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PRELTMINARY RESUﬁTS COOLINC ANALYSIS
SPACE SHUTTLE FOOD SYSTEM STUDY

1.0 INTRODUCTION

This study considered the relative penalties associatéd
wiEh various techniques for proﬁiding an on-board cold’
environment for storage of perishable food items. The
téchniqués wvere evaluated'in”terms of vehicle penalties
of weight, volﬁme aﬁd power, and were assessed for thei;
capability té maintain both a 40—45°FArefrigerated.témper—
ature and a 0°F and 20°F frézen envifonment.temperature.l

. . L : ~
NData are presented for the following freezer and refrigerator

‘concepts: )
-a} Phase Change-tﬂeat Siﬁk).Concept : .
i b} :Thermoelectric Concept
c) Vapor Cyéle Concept_
'd)”'RipeudAble Ammonia CoﬁcgptA
‘A sublimat;r éoncept was dropped from cohéidéfation and
the expéndable ammoﬁié cqncep£ discarded.after inputs ﬁere
received from RI/ED that.oﬁerbbérdiﬁenting and/ér dumping

. ' . ° ' . :
would ndt_be pefmitted.-

In the studies presenfed, the following assumgtions
are implicit in the‘ana;fses.

a) The missinn.is a 6—mdn—7day-mission.

b) Two freczer/refrigerator s;zes,have-beenlgmnerated
by TPC based on the smallest anld largest-number of
frozen and/or refrigerated items likely to appear on
the menu,  The small freezer/refrigerator intermal
dimensions are 14 x 9" x 10"{1260 in.3) and the Iarge
freezev/refrigevator is 18" » 13" x 137 (2525 in,

-1 -
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c) Freezer temperature to he 0°-5°F,
d) Refrigerator temperature to be 40°-45°F.
e) A liquid heat sink loop is available in the Shuttle
for absorbing heat. Liquid temperature range 70-100°F;
"~flow available 550 lbs/hr (puré HZO); penalty 0.1 ibfgﬁf
f)} Maximum cabin dewlpoint temperature 61° with dry
bulb from 65° to 80°F. . "
g) A negative penalﬁy equivalent to the heat dissipated
penaltf can be app;ied for heat abéorbed by the freezer
and.refrigeratog. |
h) Systeﬁ_penalties,include cénsiderationé‘of weight,
ﬁeat loss to cabin (calculated as. 0.133 lbs per ave;age
VBtu/hr oﬁer é 24—hour'périod), and electrical engfgy

' conéumed (1.5.@ 1bs pef Kw hr.)
1) quplementary inforﬁation pgftiining to food data
arérshown in Table T. B

A summary matrix of the study results is presented in

Table 2, and ROM type cost estimates are shown in Table 3,



) Maximum cabin dew point temperature 61° with dry bulb from 65° to
' 80°F. ' | | | |
J) A negative penal.ty equivalent to the heat dissipated penalty can be

/ applied for heat absorbed by the freezer and refrigerator,

.fh) System penalties include considerdtions of weight, heat loss to.cabin
‘" (ecalculated as 0. 133 1bs per average Btu/hr over a 24-hour period),
‘ ~ and electrical energy consumed (1.5.4 lbs per KW hr). '
) Supplementﬁry information pértaining to food data are shown in Table 1.

_'A summary matrix of the study results is presenf.ed in Table 2, and ROM type cost

' estimates are shown in Table 3:

T.A BLE 1. I"RO? EN FOOD Df\ TA AND ASSUMPTIONS
(As Supphed ‘From The Pillshury Co.)

S
Package _

_ - Dimensions Small. -~ . Large
Food Item - Weight Each ~ {Inches) | Number Number
Sandiich" . 4 oz 5 x5 x1%. 6 12
Entre 9 oz 4 x4 x1% 6 12
Ice Cream - 4oz 25 x 25 x 1% G 6
Bakery , 2 o0z 3 x3 x1% G 12
Bread (6 slices) - 6oz 4 x5 x8% 6 12

"~ Buller (42 pats) 2007 5 x5 x4k 1 o2
: or
5 x25x9




 TABLE 2. SUMMARY MATRIX - REFRIGERATION ANALYSIS
Technique Té'mp(::‘rature Weight Volume Power
- ¥ Ibs g8 _|l_Watts_
Super- Conventional ;| Super— | Conventional,
‘ - Insulation | Insulation - Insulation | Insulation

Phase Change "0 ‘34, (1) 109, 4 4.7(1) 7.47
Heat Sink 20 29.2(1) 76,7 4.14(1) 6,53

45 26.9(1) 72.0 3.75(1) 5.61
(Cavity 15 % 13 x 13} 0 56.1(2) - 3.27(2)

: 20 48, 62) - 2.98(2)

45 50, 8(2) 2,53 (2)
Expendable
Ammonia(9) ' .
{Cavity 15 x 13 x 13) 0 40,9 3.6
{Cavity 14 x 10 x 9) -0 29.7 1.9
Thermo= 0. llsd.2-47.60) 58.5-73.2()|] 2.31 3.91-5.87 12,5-26.5(4)
slectric _ 20 [131.5-44.9(3) ‘ 2,31 8.5-22,5{4)
{Cavity 15 x 13 x 13) 45 31.7-36(3) 43.5(6) 2.31 5.87(6) 4,2-9,2{4)
(Cavity 14 x 10 x 9} (7) 45. 24.3-27.20) |  33.3(6) 1.32 4(6) 2.9-6.3(7)
Vapor Cycle (8) o 23.5(10) 29.7(10) - 2,22(10) | 6.01(10) 16
(Cavity 15 x 13 x 13) 20 20.0(10) - 25.5(10) 2.05(10) | 6.01(10) 12

_ 45 15. 6(10) 20.2(10) 1,84(10) | 6.01(10) 6.5




|
(1)

Optimized weights and resultant volumes.

Notes:
(2) Optimized volumes and resultant weights,
(3) Weight range based on heat rejection to cabin (hlgh value) or to a
f liquid loop heat sink (low value). . , _
i4) . Power range based on heat rejection to cabin requiring a fan (high
va.liie) or to a liquid loop where fan is deleted (ow value).
(5) . Weight range based on calculating penalties only for 2.6" to 4" of
f insulation. Hardware and msulatlon weights were not calculated
‘ due to high penaltms which make conventional insulation 1mpract1cal
(6) Weight and voluime based on 4" foam insulation., '
(7) Weight, Volume and Power are.estimated based partially on ifatlio
\h of surface areas of small to large size refrigerator. .'
(8) This is a hxgh risk system due to O- g phase scpalatl,on requ1rementb.
{9)- System not acceptabie due to constraints on overhoard wentmg.
(10) Weights and volumes exclude presmtly und(.veloped 0~-g phase '
separatmn hardwaxe
TABLE 3, COST ESTIMATES - REFRIGERATION SYSTEMS
. ‘ - -
_ ’ ' ' Total
o s Production Cost Program
T@hnigge R & D Cost (5_systems) —Cost
I(;?:;tebi?i?jnge 400K . 250K 650K
Thermeelectric 525K 3T5K 900K
Vapor Cycle 875K 625K l.5M




2.0 DISCUSSION

2.1 Introduction

The approach used to satisfaétorily coinplete the NASA
contract requirements for analyzing in-flight food refriger-
ation methods, was primarily a 3-step process as fOllOWS:.

”a) Researéh and review previous studies, data, feports,

techniques:and”equipments"that may be applicable.

b) Perform a preliminary screening of these data and

select candidates that ére_Shuttle‘feasible, by means

of‘préliminary analysis and in-review with HorthAAmérican;

) cj - Perform basic analysis of tﬁese cﬁndidates to determine
ﬁerformﬁncé_chafactefistics'of interest to the progran
{i.e., power, weigﬂt, vql&ﬁe, cost én& temperature
effects).

TheAfollowing points must be recqgnizea.when reviewing‘

‘the'above documents._ |
’ The intéﬁtfof the-analysis'was to_pfoyide'a cpmparative
..basis for.assessing the various systems.

A substantial number of techniqﬁes and conditions

were analyzed with the most obvious and logical varfations

-considered‘within the allocated effort. Uundoubtedly,
ad@itional variables could be conceived which could in~

definitely extend thz scope of the study.
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A fixed time and effort expenditure was allocated for
this task which is only one element of the total program.
The total refrigeration analysis effort was, therefore,

scoped in magnitude and depth to be consistent with the

3

balance of prozram tasks. qu this commitment of effort
the level to which each analysis was carried produced
conparable data and resuléé.

4 The results of the analysis are valid and correct, and
have béen based on‘certéin therma;; food, and system
assumptioné. While the actual values.breseﬁted for péwer,
weight,-vé}umg,,témperature_effects{ and'céét‘vmy be

éubject‘to discussion due to the assumptions made, the.

'relative.ratings will not be -substantially affec;éd. '
By ﬁltering the stumptions, the.final'peﬁalties can be
recalqulated. o

. ‘The technical éompetenéy'éf the analynis and'the éonfi—
Adencé léfel of Ehe results provides é“reééonable basis

for selecting a particular technique and recommending

such a technique for shuttle use.

2.2 Pﬁase Changel{Heﬁt Sink) Sﬁstem

The .phase change concept is-based on the utilization-of_
.a‘material that changes ﬁhase and abso%bs heat at a constant
tenperature. By using this matcria% in the walls of a
freezer or refriperator, a desired compartménﬁ.temperature cAan
be maintained over a seleéted time period. Since the phase

material is of high density, insulation is eaployed to op-

tinize the amount of nhase chenge material required over
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the mission lenzth.  'In an actual situaéion, the phaée chanpe
unit would be pre~c0nditidned to the desired température
priof to vehicie installation. The analysis then considered
an additional 24 hours elapsed time prior to lagnch, and
a -gubsequent mission of 7 days. Weights and volumes of
the fréezer/refrigerators have been optimized for this
time period, and the phasé change material will have under-
gone a complete phase change from solid to liquid at{a
constant.ﬁemperature. The design permits reuse of the
system.by re-freézing-prinr to the_néxt mission.
' T.he' assumptions_-maide_ in the .apa;.llyses are as ~f01;Lows:
1) As an initial cpnditiou, the insulation tempcraﬁure
distribution is én equilibrium temperature distribution’
~ between the cabin environment and the phase change
material.
2)..A.liquid zone exists édjacent to the freeZér/reffigerator
_éompﬁrtmépt wall due-to heat leaks attendant én door openings;
3) Thé.conductancés at -the insulnﬁioﬁ;liquid interface
gnﬂ inner.compartﬁent.sﬁffaéc—liquid inteffaée are small
compdred witﬁ the conductaﬁces between tﬁese.surfaces
and the.solid po#;ion.of the pﬁase change material.
Coﬁéequently, the temperatufes throughout the liquidv
zones reﬁain constant at.the'phase change material
templratufe and the thermal capaaitanceé of Lhe,liquid

zones can be neglected,
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4} At each 6pening of the f:eezer/refrigerator con-

pértmént door, a complete air change occurs with the

air mass temperéture assumed as an average of cabin

. and compar tment temperature..

The-results generéted-and summarized on Table 2, indicate
that at all temperature répges considered (0° to 45°F) for
the large sized unif (15" x 13" x 13"), penalties for -
conventional insulation are too severe to be c0nsidered.
Utilizing vacuun insuiationvproducgd-morg‘competitive
A résqlté.‘ It;should be npted'that.dptimizquweights produce
‘high volumes énd’when‘yolume is optimiéed the wedghts
increase.

A décision is required of RI/SD as to which critéria
drives the desién, ﬁeigbt or volume.

"SihCe‘the unit. is essentiélly a‘passivu type nysteﬁ,'

' ho'ﬁower is requiréd to operate the refrigeration system. .

2.3 IExpendable Ammonia Freezer .

The anélyéis‘for an.expendablersystem was conducted for
therfréeier temperatufe of 0°F, However, in discussions_
with chkwell Internatibnal/Spéce Division, if was stated
‘that overboard veﬁﬁing or dumping will not be‘permitted
oﬁ the Shuttle, thereby negﬁting the:possibility of using
aﬁy ex?endaﬂle system. No-additignél‘efforts were therefore

expended on either the 20°F freezer or 40-45°F refriperator

utilizing this technique.
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Ihe analysis was based on a 42 man/déy nission an& sized
in accordance with data réceived from the Pillsbury Company
based on potenfial Shuttle menus. The freezer temperature
range was taken as 0°F to 5°F, and a maximum of 12 air
chahges per day wés assumed in the initisl calculafiohs. A
single door opening was also evaluated to assess the impact
of door openings versus peﬁaities, with final results
indicating that weight and volume are reduced by a‘small

factor, approximately under 5% savings.

2.4 Thermoelectric Freezer

The thermoelectric freezer is based_qn the ﬁse of a
commereial fherﬁoalectrié’(T/E)Amodule ingtalled in‘d
double walled honeycomb box, so that the T/E cold end .1'_.s.‘
in the freezer cavity and the hot'eﬁd.terminatﬁs in an
eﬁterﬁél heat sink. The anaiysis shéws that a sinﬁle T/E
' ﬁodﬁle (witﬁ,redﬁndancy‘provided in the.eveﬁé'of.module
failure) &ill Carry tﬁe entire load;

Tﬁe freezer design was sized fdf.a 15" % 137 % 13"
cavity .with a 1" honevconb evﬁcuated insulation.around
thé cavity; Tﬁe analysis was pérfnrmed'for botﬂ7a o°r
and ZédF freeéer and for‘ﬁn extreme of 2 or 12 door opeﬁings

per day.
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Approximatelylszlsavings in weight are obtained with the
lower restriction in door opehiﬁgs due to reductions in
the electrical and heat rejection penalties. The values
pfesented in Table‘2, therefore, arc based on 2 door 0penings/
dag. The volﬁme, which is independent of door openings,

. remains the séme._

An analysis was performed to assess the impact of con-
ventional insulation, father than super~insulation, Utiliz-
ing tﬁe ﬁinimuﬁ‘thickness required té prevent condenéaﬁidn
on'tﬁe‘freezer wails, it was féund:that fhe-elec;rical and
:heaﬁ fejecfioﬁvpénéltieé-alone'wére almoét-double the tot31 
system penalty for sﬂpér—insuiation.. Anrattempf was_madé:
tb lower these conduction_loads-by increasing the ihéulation
thickness to a practical limit of‘49. Thé-penaltigs stili
'excéeded‘the syspem weights of supér~insulation by a sub~
stantial amouﬁt.: The severe penalties of weight~and volume
in the use of conventional insulatioﬁ.makes 1t mandatory
that only évacuated insulation be considered.

The relati&nship betweén the 0°F and 20°F‘f;@ezer require-
ments are épprnximateiy'l@% savings ﬁhi;h is considefgd
substaﬁtial for the ﬁeight critical Shuttle. TFood data
'indicates that the 20°F.£reezerlwiil_bé satisfactory to
support the menu, therafore the weigh? and power savings

should he taken advantage of with use of this design,

- 11 -



2.5 Thermoelectric Refrigerator

The thermoelectric refrigerator is similar in design
to the freezer discussed in Section 2.4 using the same

T/E module but rated at lower bower. The analysis con-
: - o

ST

sidered maintaininé?fggd-temﬁératugégvbétweén 40°-45°F
~and was based oﬁ two.sizes of refrigerator cavity, 15" = 13" .
'x 13" and 14" x 10" x 9. The basic aﬁqusis*was performed
for the larger fefrigerator énd heat rejection load penalties
were scaled for the smallérlsize. Equipment.weight_and
vo}ume were calculated for both silzes.

A significant‘weigﬂt savings ocours, approximgtely 202, when
. the reffiéerator volume‘is'feducgd from 2.31 to 1.32 cubic
feet. The émaller-refrigerator ﬁay.be attractive in that it
offers advantages of on-board chiliing and refrigeratiop,
at n;nihumlpenalties.. Again, evacuated insulation must be
considered if thg.techniqué'is to be compatitive: An
‘analysis of h”.anm insuiation resulted in weights sub-

stantially higher than super-insulation and volumes 3 times

larger.

2.6 Vapor Cycle Oystem

A vapor cycle empioying Freon-12 refrizerant Was'analyzéd
at three temperature ranges of 0°F, 20°F and 34°F. Penalty
curves were generated at each tempefature as a functidn of
insuiation thickness (superninsulation) and based on no-
air chanpes and one complete air change. The doéx opéning
penalty can therefore be determined by interpolating between

T o

the bwo curvas, and it can be geen that tho.penalties are

=

not eritical or significant te the fimal results,

- 12 -



2.6 Cont'd ' .

Although the values plotted in Table 2 do not show severe
weight or volume penalties, the technlque is not recommended
due to the high development risk associated wi#h the
gzero—-gravity phase separation requirement at the condenser.
Eq&ipment does not presently exist to accomplish this in
zero-gravity, consequently-these weights and volumes can-
not Be estinmated and are excluded in the values presented
in Table 2.

The penalfieé'for 4" of conventionél insulation are
a;so‘shown in Table 2, and it can be seen tﬁat volume is
.unacéeptaﬁle. |

It is belié&ed that this systen would be competitive :
if a developmenﬁ program producedra simple, relisble and

minimum cost {welght, volume, power) phase-separator.
3.0 BUTATLED ANALYSIS

3.1 Phase Change Material

"The concept. emplcdved here is the utilization in the
walls of the freeiar or refrigerator of a material that

changes phase and ‘absorbs heat at a constant temperature.

| Lheerel JREAIEERATR
’"’L‘:' g COM#;‘%({/??&NZ‘
- CabN :Eg;: ::::jf”?}i: Y, hpe
ErVIEONMENT _ :\;:_j % ey \:g ¥ Q |
Che ., e <) RER I @1 d | oto Asernass
| QES SIS
020 AUM/MM.Z//E:F:: | _‘_;_____,___-a/
o
Lol imse coms
TErAERATRE )
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Insulation is employed to minimize the amount of phase
change ﬁaterial; which changes'phase at the desired freezer/
refrigerator compartment, t_ .. The liquid zone 5djacent
to ;he freezer/refrigerator compartﬁent-wall is the result

of heat leaks attendant on door openings.

-3.1.1 Assumptiong -

1) _ASSume as an initial condition that the insulation
temperature distribution as an equilibrium temperature
distribution between the gabin'énvirbnment'and.the |
"phase‘change material.,,
2) Assune that.the temperatures throughout both liQuid
zones remain conétant at t_. This wiil be the éaée i€
the éonductaﬂces at the_iusulatiou—liqﬁid intérface and
~at the fféezer/refrigerdtér Qompartment surface~liquid
interfaces aré small compared with the conductances
Eetweén these‘sﬁrfaces and the sblid phase.change maéerial,
As a consequence of this aésuﬁptidn; the thermal’éapaci—
tarices of tﬁé-liquid ZONes can.bé neglected., In ad&ition,
since the temperature distribution through the insulaﬁion'
does'nét change, ifs thermal ﬁapacitauce éléo‘cau.be.
negleéted, as wgli as the thermal bapécitqnees éf the

eabin side and freezer/refrigerator compartment side

N R R
surface materisis,

- 14 -



3.1.1 Cont'd

3) Assume that whenever the compartment door is opened,:
a complete air change of compartment air occurs. |
The air mass introduced is calculated on the basis of
compartment free volume, éabin pressure, and a femperature
‘that 1is the éverage of cabin and compartment temperature.
The energy transferred-tonphe compartment walls is taken
to be thgt removed from the aif change mass in cooling
from Eabin temperatﬁre ﬁo compartment temperature, tg.
Thé.tﬁne to dissipate thg-heat leak is assumed to be
_ pfopoftionalito the fréezer/refrigeratorAcoﬁpartment

free volume fractiom, M.
'3.1.2 Thermal Analysis "
(/’/ff‘flz) -f'/]f.c (tf'{:o)" F'(J F‘T’, ‘
UWHEE - Us !/{h“ +Ehg f-fi’f J _

bre = Wp_ o mhemsk [(rtibERMO8 SI0F CONNETIE COBFLIENT

2 TA
WePemy Y~ ngezay}?fﬁé/@fﬂ@{’ AE CHinios  Mass

o+ .5 (4 +t2)

i a 7T ;ﬁm/&ff/&fﬂ@f smazanie (¢ -z,)

Ko g# covsmanl

- 1§ -



3.1.2 Cont_'d

£p wair specific heat at constant pressure
ATy time to dissipate heat leak due to complete air change
| in an empty freezer/refrigerator compartment. ( .25 Hr)
A~ freezer inner surface area (A=7.,76 Ft.z) _
/gé.MCabin side convective coefficient (hp=1.45 BTU./Hr.Ft..z"F)
Ehp + cabin side radiative heat transfer coefficient |
(Eh =.20(1.05) .21 BTU (e Fe . 2°F)
i~ fnsulation thickness
_ J%iwinéulatioﬁ ‘thermal coﬁductivity
T ~ cabin témpera.ture (tf=75°F)
) 'Cﬁ.mpha.se change_températuré T R
la phasge chénge maﬁerial density )
_ KF =~ phase change material heat of fusion
i ""phase‘chan‘ge material initial thickﬁess
\/{"’ freezef volu‘mé' (Vp = -l.'-’+7 .F_t.-3)'
Definé ‘ !_Up'-zﬁurr_lber of d.ays _pér migsion (ND=?) ‘
ﬂ“ tnumber of dOIOI‘ openings _ﬁer _déy

M fraction of freezer volume not occupied by food

‘ Wm,.number of deor openingé to date

Feod volume removed per cﬁay V%p '

-Fopd volume rér&oved per door opening . V‘%\!p/\/ﬁa

_-N’ /ﬂ(UF - VFN{)H& ffn)/:/F
N . e o

- 18 -



3.1.2 Cont'd

Time to dissipate air heat leaks is proportional to
freezer/refrigerator free volume fraction,
Thus A,i:m = 57;__@‘_'._....
: Ma Ne

. At the end of a one day hold plus elapsed mission time, 7~

v o, ' 7
ok o o) sf—erd T e e

Since the 1ntegra1 equals a discreet number of terms

f- ‘24}9" (ﬁf’éa)f»(?—(c,c o) T (Cr ~To) 5 Zﬁ 'na

The heat leak through the insulation nust be accounted
for up to the last aoor oéening...Air_change,heat leak;

‘need be considered up to the next to last door opening.

Thus:
NpNA -
A f, (f,c-co) (2 - 24 )ﬂw(rf co)mﬁ_(c; )3 g hns

ﬂ,,g £M OF 77—/5 FIRST /‘/p/\/ﬂ x_ /Nf‘é"b&?é /9@/(}5&' BY  pora (/\/oﬂ/ﬁ-f '

f{;éf(%u—mﬁ)f "‘@f bt g A/pjct; z:a)

3;1.3 Weiﬂht & Volume Analysis
The system weight is given by

k- P’[(s s2f s, +9F) Séﬁ‘jw{(g,ufﬁzgt)@; ,hsz%) G g@(u,ﬁ
bl 450 -3 r3) *3@;}‘%? 27)%5,

where P2 density of phase change material
- f‘* thickness of phase change material
}%ﬁ' insulation demsity
ﬂﬁ ¢'in5u1atiqﬁ thickness
u%g. welght of fiberglass compartment side.surfacc‘

T &
My - 4% 7% f ot g w2l 5
r;% 1+ fiberglass deusity /ﬁé =/io FCF



3.1.3 Cont'd

3;;’ 1 fiberglass thickness ;5‘?:? = OGO 1Y
A+ aluminum density @ 17 RF

JZ_ < aluminum surface thickness fs ° o301

6I =4, *”;Zéig
92 = La iy

For the large freezer/refrigerator configurations,

-

[;=15.0 in., and <;=13.0 in.

The systen volume is given by

Vs o2 i 5 ) o g3

3.1.4 Thase Change Material Properties

.

| The feasibility of maiﬁtaining freczer/refrigerator
temferatu:es by means of phasé éhange matérials was 
investigated utilizing Trans Tenp. phase change nmaterials,
wh;ch ére commercially available preparations.developed
to maintéin temperatufeé within shipping containers
for long pefiods of time,

The pertinent ﬁroperties-of the'materiais are:
t, 7 ¥

0°¥ 66.2 PCF 117 Btu/Ib
20 ‘_63.3 114

45 T 94.8 . 73.0

3.1.5 Insulation
Two insulation systems were investigated: a super-
insulation and a conventional fiberglass: insulation.

The pronertlea of each are as follows:



3.1.5 Cont'd .

hinde SI-Z evacuated to 10 microns mercury abs.

A
£,
. +
Johns-Manville Migrdlite AA

- ) g‘.
L

The thermal conductivity of the hinde insulation

I

3.0 rC¥F
-3 - 2o
.37 x 1077 Btu-ft/hr.ft. F
- " - 4 'x"'Tv . - .
¢ ‘:. .

.6 PCF -
.02083 Btu-ft/hr.ft.” F

i

was increased by an order of magnitude (k =.37 x 10H2)
as an allowance for heat ieéks through structural
-attachménts between the freezey/refrigerato; inﬁer and
outer surfaces, The-therﬁél condﬁctivity of Microlite
was not increased since it wéé assumed -that agtachﬁents
could be dgsigned having approximately the same con-

Y

ductance as the insulation,.

3.1L.6 Compartnent Sizing -

The'freeéer/réfiigérator.tompartment size utilized
was tﬁat'giveﬁ by the Pillsbury Co. based on the greatest.'
number of ﬁfozen/refrigerated ifems.likely-to appear o
the méﬁu for a 6 man/7 day mission: 15”'x 13" ¥ 13”;
The compax tment inner-surface-waé assumed to be fabricatgd
from 0.040 cage fiberglass (€ = 110PCF) and the freezer/ '

refrigerator outer surface from 0.030 zage aluninum.



3.1.7 Material TPre-Conditioning

According to the manufacturer of Trans Temp materials,

the preparations must be solidified by conditioning at

the appropriate temperature for 16 hours.

It is assumed

that this is done outside the vehicle and that the

freezer/refrigerator is installed 24 hours before launch,

3.1.8 _Results

The results of the analyses optimizing hinde- $I-12

super-insulation are given in Figures 1, 2, and 3 for’

“a 0°F and 20°F freezer, and a 455F refrigerator, respectively,

3.1.8.1 "Weight Optimized

If the freezer/refrigerators are optimized on a

weight basis:

TABLE 4 - Weioht Optimized Phase Change

Sysfem
| To e M £i d': Wt _ V : £S5 /Eﬁ’.l
0°F 3 '2.80 im. 358 in.  35.5.1b  4.70 fed 21,37 1b
6  2.85 . 368 36.0 4,78 o -1.39
12 2.80 378 36.7 4,87 -1.42
20 3 245 290 30.2 0 4.14 ~1.02
6 2.50 295 30.6 421 -1.03
12, .2.60 . 300 3.0 4.35  -1.03
45 3 2.25 180 27.5 3.75 - .50
6 2.45 183 28.0_ 4.00 - .60
12 2.65 L1885 28.3 4.30 .6

- 20 -
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5.1.8.2 ECS Yenalty

The last column, denoted "ECS Penalty', is the
penalty imposed on the shuttle environmental control
éystem due to heat absorption by the freezer/refrigerator.

This penalty is given hy:

ECS Penalty =[/9[(§, ,o?f)/é;z -;Jf),: 4162. ;F/ér(/d\lp 1= 4+!)5]( 33,

The quant}ty within-thé'square bréckets represents an

éverage heat transfer rate to the phase change materiai.

The{ﬁuantity, 0.133 Btu/1lb is the ECS penalty by

. North American. | | | |
The-total.éqﬁiyalen£ Weight peualtj to the shuttle.

is the sum of Ht,and the‘ECS penalty.

3.1.8.3 Volune Optimized

If the freezer/refrigerators are optimized on
“a volume basis:

TABLE 5 - Volume Optimized Phase Chanae System

“%w 4 . F . wi Vo Esbmry
0°F  1.08 in.  .970 Tn. 60.0 Lb. 3.27 ft.° —-3.95 |
20 .55 880 51 .9 2,08 ~3,30
45 .67 640 - 53.0 253 2%

ﬁigures‘l, 2,'and‘3.show that optimization és a

ﬁolﬁme basié ﬁccurs at virFuqlly‘the saﬁe inéulation
thickness for all door qpenings studied, and that
Coptinuum volumes are alwost identicul For all door open—

ingz. The LCS penalty, however, is based on A& = 12,



3.1.8.4 Conventional Insulation Penalty

For comparison purposes,-results were generated
utilizing Johns Manyille Microlite AA insulation,
which is a conventional, unevacuated, glass fiber
material. Only one insulation thickness (3.0 in.)
was studied since it wés felt that the thickness
represehts an approximate practical maximum. Weight
optima would occur.at gpproximatély an 8,0 inch
thiickness. .The fesults for .&-= 3.0 are:

]

TABLE 6 - Wei?ht & Volume-Conventional Insulation

L N F B e o v o £ pgmu“f.
6°F 3 3.0 in. 1.84  118.01b - 7,47 fE>  -8.59
20 3. 3.0 - 1.35 - 82.2. " 6.53_____ =5.53
45 3 3.0 769 74,8  5.61 -2:78

Results were not generated for the smaller 9 x 10"
3 149 freezev/refriserator confipuration since It
iy felt that the analyées of the larger units

provide sufficient data for a relative ‘assessment

of the food storage concepts studied.

3.1.9 Sumary

The results of the‘cooliné analysis are éummarized
in Table 7,

A weight suﬁﬁary is given in Figure 4 for the various
ranges of freezer/refrigervator teﬁperntures considered.
The range of weipht diﬁferentiﬁl'aﬁ optimized weight vs.
optintized volume Indicates the necessity for a trade
decision on ihe poverning vehicle parameter. This inpul

must be suppliced by Morth American., A similar sdtuation
1 ¥y

exists with the volume as shown 4o ¥isure 5,



TABLE 7 - Sommaty- Risce candch matetin

Cgou1a G ‘_.M@r__m‘/ Sis H#

- Y NPT T T Frazes{[wm Svsvea)
ST TEAP || efEwees]]  wT vou. || ST Nou, [ PenecTy (#) RR
°F tce vav (=) (&> &) | (Fr3) [[e&EWT [ ohvod
Co 2 5.5 | U o.o | D27 |l 3413 [Sk.05
12 ] B | 487 eoo| BT || 3628|560
i} , 2 || 202 | doaf 519! 2.48 || 2948 |uS.b
2 o | R R |
' ‘2l 2o ) das)sLq) 2.88 | 19974tk
4e, 3 || 775 | 375 53.0] 253 | 269 |Sont
- 12 283 | 4.30)| v 0| 2.53 || 22,69 509

A DaTa PRE JEATER 1S PASED o'ss""SuiP\aL-'m_SomTtofo
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3.2 Expendable Ammonia Freezer

3.2.1 Insulation Required to Keen Freezer Cabinet

Surface Above Dewpoint:

N musr BE >LIF = MAKImOn CAsw e, Pr

T
freeek “
QATY . 145 7/

NG, (5025,

THERTIAL /‘féﬁ/ STANCE OF infsiilamion Frm =L +%

Uz J_ t 3 + Yt ~
) ._4’_?_. = ToqsN — € s

T Teagn O " |
fxﬁﬂak:'??&ﬁﬁ = G!%i.wﬂGAfwééZﬁﬁ? Requer -~ T

insulation fhickqéss to cabin temperature. The results |

are plotted in Figure 6. |

It islseeﬁ that to avoid surfaca'condepsﬁtion-with
- a minimum‘cabiﬁ fémperafure of 65°F remuires a' minimun
. iﬁsﬁlgtion tﬁicknpsér(K = 0.25 %EE_EJEm__) ot 2.63 inches.:
Filgure 7 presc1L9 the freezer (15" x 13" 2 13"

cavity size) qonduction heat load aé a.functioﬁ of insu-.

lation. For.the required minimum ;hickness-of 2,63",

the conduction load is about 72 Btu/hr with the lead

value rapidly flattening out as thickness is increased.



o Lasvlaton Redwiired o Prevent: |
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Cabinet Syrdace_forlGI°F |
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INSULATION THICKNESS SINCHES |~
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3.2.1 Cont'd

Considering an expendable evaporaﬁt such as ammonia
which is a subcooled liquid at moderate pressures can
be throttled to O0°F at 30 psia, a latent heat_of ap-
proximately 500 Btu/lb is available. Tor the conduction

Joad alone, the theoretical quantity of 72 Btu/hr x

NH

24 hrs/day x 7 days x 1 1b NH3/500Btu = 241lbs
. ) ' - 3

Allowing for evaporation inefficiency and reserve

liquid, it is seen that the NH3 weight hecomes excessive.

Accordingly, nultinle-layver vacuum insulation is ex-

tremely attractive and will be used for the freéezer designs.

3.2.2 Design Guidelines

6 Man/7 day nission
* Freezer cavity dimensions — 15" % 13" x 13" (in
accordance with data from the Pillsbury Co. based

on Shuttle menu plans)

-]

=

. Temperatﬁre ﬁange ".O°F. -5
. 12_air changes in freézer per day
‘Cabin Teﬁpgrature'— 75°F

A design concept of an exﬁendabie ammonia freezer
is shown in Figﬁre 8.: The subséquent analysis.is'

~based on this design.
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3.2.3 Wall Construction

The freezer wall construction is:

Acummurn Toés Speer

FleE2ER: SMmcE

Y By, 0 MonEvcors

: uﬁ; MULTILAYEEL. Vacuum INGUL,

% by How EYcorD

Freezer Door Congtruction same as above except for

absence of aluminum tube sheet.

Evacuated enclosure containing ammonia and nitrogen
bottles surrounded by simple wall of single sheet of

3/8" polyimid honey comb.

S 3.2.4. SyStem hEScriptidn

Vacuum insulatibn is COnﬁected-tolspace-vacuum line -
as ié the'ﬁﬂ3 stofage space.' All NEB'linés gnd fittings,
ou;side the‘evacdated storége'space are enclosed within
coudentric tubiﬁg to intercept any'leﬁks;

Ny stored at 500-600 psia. ~Pressure regulator
throttles the fluid tlo 20-30 Psia 7(O°F to -13°T). The
cold pas flows bthrouzh the tube sheets to absorb tﬁe
heat load.‘ The ammonia temperature is monitored at the
discharre end of the tube run to régulaﬁe a fiow.control

valve which nmaintains the desian temperature.

~ 3 - -



3.2.4 Cont'd

When the freezer door is closed,.a high pressure N2
bottle lined to the freezer cavity maintains a slightly
positive pressure therein to counteract the effect of
trapped ambient temperature in the cavity decreasing
‘in pressure below ambient as its temperature is iowered
making door reopening difficult. .This pressure was arbitfar"
1ly assumed at approximately 3 inches of water differential,
when'ﬁhe freezer door is opened, the B, is cut off.
A control'panel is available wiﬁh gages indicating -
freezer teﬁperature remaining Hil and Né. A warning
‘light is 1llum1natcd if thé véduum'in fhe'inéuiatioﬁ is
lqst. -This.signal will permit’thé crew to selegt a
preponderaﬁce of freezer foods for the_meals immediatély
. foilowing a failure ﬁnd'thusrconsumé then béfore spoilﬁgerl .
“occurs.  An awmoﬁia storage bottlé shutfdff valve is
. av#ilahle to cut off flow if, despité all sfstemé PrE-

cautions,. the presence of ammonia is sensed in the cabin,

3.2.5 Coolinﬁ Lnad Calculation: SD ,rgz/rr

Use S$SI-4, Lype vacuum 1n5ulatlons
_ Honeycowb panels structurally
K ~ 0.025 x 10 Btu/hr~fth - gelf su@.talnmfT under vacuum
' load eliminating suppottlve
atrULLUIC heat leaks.

Fvacuated gap between honevecomb structure = 0,25"

Asgume apumonla temperature @ -10°F

'i' DT - ?;_-.o . (_10) — SSOF 30,‘{ é(f,é;/\zd.":; 4/@114.
. e
. ‘—3 ﬁﬁU . .
0~ 0ws B L B R A
LENS 0,.:2% zr~t - ' Fi 4 ME



3.2.5 Cont'd

Allow 200% increment for heat leaks through the insulation:
2 x 0,73 = 1.56

Total Conduction = 0,78 + 1.56 = 2.34 Btu/hr

RO AR

+ PR A &

3.2.6 Air-Chahgé?EHad

L T

r

Assume 12 door openinzs in 24 hours

15 x 13 x 13

- - - .3
Cavity volume 1758 1.47 £t
Take air at 0°F, = 460°R, then
- 14.7 x 144 x 1,47 ' '
cair = - 5 s
53,3 = 460 = 0,127 alr/door-opening

12 openings x 0.127 = 1.52# air

Assuming air enters at 80°F
Q= 1.52 x 0.24 x (80-0) = 29.2Btu/24 hrs. = 1.22 Btu/hr.
with contingency, assume Cﬂm= 2Etu/hr .

Q“)’DTIL = C’écouﬂ + Qﬁlﬂ.ll

= 2,34 4+ 2 = 4,34 Dtu/hr.

Total load in 7 day mission:

ptu 24 hrs
A=

7 1
hro day * 7 days = 735 BIU

4.34
hy, Enthalpy of‘suhgooled iy liquid at 759F storage
temperature - 1258tu/# (See Fig. 93
hZ’ enthalpy of saturated HHy vaper at 0°F = 614 Dtu/

".Heat absorbed per pound Hilg vaporized =

H]

iy ~ h, = §14-125

: 489 Btu/#
. . ! v
Theoretical Total weight 5 NH5 required -

7
48

cciu

WO i‘.ﬂ

= 1,5

s

1‘fn
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3,2.6 Cont'd

Assume 507 evaporation efficiency'

1.5
0.5

Allow 100% extra NHS for contingencies

= 3# required

2 x 3 = 6 N, design requirement

MM, liquid density - 40.6#/£¢7
) ' .3
’ _ T s 6 3 1728 in” _ 3
- oVolume My liquid réqulred = W0t ftr == % = 255Iin.

Assume 337% of NH3 occupied'by pressurizing gas
(e.g.-i‘!2 acting on a separating diaphragm)r

N taﬁk volume required 255/%-= §§gmigi

3

0 3.2.7 Storage Tank Design
Assume tank shape as cylinder capped with hemi-
0.4
) 5 —t 1 _4 PO
UL = % 17 (4)7+ T =29
=227

“spherical ends:

1

Tank pressure requirements should assure that at
the maximum cabin. temperature, the stored 4 should

remain liquid until coﬁpletely empty.

1 aPHEAG

* When the mas expatds to the full tank welume as the
¥ 3 - * H .

liquid is drained the final pressare should be greater
than the saturaticn pressdra of g‘éi!ﬂa at the naxdmun

cabin temperatuve, say §0°%.

- 38 -~



3.2.7 Cont'd

JH3 saturation pressure corresponding to 90°F=130 psia .« »

Initial gas pressure must be > 3 x 180 = 540 psia

(assuming isothermal expansion, which is good assumption

since expansion occurs very slowly)

This pressure level is so low that tank wall thickuess

is determined by loadings .cther than stress induced by

pressure.,
Assume wall thickness (aiuminum_tank) = 0,03"

3.2.7.1 Tank Weipht

Take tanlk wall as 0.03" thick

Volume 6f fank wall material

[41’(4 H 2l 142,77 11 0.0
‘ /—/{’LUMfMUM’ WErBHS C:?/%/

\/ 8 (N2
GraL Wi =01 v 8/ =

Allow 1007 increment for fittings, connectors, lines,

‘mounts.

oo Tank weialht penalty = 2 x 0.8L.=  1.6f -

3.2.3 Freezer Weight

3.2.3.1  iHoneycomb Shell

= 3
{0’ :5 - 1Jq ™ jf
T Ie A .
et 1
}
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3.2,8.1 Cont'd

Cavity outer honeycomb area = 17 x 14 (3) -+ 15 x 14 (2) = 1134
Cavity inner honeycowb area = 15 x 13 (3) + 13 x 13 (2) = 923
Box - Door contact area =1 x 15 (2) A = ' 30
| 2 -2

Door Faces 17 x 15 (2) _ 510
Door Edges 17 =1 (2) +15 x 1 (2) __ 64
s, 2

Area-Gas Tank Storage emclosure =
10 x 15 (2) + 14 = 15 (1) + 10 x 14(2)

S-S

: _ 3
., Total honeycomb area = Z,+Z, 'y o = _3_{#_2};__.in2
_345L 0y 0 e? - .
Area = 1ad = ZQWO_f; ‘ L _ I
Use polyimid honeycomb panels capable of takiug 14.7psi

differential @ wt = D.75#/ft21

o lloneycomb Shell wt., = 24 x 0,75 = 18#.

3.2.8.2 Vacwun Insulation.

£ o= 0.25" thick
Area =17 x 14(2) + 17 x 13(1) + 13 x 13(2) = 1035 in®
. 1035 x 0.25 3 |
Vol. = T1728 9.15 ft

Weight = 0.15 £t° x 74/ft3 = 1,054

Hote: lore detailed design could resule in optimizing

insulation, I and tank wits. to wdnimum penalties.

- 40 -



3.2.8.3 Nitrogen Cavity Pressurization System

Asgume system maintains 0.1 psi positive pres-
sttrization differential when door is closed. Gas

is turned off when door opens.

1ax13.x 13 ¥ oo
Cavity vol = .,-}14ﬁ E-13=l.46'ft3

L

With partlal presqure of By lost in 12 air changes

] _ 0.1 x 144 x 1.46

per day for 7 days f W "55.5 % 460 x12 =2 7 = 0_?
,% Weight of bottle + lines + misc = 1.5%
3.2.8.4 Alurdnum Cavity Liner with Tubes

oHE‘i’éorf\EJ

H

T ﬁTTﬂmf 3

Lrﬁmﬁ« R R 1
\\\\\\\\\\ AN T

Alum;num Vol. =_[l5 =13 x 3+ 13 x 13 x 2].03 g

= 27.69 in3

Aluminum VWedght = 27.69 x O.i'=:g;§£

3.2.8.5 Aluminum Shelves & Separators in Cavity

Gross Area'= [13 x 13 x 2[ + [15 x 13 x 6] = 1508 in°
Aluninam Vol. = 1508 x .03 thick = 45,2 in3
I8 solid -~ wt, = &5.2 = 6.1 = 4.5%

but assume orilling, holes, werforations, etc.



©3.2.9 Ammonia Freezer (15% x 13" x 13" Cavity)
' Welght Sunmaiy

Honeyéomb . 13. 1bs.
Vacuum Insulation ’ _ - 1,
Aluminum CaViEy %iner + Tqbeviff{'L.“‘ 2,8
Aluminum Shelvéé’& Separatoré 2.5
NH, o | 6.0
NH3 Tank .. ’ 1.6
Valves ' . ' o 4.0
Gages ) ‘ i.S
NH3 Line Jackets _ _ .0.5
Ni.System, tanl, gas,'fittingsA . o '}.5
Switch, light,‘lin%s, mounés,'misc.‘ : . 1;5 :

| ’I.‘o‘tal System Ugt. (incl, 3-1213) = 40.9 lbs.

3.2.10 Volume Summary

Volume: ~27.75 x 15 x 15 =36 f

1728 :
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3.2.11 Small Ammonia Freezer (14" x 10" x 9" Cavity)

« T L
—_ _ffﬁg-
o o
— 22 o

O [ ——
OUO l[— }:\ —lr 1
o | b ]

Honefcomb Panel Wt = 2330 inz (large freezer 3451 iuz)

2 . ,
712 in” (large freezer --118 inz)

Heat Transfer Area

= Snmall freezer 712

Large freezer = 1118
Vol, Small Freezer :
Vol. Large Freezer

Conduction Load Ratio

Ai? Change Load =

*Small Load =712 o34 BIU 4 L 5 - Bru
g ‘ - 1118 hr 2 hr ‘ hr

’ ; R
o ooad Dependent guantities ratio. is

2.5 Small load
4.34 Large load-

. Ratioing above gives following for small freezer:



3.2.11 cont'd

Ammonia Freczer (1a" = 10" x 9" Weight Summary

Honeycomnb 12. Lbs
yacuum Insulation ) _ 0.7
Aluminuim Cavigy;Einer hﬁd.Tugééah'“-ﬂ 1.9
Aluminum.Shelvéé & Separator; 1.7
H, | | 3.5
Wi, Tank ' 0.9
Valves ‘ o ' - 4.0
Gages . | ) 1.5
Wil Line Jackets . , | 0.5
Né Systemn o o .  w ‘ o .~¥'S
'_Switchesq lights 1inks, mounté, mist. . _m;;g;ﬁ
_29.7 Lbs-

~Voluwme = EEJEJE£J£}J~, = 1.9 ft3
: - 17128 L

JE

L bh -



3.3 Thermoelectric Freezer

3.3.1 Description

The preliminary design of the thermoelectric freezer
will be based on a double wall polyimid honeycomb
With multiple layer vacuum insulation. A comwercial
thermoelectric module will be installed so that the cold
end will be in intimate contact with the lauminum wall
liner of the freezer cavity and the hot end will ter—
minéfc in an air éooled heﬁt exchanger heat sink

mounted external to the freezer.

Since the structural configuration is similar to

. .

"that of the expendable heat sink fype ﬁreﬁiﬁusiy anélyéédﬁ;
in Section 3.2, the thermal load.will be the same,
4,34 Brufhr.,

VThe initial design dpproach considéred the use of

- an acﬁive thcrmoelgctric (T/T) rmodule in:edch'of the
freezer walls,_excépt the dpor;_ fhe initial calculations
indicated@ howevef, that this approach spiit the load

50 thaf each module was carrying a very small Btu/hi.
1oading; resuluing in very low efficiénéy. The proposaed
design is therefore based oh the use of a single module‘
carrying the eatire load (with redundancy proviged in
the eveut of module failure) andracting as the condenser
and of a series of heat pipes intesrated inte the .
aduminum wall Liner which pich upn the 1oad evenly over

aach inner woll of the freezer.



3.3.1 Cont'd .

Alternative means would be to:

a) - Incorporate fins on the outer surface of the
aluminum liner radiating from the cold element of the
T/E module; or |

b) Empioy a sufficieﬁtly thick liner to minimize
temperature gradients.thfgughout, or

¢) Use an additional activé nodule on a second
wall of the freezer in conjunction with a) or b) ahove.
A éimplified analysis shows that for alternative b),
the pradient aleng oné of the sides of the liner with
é centfaliy located module mounted on a 2" &iﬁmeter_
‘boss, is very small (0.22°F for a 0.03" thick liner
wali), and that the nﬁerall differential ﬁrom a remote
point on the liner of the box to a ceﬁtralized_mndule
is pnly-slightly above S°E fof-au'ordinary aluminum
10.03" thick iihgr.

3.3.2 Temperature Variation with Centraily Located
T/t fedule '

3.3.2.1 5'_‘52111‘}'.9&‘.3

a) 13 x 13" Wall‘
"b) . Module mounted on 2" dia, bess
¢} todule dis 1,17 = 1.17°

d)  Tarimate comtact srd no radial gradient in boss,

- b6 -



3.3.2.2 (Calculations

-

The $/E module is mounted as shown in Figure 10.

rJr

~

] s \\ |
Elll ?£§£*;
\ N/l

T

\\; -

Figure 10 - T/E Module Instl,

2
A Hy- z = average.h?at flux F? Plate

Khlum 1200 Btu - ip. o
hy -~ f£7 -

t = tempcrdture

.'éé_ f{(gﬁqnf): -2 rmde
A . . dr

) de
VA A L Cr

N

WMﬁﬁnkmauac
&t°£ﬂ%T"L@:“‘ Z(ﬁ-n*j]

Where: o=

= 2

2

it

4’/A

0.565 Rtu/hr-ft

' ) 5.5 12 |
» At =_.[J 565 [(6.5) 1n £%E‘ - = 6.5 ~ 22}}
T 2 % 1200 % .03 2

. 883 282
B T2 w1200 1,03 T47.5-~19.3

it

Ar o= D.%& P odifferential bhetween wmodule hoss & 13
rading circle

Since this diffevenrial is very small alono the

-

wall - HECLECT
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3.3.3 Temperature Variation to Remote Point

Consider the freezer as a developed box as in Fig. 11.

B !

{e"

185° l

| e |
;{5“'

Figure 11 - TFreezer Developad Box Config.

__0.565 2 19.5 1 2
- _ 19.5 1 Y3
t 2 % 1200 x.03 [15.5 "1n y T (;9.5 23]
't = 5,2°F -
With single ﬁddule and simple .03 aluminum liner,  t.

. froﬁ nodule to distént points alung-the frceﬁer QalL
are relatively small.

A small amount of finning or heat piping wiil produce
unifbrm teuperature, An ﬁpened viewldf the freezef showiné

such a design is shown in Figure 12.

i

N

/]

I . T

| AN

S i i s
|

i

|
|
i
L

N — b

Fipure 12 - ieat Fipog

BT SN
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-

3.3.4 Design Confirsuration

3.3.5 Preliminary Results = .-

requirements.

3.3.5.1 UWeight

. Honeycomb Shell

Aluminum Shelves & Sepatators

Aluninum Liner & Heat Pipes

“Super Insulation

(2)  T/E-Modules

Heat Sink Core

ucts

Fan Motor

" Control Panel
HMounts, Supports, Switches ete.

Higcellanesous & Contingency

P

electric freezer is shown in Figure 13.

...

CP 1,4-71-10 to provide the required cooling

Elect Power Supply & Contrel .-

The design configuration proposed for the thermo-

S e
The T/E Module®selected is a Melcor T/E Module

Module characteristics are shown in Figure 14,

0.1
0.4

GC.4



3.3.5.1 Cont'd .

.. Freezer Box = 29# to which penalties must be

added for tatal system weight.

: PO T
-3.3.5.2 Heat Rejection Penalty Wiight
Use TRV Giobe Model 3A1246 Fan Motor Power = 14 Watts

Electrical load for T/E Hodule = 15,5 Watts
Electrical Pemalty - 14 + 15.5 = 29.5 Watts

Total Weight Tenalty =.29'igog ;)?w24 w hr % 1.514 #

= 7.5#

3.3.5.3 Heat Rejection Penalty Weigmht

Electrical Penalty = 29.5 Vatts®

' . . 3 . )rr{] . . ’ ‘ I-
29.5 W x 3.41 —Se—  x 0.133%. = 13.4%
Watt hr Bru/hr

3.3.5.4  Total System Wt.

’ Total Wt = :i of llardware wt. +HPenalti¢s ?-
204 7.5 + 13,4 = 45,98 |
Above WQight-is‘baSed on. rejecting heat te the cabin,
If a.liquid loop heat sink is enployed the following
savings occur. | |
R N A

Vlect. Penalty = ==tnmsf = 2,06
T 1000

Fan Motnr deleted):

o

Heat Rejection Penalty = 15.5 x 3.41 x 0.1 = 5.3f

(Fan Moter deleted)
Fap Yo, = (.43 deleted

, v Total Penalty For a liquild loop haat sink

- 52 -



3.3.5.5 Volume
Basic Freezer Cavity = 15 x 13 x 13

Allow 1" Honeycomb around cavity

V=17 x 15 x 15 = 3825 in°

I
e

v= 22l fed T

N Control Panel = 15 x 4 x 3 = ,10 ft3

Total Volume = 2.21 + .10 = 2.31 ft>

3.3.6 Conventional Insulation Analysis

Based on previous ahalysis in Section 3.2.1, it has
been determined that for a 61°F cabin dewpoint, thé
insulation thickness to prevent condensation will be
2.63ﬁ and the conﬁucgicnrléad is 72 Btu/br.

" To defermine-penalties, the load on the T/E Hodule
can be estimated for the best coefficient of perfofﬂance

7(?0?). Tox TC = 0°% and.Th = 95°F, assume a rgnge of
Q'vaives.ﬁnd réad amnsg dn-Eigurerl& (Rel). Fgr-eagh
valve, read a cortesPOnding véltage._ Results are shown
in Tqﬂle 3.

A

Q T v Qi/1e
Heat Absnrbed AMDS Yolts -Lst. qu
0.5 1.5 4.6 0.072
7.0 2.0 5.6 - 0.625
.11.5. . 2.5 ¢ 0,095
16.0 3.0 7.7 0.692
1505 3.6 3.3 I N
Tabie O - Modele Optimisnation




3.3.6 Cont'd

Based on Table 7 (Réf}, peak

o No, of Hodules required = 12

Power Required = (6.25)(2.5 amps

Equiv., BTU = 351.2 BTU/hr
~ Heat Rejected ='QR = Power + He

-

351.2 + 72 = 351
However since 72-BTU/hr
neglect in this calcula

Penalties = Elect., + Heat Rej +

Btu/hr

COP is at .696
11.5 = 6,25 or 7

Y{(6.6 volts) = 103 watts

at load
BTU
.2 hr
is also the heat absorbed
tion.

insulation wt.

Slect (excluding fan) = %%%5 x 7 x 24 x 1.514 = 26,24
Heat Rejection = 351.2 x 0.133 = 47
Total 73.2¢ -

Plus wt, of irnsulation.

ihe Llect. + Heat penalties alone for 2.637 of

insulation are almost double the

total penalty for

“super insulation and therefore unacceptable,

In order to lower the conduct

]

reducing the Llec

ion load, thereby

t and leat Rejection penalties, a

practical limit of 4" thickness dinsulation was considered.

From Tigure 7 (Ref), the heat load is S8 Btusar at 4"

“thickness insulation.

.'é.g.:. [

ity & °

HMo. of Modules =

Hzat Rejection Fenalty

Elect, Penalty

Pius wt, of insulation.

. .
x 474 = 37,53
.2 = 21 #

53.54



3.3.6 Cont'd

Conclusion

Conventional Insulation results in severe penalties
of weight and is not considered feasible for this appli-
cation, Additional penaltieé not calculated would be

an increase in heat rejection to the heat exchanger

and increased blower requilrements.

3.3.7 Treezer Noor Opening Impact

Assume 2 air changes/day rather than 12.

2.34 BIU
. hr.

- Conduction Load remains unchanged
(as‘yer_SectionAB.Z.S)
Ratio 12 changes- to 2 air changes

2/12 x 2 Btu/hr 0.33 Btu/hr

il

© 2,67 Bru/hr.

For 1/i Hodule Cpl.4-71<10 & 10°F

I = 1.6 amps

V = 5 Volts

Power = 1.6 x 5

I

5 Watts

Power Supply = 0.64 Effdiciency

lCﬂ

Tower = Se. = 12.5 Vatts
, 0,64 :

Use same blower 8 14 Watts

Tlect Power = 12.3 + 14

= 20,5 Watts
- - 26.5 s e 1 €1 o
Blect, Tenalty = === x 7 = 24 x 1.515 = ¢.7¢
’ 10063
Heat Reject Penalty = 26.5 x 3,41 x D.133 = 12,14

L
i
2



3.3.7 Cont'd

Weicht Savings'

Elect Peﬁalty = 7.5 (Sect. 3.3.5.2)
6.7
‘ 0.3#
Heat Reject Tenalty = 13.4 (Sect. 3.3.5.3)
=-12.1.
1.3%
Total Wt. Savings = X = 0.8 + 1.3 = 2,1f
plus slightly smaller heat reject, heat exchanger; -
assune éaving of 0.2# - .
Total Sygéemiwf;'saving; = 2.1 +.2 = 2. 3%
For cabin h;at rgjection
We = 49.97— 2.3 = 47.6¢
For 1iquiﬂ loen heat‘sihk_

Wtk = 36,5 - 2.3 = 34,2¢

‘'3.3.8 Thermoelectric 20°F Freezer

Cabin temp = 75°F
-Inner Liner tenp = 10°F
AT = 75 ~ 10=05°F
Co0 =82 % 0,78 = 0.6 Bru/ne
35 -
Ref, Sect, 3,2.5

Load with 2007 increment for leaks

= Foor 0.6 o= 1.8 DTU/ by,

)
- . . . sl L N b ey o - .
e oof air in cavity {empiy) = - ;5% 0,127 = 0.12%/door epaning
T



3.3.8 Cont'd

At 2 openings/day = 2 x 0.122 = 0.244{/day

Allowing air to enter at 80°F

Q air = 0.244 x 0.24 (80-20)
24 hrs

Q Totar = 1.8 + 0.147 = 1.95 -~ approx ZBES

= 0.147 Btu/hr .

“

Use Melcor CP 1,4-71-10 T/E Module
T Module @ + 10°F 17 - = 95°F
Load - 2 Btu/hr

I

'1.35 amps

v 4 Volts .

]

Power = 1 V = 1.35 x 4

it

5.4 Watts
‘Power Supply Eff. = 0.64
S\ Power Required for module = 24 = 8,45 Vatts

0.64
3.3.8.1  Electrical Penalty Wt,

Fan load ~ Heat rejection = 14 watts
© Total Electrical load = 8.45 4 14 = 22.45 Vatts
22.45 | e '
som w7 ox 24 % 1.515 =
1000 " T =
3.3.8.2 Meat Rejection Penalty W,

LA

Elect., Penalty = Wi

WE = 22.45 Vatts x 3.41 Btu/Watihr. x 0,133 -
\ Btu/hr.
= 10.24%

3.3.8.3 Azptal Systen Welght

Flect., Penalty = 7.5/ (Sect, 3,3.5.2)

-5, 7

1.3%

o

Heat fejentdon Lennlty = 13,44 (Sect. 3.3,5.33

Savings = 1.3 4 0.2 = 5,04



3.

3.3.8.3 Cont'd

,,Total System Weight
For cabin heat rejection - 49,9 - 5.0

For liquid loop heat -sink %3§;§'4‘5.0

: ! +
4_..‘. .

3.8.4 Volume

Volume ~ 2.31 ft%;

See Sect. 3,3.5.5

~ 58 ..

o

44, 9f

31.5¢#



3.4 Vapor Cycle Freezer/Refrigerator

3.4.1 Description

A vapor cyele employing Freon-12 refrigeran_t was

studied as one of the food storage concepts for the

?.Z'

space shuttle, 'i‘hé"'cyc:le schemdtic and the identification

of the various heat rejections and shuttle interface

penalties are as follow

-
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3.4.1.1 Thermal Interfaces

lleat rejection from compressor; (}—’)ad,C) HPC

Heat rejection fl;om electric motor : _!_..;‘;)_ﬁ. HFe
. m

Evaporator heat gain: wel (te,g )(Nwr - Nir)

Port evaporator heat gain: bl (Cg)(/_O-—NOUT)

Super-heater heat gain: Wb Cpe (T{,g +0 »Cff)

De superwlleater'heat rejection: e sz(fsc-—‘to)

Condenser heat rejec.‘ti011 f~We L (Toe)

‘Sub-cooler heat rejection: Walps {(fi"lo)jwfs

HP.
‘7{?"

Electrical interface penalty 1._514 Lb/Kw.lir

Motor power input:

3.4.1.2° _ Definitions:

tg"/ C.omlenser saturation temperature ( ;= 90:’F)
Coe v evapqra Lo - saturation tempera l;-ui.'e

'_60"" refrigerant vapor teﬁpefature affer compression
?Aeqﬂ'co;tipréssor efficiency ( : =-.7()}

/—/a%.'b co;np‘r‘essor power input

77"‘ - mo tor effici_enc.y
ble A ?efrigefant- fiow TaLe

L(Cg)m.refrigera.r}t latent heat at

Nevrvrefrigerant quality at evaporatoer exit
‘Nawrvrefrigerant quality at evaporator inlet

C;?R"‘ refrigerant vapor' specific heat
l,_n{;,‘t)n-refriger:mt latent heat ot

Qﬂ.ffbre,‘ifri;;erant- liguid specific heat



3.4.2 Thermal Analysis

The evaporator saturation temperature required to
majintain a given freezer or refrigerator temperature

was calculated as follows:

' Ly - M ERETIIENT
= ceer/ Rerksskarol (O
< = fﬁm a{#fﬂf 15 Aestmirir] OF THI™
| 1 - NESS Fm (Tm = OO
i La

i .
U RN T O

s . Tz INGULATION

4 -y —]

4L

(1) T2 he (o -t5)= 2 _@mfn Kom F [‘5“”“ T Lj(if fc) HEAT Cor DG, 2o A

¥
T~

oF v
Where Di tube inﬁer diameter
he - tube internal-heat tfangfer coefficiént
. tube temperature
t, saturation temperaturé
km fin. thermal conductivity.(kﬁ =1OOBTU~£t./ﬁr.ft2°Fj
L fin Lleagth
tf cabin tumpar;ture (t{‘ﬁ'75°?}
Jii gun of conductances on hoth sides of fin {h= Fh )
L
hﬁ cabin side convegiive cwefficiunt(h521,453tu/hr,ft?°ﬁﬁ
! cabin aide vatialdive heat franzsfer coefficient
O b = 2000,05) siahrlfe, ey




3.4.2 Cont'd

ky insulation thermal conductivity

hfc compartment side heat transfer coefficient

due to air heat leak attendant on door opening

3.4.2.1 Air Changes

Assume that whepever the compartment door is
opened a complete change of compartment air cccurs.
The air mass ihtrqduéed is calculated on the basis of
compartiment free volume,'cabin pressure, and a
temperature that is the average of cabin and compart—
ment temperature. The energy tranéferred to the com-

artﬂcnt walls is taken to be that removed from the
air change nass in copliﬁg from éatin tenperature
to conpartment temperaturé, t.

The time to dissipate the heat leak is assumed to

.be'proportional to freezer/refri~=“gtol compartnent

free volume fraction, N .

= NN@/’/& 7
P cae wg,or &t ’f)/

~ air zas constant
~ ailr specific heat at constant pressure
+ 25 lr. for = 1

freezerfrefviseratoy surface arca

o Erecwer/refvicerator volune

- 6 -

(5



: 2R S ey
() ¢, = tf +(E - tf> { g[%ygﬁﬂﬁn h%/%mh&EJ ;{;m

3.4.2.2 Compartment Temperature

-

The freezer/refrigcrator'compaftment temperature, t,
is defined as the average temperature of the compartment
aluminum inner surface, The temperatures on this
surface vary with distance from the cooling loop.

The first is due to the thermal resistance of the
surface material, while the second is due to the
variation of heat transfer coefficient with refrigerant
quality. The average temperature, £, is defined by
first integrating the fin equation to find the‘

averagé teﬁperature over the distance fxom the cooling
loop, then utilizing ah’average coolant 100% heat
.tran%fer.coefficieét £o fiﬁd an averagé coolant*.

loop tube temperature (baée'of £in).

The average coolant leop tube temperature is then
uwtilized to.qﬂlculéte the-evapdratnr saturation
_temperature required to maimﬁnin a gi%eﬁrfreezer

or refrigerator temperature,

3.4.2.3 {Coeolant Loon

t

{01/ ‘ ' '

. - - . ) 4 i . .

{2 t =t -(t - t_.) Tamxy [ fmt Integrating the
f ) I3 Y vy el - : ‘

Zk For b fin equation.
M ™M

vhere [ average surface temperature over distance
from coolant loop, freezer/refrigerator temperature,

L ¥ averaze coolaut loop tube teuperature.

Noarrancine 93
KeAUTANELING L) |
L
)

/

.

¢
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-

From (1)

(4 t =Et+ Z(V %mfm )L WKUH;AmfnL)(A%LEcFQ)

77’& g

The value ft

Thus, specifying t deternmines Et'
and the average heat transfef-coefficient, Ee’
determines e Since preliminary calculations
showed that coolant loop tube temperatu?e would be

fairly constant over a range of refrigerant quality

0.2 = 0.8, the value of He used was that

averaged up to a quality of 0.8. The variation of

h, with Freon-12 quality is given in Figzure 15 taken

froa Reference 1. - Since these values were measured
at high refrigerant vapor velocities in vertical tubes,

gravity would be

L]

the effect of body force due to

minimized and the. values would be applicable to the

with t_ is given
e g

-

care of zerc 2. Ihe‘vériation éf g
in Figufm 16. This ralationship'is arrived at by
exﬁanding Ehe ﬁefrigerant'at cOﬁstant eﬁthalpy frém

! condénser temperature-of 90°Tr witch 10°F sub‘éoolingﬁ

v

to tS. This expansion-detarmines-rgf;igerant quﬁlity,
, into the evaporator. The cﬁefficieut, Ee’ is the
integrated average value otef the quality réngé to 0.3,
Subsequent to the evaporator (which exchanges heat
with the cabin}, the refrizerant completes evaporation
in 2 port-evaporator,. and then i; supgrheated 1O°F
te dnsure o sinegle nhase at the compressor inlet,
Poth nort evaporator and suparhester ouchange neat

with the shutile water leon as de the de-supevheater,

4

tha conden
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5

5.4.2.4 1leat Transfer to Water Loop

D
Aosome Ficer AREA EFFETING

F;é WEAT THANSFEC 15 %y Do AHD.

AT HEERIbERANY TLBE  PERiMETEE

15 4T Te,

£ to
hw

| /
N 7/ S R
a . |

b (12 ) (c-00) = b (% 00 oo -2
_ ! ! _
U/ﬂ’_ .!/(»,'m - WA

Vapor—-super heater, Sub cooler; De-superheater

VPdS (c-eu)- e (. dx.

— UF4 . pﬁ(t-r_:,\, )

W Cae Tin = L
tote - gxP (U5 )
Cin - We.C e,

where t -~ rcf;igéraﬁt_temperature out
&y ;{éhﬁttle watef‘loop tempefapqre
tinnfrefrigerant temperature in
I coolant tube length
Eﬂ{AJ refrigerdnt flow vate
‘CPRAarefrigerant spécifiﬁ heat
The refrigeraut‘flow rate is givenrby

o s (70 (2 -03) g!/g,d@,a,., )

[he
L

Yhere §v evaporator conlant tube length



3.4.2.4 Cont'd

Condenser . )
e (Ch=Th) = - L(€5) e o
113 (e -t)~ - Hes) b {008) - W()3

N{(0)= Lo Are n(s) e o
(L) L/ &%-ty)= L{ﬁdam

-

: . 2
Port Ivaporator (h - 50 Btu/Hr.Ft.‘°F)

N (ﬁ) = ,8 and AN({5) = 1.0

7_£lﬂ5(;5‘éhr:-;ni-eé%)h% _

3.4.2.5 Heat Transfer Coefficient (i} within Wate? Loop
Water flow 550
Water temperature t = 75°F

- _Tube 0.B. 1.0 Tn.
. I.D. .93 In.

Turbulent fldw

. . F ‘ X |
._/7“’___._/2. = O02%) -Qé) (Q"’_LH) S
Ay LN 4

vhere subscript b’ denstes propertcies. evaluated -
at bulk temperature.

3.4.2.6 teat Transfer Coefficlent Within Superheater
- Ne-superheatex

Tube .20 0.235 In.

.0, 0.05%531In,
Turbulent flow s . L
b O o [ GE ) oA
,___j_,,,_.,.,—- - D oy | n /
~ - \ J., A
2 - g
“b

- 68 -



3.4.2.7 Heat Transfer Coafficient HWithin Sub Cooler

Tube 0.D. 0.125In.
I.D. ©0.055 In.

Turbulent flow (R 2000)
e ’
WD . pos (0i6 )P
G- R
Fuow (£ =2000)

!
2. f-75(ﬂ":i")/3
£ X3

3.4.2.8 Heat Transfer Coefficient Within Condenser

T'rom Reference 2, 1,

| Y J |
he Ple .cr,f(%::__a)ﬂ fore B | ‘

dply B
where CP, 4 k and are liquid properties
Foe == lom™
A Fu

is a function of Reynnlds number hased on an

average vaper mass flow rate, G_, per unit ares,

Tt

vapor properties and a surface roushness parameter %~.

i .
Assume K - ,000CG05 (diawn tubes), If it is assumad

that the condensing rate is uniform and that, as

a result, the vapor velocity decreases

with length, then the proper averare valus {one which

will give the same total fraction) is derived te be
)

e L2 1f2
(.';1“- = ((:T.-.I..._. ‘H-.r-l ey + 7 3 ,

where Gy aund G, are tae inlet and oublet valve, rTespectively.
For "o = Tl IR
“ ‘ ! 1

Thug . f i oa funetlon of (585G, i/ ared Ef,"f'lﬂ..
1 ¥4



3.4.3 System Weishts and Penalties

3.4.3.1 _Approach

Lquations (5), (6}, and (7) are utilized to calculate
refrigerant liﬁe lengths once evaporator satqration
temperature (t. ), compressor &ischarge temperature (tD),
condensor saturation temperature (tsc),-and water loop
temperature (tw) are known., The latter temperatures were,
fixed at 90°F and 75°F.reépectively. Cowpressor discharge

temperature was calculated by the following relationships:

Hage = p(-\t‘eéf‘/O){? _,S ; é’ ,;.'/7?;

where-P +~ saturation pressure at. 20°F

Py~ saturation pressure at L

se N
HE, = Pin - QMade, @ vpcmeree FLOW KATE AT IWLET
550 Dipe DeErst Ty

Te ""(T:—";eff'!O)*Hol{)C/[’pAaC Cﬂ&i | Cpoe 74

- 3.4.3.2 Assumptions

Reﬁrigerant lineé and_the Shuttlé water_lbop iineﬂweré
agssuned to be of aluminum. The length of water loop
1ine required for the various heat ﬁransfers was Lhat
rEqquLu to acenmodale the refripevant lines helically
wrappe@ with no spacing between loops. The freezer

refrigerator inner surface was assumed to he 0,040

"3

fibergliass with a density of llO Tb/Ft. The outer,

cabiin side surince was assuned to be

Fal

L0230 alunminam with

)

3
- 3

a demsity of 173 LL/Fe.7 . Twe dinsulation systems woere
tlad: 2 cnmventLou Fiboreglass wdvh o densliy of 0.6 Lh/Fr

; . - . . .- o b
binde 8I-12 suravicsulation with a daensicv of 3.0 Lu/fFe.

~ 76 -



3.4.3.3 Equipnent Weights.

Motor, compressor, and expansion value weights and
volume were estimated by means of relationships given

in Reference 3: IR E K

) = LoD
D.C. motor weight -~ —Wm =z /5 2. ‘?3(”;) (’MX/() ) Hj:: .,,/z_,s

D.C. motor volume - — —-M.,/O,/ o in?
Compressor weight - - e ‘_l/-ffff/m

wlVe = 1.5 tm

Compressor volume
Expansion valve weight ~ ~We 058

Ixpansion valve volume . Ve = bk D/

he motor éfficiency also was estimated ‘ﬁ:y meahs of a

-relationship Ojven in Refmena 30 o et

I = 102 1-.281(000) j

3.4.3.4 Pendlty Fac tors

Syste.m-pen;-llt_ies i;n Vuerns of ecu-.walf_nt weight ware
determined 'by neans. of the reia‘;ionships given on the
- page follmeing the scl‘leme.l‘tic aud by meaus of the pené.l.ty
factors given on the schematic.

JIt was found that refrigerant line pressure drops ware

negligible due to the low refrigerant flow rates required.

3.4.3.5  Oprimization

"
i

The rhernal conductivitey of the hinde iasulation was

4

increasel by an ovder of mamnicade (k=3

Fev eat lanks throurh stractural attach-

/el ricer ’l’w inner amnd outoer

was not

R - T
surtnces, i

o
Al ose

conducbance g8 insiwolion,

Dabricated hvine approviwacedy tan



3.4.3.5 Cont'd

The freezer/refriperator compartment size utilized was
that given by the Pillshury Co. based on the greatest
number of frozen/refrigerated items likely to appear
on the menu for a six man/7 day.mission: 15" x 13" x 13"
«L |

= 15", L, = 13")

1 2

The results of the analyses optimizing hinde SI-12
super—insulgtion are giveﬁ.in Figures 17 through 20 with'
freeéerircfrigerator temperature and freezef/ref:igerator
free volume f?action,PV , 4 parameters, Results are
p;ovided only for optimization on a weight'bas?s since
optimizqtion and a volume basls has been shown_tb reguit in
much higher-weiﬁhts (see ‘analysis on phase change métérigls).

Yeight optimiéad results for éuper.insulatioﬁ are -
ploﬁfcd in Fabie 9 and for conventional insulation in

m

Table 1

<

Results were not generated . for the smaller 97 x 1GY
z 14" freezerfrefricerator Sonfiguraltion since it is
felt that the anslyses of the larser unite providas
. .1

sufficient data for a relative assessnent of the food

storane concepts studied.
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TALLE 9 - Ootimum Desipn — hinde 5I-R Insulation

. - / L Ha Dguivalant ' Total, . ' Tofal Het Cabin et Water Electrical
“j?MM_M_Em_“%jE_mjjmhﬂ(t Pepalty Wt.  Penalty - Volume licat Transfer Loop IL.T. Lnergy
B0 v 0 1 13.8 b 9.70 LB. - 23.5°LB 2.22 Tt 3.80BTU/dr.  51.0 BTU/iL 2.69 100-1R

.70 20 1 110 7.00 20,0 . 2.05 .80 33.0 1.98
45 45 1 12.0 562 156 1. . -6.55 10.5 1,09
.90 0 o 1x.3 5.00 - 21.8 2.22 . 6.00 40.0 2.20
70 2 o 130 Chao . S 19.2 E 2.05 -8 33.0 1.71

.45 45 o 110 3,95 16,0 1.86 -7.10° 1.10

For comparison purpeses, results were genevated utilizing a conventional fiberglass insulation.
Only ope ipsulation Wickness (4.0 In) was studied since it was felt that this thickness represents

ar appropriate pvacitical maxinmum, Vor the same column headings as in Table 3;

CPATLE 9 - Optimum Design - Fiberszlass Insulation

e o 1 187 b 1.0 Th © 29.7 LD 6.0t T3 1.50BTU/Hr  60.0BTU/Hx  3.06 KW-HR
20 1 18.9 70 255 . 6.0l -.80 40.0 1.96
51 1E.2 2.0 20.2 6.0 .. -3.68 15.0 .58
50 18.5 9.5 28.0 6.01 3.60 50.0 ' 2.60

20 0 18.5 5.2 L 2%.7 6.01 1,70 © 33,0 1.70

550 16,5 7.1 20.6 6.01 -.68 11.8 © .58
- Rl R v E e & - aneT
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3.5 Thermoelectric Refrigerator

3.5.1 Description

The thermoelectric refrigerator 1s similar in design to
the thermoelectric freezer described in section 3.3.1.
Sizing is the same and the configuration is based on the
design shown in Figure 13~(Réf.)

The large vefrigerator (15 x 13 x 13) is used in the

analysis.

]

40 = 45°F T 1. @ 30°F

Tfood

ro
.Tcabin [>°F

3.5.2 QCooling lLoad Calculation
@ . . ' PP
Use SI~4 vacuum insulation = 7T
Use honeyconb structure
Box surface area = 1113 (Sect, 3.2.5
i B : : .
Q = 0.78 Bru/hr (Sect. 3.2.5)
no=0.78 x 42290 -= 0,435 27U Nr.

-
a5

Allow 2007 dincrement for heat leaks thru insulation

TAdd 2 x 0.415 - 0.835

., total Conduction 0, = 415 + 830 = 1.245 BIG/br.

Agssune only 2 door opendnms in 24 hwurs,

Covity Yolane = L.47 Tt

_ a
- N W ] - ——— .
VLY UGLT Omaenlian
s fopr e
OAOYF o= ROGTR
. r ; . . 1 — - o
VAP Lnune = b FIB T B G




3.5.3 Cout'd

9 _ .232 x 0.24 % (75-30) .
air 24 hrs. = ,104 BTU/Hr.

v

= = [ = 4 N -
Quorar = @ cond * Quy, = 1265 + 104 = 1.349 BIU/Br.

Use 1.5 BTU/Hr,

3.5.4 Module Power Extrapolation

Try Module - Melcor CP 1.4-71-10 (Ref Fig. 14).
Use T, = 30°T

Yor 30°F

_EIELEEL . _hmp
3.5 ' 1.0
12,0 1.5
19.5 2.0
25.0 2
.30.0 ' 3.0

34.0 3.6
Extrapolate to 1.5 BIU/Ur. @ 0,89 anps

For 30°F

I v
1.0 3.1
1.5 h.3
2.0 5.4
2.5 A
3.0 7.0

Extvapolate 2o 0.8% amps Q@ 3 Valts for 1.5 QEU'
. LiEal



3.5.4 Cont'd .

¥Net Module Power = I x V = (3,89 x 3 = 2.67 Watts

Assume power supply eff (n) 0.64

Power required for Module = 2.67 = 4.2 Uatts
' 0.64

3:5.5 Electrical Penalty Weight

Elect power penalty = 4.2wv x 7 x 24 x 1.514 = 1.07%
1000

3.5.6 lieat Rejection

Q = 4.2w x 3.41 - 14.3 BIU/Hr.

Qoral = 14.3 + 1.5 = 15.8 BIu/lir,

Liquid Loop penalty = 15.8 BIU/lir. x 0.1 ='1.58%

'3.5}6.1 Heat Rejection to Cabin Air

1.45 'BTIE/hr-¥ft2°F

il

- Cabin ‘hc

It

VALY -= 15,8 BTU/Ur. -

. . L ) '

. 1y . <

A = 2.3 o 0.73 £t Regd.

rp. ) ‘s 17 " r fol P ) 2 - 3 Tt

Try wavy fin 17.86 ~ 3/8 W @ 544 fee/ft

' 3. 73 e S—1
Volume read, = .73 x 1725 = 2.45 1n3
¥in arvea/total area = 0,892

dyzy oy .
A A 2.‘11; te
}‘f - it

544



3.5.6.1 Cont'd

Yol

Fin metal veol + plate vol,

2,46 x 17 % 413 x .006 x 2.44 + (2.46)° z .06

n

, 3

= 0,61 in
Surface wt (élum) = 0,61 x 0.1 = 0,061#

If_normﬁl cabin airflow avnilgble in area of heat
“exchanger, then free éonﬁectibﬁ air rejccfioﬁ can be
used to dissipate the heat load., -

Heat (to ailx) Weisht Penalty =

15.8 Prufhir. x 0.133 _# = = 2,14
- BIU/lir

3.3.6.2 Potential Fan Penalty.
If eabin airflow is uet available to dissipate the
neat load, assume a swall fan will be required in the

systen,

Assume a b5 watt fan,

blect Tenalty = 5 % 7 = 24 = 1.314 = 1,297

Heat Rejection Fenalty

Fan Veichit = 0,238 {Assumed)

T P R A T [T I T S
Loyt lan if(.‘l:t;‘!.‘l_i_.}” B _e..:..(,-' B S

U Iy R



3.5.7 Total System Penalty

Summing previously calculated pennlties
Llect Power Penalty = 1,074 (Sect. 3.5.5)
Leat Pejection (Liquid loop) Penalty = 1.58# (Sect. 3.5.6)
lleat Rejection {ecabin air) Péualty = 2.1# (Sect.3.5.6,1)

Hardware Weieht = 27.5# (Sect, 3.3.5.1) (Delete int. _
press, source)

a) Air lieat Rejection
V=29 1.07 + 2,1 =32.174
b) TLiquid Loop lleat Rejection

W =29 4+ 1.07 + 1.56 = 31.65#

c) Adr lleat Rejection + Fan Penalty (if required)

W= 32.17 + 3.30 = 35,97

3

Volume = 2,31 ft° (Sect. 3.3.5.5)

3.5.8 Conventional Insulation Analysis

Thermal Resistance = R Insulation Th = 4%

R=Llat 4+ L 14 T p-16.69

Inside Area = 1118 (Sect, 3.2.5)7

2
Outside Area = 1118 + 164t + 6 t

= 1118 + 164(4) +6 (4)°
y |

=11870,in2
. 2 2
Average Area = 1118 + 1870 = 1494 in = 0.86 ft
T .
Q= AAT = 0.56(75-30) q = 1.8 BTU/Lr.
TR 16.69

Allow 200% for leakagze

0 design = 3 x 1.8 = 5.4 BTU/Mr.
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3.5.8 Cont'd

Alr Load - Use 2 changes/24 hours

Cavity Volume -~ 15 x 13 % 13 = 2535 in3

v = 23 2535 % 2 changes = 1.3 ft3 air -f“'.

1728
€ air at 40° = iﬁ x 144 = 0. D79#/ft
. 53.3 x 500

W = 0.079 x 1.3 = 0.103¢ air
air .

Q. = .103 x 0.24 x (75-40) = .04 BTU/Hr.
alr 24 hrs, '

Use Helcor CP 1.4-71-10
'Qtotél = 5.4 + .04 = 5.44 BIU/Hr.
I =1.1 amps V= 3.4'Vqlts
Ppwér = 1.1 x 3.4 = 3,74 Vatts
Poﬁer Suppl? Eff (vi) % 0.64

Power = = 5.84Watts

3.
0.6%
3.5.6.1 Fenaltics

 Electrical Pemalty (Module Ouly) =

5.84 x 24 % 1,514 = 1.4
1000 ’

Deat Rejection = 5.846 x 3,41 + 5,44 = 25,3 PTU ir,
Alr Heat Rejection Fenalty =
5.84 % 3,41 10,1334 = 2L 64F

BIU/Er.
siquid Loon 2ejection Tenalty =

- g4 -



3.5.8.2 leipht

¥ v

VR S—
. —-'

1%
Vol = 23 x 21 x 21 - 10143 in3
‘out i - ) ,
vol .o =15 x 13 x 13 = _2535 in’
Vol.. = 7608 1n3 = 4.4 £
insul e

we, = 4.4 x 3R/EC7 = 13,28

Aluminum Shell Ve,

Aluminum Volumne

B

Box - (3) 15 = 13 +(2) 13 x 13 + (3) 23 x 17 + (2) 21 x 17

ES

Cover —(2) 23 % 21 +(2) 23 x & +(2) 21 x 4 =

4128 in® - Area of Alum. Sheet
Volume = 4128 x 0.03 thick = 124 in>
. »Shell UL, = 124 x 0.1 = 124§

t, calculation bnéed on T/E freezer design shown
in Figure 13 and analysis in Sect. 3.3.5.1. The weight
of the lioneycomb strﬁcture anﬂ sﬁperinsulation are
replaced bf the weight_of the alumimun shell and 4"
of foan insulation (assume foan for rigidity).

Toral r.

S A Ve = 5 AL Shell + 47 Insul. - ionaycomb +Super Insul.

ir

12,4 + 13.2 - 18 + 1

A
+4,67
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'3.5.5.2 Cont'd

llardware Ye, - 29 + 6.6 = 35.6{
Elect. Tenalty = 1.5# (Sect. 3.5.3.1)

lieat Rej. Penalty = 2,64# (Sect. 3.5.8.1)

‘Fan Penalty = 3.80f (Sect. 3.5.6.2)

Potal Systen Vt. = 35,6 + 1.5 + 2.64 + 3.80 = -

43,543

3.5.5.3 Voluue

Nefriverator Volume with 4" conventional Foam

insulation

3.5.9

Vol. = 23 x 21 x 21 = 5.87 [t

_Small Cavity Refriperator

Asaune a 14 x 10 % 9 Cavity size:

Chqﬁbp

Cavity outer honeycoitb arca=(3)

J/g - | 4} “1“{?l

Cavity inpner . . "o=(3) 14 x 10 +2(10 x 9)
Pox~door contact area ={2) 1 x 14

Toor facen ‘ ={2) 16 » 11

Noor ednes _ S =(2) 16 = 1 4+(2) 11 x 1
Control Pancl -+ tanl: enclosure (Sect. 3.2.8.1)

- = 2()0{1__ = 8.0 2
Aren = 144 - u.'}f} £t

Doneveont Shell Ut, = 13,06 x 0.75 = 13.55#

- 86 -

H]

/" tA howeycors
l_’_\l @ . 7.51!/,5‘:'1'
(Y 14
o /o Iy

16 = 11 + 2(12 x 10) =768

600

790
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3.5.9.1 _Ueight :

loneycomb Shell ‘ ~13.55
Super Insulation . - 0.7

Aluminum Shelves + Separatorsi, -~*-- - 1.7

VL v
Aluminum Liner'+ heat pipes - - 1.9

(2) T/% odules ' : -~ 0.2
Heat Sink Core ' ) - 0.1
Flect. Power Supply & Control _ ~ 1.5

Ducts o - 0.1

Pan Motor _' . - 0.4
antrol Panel 0 . N _~-0.3
ﬁounts, éupparts,‘switches; ete. _ ~ 0.5 )
ﬁiscelldﬁeoué + Contingeﬂcy _ . - 1.5

22,45 :

Rdtio Penalties in Sect. 3.5.7 hy relationshin of surface

aren of small to large refrigerator size.

ace A snall refnig,
face A larse refvig.

snaged surf

rnatio

Exvosed sur

- =, gy 1
O w0065 = Y3

Llect Pover Tenalty

Meat Rel. Liq. Loop = L1.33 x D068 = 1,97
foat Ned. {cabin afr) = 2.1 = 0,063 =
Man Penalty = 3.80 x D.64 = 1.534

- 87 -



3.5.9.1 Cont'd

Systenm weight'=
a) Air idleat Rejection

W= 22,45+ 0,73 -+ 1.43 = 24.61#
b) Liquid Loop Heat Rejection
W o= 22;45 + 0,73 + 1;07 = 24,254
¢) Air Meat Rej. + Fan (if required) -

W= 24,61 + 2,58 = 27,194
3.5.9.2  Volume

Vo= 16 x 12 x 11 = 2112 = 1,22 {«t

" 4 Control Panel .1

@*ﬁy |

&

-

o
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1.0 - INTRODUCTION

This study was concerned with developing packaging

and vehicle stowage data,. in §erms of vehicle imposed

¥ . Tt

ﬁeight'aﬁﬁiﬁolume penélt&éé. Certain asspmptions
were made for food packaging sizes based on a pre-
liminary Shuttle menu genérated by The fillsbury
Coﬁpany. Utilizing the assumed packaging si;es;

a series of stowage options were assessed to de-

‘termine the impact on the Shuttle. The -options

were based on providing:

a) - A-fixed menu ?1an'with.no-chdice-inwfliéht
for the crew or passengerg
b) A single meal choice {(dinner) of -entrees
and secondary meal cémpoﬁents per day
with‘ﬁhélbalénéé of the déys-meal fixed.
.(nlo choice)
c) A t\l.c-q-me;al choi':;e (dinner and lunch}) ef
entrees and secondary meal components
per ‘day with breakfast fiﬁed'(no‘choiue)
d) - A full choice.of all the food on board
thfoughaut the mission
Tﬂe above'options were analyzedlfdr a design concept
consistent Chroughout each option in ovder to maintaioc
a viable |‘3ngc of data. If L’ne design concept 1is
ehangoed, it 45 possible that the abselute values may

, the additionsl

vary as to welgnt and volume; however
penalties fov each ilncreasing complexity of chotos

should be wvalid as Lo percent increase of penalby to
E I k

che vehicle. R



1.0 Cont‘d

In addition to the vehicle stowage penalties, a
simple liner concept was analyzed for weight and
volume without consideration of the vehicle require-
ments., in this case,'food would bé péckaged in a
no-choice configuration within the 1iner and stowed
in é food locker in the galley. By only defining

the food iiner or package, the design of the vehicle

-interface is left open.

The assumptions made in the design analyses are as

fbflcwé:

.a)i ' Missioﬁ.time is.42 man-days (& men--:7 days)

b) All feod packages are of a 3" x 3,5 |
formed base and varying heights

c) Tﬂe meals afe'packagedxin.a'primary
meal package (PMP) containing an entree
and 2 side dishes (ticatables) and a
_seéohdafy‘meai fack (SMP) containing
the meal R.T.E.‘(ready—tOJeat) food

d) Séparate beverage and snack packs are
available for all m;als_at all times
during the mission

@) Weights of all food stowage cabinets
include a 109 contingéncy facter app- -
licable for design wvariations and o
provide a growth potential indication

) Total systemn weights alsce include z 15%

vehicle interface sbructiure allowance.

)
. L =



A summary matrix of the analysis is presented

in Table 1 for the range of meal choices considered,

and compared for a 42 and 28 man-day mission.

A graphic presentation of the results is shown in

Figure 1 - Stowage Summary.

TABLE 1.

FOOD STOWAGE SUMMARY

(Weights and Volume of Structure and
Installation - But Less Food + Packaging)

42 v5 28 Man—Days.

Scaled from Figure 1

‘ Volume
Meal Weight (Ibs) - 42 M-D3 - 28 MhDE
Choice |i 42 M-D 28 M-D Ft In, °/M-D Ft® | . %/M-D |
|None  f{ 4z.7s 29, 5\t 8. 64 355.5 | 5.97 363.4 |
1-Meal 64.35 - 10. 29 23,4 || - -
5-Meals || o77% - «10.7% | caa0® |l - -
All Meals |l 99.28 | 9.6 || 10,81 s1a.3 | 7. 57 467.2
7(15 Wts. are extrapolated from wt/vol rat;os Ohtéln”d
in 42 man- day evaluatlon ' -
(2)
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2,0 DISCUSSION

2.1 Introduction

The approach used to satisfactofily complete the

NASA contract requirements for analyzing food packagiﬁg
and stowage mefhods was based on a determination of
appropriate Shuttlg menus, the development of package
sizeg to accommodate the food items, and a range of

options .for stowing the food aboard the Shuttle.

. - . . . . 3 JRp—

The vehicle penélties for weight and volume were
calculated for each of the stowage options ‘considered,
| The food stowage penalties represent installed Weigﬁt
and volume of-tﬁe-particulér cabinet design for each
of the stowage optioné,.but_éxclﬁde thé food welght.
Consideraﬁion was given £o zero gravity opérétibné,
launch loads, vehicle installation arrangement foi
1-g'fligh£, geound servicing, ﬁaintainability and

meal preparation, shipping and handling,

The féllowing points must be recognized Whep

reviewing this report: ‘

The intent of the analysis was to provide

a comparative basis for'assessing the wvai lous

systems,



!

%

* A number of techniques and conditions were

analyzed with the most obvious and logical
variations considered within the allocated
effort, Undoubtedly, additional variables

could be conceived which could indefinitely

. extend the scope of the study.

A fixed time and effort expenditure was

allocated for this task which is only one

‘element of the total program. The total

stowage analysis effort was, therefore, scoped

in magnitude and depth to be consistent

with the balance of program tasks., For this

commitment of effort the lével to which each

analysis was carried produced comparable

~data and results.

The results of thé analysis are valid and
correct, and have been based on certain.
design, focd, and system assumptions,

While the actual valuess presented. for weight

~and volume may be subject to discussion due-

to the assumptions made, the relative ratings
will not be substantially affected. By
altering the assumptions, the final penalties

can he vrecalculated.

”~
-y e



* The technical competency of the analysis and

the confidence level'of‘the results provides

Sy
Tt -

+ ' PR ) .
§§ reasonable basis for selecting a particular

Atechnique and recommending such a technique

for shuttle use,

2.2 QOptions for On-Board Meal Selection

. 2,2,1 ¥o Meal Choice

A1l menus a;e prefselected? bulk packaggd As crew
meals, and stpﬁed‘seqqentially in mission day order. .
This technique permité a éinglé module storagé concept

for yet to be eaten food and waste food and packaging.

 The sipgle unit'fOQd and waste storage module is
22.7 in..w x 22,7 in. D x 29.1.in. H in overall
dimensions. Acbeéslét the.ﬁéper féce of the module‘
rjrmifs withdrawal of one tray-like divider structure
containing one six-man day supPlﬁ of fqod divided

into dinner, lunch, breakfast and bev/snack overwraps.

Ll

See Filgures 2 and 3 following.
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Figure 2, No Meal Choice Module
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Figure 3. Overwrap Scheme

This figure shows a typical overwrap surrounding

primarv, PMP, and secondary, SMP, dinner wmeal packs

for each of six crewmen A through F.

The same conceptl

applies o lunch, breakfast and snack weal packs,

Dimensions are in incnes on this top view,

MA}(



Each tray-like divider containing one mission day
. o

T

menu stég%sgénto the nexﬁfﬁiésioﬁ day menu down to
and including the seventh day menu which is on the

food support plate. The foéd support plate is attached
to negator_springs‘Such that when the day-one menu is
removed from tﬁe‘toP of the.module,'all succeeding

‘menu trays move up. This design permits storage of

waste packaéing and food in the vacated module 3paée.

Volume requirements for this no meal choice module

are 8.6 ft.3

where W = 22.7 in., D = 22.7 in.,
énd H = 29.1 in, .

Weight penalty including 10% contingency and 15%

(5.0? lb)‘vehicle interface structure if required
is 42.23 1b.

in the case of the four;man seven @ay mission the
discussion ﬁf overwrap and missiﬁn &ay mernus hﬁldsi
Only the_width dimepsion and module weight change.
Tﬁe resulting volume *ith the new 15.636 iﬁ. W ois

5.97 ft.3. The weight approximation is 29.5 1lhs,



2.2.1.1 Liner Concept
A simple rigid liner concept was analyzed for crew

interface weight and volume.

The food is packaged without overwrap in a no-choice
configuration. It is nested in a "crew-day" layer
arrangement, i.e.,, each layer is made up of a crew

breakfast, lunch, dinner, and snack-beverage overwrap.

.There are no provisions for waste storage. . .. ._..-—

Volume requirements for this no meal choice food

liner are 21.16 in. W x 21.13 in. D% 27.55 H with

a resulting volume of 7,13ft3.

Wejght penalty without regard for contingency or

vehicle interface structure is 12.5 1b.

2,2,2 | - One Méal'Choiée

The dinner entree aqd twe side dishes are packaged
as a unit fPrimary Meél Pack) and‘stoﬁed such that
any rvemaining PMP anif is available for selection
during the mission. The Lunch and breakfast menus
ars overwrapped on a mission day basis as in the no

med

choice system., This scheme permits:

Flexilbility in dinner menu selection

#  Single meodule storage



* Limited food and package waste storage in

same module

2,2,2,1 One Meal Choice - Single Drawer Concept
The one meal choice single drawer module is 23.3 in,
Wx 22,1 in. Dx 31.0 in. H in overall dimension,

Access at the top front of the module permits

withdrawal of one tray-like divider structlre con-

taining preselected crew breakfast and lunch over-

wraps including beverage. and at least one daily

snack/beverage overwrap. The drawer access permits

selection, by each crew member, his choice of one

complete dinner menu., See Figure 4 following.

This figure shows the cutaway module as viewed

from the front, The A, B, ¢, D, E, ¥ letters

~designate crew member. Access for crew breakfast

and lunch overﬁrap packggis at the upper level which
wiii be empﬁigd at breakfast of déy 2. At that tiﬁe
the divider tray is femovéd and the interﬂal negator
springs will lift the complete food supply up. one

level éu&h that 1unchgon 2 péck (LZj wiil be in view

and ready for withdrawal.

)
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move up.to allow vacant space below.

Access for individual dinmer is provided by the

dinner drawer, This drawer pulls out to permit the
crew member to select from his own file éA, B, C,
etc.) one of tHe dinner meals remaining from the
original seven., The supplied meal for him is complete
with PMP,.SMP, aqd.BEV. Waste stowage spaée is
aﬁaiiéb;e after breakfast of day two when the top

level supply is exhausted and succeediﬁg-levels

Volume requirements for this one drawer dinmer meal

3

" choice system are 9.79 ft” where W = 23.4 in.,

D = 23.3 in., and H = 31,0 in.

Weight pénalty including 1b%-contingenCy and 15% .
(6.52-lb)-vehicle iqtefface étructure if required'

is 55.02 1b. Extrapblating the caée of the four man
seven day mission the discussion of overwrap and mission
day mea’s menus will hold. The fesultimg volume with
the.new'16.35 in, W-is 6,85 ft3. ,The‘weight

approximation is 39,14 1b.

2.2.2.2 One Meal Choice - Double Drawer Concept
As in the one meal choice, single drawer concept

discusgsed in sectiom 2.2.2, this system provides for

" the stacked storage of breakfast, lunch, and snack/

heverage bulk mission day packages,



The dinner entree and secondary meal pack are packaged

each in a separate drawer. This system permits
C i T
added flexibility of menu.Selection in that the crew

=" -

+ 'y ¥
. Tr

member can choose any remaining dinner entree of
-meat and two vegetables and accompany that with the
appetizer, bread, dessert and beverage pack of his

choice.

The impact 0of this double drawer system on the weight
" and volume penalties is shown in the following table
comparing the two one meal choice modules,

TABLE 2. WEIGHT AND VOLUME COMPARISON
SINGLE AND DOUBLE DRAWER MODULES

Single Drawer Double Drawer

Wwideh 23.326 in. 23.326 in.
- Depth - 22,023 in, - 22,023 in,
Height 31.039 in. - 32,649 in.
Volume 9,79 F5 10,29 £t
Weight % 55.02 1b 64.35 1b

% 10% contingency plus 15% vehicle interface
structure : .

© Thesge data reflect the requirements of the siz man-

seven day, forty two man~day misri: ., In the case

of the four man=-seven day, tweaty . .uht man-day
mission only the module width will change to reflect

the decreasae in crew mewbers {see fig 3).

- 15 -



2.2.3 Two Meal Choice Modulé
No detailed analysis has beén done for this con-
figuration. Base&-upén previous discussion of the
one meal choice single and double drawer system,
the two meal choice system could provide for the
following alternétives:

* Choice of lunch and supper

* Choice of breakfast and lunch

w .Choice of breakfast and supper
.Each of these concept systems can be accomplished
utilizing a module of two or four drawers to allow
individual meal selection. The bulk packagéd meals
aﬁd snack/beveraée packages would be stowed as
in the single drawer module shown in Figure 4,
Volume and weight penalties for the two meal choice

system are 10.7 ft3

and 77 1b respectively. These
data are not as a result of detailed analysis but

rather from scaling Figure 1 presented in section

1 above,

2.2.4 Full Choice Module

All three meals are free ehoice to each crew member
so that he can select any remaining combination of .
breakfast, lunch, dinner and snack/beverage up to

the last day of the mission, The éystem is accomplished

- 16 -



utilizing a module of 23.3 in., W x 22,0 in. D x

36.4 in, H equipped. with_-ﬁ-é;"ght"pull out drawers.

. L s .
[P o
[ R

—

7 DINNER PN .

T DINNER SMPT

s

”""“_E’fi__m' LUNCH PP

T LUNCH SME

T L BREST PR

e BKFST SAi

wise9E

T SNACK

P+ S
)

. . BEVERAGE

.o

?009. v Fipure 5. TFull Meal Choice Module
oF | |
v



At the breakfast meal, day one, the crewman selects
one packet each from his file (A, B, C, etc.) in
drawvers five and six, This selection comprises a

complete breakfast including beverage. ‘At‘lupch and

" dinner the crewman merely repeats the selection

process at drawers designated for those meals.
Snacks and extravbeverages are available ad-1ib

from drawers seven and eight, respectively,

Volume requirements for_this'eight drawer wodule —: -~

full meal choice meal system are 10.8- £,

Weight penalties associated with this system including

10% contingency factor and 15% vehicle structural
interface if required are 99.28 1h..
Extrapolatihg the case for the four man Seveu day .

mission the discussieon of the eight level module

“and individual menu selection will hoid, only the

drawer width will change. The resulting volume with
3
the new 16.33 in. W is 7.57 ft . The weight

approxwimation is 6%.6 1b.

18 —
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3.0 Detailed Analysis
3.1 Packazinpg Assumptions
For purposes of the following preliminary study all packages
are 3 in. x 3.5 in. in cross section.
L 3 :
Lntrees - use 12 in.” loose fill of food/pkg. For vacuum .
pack use 60% reduction.
3 ] _ I
12 in/pke. x W60 = 7.2 ind/pkg.
For package stowage and fill efficiency assume 65%
n-3 ,‘1r“_ (0-3
7.2 in/pkg x L.65 = 11.8S in°/pkg.
Vegetables
- 8ide Dishes

Soups
Snacks

- use same size as entree

EEEEEQ&E ugse 5 iuS/pkg {assumes packaging and stowage inef~
ficiencies for beverape pack.

Entree H diménsion

lsing the 3.0 x 3.5 in, cross section constraint and ll.88’in3/pkg.

volume requirement minimum Il dimension is

3.0 In x 3.5 in x (IDin. = 11.88 ind

(M)in. 11.88 in

H]

{1 in. .

I
'_i
'_-l
[U%]
e
=

Allowing 15% continsency in Il

1= 1.13 in. x 1.15 =.1.2995 in.
H=1,3 in.

Leverase use 5 in3/container (assuwes packaging and stowage
ineffidiencies - for beverape pack)
Using the 3.0 in. and 3.5 in. cross section constraint and

the 5 in3/pkg. volume requirement minimum i dimension is

3

o

3.0 in. % 3.5 in. x () in. = 5.0 in
() in. = 5.0 ia>
~10.50 in3

{1} in. = .476

|
to the nearest tenth i = ,5 in.

-~ 19 -



3.1, Packape Fizing And Meal fMroupine

(smrm)

LUNNER (e ) | | | |
PRIMARY MEAL PACK SECONDARY MEAL FicA

e " Y% mear . 3
. ' ] . T
1.3 A2 sj0e misw £ = Sl g—; i{ f 2
1.3 i 43 /35{ _
¥ ey, o

30N

CPEVERAGE [ ___
T STACKON MP)
faks S
30y

SAME AL ABOVE

ONE J=RIMARY AMEAL fiCm (RN 1)
ONE SECONDBARY AMEAL FACH (SMrP)
THGO FPEVERAGE /PKGS

(SMP)

( FmMP)
.--‘-——‘—/"“"’l ﬁ# , ' ‘
] T L - T AREAL SRR
/ , . HUT Binr 4 T . )
IR o o . | B ’
) - Lo HOT 10ATICN 2 7] T _CAREAL
13 T G R ' ' 13 L%
3.0 1A ' v
EVERAGE /—
BEVERAGL fey criCk ON (5MP)
LO-: 55’1[*7‘
3.0
LhArA SMACH + AFVERAGE = - (S/B PACK )
O'g*‘-—'//
O+
1.0 i

FIOURE 6 - PACHACGE STZTHG AMD V“YF.’\T, CoNU e ING
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3.1 Cont'd
3.1.2
Packaging Volumetric Summary .
Allow for presently undefined valve on rehydratablé

packages. Assume old value.

- v oop B I
Dinner Main Course (PMP) 3.0 x 3.5 x 3.9 = 40.95
‘. appetizer, hread,
dessert & beverage 3.0.x 3.5 x 3.55 = 37.28
(SHMF) 4
" Lunch Same as above : = 40.95
= 36.00

-

Breakfast Hot portions 1 & 2 (PMP)3.0 x 3.5 x 2.55 = 26.78

Bread & spread, cereal -

and beverage 3.0 x 3.5-x 2.85 = 29.92
~ Snack . - Snack _ IR o
' - 5/B pack 3.0 x 3.5 x 2,0 = 21.00
Beverage A 232.88
232.83 1in° ., 1 fe? 3
T 2w ‘ q ¥, ——r—e— = 5.66 ft
x 42 man day 2795 i 3

Han Day



3,27 Options for Onboard Meat Selection

No choice — Ref 3.2.1 and 3.3.1 - all food pre-~selected,
packaged, and stowed in shuttle in sequence of predetermined-‘

consunption, .
b ..

LR

" One meal choicg-figgf‘3.f.i & 35203 - Main meal (dinner)
,entreé and two ;iderdishes are packaged as a unit such that
cany remaining unit is available for selection. All other
meals are stdﬁed in sequence“of predetermined consumptioﬁ.
Two neal choice ~ Ref. 3.2,4.~ Mainrmeallpack and lunch
pack units are available for selection dufing the @iséion.
Three meal choice - Ref. 3.2.5 - All three meals are
free choice to .each grewmdn‘sé that he can select any

remaining combination of three meals during each successive

mission day.

- 22 -



3.2 Cont'd
3.2.1 No Meal Choice Systém "~

3.2.1.1 Packaging Plan

.,t;;__“n;-_; - 2\ : — N
il 3 .l@‘a 77 S

E‘L Yv? | |
,- - : T"Q wrBL | 01mnEBR Y hunn LUNCH o R, | BESe (5E\’|
3.8 Pl | SMP I PmP | SMP| Pme 1 Sme g

’T;;{f A A A A A A SMALK

Plan VIEWw]

Overwrap each set of PMP and SHP (incl. beverage for that
" meal) for all crewman.
One laver = 1 day supply for 6 men (6 man days)
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2.1
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3.2 Cont'd

3.2.1.2 Cont'd

3
Volume = 21.16 = 21.13 x 27.55 = 12317.902 = 7.13 ft

1

Liner Wt. - Bottom + Top - 2 [21.16 x 21.;3] = 894,22

Sides

1

2[21.13 x 27.43] =1159.192
Tront 4+ back - 2[21.04 ﬁ 27.43] =1154.252
3207.668

We = 3207.668 (.06) (.065) = 12.5F

Module Volune

22,636

]

W= 21,010 + 2 (.75) + 2 (.063)

22.666

[

D = 21.040 + 2 (L75) + 2 (.063)

H= (3.91)7 + 7(.0L0) + .050 + 2(.75) + 2(.063) = 29.116

v 3

Ii

14938.47 in

3

v 8.64 ft

3.2.1.3 Preliminary Weipht Analvsis

- Ho Choice System

Cabinet Sheets  (t = ,040)

2 side panels (22.666 x 29.116) 2 = 1319.88
1 back panel (22.636 x 29.116) -~ 659.07
1 front panel (22.636 x 22.1L0) = £59,07
{(incl. aceess. door).
7
2 end panels (22.666 = 22,636)° = 1026.14
3604, 106
Tt o= (3664) (LS (0.LI0Y = 14,5604

- -



3.2 Cont'd
3.2.1.3 Cont'd

Cabinet ¥Food Storare

Support Plate (21,010 x 21.040 x .050)

Divider Plate (21.010 x 21.040 x .010)7

.Velcro Tape Sﬁrips (5 x .5x .08)
8/layer x 7 layers = 56 req

56 (.150)(.04) = ,336#

We = (53.047) .10 = 5.30

+ .3
= 5.04%

"Support Structure

. P
4 Corner Supports " .090
Section Area = 1,72 iﬁz x 29.116
4 (.172) (29.116) = 20.03
1
8 Corner Closure Angles [ .050

Section Area = ,093 in2

Length = 22.6 -~ 2(.063) - 2(.09) = 22.3

8 (.093) (22.3) = 17.43

l?r
4 Guide Channels !E: : .090

Section Area = .209 inz
Length = 29.116 - 2(.063) = 28.99
4 (.209) (28.99) = 24.24

T4
8 Intercortals nrr” .050
| 2

Sectién Area L0073 in
Av. Lenpth = 22.6 - 2(,063) ~ 2(.09) =
8 (.073) (22.3) = 13.02
Nepative Sprines ( 4 Reqd) & Mounts

Ust total weipht = 6

Mt = (20.03 + 17.48 + 24.24 + 13.02) 0.10

- 26 -

22.103

]

304944
53,047

22.3

7.43 + 6
13,48



3.2 Cont'd

3.2.1.3 Cont'd

Total Weight

Storage Module for no choice inflight menu

Module Outer: Shell - %4.66
, PR

Storage éhg}#ﬁ& DiJi&ers'ff?: 5,64

~ Suppogt Structure - 13.48

Storage Module - 33.78

10% Contingency- - 3.38

25% Vehicle Interface - 8,45
Structure )

45.61#

Storage'MOQule-J S 33.78

10% Contingency . - 3.38

15% Vehicle Interface
Structure 5.07

42.23%

-2 -



3.2 Cont'd

3.2,1.4 Food Liner Com.:ept Analysis

PARSY

. e
. . ‘.. Basiec arrangement of

1l layer = 1 day supply

for 6 men per page 12

Package Veight = 7(3.91) + 6 (,0L) = 27.43" ‘
spacing between layers

. Liner Volume —“g'-assume .06.t11'fiberglass @‘ .065-.‘3/1113

VA A A A AR S A A

j - Y

1 vel / |

0 el oy ol O T h

AT e 4 (_/." e L L, S A A

AV A A AL A S AW A 4

% : ¢

1 #

y 4

ot ’ .M

4 b

1 1743

4 o Tl

J .

] | ’

{d. - =t‘l“"@'“"?"’“"f‘"jﬁj;y}z?”mf?’"ﬁ
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3.2,2 One Meal Choice Sinple Drawer System

3.2.2,1 Packaging Plan,

Use Single Drawer for Dinner PMP & SMP & Bev.

Day 7

Day 6

Day‘S

Déy 4.

~Day 3

Day 2

Day 1

A B C D E F
_ Plan View |
R L S Que - 24
H 'A"bll,cl‘ o ! ,:Q.Ft sMmP - n.§§.
, . SN T | ) E _. _%__@gg - }.00
. B O W | Y | ‘_J' e | . ~WW:§"’:’M
o o | {1 osp 1S
D ‘

Lo+ 0L Ay

.55 + .01 7.48  Overwrap each PMP, SHP & Bev.-
-t use D05 poly
0+ 01 : :

CoMo= TLAB R 06 o+ 050 = 7,59

[

Meave 3 Yinele Draver Packasine Scheno



3.2.2.1 Cont

'd

T ; |

l b |

L _____ S {'.15

S '~ — L
=S e W T )

|00 TT XY I E;.oo

Oy ' - '

L

Cabinet Width = 21.2 + 2(1.00+ .063) = 23,326

Figure 9

Cabinet Nepth

Typical

‘Drawer Installation

A

s
. 2.0 [
T~ 0. o
JJL_ . J} LU - ‘ J-“‘
D = 7(3.0) + 6(.020) + 2(.050) = 21,22
End Closure = 0.913

“Cabinet Deptb

F&?GSS% QoA

= 21,22 + 0.813

RO -

22.033 nin.



3.2.2.1 Cont'd

Use Layer approach for fixed part-of meal

—~ 3 o oz
MaK ] qu l
2 2 T O S N SR R P N PR
L .
m?[ T i —J Y
[ . .
B S A 3, : :
i i ﬂg _ Dovs & ":mrc.u./%u._w%f’
_L of 111 - — |Grofp—2.58 g
3-& b o - > %5'1-!9"'5'\
e Gl Lo lpleted
T_?‘g'c'l&_, .

- '”?Mm N 008 OM"P

lNote: il OQerwrap ﬁ (Brealfast) SMP and PMP to form
complete breakfast menu for 6 men for i day
(incl. bev. qu that meal)
2. Snme for L (hunéh).SﬁP and PﬁP‘
.3.; Ovérwfap.l'days supply'for 6 men of béverage

balance (2bev.) -+ snack.



3.2.2.1 Cont'd

Stowane Arrancement - Single Drawer System

LEVWEL | o Lenee 2 . LEGWEL 3

EmPry
S/ 4

X3 Ly

L3

e r(m;w/m)

S { s/.‘lb 2 _, | D ‘+
%\ L2 -
(twefsmp /ey J Sie 3

-<t—— 23, O -——a-l

Aied 4

LEORL ¢ LEJEL S

e | | L7

f Ve dpulitn |
E:? B Mfdybunwmv

fﬂ@ &
b3 Ll

565
L5

S/D -Snack & Deverare Bev - Beverage ' _Days
;ﬁ, B - Breakfast PMP Primary Meal Pack 1, 2, 3
: L = Lunch SMP - Secondary Meal Plan
ORIGINAL PAGE I3
OF POOR QUAIII'W :
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of PodR QU

FICIME 10 - DESTAY DETAIT

STNCLE DRAVER
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3.2.,2.2 DESTCH !JIITAIL SINOLE DRAVER HODULR
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3.2.2,2 Cont'd

Cabinet lleight

Drawer Installation " - 1,813
7.590

813

Support Plate ' ' - -.050
Levei 5 . ‘ : | - 4.020

Levels 4, 3, 2, 1 (4 x 3, 91) - -15,640

Divider Plates (.010 x 5) - .050
Top Clearance & Instl. -~ .813
.250

31.039

Cabinet Volume .

16910.111
i

23.356 x 23.326 x 31.039

9.79 ft

3.2.2.3 Treliminary Weisht Analysis- 1 ileal Choice - 1 Drawer

Eabinetyﬁhects' {t = .04&0)

2 Side Panels (23.356 x 31.034)2 = 14498094
1 Back nanel - {23.326 x 31.039) = 724.016
P . cr L omn neen U
2 Tnd Panals {23,356 x 22.326) = 10589, 604
1 Front panel (23.326 = 20,323 = 535,717
{assunes cutoetr for drawver & access
door £or lalance of faoad) o
37439.233
. (LOLDY 5740 231 {L10) = 14,0978

PRIGINAL PAGE IS
DF POOR QUALITY

- 5y -



$'d

3.2.2.3 Cont'd

Cabinet Drawer

Drawer Base = (21.22 % 21,2 x .050)
2 Sides =2(2;;22 % 7.48 x‘.OSO)
2 Sides | =2(21.1 x 7.48 x .050)

5 Dividers = =5(21.12 x 7.48 x .010)
Remo#able =6(21.05 x 7.48 x .010)

Dividers

B-g cover/restraint=(21.2 x 21.22 x.020)

Drawer Wt. = (80.492)0.10

Fixed Stowage Area

Support Plate  (21.01 x 21.04 x .050)
' Divider Plates  (21.01 x 21.04 x .010)5
Valero Strip Tapés (5 x .5 x 06)
8/layer x 5 layers = 40

We = 40(.150) (.04) = .24f

Section Area = ,209 in2 X 23.3?6 1g.
2(.209)(23.356) = 9.763 in
1 Drawer Center Guide 'LT_J‘ 3/4 x .090
2

09 in”™ x 23.356 lgm.
6

- Section Area .
=4.881 in3

= ,2

1(.209) 23.35

: T8 '

3 Drawer Mounted . Guides :]73 x.090

Section Area = .13 1n? x 23.%56 1z,
3(.13) 23.356 = 9.109 in

_ ‘
4 Corner Closure Angles !I x .050

Section Area = .098 in? x 23317 1p
4(.098) 23.17 = 9.083 in

- 35 -

it

It

[}

L}

]

it

22.4931

15.873

.15.735
7.899

9.447

8.997

80,492

8.05#

22.103

22.103

44,206

CWE = (44.206)(.10) =.4.42f
+ .24
&.66%
. . |
Support Fructure | g |
2. Drawver Guide Chanmels 'l[::._ ~x .090 .



3.2.2.3 Cont'd

4 Corner Closure Angles lrh* x .050

Section Area = ,098 1n?® x 23.14 lg

_ 4(.098) 23.14 = 9.071 4n3,
: -‘lf

6 Intercostal Supports xw[

Section Area = .073 in2 x,23.17 1lg

6( 073) 23.17 = 10.148 in

x .050

6 Intercostal Supports T;F”" x 050

Section Area = .073 % 23.14 1

6(.073) (23.14) = 10.135 in

4 Corner Supports (f x 090"

Section Area = .172 in” x 20.886 lg
4(.172) 20.886 = 14.369 1n

4 Guide Channels i[:: x' 090

Section Area = ,254 in? x 20.886 lg
4(,254) 20.886 = 21.220 in

Negator Springs & Mounts (4 req'd)
Use Total weight = 6#
Support Structure Wt. = (9, 763 + 4 381 + 9.109

- $9. 083 + 9 071+ 10. 148 + 10, 135 + 14, 369

©+21.220) 0.10 + 6 = 15.78#"

- 36.-



3.2.2.3 Cont'd

Total Weight

Storage Module for 1-Meal Choice

Module Outer Shell - . 15.00

Storage Drawer + Shelves - . 12.71
e Support Structure - 15.78
~ Storage Module 43,49
10% Contingency o 4,35
257 Vehiclé Interface - ' 10.87
Structure
53.71#

Food Stowage Structure .

+ 10% Contingency - 47.84
15% Vehiclerlnterfaée :
Structure ' - . 7.18

55.02¢

©3.2.3 One Meal Choice Double Drawer Systen
3.2.3.1 Packaging Plan

Use 2 Drawers for PMP & SMP + Bev. -

- Drawer 1 - PMP ‘only --3.91 in/package
Drawer 2 - SMP + Bev -3.57 in/péckage'
H praver 1 = 3-91 + .06 + .050 = 4.02 in, .

Hprawexr 2 = 357 + .06 + .050 = 3.68 in.



3.2.3.2 Module Dimensions and Volume

Cabinet Width (Ref 3.2.2.1) = 23.326 in.

_ Cabinet Depth (Ref 3.2.2.2) = 23.356 inm. -

Cabinet leizht (inches)

Drawer Installation - - ‘ ‘1.813 l
Hyy | | - 4.020
Drawer Spacing - . - 1.500
Hpy ' - 3.680
‘Clearance to éupﬁqrt ' - -0.813
‘Support Plate = - .- 0.050°
Level 5 ht." | . - - j | 4,020
Levels 4,3,2,1 (4 x 3.91) - . 15.640
Dividér Plates (5 x .010) ~~ 0.050 -
Top clearance &.instaliation- A 0.813.
_0.250
H = 32,649

Cébinét Volune
23.326W x 23.356D x 32.649H = 17787.242 in_

= 10.29 ft3

38 - ,



3.2.3.3 Preliminary Weight Analysis

1 Yeal Choice - 2 Drawers

Cabinet Sheets (t = .040)

2 Side panels  (23.356 x 32.649)2
1 Back panel (23.326 % 32.649)

2 End panels (23.326 x 23.356)2l
1 Front Panel  (23.326 x 20.823)

(assumes cutouts for drawers & access
door for balance of food)

We = 3861.992 (.040) (.10)

]
’_l
Ln
£~

C N
h

Cabinet Drawvers

‘Draver 1 - PMP bﬁ;&
Drawér Basel= (21,22 x 21.2 x .050)
2 Sides =2(21,22 x 3.91 x .050)
2 Sides  =2(21.1 x 3.91 x .050)
'S Dividers =5(21.12 x 3.91 x .010)
_Removable . =6(21.05 x 3;Ql.g .010) .

Div. ,
0 g Cover/ = (21.2 x 21,22 x .020)

Wt = 57.104 (.10) = 5.71#

-39 -

=1525.100
= 761.571
=1089. 604

= 485,717

3861.992

.#22.493

8.297

8.250

|

4.129

4.938

= 8.997

57.104



3.2.3.3 Cont'd

Drawer 2 — SMP 4+ Bev.

22,493

-Drawer Base - (21.22 x 2}.2 x .050) =

2 Sides |, 2(21.22 x 3.57 x:3050) - = 7.576
2 Sides . (3.1 x 3.57 x-.050) = 3.770
5 Dividers - 5(21.12 x 3.57 x .010) = 4.509
0-g Cover/ (21.2'x 21.22 x .020) = 8.997

Restraint 54.878

W = 54.878 (.10) = 5.494

Pixed Stoﬁage Area

(See P, 30) - 4166#-

" . Support Structure

4 Drawer Guide Channels

" Ref. P. 35 2(9.763) = 19.526 inS
2 Drawer Center Guidés-~' i
Ref. ?,'35"2(4;881) =

9,762 in3

6 Drawer Mounted Guides -

Ref P. 35 2(9.109) 18.218 in.3 N

4 Corner Closure'ﬁngles(Ref. P.35)" = 9;083 in?-

4 Cbrner Closure Angles (Ref. P. 35 = 9.07i in.

13,531 103

8 Intercostal Supports (Ref. P.35) %-(10'143)

8 Intercostal Supports. (Ref. P.35.}% £10.135) 13.513-in3
2 Tee Stiffeners ' x .090 ‘

Section Area = ,158 in2 X 23.230 1g
2(.158) (23.230) = 7.341 in

- 40 - .



3.2.3.3 Cont'd
4 Corner Supports (ﬁef. P. 35) A | 14.369 in>
4 Guide Channels (Ref. P. 35) = 21.220 in’
"Negator Springs & Mounts (4 reqd.) .
Use total weight . = 6
Support.Struéture Wt. = (19.526 + 9.762 +718.218 +
9.083 + 9.071 + 13,531 + 13.513 + 7.341 + 14.369 +

21.220).10 + 6 = 19.56#

Toﬁal.weight

'Storage Module for 1-Meal Choice/2 Drawers

Module Outer Shell ) o= “ 15.45

Stofage.DrawerS'& Shelves - : T - 15.86
Support Structure . - Ce 19,56 -
Storage Module ' - . 50.87
10% Contingency - 5,09
257 Vehicle Ihterfacé, - 12,72
Structure . ' . T
' 68.63#
- Food Stowage Structure i o
+ 10% Contingency ‘ i © 55.96
15% Vehicle Interface '
' Structure . N _ 8.39.

64,354

3.274 Two Meal Choice System
No detailed analysis has been done for this system.

See Section 2.2.3

- 41 - .



Three Meal Choice System

3.2.5
3.2.5.1 'Packaging Plan
Ay N
0&"7. 1= 5
Y-S A 1
pA~v M |
0AY 3 -
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{0ay 2 - T
| a&‘zﬁqs
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P Yty
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N '1 I e ]
,_ f | e REwp an [c.wahmé'c%nﬁé'aﬂmmélm'um'm :Lﬂlum
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Tl emel b .
‘ _ 1D|N~gﬂ;| : 1 : _ .
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DRIGIN AL ' PAGH e FIGURE 11 - TUREE MFAL CHOICE SYSTEM
O POOR QUA LY PACKAGTNG PLAN
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3.2.5.2  DESIGN ' DETAIL FULL CHOICE MODULE

|

A haci | | f“‘“(&luqu

]
o : ;: '| |: l : ps P.EQD ot PICG.
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l .
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_ ' D)
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t

ORIGINAL PAGE 15
OF POOR QUALITY,
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3.2.5.2 Cont'd

Bottom Construction

{

A% ¢

¥

"°°i1

T £ ooy

Assume end construction similar to top construétiop.

Cabinet Héight = Sum of Dinner PMP =

Diuner SMP =

Lunch PMP

i}

Lunch.SMP
Breakfast PMP =
Bpeakfasf SMP =
Snack | . #:

- *Beverage =

+ No. of-Spaées‘between drawvers

x cap (7 x1.5") - =
+ Top clearance . =

+ Bottom Clearance =

+ 8 Drawers (.06 f:;05)‘

. % Bev based on 5‘in3/package x 8/Man day = 40 x 42 = 1680 in

3.9
2.55
3.9
2,55
2.6
2.0 - :-__r
1.0

3.8.

- 22.35"

10.5
813
1.813
.88

36.356
3

‘

Using 3 x 3.5 package x 42 packéges {6 x 7)/drawer= 441 in?

* Bev. package ht. = 1680/441 = 3.8"
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3.2.5.3 Module Dimensions and Volume

Cabinet Width  (Ref. 3.2.5.2) .= 23.326

Cabinet Depth

A | S
o

1 I o
d!:“‘\\ﬁ_:ﬁhymnovdxlrtP _()uQuJMLAA: (;C>30 441:)

[»)
r N Y,
D=7 (3.0) + 6 (.020) + 2 (.050) = 21.22
_ Cabinet Depth = Sum of D - - 2122
" 4+ End cl: = __ .813
- 22,033
Cabinet Volume = 23.326 x 22.033 x 36.356
= 18684.87 ind
~ 10.81 ft>
e
- g 1! S—
I s P

ORIGINAL PAGE IS
OF POOR QUALITY]
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3.2.5.4 Preliminary Weight Analysis

Full Choice System

Cabinet Sheets (t - .040)
2 Side Panels  (22.633 x 35.476)2
1 Back Panel 23.126 x 35.476

2 End Panels  '(23.126 x 22.633)2

1 Front Panel — (Neglect due to cutouts)

Wt = .040 (3473.11).10 =

Cabinet Food Storage Drawers

_ 2 Dinmer & Lunch PMP @ 3.9 pkg. ht.-

Draver Base = (21.22 x 21.2 x .050) .

2 sides ,=2(21.22 x 4.01 x..050)

2 Sides =2(21.1 x 4.01 x .050)

5 Dividers =5(21.12 % 3.9 x .010)

- Remov. Dividers 7(21.0 x 3.9 x .010)

.O—g Cover/ - =(21;22‘x 21;2 ﬁ .020)
Restraint
2_Drawer Wt.r= 2(58,311) O.lb
2 Dinner & Lunéh-SﬁPl@ Z;SS'pgg. ht.
, 'DrawerkBase =-<21.éz x 21.2‘x‘050i
2 sides =2(21.22 x 2.66 x .050)
2 sides . . =2(21.1 x 2.66 x .050)

5 Dividers =5(21.12 x 2.55 x .010)

Removable ' =7(21.0'x 2,55 x ,010)
Dividers - :

0~-g Cover/ = (21.22 x 21.2 x .020)
Restraint )

2 Drawer Wt. = 2(49.216) 0.10

1605.86

820.42

. 1046.83

3473.11

13.894#.

22.493

8.509
8.461 °
4.118

5.733

© 8,99

58.311 -

11.664#

22.493
5.645
5.639

2,693

3,749

8.997
49,216

9.84#



3.2.5.4 Cont'd

1 Breakfast PMP @ 2.6 pkg. ht.
Assume same weight as Dinmer & Lunch SMP @
2.55 pkg. ht. = 4,924

1 Beverage @ 3.8 Pkg., ht.
Assume same weight as Dinner & Lunch PMP @
3.9 pkg. ht. .= 5,83%

1 Breakfast SMP @ 2,05 pkg. ht.

Drawer Base = (21.22 x 21.2 x .050) = 22,493
2 Sides. =2(21.22 x 2.16 x .050) = 4.583
2 sides = =2(21.1 x 2.16 x .050) =. 4.558
5. Dividers - =5(21.12 x.2.05 x .O10) - =- 2.165 -—— -
Removable  =7(21.0 x 2.05 x .010) = 3.014 .
Dividers ) K C o o
0-g Cover/ = (21.22 x 21.2 x .020) = 8.997
Restraint : . 45.81
" Drawer Wt. = (45.81) 0.10 = 4.58¢
1 Snack @ 1.0 pkg. ht. |
Drawer Dase = (21.22 x 21.2 x .050) = 22.493
2 sides . =2(21.22 x 1.11 x .050) = 2.355
2 Sides - =2(21.1 x 1.11 x .050) = 2.342:
5 Dividers  =5(21.12 x 1.0 x .010) = 1,056
" Removable =7(21.0 x 1,0 x .010) = .1.470
' ~ Dividers . C S :
0-g Cover/ = (21.22 x 21.2 %.020) = __ 8.997
Restraint
38.713
.T Drawer Wt, = (38.713) 0,10 . = 3,87¢#

Total Drawer We, = 11.66 + 9.84 + 4.92 + 5.83 +

4.58 + 3.87 = 40.7%
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3.2.5.4 Cont'd

Support Structure

. JIE
16 Drawer Guide Channels f[: .090

. 2 .
Section Area = ,209 in =x 21.22 1lg ea
16 (.209) (21.22) ;,70,96;%93¢a__

co i IR L
7 Tee Stiffenets f}- .090-

Section Area = .158 in® x 22,633 15 ea
7(.158) (22.633) = 25.03 in
: . A
14 Intercostal Supports s .050

Section Area = ;073,in2 '
Length = 23.126-(.063)2-(.090)2 = 22,82

16(.073)(22.82) = 23.32 in°>
' |
8 Corner Closure Angles - -.050

Section Area = ,093 ing‘x 22
8 (22.82)(.098) = 17.8% in

382 1g ea

8 Drawer Center Guides Lj;J”f.DQO

Section Area = ,209 inZ x‘2%.22 1g ea’
8(21.22)(.209) = 35,48 in
. oI5
24 Drawer Mounted Guides  _J7%.090
Section Area, = .13 in? x 21.22 1g ea
24 (21.22)(.13) = 66,21

Total Area = 70.96 + 25,03 + 23.32 + 17.89 +

35.48 + 66,21 = 238.89
We = (238.89) 0.10 = 23,894

Total Weight

- Storage Module for Full Choice In-flight Menu

Module Outer Shell -
8 Storage Drawers -
Support Stru;ture ‘ e
Storage Module | -
10% Contingency - -

25% Vehicle Interface
Structure
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13.89

40.7

23.89

78.484#

7.85¢#

19.624
105.95#



3.3 Options for On-board Meal Selection - 4 Men - 7 Days

3.3.1 No Meal Choice System

28 Man-Days (4 Men x 7 Days)

Wt = 5.97 x 4.95 = 29.5¢

-
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T 864 fE3

'Péckagingl \ ' L ’};Jvn
1. 263 4 87 6 7 {
Crevman A , 3.5 Typ 1
B 1 14.0
c C  14.01 Max
’ 1
— 21.0 -
21,040 Max l
. Caﬂinet Vol#me ' _ A
W= 14.01 4 2(.75) + 2(.063) = 15.636
D = 21.040 + 2(.75) + 2(.063) = .22.666 Ref. P. 14
H = Ref. P. 14 | 29.116 |
Volume = 10318.873 in o
. 597 £
* Weigﬁt Approximation .
Use ratio for 42 man days 42;73gt ?’4.95#/ft3



3.3.2 Full Meal Choice System

28 Man-Days’ {4 Men x 7 Days)

*Packaging

: sy DL P
Crewman A .{?B‘ur ¢ 'Q?ﬁf‘
- 7 - o ' |
P
5
& | 21.0 -
‘ 3 '
REE |
.3.0 ijﬂ Day -1 o . { .
T 1 -
e 3.5 o
Typ _ 4
e 14,0 ]

{Ref. 3.2.5.2 Cabinet Width) = ﬂ(3;55 +5(.020) + 2(.050) +

_2(1.00 +.063) = 16.326 ,
(Ref. 3.2.5.2 Cabinet Height) = 36.356
_ (Ref. 3.2.5.2 Cabinet Depth) = 22.033

* Cabinet Volume = 16.326 x 36.356 x 22.033

= 13077.644
= 7.57-ft3
* Wt = Using 42 man day ratio %%f%%— = 9.2f/ft3

Wt = 7.57 x 9.2 = 69.6#

- 50 -



3.4 Stowed Weight of Food 6-:Men - 7 Days

Wet Weight

Ehtree 6 oz. x
side Dishes 15 o=z. x
Beverages 8 oz, X
De;éerts A 3 o=z. x
- Soup 4 oz, "X
% Assuhed Values
Per Man Day - Dinner
.Lun;h
_Bréakfast
Sﬁack

Solids

- 25%
20%
10%

%20%

*10%

6.3
6.3
5 l-1

3.6,

Dry Wt.

= 1.5

= 3.0

= 0.8

= 0.6

= 0.4
6.3 oz.

‘(agsume’ 80% of_main_ﬁéalgjﬂ

(assume 16 oz,‘bev.l= 1.6
& 2 oz. snack) -

21.4 oz./man day

'21.4 x 42 man days = 898.8 oz, = 56.18# Food

3.5 Package Weighf'

1

Diﬁner

Lunch -

1

Breakfast“

Snack -

8 packages

8 packages

6 backages

3 packagés

Ref. Fig. 6

'25.packageé/man day

25 x 42 man days = 1050 pkgs.lx*ls'grams = 34.69# pke.
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pkg
90.87 Total



