ITEMS

® 0 (D QAPPLIANCE TYPE

AUTOCLAVE, MOIST HEAT 3 1 2 1 1 1 1• 1

AUTOCLAVE, DRY HEAT 1 - 1 - - - 1 1 1 1 1 1

AUTOCLAVE, ETHYLENE OXIDE 3 2 3 1 - - 1 1 - - - 2
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G)
w
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D1.418561-3

SPACECRAFT	 Shuttle

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 121 0C to132 oC (250oF - 2700F). 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
sterilization. The vglume of the chamber used for computing the vented gas
was .0504 m (1.78 ft,3 ). The water used per cycle was 0.072 kgms/use (0.158 1b/
use) which is recondensed and recovered.

i
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APPLIANCE CONCEPT REQUIRIMLNTS AND PLNALIIES CALCULATIONS

CONCEPTI	 ^1^„r^^ }T^^r	 /^AT/^OA/	
INDEX NUMUER.5,J L- I

ELECTRICAL	 POWER REQU•IREM.ENTS

+	 AC	 .	 POWER	 _

'

DC P0wE_R_^

f DLMNiDUSE THEME	 0	 Q3 DD IR 05 ®

CYCLE	 PEAK	 AVERAGE
(CYCLEHR/

PEAK AVERAGE (CYCLLHR/

r	 COMPONENT	 (REF)	 (HR)	 (WATTS)	 (WATTS) (Î % (WATTS) (WATTS} ©%7

AZZQ
MAXIMUM TOTAL MAXIMUI4 TOTAL

SOURCE

W
C^^, B^C'ery rv^•^1.t^

TOTAL

THERMAL	 REQUIREMENTS

LATENT	 SENSIBLE

(BTU/HR)	 ( BfU/HR)

WATT (BTU/11R)	 WATT (BTU/HR)

HEAT LEAK	 TO COOLANT

(STU/HR)	 (BTU/HP,)

ZQ -3	 --

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

OPERATIONAL	 PENALTIES

THERMAL	
ELECTRICAL

TO COOLCOOLANTHEAT LEAK 
WEIGHT VOLUME

_

SOURCE	 (BTU/HR/CYCLE)	 (BTU/HR/CYCLE)	 (PK WATTS/CYCLE) (LB/MISSION) {F13/435SION)

t TOTAL	
VWATTS/CYCLE	 WATTS/CYCLECLE KG/MISSION HAIMISSIOY

(BTU/I19/CYCLE)	 (BTU/HR/CYCLE) (LS/MISSION) (FTs/MISS10)
ti
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APPLIANCE CONCEPT RFQUIRUIENTS Alit) PINAITIL5 CALCULATIONS (CONCLUDED)

tONC[PT/^/HQf^S	 r 5j /t/ *T/dA/	 INDE% llumlER. 

FIXED	 WEiGHTY06UME	 RL LIIREMENTS

' y	 WEIGIIT	 VOLUN.
COMPONENT	 (REF)	 (LBS)	 (FT3)

TOTAL	 /.^. G ^3d 	 - lob • { ^•S

	

KG (LOS)	 M3 (FT3)

SOLID	 EXPENDA0LE.	 WI/VOL	 REQUIREMENTS

O	 WTAWI (REF)	 WT/CYCYCLE	 VOL/UNITT (REF)	 VOL/CYCLE

,
TYPE	 UNITS/CYCLE(REF)	

(PKG.WT`LB )T)(REf}	 (LB[)	 (PKG.V0F73)IT)(REF) 	 TFIfIf

F, (D
	 WTICYCLF-

TOTAL )11.

	

WMON	 x	 X
YCLES/DAY	 DAYS/MISSION	 TOT.WT/CYCLE

(LB)

TOTAL VOL

	

MISSION	 X	 X
CTCLES/OAY	 DAY$/MISSION	 TOT.V PMLE"

(FT3)

J TOTTL YQUCYCLE
(FT')

KG (LB)

M3 (FTJ)

GAJLIQUID	 EXPENDABLES	 REQ03R.EMENTS

©	
RECOVERY
©	 AHT.RECAV ©O/CYCLE	 AMT LOSTOCYCLE

AHT.USEO/CYCLE(REF)	 QI X	 (1). 3
TYPE	 (LB)	 FACTOR	 (LO)	 (L8

1:O -LdZ

TO"AL WT.	 .

{	 elf LETAI^- AY5/MISSIOR	 T^? L^LOSi^-ICYLLE	
(LB)	

^ ^	 KG L8

F

dl,	 _

4
{
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SPACECRAFT	 'Shuttle

HABITABILITY SUBSYSTEM Medical	 HABITABILITY FUNCTION Sterilization

APPLIANCE FUNCTION	 Autoclaves

APPLIANCE CONCEPT N0./TITLE ?/Dry Heat Sterilization

INDEX NO.	 5.1.1.2	 REF. NO.	 202

DESCRIPTION

The dry heat sterilization concept uses dry heat as ,the sterilization agent.
This concept requires much higher temperatures and longer exposure times than
Concept 1. The study assumed a 2 huur sterilization time period at 3200F.
The dry heat destroys organisms by means of oxidation of their intercellular
constituents. The unit will sterilize everything but aquĝ ous materials because
of its-low vapor pressure. The dry heat chamber (1.78 ft )was assumed to be_
insulated with a .038 meter (1.5 inch) thick polystyrene foam.

The heat leak calculated was based on this insulation system. In
addition to the 2 hour sterilization period, a 20 minute warmup time was
assumed.

t
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,^y^	
APPLIANCF CONCLPT HEQU14tHLNiS AND 1 1 0AIIIES CALCULATIONS

CONCEPT CKr-ffrew1G1a4rfo j	
INDEX N0BER

€ ,̂ iC'fRI• CAk	 PDWEa REQUIRCKENTS

•	
Q	

_	 !,C •	 POWER	
(^_

Dt POWER__

UEMAt^ASE TIKE	 Q2	 U3 OE!',	 qq Q @)
CYCLE	 PEAK	 AVERAGE

(WAT1-1iii/
PEAK AVERAGE (CYCLEHk/

0x^COMPONENT	 (REF)	 (HR)	 (WATTS)	 (WATTS) U X (WATTS) (WATTS)

MAXIMUM TOTAL MAXIMUM TOTAL

THERMAL

LATENT

SOURCE	 (BTU/HR)

LLl FAI M^5! P4'/010

TOTAL

WAATT (BTU/HR)

REQUIREI!IENTS

SENSIBLE	 HEAT LEAK	 TO COOLANT

MUM)	 (BTU/HR)	 (BTU/lip.)

4	 ^-
WATT (BTU/HR)	 WATT ( BTU/ilk)	 WATT ( BTU/11R)

OPERATIONAL	 PElIALTIES

HEAT LEAK THERMAL TOCOOLANT	
ELECTRICAL	 WEIGHT	 VOLUME .,

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

TOTAL 	 .
WATTS/CYCLE	 WATTS/CYCLE	 KG/MISSION	 MI/MISSION
(BTU/HR/CYCLE)	 (BTU/HR/CYCLE)	 (LB/HISSION)	 ( FT30tISSION)

B2-604
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APPLIANCE CONCEPT REVU11lIMLNTS AND PIUAl - TIES GALCULATIONS (1;O::CLI;OEO)

CONCEPT, INDIA RUMOR

F1x E 0	 G E 1 M 11 T/Y 0 L U ME	 R E 9 j 1 RE M[ N T S

WEIGHT VOLUME
COMPONENT(REF)	 (LEIS) (FT3)

TOTAL	 O, q	 z4 .Ac	 •7^^
•	 KG (LOS) M3 (FT3)

S 0  I D	 E X P E N DA B L E	 WJV O L	 R  I R EM E 1IT 5

VOL/UNIT (REF)	 VOL/CYCLEO	 WT/UNIT (REF)	 WT/ Y LE
(PKG.WT(LB)T)(REF)

TYPE	 UNITS/CYCLE(REF)	
(LB^ (PKG.V(FT3)1T)(REF)	 (7 TanT

y OTOTAL WT/CYCLE TOTAL YOL/CYCLE
(LB) (FT3)

TOTAL WT.
11T§§f0N	 x	 x

CYCLES/OAY	 DAYS/h1I551ON	 TOT.WTT TLL^ KG	 LU
(LB)

TOTAL VOL
MISSION	 x	 x

CYCLES/ AY	 DAYS/MISSION	 —IOT.YOL/CYCLE 143	 FT^
(FT3)

GA J^Iqu ID 	 EXPENDABLES	 REgj!jR rM ENTS

® ©O
AMT.USED/CYCLE( REF)	

RECOVERY	
AMT.RECIIV /CYCLE	 AMT LOST CYCLE

U X
TYPE	 (LB)	 FACTOR

i

(to)	 (L6

TOTAL WT.
MTSsw "	 x	 x •	 `

CYCL- EXA —	 UYS/RIITSION— OAT L"L 5 CYCLE KG	 LB
a Chi	 (LD) cr a
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SPACECRAFT	 Shuttle

HABITABILITY SUBSYSTEM	 Medical	 HABITABILITY FUNCTION Sterilization

APPLIANCE FUNCTION	 Autoclaves

APPLIANCE CONCEPT N0./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 steri1izer was assumed to operate at s4 oC
(1300F) 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 injur. 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.

V

82-606



D2,-118561-3

APPLIANCE CONCEPT REUUTALMINIS AND PENALT •ICS CALCULATIONS
1CONCEPT,(//^rINDEX NUMBER

•	 EBCTRI CAL	 P 0 W r	 REOtl1 R £ MtENTS

AC.	 POWER DC POWER

USE T
Q 

ME 0Ett	 ID 05 a6 0E- I4^
CYCLE PEAK	 AVERAGE

(WATT-11P/EILR/
PEAK ALlERA(•C

(CYCL^I

QI X^COMPONENT	 (REF) (WATTS)	 (WATTS)	 QI 1f (WATTS} (WATTS}

.r̂̂ ((H^HR)I^
-mfimme	 (Z04

0	 J437 r!
MAXIMUM	 TOTAL MAXIMUM TOTAL

THHRHAL	 RjqqjjEMENTS

	

LATENT	 SENSIBLE	 HEAT LEAK	 TO COOLANT

SOURCE	 (BTU/HR)	 (BTU/HR)	 (BTU/HR)	 (BTU /tip)

'TOTAL	 ---

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

OPER ATIONAL	 _PENALTIES
t	 ^

HEAT LEAK THERMAL TO COOLANT	
ELECTRICAL	 WEIGHT	 VOLUME

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

TOTAL

	WATTS/CYCLE	 WATTS/CYCLE	 KG/MISSION	 M3/MISSION

	

(BTU/IIR/CYCLE)	 (STU/HR/CYCLE)	 (LB/MISSION)	 073/MISSION)

A.
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APPLIANCE CONCEPT REQUIRrItNT5 AND PENALTILS CALCULATIONS (CONCLUDLO)

CONCEPT.J/fIyrl0j&E_OMOE JMg1 aM-1OA1	 INDEX NUMUCR-1cf^..3

•	 FAXED

	

K L L j LJYQLUME	 REDUIREft NTS

	

NE IGIIT	 VOLUME
COMPONENT	 (REF)	 (LOS)	 (FT3)

Jrr5	 o

	

TOTAL 	 .17?66109

	

•	 KG (LOS	 M3 (FT3)

SOLID	 EXPENDABLE	 KJY_OL	 REDUIREMEtlTS

	

WT/UNIT©( REF)	 WT/CYCYCLE	 VOL /UNIOT (REr)	 VOL/CYCLE

TYPO	 UNITS/CYCLE(REF)	
(PKG.FIT(LO)T)(REF)	

(LB}	
(PKG.Y(FT3?IT}(REF)	

TI Y3T

6^ dam	 4 2626	 ^	 ^l^/z 7 _ lam( 06 Z-_

^O .^..O
TOT
oS3

	

TOTAL (WT/ YCLE	 AL (YVOL/CYCLE

TOTAL WT.
MIS	

X	
_ _ •

	

SfOTY-	
CYCLES/DAYS/DAY	 OA 5 5^	 X	 4

	

N	 0 . sal/CYCLE	 K B	 61

TOTAL VOL

	

MISSION 	 X. •	 X _^Q^!¢s^j	 .0 2	 ^r
CYCLES/DAY	 Y5 

4

ISSION	 TOT.VOL/CYCLE	 M  IT-
(FT 3)

	6AJLIQUID	 EXPENDABLES	 REQUIREMENTS

	

V

ERY	
AMT . RECOV 

©
D/CYCLE	 AMT LOST/CYCLE

AMT.USED/CYCLE(REF)

	

RECOVERY	 O 
XG	

O _,

TYPE	 ;LB)	 FACTOR,	 (LB	 (LB

&&lzise .0 3̂ 	 ,: CX,_3
anarzaw E	 2. 429f :^& -
	

—

L(D ^ ^7	 ^® 2.227

TOTAL WT.
`^ I+	 X ^CpK•.	 X ?•..2^7.	 ,/	 ,^___ 21 KG

CYCLE/DAY	 Y5/MISSION	 ^OTAL^OST^/, YLLC	
(LB)

	 ^	 KG
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a	 HABITABILITY SUBSYSTEM 5.0 Medical

HABITABILITY FUNCTION 5.2 Physical Monitoring

APPLIANCE FUNCTION 	 5.2• Ergometers

NUMBER OF CONCEPTS CONSIDERED 	 I

ASSUMPTIONS

None

3
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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.

O
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APPLIANCE CONCEPT RUQU1kLM[.NT5 AND PINALIILS CALCULATIONS ( U'7LLUIIFO)

CONCEPT	 ry	 ' __	 INDfx Nuill k

	

( I	 F1%ED	 WfIGNJYgLUME	 RCQUZREHENTS

	

1	 WEIGHT	 YOLU"!f

CONPO'iENT	 (REF)	 (LDS)	 (FT3)

TOTAL	 7¢. a 4
KG-(LBS)	 143 (FTI)

SO L I D	 E X P E N D A B. L E	 W JV D l	 R E SU 1 R EM E u T 5

Q	
WT/UNIT (REF}	 WT/COYCLf	 VOL/UNITO (REF)	 VDL/CYYCtE

{PKG.WT/UHIT)(REF) 	 Q x Q2	 (PKG.VOL/J^N1T)(REF)	 C^x 3

^

	

TYPE	 UNITS/CYCLE(REF)	 (LB)	 (LB	 (FT)	 ZFT

1A -----

z

r 3	 3L 
O TOTAL /—CYCYCLE	 F, 0 TOTAL VDL/CYCLE	 9

	.( LB)	 (FT,)	 I

TOTAL WT.	 •

"mi'S'sYoh	 X	 x

	

CYCLES/RAY	 EIAYS/M15EOt!	 TOT,	 LE	 KG CBT --
(LB)

TOTAL_ VOL	 =

	

4'15Si4N `	 X	 X
CY 

	

CLE S OAY	 DAYS/MISSION -"	 7DT.`OL YC1_E	 MTTFT7)	
_

`

SAJLI^l1ID	 EXPENDA13LIS	 REQ INEMENTS

0	 AKr.RECoVE©U/CYCLE	 AMT 1.OST^CYCLE

ANT-USED/CYCLE(REF)	
RECOVERY	

O X T

	 O- 3
TYPE	 (LB)	 FACTOR	 (LB	 (LB

All/A

F,o	 F,0

TOTAL WT.
?liSSO1^	 X	 X	 *	 •	 e

CYCLE/DAY	 —'^AYS/sS^351G"i TTI	 yf^YCLE[LB)
	

(^ a	 KG(LB)
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