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1.0 INTRODUCTION
The baseline Spll(;C shuttle galley is defined by Fairchild Republic Company report
number MS$148N0008 entitled "End Item Specifica'tion, Pax't 1, Performance Re-
quirements for the Space Shuttle Galley' dated 13 September 1974. This report
was prepared under subcontract to The Pillsbury Cdmpany (TPC Contract P033349)
as a part of NASA Prime Contract NAS9-13138. The report consists of two
; volg‘mes as follows: Volume I Technical Volume, Volume II Supporting Appendices,
This baseline system was designed to utilize Iightweight rehydratable foods, to be
prepared for consumption by rehydration with chilled or hot water. At a tempera-
ture of 160°F, the hot water produces a rehydrated food at a temperature of approxi-
mately 150 °F. To maintain this temperature during the 15 =20 minutes required
for 'complcte rehydration, the food is placed in a holding oven é’:e:si;gn_ed to simply
halance the heat loss. "
This study is an add-on to the above ;1oted NASA prime contract ahd TPC subcon-
tract and has been prepared in order to consider the impdct of an extension of food
types to include thermostabilized food at ambient temperature, and froze’n foods
at 0°F,
2.0 STATEMENT OF WORK
2.1 General
The baseline galley system was desxgned to hzmdlé a maximum of 42 man- day capa-.
bility plus contingencies. T‘or a six day mission lhxs translates mto three seven |
man meais per day foi‘ six days. Since the system is mtended to handle rehydratuble
: inéals only, the oven was sized to accep't seven meals at a f;lme, each meal consxst-'
. ing of three rehydmtables for‘a total of tsveﬁty-éne food packageé. Prior to iri'sértion 8
‘in‘the wafming oven, gaéh food package’ ‘has héd hot wa‘trer‘ ,added at 160°F and the -
- oven is’thé;x required t‘c’) hold 't_hri,s food at 150°F for 15-20 mihu@g's in order v1t6 inéure

complete re‘hydration' and a serving tempexj:iture of 1‘35—,145"‘1?'. :



The introduction of frozen foods at 0°F and thermostabilized foods at ambient
temperatures (70°F) will obviously have an impact on the oven, the gaueyrdesign,
the weight, volume, and power re‘quir’ements, the water volume and temperature
requirements, crew time_-lines,' and meal p_r’ep.aration times. Some of these im-~
pacts will be }in a favorable direction, (e.g., hot water requirements will be
decreased) and some may result in penalties (e, 2., weight, volume, power).
Some advantages are notf readily measurable, such as a more satisfying menu in
terms of variety and taste (i.e., hedonics), |

This study is intended to review the effect of various combinations of foods on‘the
galley baseline. It also considers one additional baseline change in that fobd serv-
ing temperatures will be acceptable up to a maximum of 180°F instead of the

original baseline requirement of 135°F-145°F,

2.2 Prior State of the Art

"The only previoﬁs hot féod preparation in space, other than ‘hot water rehydration,
utilized conduction heating., Crew sized compared to Shuttle was small and weight
was not as critical a factor. In addition, each crewman prepared his own meal as
opposed to the Shuttle conception of a single crewman preparing as many as seven
meals, Further, the cabin environment was not eartvhl'»tkel in regard to composi~-
Lioh or p'fessure soa relativelyl‘low temperature limit was imposed on mois't food.

. _(j"qnductionbheating analyses were made by ‘Several groups (1, 2, 3) but were not
cbmprehensivem that if frozen foods were consideredv, the change of state wé.s,“ne‘-r 1
glected or limits ,’on, power input were not imposed. | |

A portidn kof a Shylab heatihg tray was obtained fro,fn NASA’-JSC'and ven‘dor‘s of oven

,compbonyents have beén contacted to establish the industry. current state of the art,

1. AMRL-TDR-63-135 "Method of- Heatmg Foods Du"mg Aerospace I:"hght" MRD

- Div, General American Transportation Corporation, 1963
2, _NASA CR-134040 "Heating of Food in Modified Atmospheres” Purdue Unlveraity,1973
3. NASA-CR-134380 "Characterization of Heat Transfer in Nutment Materlals“,

: Umvc.rsuy of Ilouston 1973 : ‘



2.3 Objectives |
The specific objectives of this study, as outlined in the Statement of.Workr are:,
1. Assess w’eight, volume, and power penalties associated with heating
thermostabilized and frozen foods by means of:
a. Hét air convectién heating system

b, Conduction heating system

o

Assess the impact on crew/galley interface and meal preparation time-
lines of the above déscribed systems.

In order to accomplish this basic objective designs of the most efficient means of ac-
complishing the beating requirement within the guidelines herein presented, were pur-
sued and developed sufficiently to determine the associated impact;w"ith a high degree
of counfidence. - .

2.4 Design Guidelines

The following guidelines and assumptions were used in performing,the study:
1. All thermostabilized food will he in-size 401 x 105 aluminum cans and

stored at cabin ambient (assumed at 70°F)

b

All frozen food will be in size 401 x 105 aluminum vcans and stored at 0°F,
3. All rehydratable food will be in 4 x 4 x 1. 03 plastic packages and stored at
o gztbin"ambiént. -Té‘mperat’u_r.o; after hot water rehydration will be 150°F,

4, "’.I‘h'er mix of fdod items. fo.r.. oven analysis purposes was assumed as follows: -

‘ a) | ‘T‘w'o the’irn.xostabilijzed plus one fiozen item/man-meal for tv-»%o dining
pér‘iods/day,rblus | PR e ‘ |

b Any combination of thermostabilized and rehydratable items totaling
thréc‘, for oné dining peri’od/’day.: » | )
It was ‘uésl’iytined thaf all séveﬁ ctewmen'have‘. tﬁe same mix of jfoc_s,dtypes-"

at a given meal,



[#1]

- The rﬁaximum heating éime in the range 70-140°F will be 30 minutes so
that bacté‘rial growth will be limited to safe levels,
6. Assumptions for thermal analysis
a) Heating times wﬂl be the same for both frozen and thermostabilized
food, that is the foading time will not be staggered
b)  Thcé maximum allowable food temperature at any point will be 180°F
¢)  The maximum rangek of average temperatures for all food packageé
for t1e meal will be 145°F to 180°F, The following range of thermo-
physical properties was assumed: |
1) ‘thermal diffusivity (thawed) 0. 0054 to 0 0063 ftz hr
ii)  thermal diffusivity (frozen) 0.044 to 0, 042 ft2 hr
iii)  latent heat of fusion 129 to 90 BTU/1b
7, Crew may remove meals from the oven at varying times aftcr the food has
reached serving temperature. Max time will not exceed two hours at finél
temperature,
2.4.1 Convectioq Oven Guidelines
This study considered as a baSelihe for the convection oven a symmetrical oven as shown
in Figure 2-1, in which the food packages are exposed to air at 180°F and at the same
velocity. The food packages are held in a tray insert adap'mble to cither round cans or
square packages, Figure 2-2, The ov_én control consists of an ON-OFF switqh and timei.
In addition to the baseline design the study was also to includé the following:
1) Heating design to accommodate two thermostabilized items at 70°F each
plus one frozen item at 0°F for one design cond'iytio’nv;' and ’ayny combihation Qf
rehydratables and/or fhermostalwilized items as an additional design condition.
2) Rohych atables may be inser ted in the oven at 150° F, -
3) Power weight, and volumc penaltleq to elevate temperatures of all 1tems to
; 15,O5F -180°F.
4)' B A‘vngﬂ»f;%ié of time —hnefm m eal pieparation

4
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2 ‘. 4.2 Conduction Oven Guidelines

i“ThlS study consxdeled as a baseline a w1red tray-insert concept as shown in Figure 2-3.
The insert can accommodate three food packages and is convertible to any mix of round
401 x 105 cans or square 4" x4'" x 1,03" plastic package by means of a removable heater
sleeve. The round heater sleeve maintains the can surface at 180°F; the square sleeve
wall will be maintained at 150°F, The trays are inserted into an insulated cavity in the
galley (theA oven) where it receives power. Becaﬁse of the range of food mixes given in
the Design Guidelines 2.4, an inventory of 21-round and 21-square heater sleeves must
be provided. The ofren control consists of an ON-OFF switch and tim’er.

In addition to the baseline design the study was also to include: |

- Heatiﬁg design to accommodate two thermostabilized items at 70°F each
plus one frozen item at 0°F, |

2) Power, weight and volume penalties to elevate temperature to 150°F -
180°F fo‘r‘ above.

3) Power penalty to heat either 1, 2, or 3 thermostabilized food items and
maintain temperature for balance of the rehydratables for the one dining périod/
day. |

4), - Food preparation and hcatmg times requlrements

3.0 TECHNICAL APPROACH |

Sinée the Space Shuttle baseline does hot inci'ude a dining station or area set a.side for
dining as in Skylab, where electrical power :Sr water is availé.b‘le, it ne¢ei$sarily ’follows"
thaf the galley must beiéelf?sufficieht aﬁd that all food must be in ready—fbfeat,COnditibn
~ when it leaves the galley area. It is therefore neces’sary‘thrat the ‘heat’in‘g System' must

‘ be 5elf~c§ntained and that a‘nyr power required for food or wéte'r heating 'rr-lust be provided

‘\;'ithih the gdlley..
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3.1 Convection Oven
The preliminary concepts were influenced to a great extent by an initial assumption .
that food serving temperafures should bie uniform fof all food types. Since frozen
food requires almost threeitimes the heat input as thermostabilized food to reach the
same serving temperature, various alternatives for balancing heat input were considered:
a) Air temperature and—surfaee heat transfer coefficient, Placing the thei'mp- »
stabilized can ddwnstream of frozen cans will expose the thermostabilized
can to lower air temperature, In addition, since there are twice as many
thermostabilized as frozen food cans, the air velocity and therefore tf\e
heat transfer coefficient can conveniently be reduced for the thermostabilized
cans. Figure 3-1, and 3-2 illustrate this approach.
b) Restriet’ing exposed can surface area. Again 2:1 thermostabilized to frozen
food can ratio can be utilized to limit heat input to the thermostabilized food
by restricting the surface area exposed to the oven area. Figulje 3-3 illus-
trates the approach.
c) Insuiating thermostabilized cens. Heat input to the thermostabilized food
cans can be i'es'trictedv by pi’acing an insulating sleeve around the can, Figure
3-4.
These strategies for bdl'mc.e are operationally undesirable in that they depend on a specmc
food type :nix or spe(uﬁc placement in the oven. A symmetrical oven as shown in Flg'ure 2 1
or 3-5 seemed most‘satisfeutory and heat balance would be achieved by the use of insulating
sleeves, |
3.1, 1 Convection Oven Sfug’ly Selection
‘A SLgnu'mnt design guxdelme which influenced the final selection was the relatwely
large 1atwude for the range of allowable food temperatures thch was estabhshed
as 1-}5 180 F. ‘This renders unnecessary some of the techniques for balancmg
heat inputs in the convection oven and’m_akes for a simpler ,deslgn., Since the maxi=

mum fob‘d tempérdture allowéble is 1:80"', and since the food at the surface of the

-9-
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Figure 3-2. High Velocity Flow Over Frozen Food Cans, Thermostabilized
Food Cans Not In-Line,
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Figure 3-3. Surface Area Control of Heat Input. No Air Gap at Top, Bottom
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can will soon approach the air temperature, the air temperature is limited
to 180°F, The symmetrical oven shown in Fi@re 2-1 was chosen for detail study. To
accommodate either round or square food packaées a food tray insert shown in Figure 2-2
would be used, This supports three packages in the oven and attaches to the food tray
for dini_n_g. |
3.1.2 Ihiﬁﬁl Design Evalu:‘at‘ion
The rationale for theit’:o'nvectioh oven selection was given in Section 3,1.1, A
detailed fluid dynamic analysis was performed to minimize blower size and limit:
the major air pressure drop to the foocl’ tray insert region. The plenum difnenSional
rcquiremenfs were then determined resulting in the oven outline shown in Figure 3-6.
There ar(:a two parallél air loops with air passing over d“‘s;ingle Qmjvbwefore fecycljing‘. Be-
cause of the bilateral symmetry eight tray inserts aré acéoinmbdated rather than the re~
quired seven, A separator is placed between the tray inserts to maintain sepé.réte flow :
paths'_‘_ If all tray inserts Wei‘e in place the insert itself performs this function. To mé.-in-
tain flow balance through each tray insert slot, regardless of the oven loading a vau;ia.ly)le;j
resistance is placed at the inlet of the slot. This consists of two perforated plates - one
fixed, the other movable and spring loaded. The reiative position of the plates determine
its unobstructed area fraction and flow resistance. When a tray inseft is in place,"thé"
movable plate is positic'medu so that 'its bpenings afé’ coincident with those of the fixed plate
’neldmg the minimu m rlow rcswtance Wxthout a tray insert, the relaxed posxtxon
: _of the movqble plate creates a flow resistance equwalent to that of the food can -

~ open plate combination,
’>I‘he’ spacing between the can dnd s‘épar‘ator is 1/8" and the flow thr‘ou’gh ‘ea‘clzh tré.y insert
slot is 50 CiEM This 1eads to a caulcuhted heat transfer coefficient of 4, 3 BTU/

2]
hr-ft™ - °F. The total air flow is 400 CFMata pressure drop of n. 92 in, H O

_14_'
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The useful volume fraction of the oven, i,e., the food tray insert volum‘e compared to
the total oven, is only 0.34, This seems un‘acceptzibly low and also would re_sult in’
high oven weight. Consequently, a more efficient design was sought.

.

3.1.3 In-Line Convection Oven

- A major J’mpro;'ement in volume utilization can bé: achieved by an in-line can arrange-
ment, In this scheme the airstream flows past nao.re than onev can before recycling.

The effeet is to reduce the plenum volume sig‘nﬂ'icantly and results in a more efficient
de,s’ign.'/. The original motivation for a single-can pass was to present each can with a
uniform air temperature and flow condition so as to maintain good control of food tem;—
peraturc. The wide. latitude of acceptable food temperafure relieves this requirement,
A typical design evolved is shown in Figure 3-7 . In this series arrangement-a plenum
s required only at the narrow end of the oven. The air flows ovér’thrr‘eev cans and turns-:
) and the pressure is stepped up before passing through the symmetrical other half, A
somewhat more condensed version is shown in Figure 3-8. A further volume reduction
is achieved by 1ocatning both fans in series at one end as shown in Figure 3-9. In all three
designs the volume flow, since'it is nota parallel arrangement ié reduced to 75 CFM |
and the pressure drop is 8.5 in, H O. As in the original des1gn ﬂow balance thr ough
the insert is mamtamed by pcrforatcd plates this time at the narrow. end of the slot

Symmetry again lea.ds toa capamty of eight mberts

3.1.4 Final Convectlon _Oven De&gn

~An additional refinement of the in-line can design led to the final design to be'anaiyzed
for the purpose qf comparison with the nondu'ction oven and the baseline holding oven.
In this design exactly seven tray inserts are accommbdated and the plenum volume bisl
» ,somewhat rc,duced by mtroducmg the air at the side of the first can in hne and having

.,]the air- makt, two: turns through the msert regxon See Flgure 3= 10
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Three parallel blowers are utilized with a combilned flow of 125 CFM and pressure

drop of 1,45 in, H O The use of multiple blowers to supply the requlred air flow

allows the selection of smaller blowers and provides a better flow dlstrlbutlon. A

further advantage of multlple blowers is the pOSSlblllty of oven usefulness if one

blower should fail, - "I‘wo fan operation would lead to a calculated drop in h of only

16%, resulting in minor perform ance degradation. The useful volume fraction of
“the final design is 0, 67 which is an irnp‘.rov;emgentv of 97% over the starting point. If

" the seven meal requirement alone is considered, the initial oven useful volume
’ fraction can be redel‘ined as 0,30, and the final design will then represent an im~
provement of 133%, |

3.1, 4.1 l310wer Design : g N

To achwve a heat transfer coefficient in the range of 4-5 BTU/hr-Ft | -°F, an air
flow i in the range of: 90-125 CFM at a pressure drop of 0,75 ~ 1 45 in, H D is

required. This load is dwlded‘ by three parallel blowers each delivering one

third the flow at the given pres;sure"head. _In the final design a vaneaxial fan

.similar to the Rotron' Ax1max2 fulfills the_requirenxent delivering aoombined |

flow of 125 CFM at 1.;15 in HéO for a calculated value ofh =5, The blower is

small, lightweight and has been used successfully in missile app‘licatl‘ofns,

The blower dimensions are 2" diameter x 1, 5" length, It ‘weighs 4.5 oz. and

operates at 115/200V, 400 Hz, 3 phase, with a power input of about 35 watts.

DC motors are ruled out because of their larger size and welght.‘ figure 3-11

gives the sea level performance curve for these fans and its physwal dimensions,

" The heater and blowers are mounted as a shop replaceable assembl y which can be remo"ed
3 and replaced by actuatmg a quick-disconnect and several fasteners.

',3.1.4.'2‘ Heater Design

3.1.4.2 ’1 1 Blower As a Heat Source ;
In all of the des1gns presented, the blower motor is inside the oven and consequently the
blower power can be considered as a palt of the heat supply. The blower can operate up to
~leme tcmpemtm es of 2.37 F so that the 180°F oven air is sufflcient deratmg “There will

be some lag in the d.VIlllelhty of all of tlus power untﬂ the blower warms up; however, its”

-_“5-
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small mass will heat quickly,. Toward the end of the food heatipg cycle the blower N

K,pcwer would be sufficient for all the heat needs., After the food has reached teinpejr- ‘

'att;rc, the holding f{mction can be achieved by either one or ‘twib fans to make.up; oven

heat iossés. If the oven power is taken as 500 watts, (see Section 3.1.4.4.2) then

the combined blower power of 105 watts requires that the main heater supply the

l.)zii:lxlﬁ'e of approximately 400 watts,

3.1,4.2,2 Main Heater Element

It has been assumed that the general Shuttle specification which requires that equri’p-

ment -méet an explosive ahnosphere test in accordance with MIL—STD-SIO, Method - -

511, _ppoc;dure I, usmg butane as fuel, is applicable. Thé;auto-ignition ten}pera_-

ture of butane mixtures is 806°F (4) and a margin of safefy would require bunsealed‘

surfaces not t§ exceed perhaps 600°F, This requirement eliminates the use of

small areé - high ‘temperature he;aters such as filanieﬁts. The use of a finnéd |

heat ‘exchanger is possible, but th’é power requirements can'be ‘met in a simpler way

without an additional penalty in air pr‘essure drop.

Thin f011-1 emsﬁmce—heqters can be placed on the plenum walls downstream of the.

hlower, These heate s are mfxde w1th a snhcone support and lnsulatlon havmg operat-
N) "mg tmnperatures up to 600 °F. AC power is used to minimize wire and connector .

sizes. 'If-the temperature is limited to 400 °F to pzowde a margm of safety, then

temperature difference of 220°F is _160 square mches. The maximum w_all temper- B

ature of 400°F~-.w6u'1‘d be obtained for a short time after the start of ﬁeating,since the

power requuements for heating decrease with time (Sectlon 3. 1 4 4,2). Onthe £

average the, wall texmlpcxiatuxe is nevh, 350°F,

‘H.wmg the outmde heater wall at a tempclature greater than 180°F would reqmre

~more mbulamon that the other walls, but thls is no problem and is easﬂv met by

o thc msulatlon thlcl\nws provxdecl

(4) S'lx, N.IL., ”D.mgelous PlO]JBlthS of Industrial Mate1 ials', Remhold Pubhshmg Corp. ,
1957 .

=25~
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3.1.4.3 Controls

Oven controls are mounfed m a‘rcpla,ceable module at the top ‘Ofv fthe‘:foven.: The input
power line enters through a_quick=disconnect at the back. Controls consist of a tem-
perature control unit, an interval timer and status indicators including air temperature,
8.1.4.3.1 Temperature Control Unit (T.C. U.) |

The T C. U is an her metlcfllly sealed s1hcone controlled rectifier (SCR) type with
ON-OFF action rather than proportlonmg to prevent EMI problc ms. The AC

powered controller is much lighter than a comparable DC unit, The temperature

sensor is a resistance temperature detector (RTD) strung near the inlet to the blower

~where it is unaffected by the wall heater and does not interfere with installation and

maintenance. The non-adjustable temperature set point is 180°F, and is held within

3-4 degrees The wall heaterarea has been sized so that its temperature with blowers 7

_ op(,ratmo w111 not excced 400°F and in general will operate at an average of about 300°F,.'

However to prevent acmdental overheating resultmg from blower fallure, a thermo-

static swrtch,sensmg wall temperature will cut power on temperature rise above about

425°F. This switch would have a 200°F di ferential and so would not cause rapid cyeling on

"~ temperature drop.

3.1.4.3.2 Timer

The interval tlmer controls the active heating period. A set point range of 90 mmutes

is adequate for the longest heating times considered., The set point is contmuously ad-

‘ justable within t;—his‘ range to allow for future variations but would be marked for three

conditions as folloWS- | |
- a) Mlxed frozen and thermostabxhzed meal Regardless of loading, this point
Twould be marked at th(, longest heatmg time requirement, namely 80 min,
The small savings ‘m time for smaller food loads is probably not worth the

eom}oiexity of variable settings based on food mix and number,

- -26-



b) No frozen food, but some thermostabilized food. This marking would be

based on the longest heating time for a full load of thermostabilized food,

namely 40 minutes.

) Rehydratablc "fkoo'd only. This setting would be about 3-5 minutes and serves -
to warm fhose masses in contact with the food package.
 Following the heatmg tlmes outlmed the heater would be shut down and two fans only
would ccatmue operation. The operating fan power would approx1mately balance the
heat leakage; ac'd the ’O‘vﬁen ;now_sﬂerves a holding function. The timer will then cut power
to the fans aftez; a twc hour interval, unless the operator ‘ihtervenes.
3.1.4.3.3 Status Indlcators
a) Power. A hghted sw1tch mdlcatcs power on,
"~ b) Timer‘ Dlal, The d1al serves to set heatmg time and indicates time remain-
| ing to hent, and holding time.
c) Food ready. Whanff;:he oven power is cut by the timer, a Food Ready indica-
tor’ is “illumina‘écdi. | | '
d) An overtcfxlperature,; or malfunction warning light will ind‘icat»:e electrical
~ power pr‘oblems.r

e) Oven air temperature is indicated on a gauge with normal temperature range marked.

3. 1. 4‘ 4 Pervformancc
3. 1 4,4.1 Hcatmg Time
a) ‘The basehne performance is calculated by assummg a conservatwe heat
| transfer coefﬁcxcnt h, of 4 B'l‘U/hr I‘t ‘T Analys1s shows that tlns lower
limit can be assigned with a hlgh degree of confidence. Values of 5 or per-
haps 6 are possible With refinement of desigamand bIchr (§ce Append?c _,A’
Volumc I, for detalled calculatxons) | . | | |
Thc hcatmg calculatlon is based on fmite dxfference techniques, the details

: of wl;nch,are given in Appendxx; B. The calculatxon accounts fqr pha‘sekchkange"‘ S



for frozen food, Heat enters the food package on all sides in propbrtjon

to the difference between the:loc’al fodd temperature and the oven air Set
point temperature. However, at the start of heating if this calculated heat

input exceeds the available heater power, then the air temperature is re-

duced so that the heat input does not éxc‘eed the maxim‘um availabie heat,
Heating culculﬁtions were ima.de ,foi' tﬁe high and -gthelow values of thermall
diffusivities (&) of frozen and thermostabilized food. MeéSufed values for
Skylab foods were used (5). TFor thérmostibilized food, the 'e4xtremes were:
chili, o = ., 00606 ftz'/hr, an-d stewed fomatd'e’s, o = ,00540. For frozen food
the,éxtremes were filet mignon, « = 0418 frozen, . 00631 thawed, and lobf
ster newbhurg o = .Q430 frozen, .00583 thawed. |

The time to heat the frozen food coggrolé the overall heating time.for the 2

meals per day when both frozen and thermostabilized foods are pr.epére.d.

Figure 3-12 shows heating curves for an oven’ loaded with 7 frozen foods and

v14 thermostabilized foods for tﬁe exti‘eme values of thermal diffusivities. |

The maxfmumov,en poWer‘ in this case is 500 watts. Ba"séd on the slowést

heating féod, the time to reach an average terhperature of 150‘5F is approxim;
‘ | ately 73 minutes, At this“time the thermostabilized food temperature may

be 18°F higher. The faster heating frozen food reaches 150‘;1’ almost 10

minutes sooner than the slower.

(5) R.B. Bannerot', J.E,, Cox, C.K, Chen and N.D. He'idelbaugh, ".Th’erinal Prepara-
tion of Foods in Space Vehicle Environments', Aerospace Medicine, p. 263, March 1974
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Because heat is applied 1o all surfaces, the variation between the coldestr
point and the mass average is comparatively small. This is ilhistr.ate_d

in Figurc» 3-13. At the time the frozen food mass averagé 'te‘imperature is
150°F, thé doldest part is 133°F. If the food were taken from th':e oven at

this point, the cold spot temperature would continue to ‘increase tov)ard the
average temperature., The heating calculations, the computer pxiﬁtouts of
which are shown in Appendix B, were carried out up to a mass ave'ragé' tem- .
'pe'rdmre of 155°F, At this point heating ceased and an adiabatic boundary

was assumed. The food average temperature remains the same but heat

is redistributed. In the exumple‘just discussed when the average tempera-
tui‘e reached 155°T, the cold spot temperature is 140°F After five minutes

it is at 145°F, and after 15 minutes it reaches 150°,

The time interval for the frozen fo‘od temperature to travérse the range 70°F -
140°F is 0, 51 hours. The design guidelines had set a target 0,5 hours and has
esseﬁtia]ly been achieved.

b) Sigﬁificant improvement can be made at higher values of heat transfer coef-
ficients. A value for h of 5 or 6 is consideredbdésible_for the design. Figure
3-14 gi\?es heating cubrves for the slo\yer heating foods fbr valueé of h equal to

' 4, 5 and 6. Ata final temperature of 150° F, the time éavings over the base- -

line oven of h = 4, is 10 minutes for h = 5, and 17*.m,inutes, for h= 6. Note

|

that the thermostabilized foods follow rather closely. This results _frbm the

‘ faét that the oven i»sy{jconsidere‘d to have both frozen and t’hermostabilized;_f‘opd.u

 With highér h the initial air terxfpergmres are {I;Qy.beriso that the correspénding
decrease iﬁ AT df:fseét,s fl)e'highe‘r h. If only tﬁertnois,tabiltiz’e“‘jd>,'foodi were in the

~oven,  then the higherg h would give a clear time advantage for heating thermo-
staﬁilized food. Atan h of 4 thefe i'sknot a great distinction betweenb ;':m oven

- loading of all thermostabilized food or mixed frozen and"thermostabilize’d, .

V’ as illustrated in Fig’uré':}-lﬁ_. ;T,he‘ heafing time fc;r an all theimosfabiliZéd meai
not ex;:e‘ed 40 minutes, | - k ' e
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3.1.4,4.2 Powef

This section establishes the justification for the use of 500 Watts as the maximum
l'uea.ting‘ power, The analysis is based on an oven loading of 7 frozen and 14 thermosta-
bilized food cans.

In the éon;‘été‘tion oven, the power input to an individual can, when the oven power is .lim-
ited, depends on the number and surface temperature of other cans present. This power

is

ol
]

h x Area x AT
can

07191 h AT Watts = ChAT

il

where AT is the difference between the average surface temperature and air temperature.

The total oven power is thercfore:

oven — 7Ch (Tg - TH) + 14 Ch (Tg-Tt)

where Tg is air temperature -
Tf is average frozen can surface temperature

t
At the start of heating the air temperature is less than the 180°F set point because of the

T, is average thermostabilized surface temperature

“limit on oven power.

s

At time = 0 the power per frozen can is: .

(P yen * 980 Ch)

H oven
Pcan o 21

The thermostabilized can power is

(P +980 Ch)
P = oven
can (t) 21 ¢

- 70 Ch

- Thus for a 500 Watt oven and h = 4, the power per frozen can is 37.23 Watts and‘ffor "
“thermostabilized "(:an, 17.1 Watts. By’c‘ontrast in a 500 Watt conduction oven the power

" to any can is 23.8 Watts at time = 0. As time goes on,the maximum power input to a can

: :_.3.4_ R



in a convection oven depends on the current surface temperature of the other cans with
which it shares the available heat. Conscquently, the time-temperature history is a-
function of the total oven loading,

If we take an oven composition of the slower heating foods and compute the heating curves
for a range of power, we can assess the cffectiveness of increasing power on shortening, -
of heating time. TFigure 3-16 plots the heating curves for frozen foods in an ovén with
maximum powers of 300, 500, and 700 Watts. It is apparent that increasing power at the
upper range is less effective than the lower range in shortening heziting time., This effect
is shown clearly in Figure 3-17, where the time to heat the frozen food from 0 to 155°F

is shown as a function of oven power.

If can input pc;wer is plotted as a function of time, Figure 3-18, maximum power is seen
to bc used at the start as the oven air warms to the set point, At this pomt the heaters
begin to cyéle and the time average power decreases continually and would approach the
oven leakage rate. At low oven power levels, the time at peak power usage is long and
inercasing the power ‘lovel results in marked decrease in heating time. This gives the
steep portion of the slope in Figure 3-17 (Ref, ). At high oven power levels, the time at
maximum can input power level decreases as shown in Figure 3,19 and further increases
“in oven power are not very effective in reducing heating time since the heater is soon
‘éycling. This corresponds to the flat portion of the curve {n Figure 3-17 (Re,f. ). The
choice of maximum os}en power would be the point where the heating time requirement

to ti'averse the temperature range 70-140"1*‘ is met, and where add.itional power does

» notb j‘ustify the additional reduction in total heqtina ’ti me. For an h of 4, the break in the
';vcurve at about 000 watts, as shown in Fxgure 3—17 (Ref ), where the s]ope begins to de~
crease rapidly seems a reasonable choice.
3.1, 4.4 3 Energy

The energy 'requ‘irgd to heat an oven load of 7 frozen and 14 thermostabilized foods of o

the slower heating type to the point where the frozen food average temperature is 155°F

o -85-
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is 356 watt=hr. During the 1,29 hours required for heating, heat is also lost through
- the oven.walls, 1 the calculated steady state heat leakage of almost 60 watts is

pessimistically assumed to apply dt time = 0, then the heat loss is 77 watt~hr,

After the food is heated the oven cycles into a holding mode by simply operating two
fans al a power of 70 watts, which is a little more than the leakage loss, The energy

consumption at various times is:

- At Completion After 1 Hr, 5 After 2 Hrs.
) of Heating Holding Holding
Energy Consumption 19 ‘ . :
& - hr,) ; 133 . 503 | 573

If the meal consists of 21 thermostabilized foods, then the energy requiremen't including

losses-is:

At Completion of After 1 Hr., . After 2 Hrs.

: ; Heating to 150°F - __Holding . Holding -
Energy Consumption i ) . ok
&~ hr.) 242 o312 | . 382

3. 1 4.5 Weight

The weight of the convection oven and its components is estimated in Table 33-’-1’. For

the purposes 61' later comparison with other oven concepts, the weight of the tray insert .
as well as an item called "delta tray' are included. This létter bi»t‘em attempfé to ‘account
for the differences in the tray Configllrafion result'ing‘ from the tray insert design. In :
,the casc of the bascline oven and the conduction oven, the insert is essentially a complete;
xubsvbtnm in itself and need only he ﬁttached to the serving trav In fhe comfection oven,
the insert is designed to mmumze obstructxon of the hot air current and 51mply supports
the f‘ood p'acka(re as shown in Flo'ure 3-10 (Ref. ). The servmo tmv would therefore

' have to. supply aclchtxoml mountmg structure to accept thls msert and food package ThlS

delta tray mass was qpprowmated by subtractmg the trdy mscrt mass from the mass

of the basceline oven,
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TABLE 3-1. CONVECTION OVEN WEIGHT

Outer Structural Shell ' - 11.17 pounds

Inner Shell : G . 2,68
Insulation - 1.14
Heater . 0.46
Controls o 4,03
Hardware 0.26
fBlowers {3) 1.09
B ' 20.83
Inserts (7), . | .91
Delta Tray (7) | 4.28
: 5.19

Tqml Weight : ' . 26.02 pourids

3.1.4.6 Volume 3
The volume of the convection oven is 1735 cubic inches.:
Perhaps a more meaningful statistic is the front face area, since the depth beyond any

component is of limited use due to the galley configuration, The convection oven front

face is 8.12 inches wide and 15,5 inches high for an area of 126 squarc inches,

- : ',-‘-41'—‘
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3.2 Condqgf‘.'\én Oven

The conduction oven is essentially based on the individual food can -vith its own heater
and temperature control. The unit conduction heater is similar to that employed in
Sylab. The options involvé the methods of grouping the individual heaters to form

a heating tray dedicated to one crewman, or a fixed oven in the galley.

a) vFixed chn; This concept has clusters of heaters arraye‘d “a;t a fixed
| part of the galley. Cans are inserted for heating and tr:msfe‘rred: to the
dining tray after heating. TFigures 3-20, 3-21, and 3-22 are examples
of this approach.

b) Heating Trays. An insert, detachable from the dmmg tray and containing
three heaters and controls, can be loaded with food pﬁckages and placedin
an insulated cha’mbér in fhe galley which provides a power outlet and stor-
age place for the tray. To accommodakte’:any mix of square or round 'food:
packages, individual heater elc;.mg;nts, either round or square, are connecte&
to the food tray insert she11 to make up the complete ,inSert'. This approach,
illustrated in Figure 2-3 (Ref ), avbids the necessity ‘o‘f‘:handlingk individual hot cans,
but does requife. 42_ho\1déjrs :to handle the range ‘of food mixes and irivolves
frequent making vof ele‘ctrical 'cbnne,ctidns for conversion,

3.2.1 Conduction Oven Study Selection

‘The wired tray insert concept shown in Figure 2-3 (Ref .)Was ¢hoseéii, Individual heater sleeves

‘compleie with temperaturc confrol would be connected to the ir)sert and the insert plaf.ced

in an oven for power, The wall temperature for round cans yVou-ld be inai’ntaihéd at 180°F,
and for square packages 150°F, An inventory of 21 of each sleeve type is réquired:

3.2.2 Initial Design Evaluation |

The conduction oﬁzén in’itizil'desrig'n shown in Figure 2-3 (Ref.) was developed '-frdm the necgsgity

to accommodate hoth 2 round can for frozen and thermostabilized foods, and a square
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rchydritable food package. The nqce§sity to provide 21 of each type of removable heaétexf
sleeves imposes severce penalt'ies in’ oiperational complexity and adds weight and storage
requirements for the unused heater sleeves. To minimize the number of wires in the con-
nector from tray insert to heater sleeve, the temperature controller would be contained
in the replaceuble sleeve. Since the temperature sensor is a reéistance wire,this also
* elinﬁnates the possibility of contact resistance changes leading to sensor error. However,
sven with the minimum number of wires for power leads, the routine use of connectors
was not considered desirable from the viewpoint of keeping out debris from cléaning and
handling, and for reiidl;ility. Consequently, alternative designs to interchangeable heater
sleeves were sought. | | |
| 3.2.3 Alternate Approaches
The simplest approach is to design the tray insert with three intégrai heategg as flat |
plates at the bottom of the insert. This would heat the bottom surface of the food package
only and consequently require longer heating times. Two methods of ieducing heatihg
times by heiatingﬂthe sides of the food package were considered.
In the first concept, the heater surface would extend beyond the area of the bottom of the
can, A metallic band would be placed around the round can, make contact with the heater
at thé bottom of the insert and thus conduct heat to the czmvs‘ideis. While this avoids the
coﬁnector problems it is again a w.eight prerialty and an operational complexity.
‘The second alter natwe ehmmates the conduction band and extends the heater partlally
b_ up the sides of the can as descrlbed in Sectlon 3.....4.
3. 2 4 Final ‘Co:nductxon Oven Des1gn |
i Thedifferénée in package height between the 401 x 105 can and the 4" x 4" x 1, 03" rehy-
dfaté,ble package is'O.'n2,’83 ihches. If the square rehydratable package were allowed to
extend sonvxve’w‘hat above the round can 'when placed in the tray inserf, a significant portion
of th_e sides of the can could contact the fixed h’eater.' Figure 3-23 shows the design finally

chosen in which the lower one-half inch of the can is heated , and the rehydratable package
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. extends just ;218 inch above the can. The insert has three fixed heoters approximately

3-3/4" diameter aﬁd 1/2" high, Aboye the heater the insert has a square opening 4" x 4"

and 5/8'" high, "I“hree controllers are located in the base of the insert. Power lines to the

heater are located in a connector at one end of the insert. The sides of the insert are grooved

for insertion on guides into an oven cavify 'sho;vn in Figure 3-23a. When fully inserted the insert

connector engages power leads .i;\ the oven. ‘ |

The oven provides insulation to limit heat loss and also preveﬁts co'nvection loss to the

cabin,

The holding function for rehydravtable food is accomplished by resistance heaters in the

wells of the oven to hold the wall temporature at 150°F and prevent heat leakage from fhe

food. |

3.2.4,1 Heater Design

The heater is similar to the Skylab conduction heater. A teflon insulated x:esistance heater
ie shaped to the 401 can contour. The semi-flexible heater is slightly Adeformed by the can

on insertion, forming a tighf fit with good thermal contact. A resistence temperature de-

tector in the heater is used to co'ntrollhea'ter temperature at 180°F and thus is adequately

- derated,; Warm-up time is about two rainutes.

3.2.4.2 Controls

Each ileatel' has its own temperature ‘contrioller to hold the surface temperature at 180°F,
The controllcr is‘an hermetxcally sealed SCR type with ON-OFF action to prevent EMI
problems, The controller and heater are AC powered to minimize weight and size.

The temperature set point is non—adjustable and temperature is held w1th1n 3-4

o degrees. The controllers, w1th d1mensmns of 1- 1/8" B < o/8“ are mounted in the base

‘of the. tfay msex;t “To prevent overhe 1t1ng in the event of controller fallure, a thermostatlc
switch monitors heater temperature and cuts power at 200°F, Fhe switch ~d1fferentlal is
 large enough to prevent recycling as the heater cools.

+3.2.4, 3" ,Performance
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3.2,4.3.1 Heatmg T1me

3.2.4.3.1. 1 Removable Heater Sleeve

Rather than attempt to hent the cans from all sideé; the heating approach was to utilize

as much of the side walls as 'possibie and the can bottom. In order to provide finger holes
for removing the cans approximately 80% of the .sxde and bottom may be heated. Heating
calculations (see Appendix B for details) were based on maintaining the heate1 surface at
180°F with the limitation that the inpui power not exceed the heater ratmg. Figure 3-24
shows heating curves for the slower heating foods at a total oven po,wer comparable to the
conve‘ctiou oveu,; 500 watts, and also at 1050 waits (50 watts per can) which approximates
Skylab heating power. |
At 500 watts oven power the heating time for therfrozen food exceeds the convection oven
time. To reach a mass average tempereturefof 155§F required 1. 38 hours compared to
1.28 hours for the convectlon oven. The thermostabilized food ou the o‘ther hand requires
only 0,52 hours to reach 155°F compared to 0, 80 hours in the convectlon oven, In-the con-
duction oven each heater has a peak power of 23, 81, watts for ar‘aOO watt oven power, In

the convection oven the frozen food power is higher because of the greater AT and is 37.2
watts per can as opposed to 17.1 watts for thermostabilized food.

The 1050 watt oven shows a significant 1mprovement in performance, reducmg the frozen
food hedtmg time to 155°F by 0. 42 hours.

A characteristic of the temperature distribution for couduetion': he;ating ‘from the bottom
and sides only is the rather wide difference between tlte everage temperature' and the cold
spot tempe‘rature. Figure 3-25 shows the average temperature and the cold spot temberature
for oVene of 500 to 2100 watts totai power, The average temperature has reached approxim- |
ately laO"F before the cold spot has completely thawed. "~ The active heatmg was carrled out
to an average' -temperature of 155°F at the boundary then taken :as ‘adiabatic. The cold spot
continues to rapidly increase in temperature. For the food to ’be nearly uniformly hot, 1t ;
would havé'toe'ither be thoroughly stirred, if poSsible, or ,‘else be aIl.oWed. ‘t_o S'it for about -

15 minutes.



averace TeEme ( °F)

MASS

FAIRCHIILD

REMPIBLIC COMPANY

-

/- -
§
N i
el . .
1]
» 3
N B
4
v .;
. 4
s 3 B
: = :
i
oy PR ’
L 3
W : t
[ M :
! ]
. i
N . oy -
:
P : .
: .
: : ‘
H 1]
’ 1
' )
: R o
- .- PR
4 4 H
. ! i
. b
- . -4
B . i
* 1) *
H ) :
.f - e -
H 1+
; :
i N
1 : -y
! i
: L -4
: "
* ] l

CATER 34?7&._.5;?&?,5 :

------- o sos W

g Sod U

- v "o 14 4

Lol ViR 4GS T4BL Foicd | o 400084

R Faoz-e,«,( . Rosp, f_;;:.,é,'cﬁa-,a;p;>$‘i._-;
e "~ =00 an

o
&
0
E‘
vg.”
N
£
&

Figure 3. 24,

4o o 8o jo sz

| TIME d HRS)

Conduction Oven Ileatmg Curves for .)00 and 1050W Maximum
Oven Power :

-51~

AP Ii Pr el e O L




% :
| E 5% 3o, !
W ouBrPﬂw;w
o.. .ls.NAl.o
u, .DE&.W O S
wd T & W/.\‘"
! g W
o =
g = B [
L
“
i
I
I
i
|
I
1
1
....r

+
—

s -
* m

16O

Figure 35-25, Comparison Heating Curvesfor the Cold Spot and the Mass Average

-52-



3.2.4.3.1.2 Fixed Heater

The cost in heating lime in heating only the bottom one-half inch of the can is shown in
Figure 3-26, Tne hxe'Lt.ing curve for a bottom heater only is.also shown. The heating'
time from 0 - 155°F has increased by 0. 38 hours but still is only about 05 hours longer
than the convectlon oven-at 500 watts total, The temperature distr 1but10n is more uniform
with the longer heating time so that when the average temperat‘ure has reached 150°F,

the cold spot is 120°F. Figure 3-27 shows the heating curves for the range of food

types, and in Figure 3-28 the average ktempe‘rature of the frozen foods is compared to

the cold spot temperature.

3.2,4.8.2 Power
$3.2.4.38.2.1 l-leatcr, Bottom and Sides

The maximum desirable operating hcater‘ power may be determined in the same'menner .
as for convection ovens. TFor the conduction heeyer, however,"there'is no inferaction
‘betWeen cans, and in effect we have 21 small ovens. The heating time for frozen food from -
0-155°TF, as a function of maximum heater power is shown in Figure ’3-‘29‘. By the same
re-asoning as used in the convection oven evaluation, the ‘choice for‘ the _maximu‘m operating
. power.xwuld be npproximately 50 watts perv.ca_n.' F1gure 3-30 shows the power "utilization
with time for an oven power of%S()O wmtts‘ The broad max power nsage shows that perform-
ance can be 1mproved with h1gher max. power The decreased usage offmaximum. power
: for the 10.30 Watt oven (F1g 3-31) indicates this power level is close to optimum. The power .
for the conductlon oven is thus approximately twice as h_lghas 'for the ,oo_nvectmn oven,
3.2.4.3.2.2 Fixed Heater ' .
“The performanoe for the fixed heater system is similar to the interchangeable, full side
,'heater I‘lgure 3-32 g1ves the heating ourve at power levels between 30 and 80 w/can

The time to heat frozen food from 0-155°F is shown in Figure 3-33, The power utlllzatmn

w1th time for the« 50 W/can oven is glven in F1gg.1re3—34.

;53;



FROZEN
/e

HEATER

HEATER
RoTrem OMNLY

043
Bor & StES
HERTER

BoT. g, 2" STdES
/¥

I

50 W/eAN
FeoD «c = . 0059 Feﬂ\r THaweDd

/2

0 oNDUCTTON O ven

vftivyt . .4
| cisd . o
e ot bt i . ofoe et
| ' £ S 2 ‘“:‘ -

140 |-t
M
/o0

Figure 3-26, The Effect of Heated Areaon the Frozen Food Heating Curve

anu .



, |
l-—-v-—-—-
1
!
SR S -
:/izr;’fr e

4w

B o

B —

S <
-

P

————— ——

. e S e s

r R

5 < 1
D s e
i

/e

= amme

i
v gif
\
o SiaA]
1 1 !
=3 >
‘i )
-i"h‘ - fea .
' : )
RS SHES BT, SR
.8

(H

B

l

»k :

i

. ‘1

{ !

B et 33 AR |
{ i

e e e A e e 1 . — . S . e e . e e 18

—— —

‘ i
R SRS TP, S
i H i

H
————

|

N .IA“

¥

N e |

e

e @ [ & el ¥ . |

rigure 3-27. Ceaduction Oven Heating Curves for Range of Food Types.

-55-



e e e pe—
1 H i i

i

1

H

|

-

{ 1

| {

| H

{

M |

SR > &

"

| . |

! §

| |

| s 235 S

| |
. .

1

e | | ]

e

— -
{

ey |

Je©

1
|

i
‘

 SPor TEMP.

!
?
b
!

—— e
. . 4 |

| REEE)

56 W/CAN

| EERER

FrRe2en
) 042

THAwe D

043 —— — —-

‘ - .003-"

|

T Condverron Ouep
T ReATER BoT & %"S ¢

":.', ol= .0063

e e

-t et

! Te iCor

,40;

m‘~a=—aﬂ “le.

Heating Curves for Range of Frozen Food




e e e 2 o o 2o e 2t

..:... ; .
oo Fas S ER i
Pafl 2es G snrhrigenichs :
) GECH S b B
MPPS S { i Bie ot v . a8
$e : % ! H H
SEEERE! TERE ™1 + :
} i * g e ' s rigg] o]
s e SEL SRR Friodly L KO WS, LERRG DAl AR Tl RRot T
; + Uit SUEE FLC : gisg sk el
 pakid dsiEs : : :
5 )
i

;.'..'.

f
ko] P ke Tikle Seatapt e ﬂu.omiL-s-..-..x.. ALY DAPILK e
‘

{
-
I
|
- -»---—-—1' i e

Zooo

EgRll LT S Lo

g eg et g :
4 m
H ﬁ ‘.T $
L A SRR AL 3
. : . ey gt
“ .. b 4.
H ft
- - ¢
44444 JpE R
: fhesaeerden
: 1
; i Sy
B ! y i e ey
{ ! : ¢ i H byl
gttt Bl b e } "
G ST el SR LRy, iy e 1 !
T iy R A P ; e
w s e g v ) WA= i s (Y By s
s e % “ ! ! b
S KB et vkt b saskert ) b P I i Tuous vwray Syom
: . 4 2o
i : e
; i . b B SHE ! T i
Sy ; ; : 1
e 1 : 1 M apang e :
i i : 41t ! - 1
Ahitles 235 3 : A . ' s
) . : . r e et e B S Eaarat
A o4 } .
1 a 8 L .
: F ved : ! :
‘ i “ i ' {
! shbie RNe BRSO SES CEARY Il Shkns e : il B | { A ! IR BRI SONSEIBNS] RIS Gl S SRR
' 1 7 H 1
§ i ! ! i i { 3 \ i $
B0 il G | G e A_
L | |
“ | iu E .,?J« _ﬂ!\ Fc h,r»\ wN htn.h
!

Time to Heat Frozen

-

The Effect of Maximum Oven Power on the

Food from 0°10 155°F

Figure 3-29,

ot 2 U p—— sty P . | 1 . ] . | % 1




o

G0,

- e e e ————————— el . i
R e L L R L —
FEUBLC COMPANY

i i '
-~ —— e — . e e
' '

R B ST St s pes s kool o o e s gpn e den sy b .-...-.-.'.._...]

e ey B et -

| SOOI SRS AT SR

ASEE et

e e —

D e TSRS W

-

Tzme (HRS)

gt ity

C e vl 5 e gon

o

Figure 3-30,

‘..J
e .

Time Average Oven Power Usage with Time for a 500 Watt
Maximum Oven Power

-58-




R G

 swricsuil Q) S5t |

/OOD'—T\ : -+ .‘ “‘*—' . - ‘

T T et SRR
: ?

ey A R ek s s
\ 2 ¥ R | L
P S R i s LoREE SRS i PR P
:
4 % =
. . . i e BT
: ; 3 o
3 ' i ; Jivue
TR w . . » —— e h G-
¢ ! $ ¢ +
-3 1 : ! ; : Teiifeaed
: ot s 3
' ‘ N . 1 { e vae
5 i ;13 ! { 4 Bt
t oy ond : . " ' : : ‘o
£ Turakert : ! 1 i !
SRR B BI85 4 £ Sl & - !
e i : 1 o : : i '
. e D .}. ‘ ‘e H IS Sease
¢ e - : e
{ { § S S
i 4 ‘s ‘ . N ’
ek ;
: ' ' .
H e ' H i i
¢ I T it
TS TgEeR Ty TENSS s MR R B $ o3 e
. . ‘e
' |
'

NIRRT
o

] - A 4 4
et Sl Al diiht ARG R HENEG Wi BSNS ai

0 |
h .
§ L |
\— 8ob+ \ + -
od e \ S arates DUNsn LTuds S S R aR ;
% : s i
g T :
. e i A ; s
(A' T §cia g 1 : H | E H i
oo -\ K e R -
Z : : i H : : ST
3 e TR S A G R
\ e S _‘\;AA oy ok B L e
e ey sud P -‘.-;‘ 43 \. o . 2 :.. ! . . .o :.. “.;..
i = ‘\f*‘xr- : ~ f i L“‘
K00 : . : et - . e et '.'.i'f'
i N g - } ' 1 : o
¢y R ST o O NS e | S SR SRl Soa: (o dBR MRS S CRAY Rt BTl Lo st b 2 ass
MR e DN S iFRee Ted G| T
' ‘ T .—:?k"‘.,”i'-m-t il t E i
s I FEisn M S s e FriE e £ ...:t’.??!!q.g;,.t e s
! ! { ] T T e ol T e

“ Maximum Oven Power

= 3

/.0

Figure 3-31, Time Average Oven Power Usage with Time for a 1050 Watt

54



" Ip-..vm -t
'

Al 32

w.n._ o e
Fod .”

lrll_

Foid-

o

i

‘‘‘‘‘‘‘

. ”v %N lLOOJl

The Effect of Maximum Oven Power on the Heating Curve

Figure 3-32,

G-



R

- .
g o

-

R D ——

- ——

-

.....

. —

D S SR -

.
——y———
'

.

MAY Ovew Powsr (WATTS

The Effect of Muximum Oven Power on the Time to Heat Frozen

Food from 0°to 155°F

Figure 3-33.

-61-



Ly e el
EE B COMPANY

.
B e e
-

e S I TR

Pt i e A e PR T R
i
i . .

= T

‘ ‘i;....,.._ 3 Bt

B e

*v o

. . ———

t

| TR e

3
|
|
L

ooz

)

(suvm) AImoy

Time Average Oven Power Usage with Time

Figure 3-34,

-62-



The curve ir{ Figure 3-33 can be made to almost exactly coincide with the similar curve
for the full side-heater oven (Figure 3-29), by shifting the abscissa 100 watts and the
ordinate .24 hours. If one chose the siime point on the break in the curve, and if this
point were 1050 W for the full side heater, it would then be 950 W for the fixed, 1/2"

side heater, If we add to this power, 50 watts for the wall heater used for the food holding
function, the total oven powér would be 1000 W,

3.2.4.3.3 Energy

The conduction oven energy consumption differs from the convection oven only in the

heat leakage during active heating and in the holding power requirements. For the case
of an oven loading of 7 frozen food and 14 thermostabilized food, the energy consumption

at various times is:

~

At Completion After 1 hr  After 2 hr
of Heating to 155°F  Holding Holding
Inergy Consumption ‘ 418 468 518

{w=hr)
For a meal consisting of 21 thermostabilized foods the energy requirement including

losses is

At Completion k After 1 hr  After 2 hr
of Heating to 150°F Holding Holding
Fnergy Consumption 236 286 336

{w-hr)
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3.2.4.4 Weight

The estimated weight of the conduction oven and its components is given in Table 3-2,

TABLE 3-2. CONDUCTION OVEN WEIGHT

Outer Structural Shell 7.31 pounds
Inner Shell ‘ 2.26
Insulation 1.09
Heater: 0.66
Controls , 3.32
Hardware 0,33
14.97

Inserts (7) - , 10,56

Total Weight 25.53 pounds

3.2.4.5 Volume
 The conduction oven volume is 1649 cubic inches. Its front face is 6.7 inches wide and

17.31 inches high for a front face area of 116 square inches, -
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3.3 Structural Design

The oven subassembiy is considered a line replaceable unit of the galley
subsystem, per paragraph 3.1.2.2.1 d and e of the Galley End Item
Specification, FRC document MS146N0008, and as such is subject to ben¢h handling
shock environments. An additional consideration relating to handling loads is the
human factors requirement and the handling 1ozids induced per MIL-STD-1472.,
Other conditions \-Vhidl the oven must be capable of wifhstnnding are the induced
flight environments during launch (s 5 g in all directions) and the crash safety shock

of paragraph 3,1.2.5.2.1 (Ref. MII.-STD-810, Method 516.1, Procedure 1),

In order to design the supporting structure of the oven the dynamic résponse

" of the structure must be assumed. A cdnservative estimate because of
structural damping, is a dynamic magnification factor of-ten based on a

rough estimate of 20 pounds oven weight, the ultimate 1oéd'a§‘;he'C.G. of

the oven is 1000 pounds (Wt. x g's x Mag). Using this load éhe supporting
.structure can be designed to resist loads in all three directions. A fatigue
»check would also be required using the spectra from the Galley System End

Item Specification. On completion of the design the responsé of the structure

would be determined by test in order to verify the design assumptions and

structural integrity.

- The sides and door of the oven ate designed to withstand a handling load of
approximately 100 pounds ultimats. - This is approximately the magnitude of force
that could be applied by the arm of a person. (Ref. MIL-STD-1472 '"Human

"Engineering Design Criteria for Military Systems, Equipmenﬁ and Faci}ities,

P. 80). 1In order to withstand t.ais handling load the outer shell of the oven

G-
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would have to be stiffengd either by integral ribs or éﬁiffeners,_ Tﬁe design
will consider integral ribs and an analysis is given‘in'Appendix.C: " The

oven sides are considered as flat plates simply éupported'on all edges and a
100 pound load applied at the center of thé panel, A cfiteria for the
maximum>deflection equal to half the panel thickness is established to

prevent the panel edge members from acting as membrane restraining members.

The inner shell is»not primafily struétufal and‘iéito be supportéd off the
buter shell withﬂfléxigle supports in order to minimize thermal stresses.
- Tnternal equipment sﬁch as blowers, which represent masses subject to the
induced accelerations during launch are connected to the ribs of the outer
shell which serves as the inter-connection to theksupporting structure of

the galley.

~ As shown in detail in Appendix C, in order to adequately support a 100 pound
handling load, the front and back‘panel should be reinforced by local webs

0.040 inches thick and 0.43 inches high. The panel thickness should be

0.040 inches.

The oven is supported by four shear pins. The mounting points are con-
servatively analyzed for a fatigue criterium based on repeated 5g launch loads
and result in mounting hosses .20 inches thick, 0.82 inches didmeter, a

" supporting 0.25 inch diameter titanium attachment bolt.
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4,0 PREPARATION TIMELINES

The variéusf food mix combinations recuirc diﬁferent; preparation characteristics with
respect to handling, rclﬁydration and serving tray ‘féod assemb]y.‘ ‘Oven heating times
also vary as a funetion of the oven type and oven contents. A ground rulé of this study
was that all thermostabilized and frozen food items were packaged in round aluminum
cans similar to Skylz;b. Although ﬁo gilley stowage 'previ:sions have been considered

for these food iter'ns; 1t has been assumed that they will be either within the galley or
immediately adjacent to the galley t‘nere_by readil;ﬁr accessible at meal preparation without
time penalties for securing from a remote 1dca£ion.

" The following series of timelines were prebaréd for: thé sbecified lunch and dinner mix
of 2 thermostabilized p]‘.us’ 1 frezen food item, and 4 possible combinations of thermo-
stabilized and rchydratable food items that could occur at brgakfast. |
The time lines for all meal types arc summarized in Figure 4-1. The total preparation
time tor a meal depends o‘:‘n the required fheating time. Table 4~-1 gives the maximum
heating times required for a meal 50ntaiﬁing frozen food, and for a meal containing
only thermostabilized tood. When the heating times are combined with the preparation

rtimes in Figure 4-1, the total preparatién time ipcluding work time and open"time can

be caleulated as shown in Tabhle 4=2,
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A. 2 Thermostabilized, 1 Frozen (Lunch and/or Dinner)

Accumulated
Elapsed Time
(See..)

4
11
18
102
106
110 B
118
126
131
135
139
299
304

PREPARATION TIMELINLES

Incremental Time

(Scce.)
4 1,
7 2.
7 3
84 4
4 5
4 6.
8 7
8 8,
5 9
4 10.
4 11,
160 12,
5 13.
4 14,
15,
4 16.
4 17.
6 17a.
8 18.
84 19
3 20.
4 21
5

-68-

i
|

:

Function

Remove insert

Open insert stowage door

Place insert in work area

Repeat 2 and 3, 6 times
Close inser! stowage door

Open canned food -stowage door

. Remove appropriate meal package

Open meal overwrap

Secure meal package to galley

Remove one can’ B ‘

Place can in appropri'até can conduction sleevé'
Repeat 19 and 11, 20 times

Remove empty meal overwrap from secured

position

Open canned food stowage door

Place empty overwrap in can storage area
Close canned food stowage door

Open oven door | 'v"‘:.
Remove insert from work a'r*e"a- :

Place insert in oven

. Repeat 18, 6 times

Switch oven "On"

. Close oven door
. Set timer



Accumulated
Elapsed Time

(Sec.) .
o

286

289

A} 204
99

Incremental T:me

(Sec,)

26,258

705

317.
38,
39.

ec(avg) 49,

-9~

Function

Remove 1 personal wipe from wipe
compartment

Place 1 personal wipe on tray
Repeat 23 and 24, 6 times
Open wastat compartment

Remove 7 wastat packagés

. Close wastat compartment

Separate 1 wastat package

Place 1 wastat package in tray

Repeat 29 and 30, 6 tinies

Open condiment tray

Remove required condiments for one tray
Place required condiments in one tray
Repeat 33 and 34, 6 times

Close condiment tmy

Open "Bev/Rte' door

Remove appropriate "Be\\r/Rte" meal package

Open "Bev/Rte" meal overwrap
Secure ”‘Bevif/Rte” overwrap to-galley
Remove 1 Rté o

Place 1 Rte in épprof)x:i'ate tray -
Repeat 41 and 42, 6 times

Remove 1 "Bev' from overwrap

Read water quantity requirement on Bev Pac

Set water dispensér for guantity requirement
Insert Bev Pac in retention device

Insert dispense probe into Bev Pac

- Water dispense time (30 sec for 8 oz)

~(22.5 sec for 6 oz)

"Remove probe from ‘Bev Pac

Remove Bev Pac from ,retentlon device
Place Bev Pac in tray
Repeat 44 thru 52, 13 times

e
i
%
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Accumulated
Elapscd Time
(Sce.)

Incremental Time
(Sec. )

4

Function

Open oven door

‘Remove 1 insert from oven (Step 18)
Place insert in appropriate tray
Repeat 55 and 56, 6 times

Open canned food stowage door

. - Remove empty meal overwrap (Step 15)

Close canned food stowage door

Secure overwrap to galley (Step 9)
Remove lid from can

Place lid in empty overwrap

Repedt 62 and 63, 20 times

Remove overwrap from secured position
Seal overwrap, ' "
Place overwrap in trash stowage area
Serve meals K




C. 2 Thermostabilized, 1 Rehydratable.

Accumulated
BElapsed Time
~(Sec. )

60

Incremental Time

(Sec. )
4 1.
2.
7 3.
84 4,
4 5.
4 6.
8 7
8 8.
5 9,
4 10
4 11
104 12,
5 13,
4 14,
6 15,
4 16.
4 17.
6 17a.
18,
84 19.
3 20,
21
22,
23,
24,
42 25,
26,
27.
4 28,

71

Function

Open insert stowage door
Remove insert

Place insert in work area

‘Repeat 2 and 3, 6times

Close insert stowage door

Open canned food stowage door

. Remove appropriate meal package

Open meal overwrap

Secure meal package to galley

. "Remove one can

. 'Place can in appropriate can conduction sleeve

Repeat 10 and 11, 13 times

Remove empty meal overwrap from secured

- position

Open canned food stowage door
Place empty overwrap in can storage area

Close canned food stowage door

Open oven door

Remove insert from work area
Place insert in oven
Repeat 18, 6 times

Switch oven "On"

. Close oven door

Set timer '

Remove 1 personal wipe from wipe compartment

Place 1 personal wipe on tray

Repeat 23 and 24, 6 times
Open wastat compartment
Remove 7 wastat packages

Close wastat compartment



Accumulated
Elapsed Time
(Sec,)

62
65

95
99
102
107
155
159
165
173

181
186
190
195

199
202
204
372
374
377

644
648
652

656

660
668

Incremental Time

(Sec. ) _

30

{7 ]

48

GV W v 0o oo

DN W

1

>
w

263

30.

31,
32,
33.
34.
35.
36.
37.
38.

39.

40,
41,
42,

43,
44,

45,
46,
47,
48,

49,

50,
- 51,
52,
53,

54,

55

-T2~

Function

Separate 1 wastat package

Place 1 wastat package in tray

Repeat 29 and 30, 6 times

Open condiment tray

Remove required condiments for one tray
Place required condin;enfs in one tray
Repeat 33 and 34, 6 times |

Close condiment tray = . I

Open "Rehydratable” déor :

Remove approprxate "Rehydratable
meal package

Open "Rehydratable" meél -overwriip
Secure ""Rehydratable" overwrap to galley
Remove 1 rehydratable from overwrap

Read water quar'i‘tji‘ty .requirement on
rehydratable package

Set water dispenser for quantity required
Insert rehydratable pac in retém:ion device
Insert dispense probe into rehydr_atable pac
Water dispense time (16. 8 sec for 4,46 0z)
Remove probe from rehydratableipabw

Remove rehydratable bac from retention
device

Store rehydratable pac in ”Intermedlate
Storage Receptacle

Repeat 41 through 49, 6 times

. ’Open oven door

Remove one insert (or shde out of oven
sufficiently to gain access to rehydratable

-cavity

Remove one rehydratable from "Intermediate
Storage Receptacle"

Place 'rehydratable in insert‘

.-Replace insert in oven:



Accumulated

Elapsed Time Incremental Time
(sec.) (Sec.) _____Function
812 144 56. Repeat 52 through 55, 6 times
816 : 4 57. Close oven door
820 4 58. Open '"Bev/Rte" door
828 - 8 59. Remove appropriate '"Bev/Rte' meal
package

836 8 60. Open "Bev/Rte' meal overwrap |
841 5 61. Secure "Bev/Rte" overwrap to galley
845 4 62. Remove 1 Rte .

849 } 4 63. Place 1 Rte in approp;iate tray
897 ' 48 64, Repeat 62 and 63, 6 times
901 - 4 65, Remove 1 "Bev" from overwrap ,
906 5 66. Read water-quantity requirement on Bev Pac
910 4 67. Set water dispenser for quantity required
913 ' 3 68, Insert Bev Pac ""ih;:retention device
915 o 2 69. Insert dispense .pr'obe into Bev Pac
941 : ' 26.25 sec 70, Water dispense time (30 sec for 8 0z)

R (avg) , (22, 5 sec for 6 0z)

943 2 ~ 71, Remove probe from Bev Pac
946 _' 3 72, Remove Bev Pac from retention device
951 ) 5 73. Place Bev Pac in tray

1656 | 705 T4, Repeat 65 thru 73, 13 times

4 ‘ 4 75. 'Open oven door

12 | - 8§ - 76, Remove 1 insert from oven
20 - PR 8 ‘ 77. Place insert in appropriate tray

16 96 78. Repeat 76 and 77, 6 times

120 4 ~79. Open canned food stowage door
124 4 _ 80.k Remove empty meal overwrap

128 4 81, Close canned food stowage door
13,:3' B 82. Secure overwrap to galley
_i/li 8 83. RemoVe lid from can-
714’8 7 84. ~Place lid in empty .overwrakp:

o343 i o 195 - 85, Repeat 83 and 84,13 times

348 b 86. R‘embs're ové}wrap from secured posiﬁoh'
365 7 87, - Seal overwrap o
361 - 6 88, Place overwrap in trash stowage area

89, Serve meals

3=




D. 1 Thermostahilized, 2 Rehydratable.

Accumulated

Elapsed Time Ihcremental Time
(Sec.) ' (Sec. ) Function
4 : 4 1, Open insert stowage door
11 | 7 2. Remove insert
18 7 3. Place insert in work area )
102 | 84 4. Repeat 2 and 3, 6 times =~
106 4 ~ 5, Close insert stowage door
110 4 6. Open canned food stowage door
118 8 7. Remove appropriate meal package
126 -8 8, Open meal overwrap A
131 5 9. Secure meal package to galley
135 4 10. Remove one can
139 : ' 4 11, Place canin apprc;i)riate c¢an conduction sleevi
187 48 12. Repeat 10 and 11, 6 times
192 b | 13. Remove empty meal overwrap from secured
' _ : - position -
196 | 4 14, Open canned food stowage door
202 L g O 15, Place empty overwrap in can storage area
206 : , ' 4 16. Close canned food stowage door -
-210 . 4 : 17. 'Open oven door
216 6 17a. Remove insert from work area
224 8 ' ‘18, Place insert in oven
308 84 19, Repeat ;17a and 18, 6 times
311 | 3 20, Switch oven "On"
315 1 21, Close oven door
320 R 5 22, Set txmer S f?:
4 : 4 23. Remove 1 personal wipe- from wipe.
‘ ‘ compartment
7 SRR 3 ‘ 2_4.;- Place 1 personal wme on trav
T 42 25, Repeat 23 and 24, 6times
53 A i 4 26, Open wastat compar tment
56 A A % 3 ; 27, Remové 7 wastat pa: l\ages

=Ty




Accumulated
Elapsed Time
(Sec)

60

179
184"
188
193

Incremental Time

(Sec, )

4
2

3
30
-4
3
5

48

43.
44,
45.
46.
47,
48,

49,

50,

51,

52,

Function

Close wastat compartment

Separate 1 wastat package

Plase 1 wastat package in tray

Repeat 29 and 30, 6 times

Open condiment ti'ay |

Remove required condiments for one tray
Place required condiments in one tray
Repeat 33 and 34, 6 times

Close condiment tray

Open "Réh‘vdratable” door

Remove approprlate "Rehydratable”
meal package

Open '"Rehydratable' meal overwrap
Secure '"Rehydratable' overwrap to galley
Remove 1 rehydratable from overwrap

Read water quantity requirement on
"Rehyd' package

Set water dispenser for-quantity requxred
Insert rehydratable pac in re,tentlon device
Insert dispense probe into rehydratable pac
Water dlspense time (16, 8 sec for 4.46 o0z)
Remove probe from rehydratable pac

Remove rehydratable pac from retention
device

Store rehydratable pac in "Intermediate
storage receptacle' '

'Repeat 41'through 49, 13 times o

Open oven door N

Remove one insert (or slide out of oven =
sufficiently to gain access to rehvdratable
cavity) , :

Remove one rehydratable from ”mtermedxate’ ;

; storage receptacle' -

Place rehydratable in msert



Accumulated

Elapsed Time Incremental Time
(Sec. ) (Sec, ) Function
28 8 55, Replace insert in oven
172 144 56, Repeat 52 through 55, 6 times
176 4 57, Close oven door
180 ' 4 58. Open "Bev/Rte'" door
188 8 59, Remove appropriate ""Bev/Rte" meal
‘ package
196 8 60. Open "Bev/Rte' meal overwrap
201 - 5 61. Secure ''Bev/Rte' overwrap to galley
205 4 62. Remove 1 Rte
209 , 4 63; Place 1 Rte in appropriate tray
257 S 48 64, Repeat 62 and 63, 6 times
261 4 65, Remove 1 "Bev'" from overwrap
266 5 66. Read water quantity requirement on
Bev Pac e
270 4 67. Set water dispenser for quantity required
270 3 68. Insert Bev Pac in retention device
272 2 69. Insert dispense probe into Bev Pac
298 26,25 sec 70. Water dispense time (30 sec for 8 0z.) .
o ' ' (22. 5 sec for 6 0z.)
300 v 2 71. Remove probe from Bev'Pac
303 ' 3 72. Remove Bev Pac for retention device
308 | | : 5 . 73. Place Bev Pac in tray
1013 oEiae 705 ° " 74. Repeat 65 thru 73, 13 times
4 ‘ 4 75, Open oven door
12 : , , 3 -~ .76, Remove 1 insert from oven
20 | _ 8 ~ 77, Place insert in appropriate tray
116 , o 96 78, Repeat 76 and 77, 6 times
120 L4 ~ 78a. Close oven door '
124 4 79, Open canned food stowage door
128 4 80. Remo{re empty meal overwrap .
132 4 81. Close canned food stowage door
137 5 82, Seéuw' overwrap to galley -

e



Accumulated

Elapsed Time ‘ Incremental Time
{Sec, ) (Sec. ) Function
145 3 83. Remove lid from can
152 7 84, Place lid in empty overwrap
242 90 85, Repeat 83 and 84, 6 times
247 5 86. Remove overwrap from secured position
254 7 87. Seal overwrap
260 6 88. Place overwrap in trash stowage area

89. Serve meals
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E, 3 Rehydratables, .

Accumulated
Elapsed Time Incremental Time _
(Sec. ) (Sec.) Function
4 4 1, Open insert stowage door
11 7 2. Remove insert
18 3. Place insert in work area
102 ‘ 84 4, Repeat 2 and 3, 6 times
106 5. Close insert stowage door
110 4 6. Open '"Rehydratable' door
118 7. Remove appropriate ""Rehydratable"
‘ meal package
126 8 8. Open "Rehydratable' meal overwrap
131 5 9. Secure "Rehydratable' overwrap to galley
135 4 10. Remove 1 rehydratable from overwrap
140 5 11, Read water quantity requirement on
rehyd package : »
144 4 12. Set water dispenser for quantity required :
147 3 13, Insert rehydrable pac in retention device
149 2 14. Insert dispense probe into rehydratable pac
166 ‘ 7 16,8 15. Water dispense time (16, 8 sec for 4.46 oz)l ;
168 2 A 16. Remove probe from rehydratable pac
171 3 17, Remove rehydratable pac from retention
~ device ‘
175 4 . 18. Place rehydratable in insert
1051 $76(14'36"™) 19, Repeat 10 thru 18, 20 times (20 x 43. 8)
1055 4 ' 20, Open oven door
.1061. . 6 21. Remove one insert from work area
1069 _ 8 22, Place one insert in oven '
1153 ; IR - ~ 23. Repeat 21 and 22, 6 times
1157 | 4 ) 24, Close oven door
1162 5 25. Set control (to "Hold") '
. 4 4 7-26. Open tray storage compartment
11 7 _.27. 'Remové one tray
18 ; 7 28. Place one tray in work area
102 - 84 29. Repeat 27 and 28, 6 times g
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Accumulated

Elapsed Time Increméntal Time By
(Sec.) (Sec.) Function
106 4 30, Close tray storage compartment
110 4 31 Remove 1 personal wipe from wipe
compartment
113 -3 32. Place 1 personal wipe on tray
155 42 33. Repeat 23 and 24, 6 times
159 4 34. Open wastat compartment
162 3 35. Remove 7 wastat packages
166 4 36, Close wastat compartment
168 2 37. Separate 1 wastat package
171 3 38. Place 1 wastat package in tray
201 30 39. Repeat 29 and 30, 6 times
205 4 40, Open cbndiment tray :
éOS 3 41, Remove required condiments for one tray
213. 5 42, Place required condiments in one tray
261 - ‘ 48 43. Repeat 33 and 34, 6 times
2656 4 44, Close condiment tray
269 _ 4 45, Open Bev/Rte door
277 8 46, Remove appropriate "Bev/‘%te" meal
- package

285 8 47. Open "Bev/Rte’ Meal Overwrap
290 5 ‘48. Secure 'Bev/Rte" overwrap to galley
294 4 49, Remove 1 Rte :
298 4 50. Place 1 Rte in appropriate tray
346 , 48 51, Repeat 62 and 63, 6 times
350 '~ 4 52, Remove 1 "Bev" from overwrap -

355 : 5 53. Read water quantity requtrement on

’ : Bev Pac L

359 4 54 Set water dispenser for quantity required
362 3 55. Insert Bev Pac in retention device

364 . 2 , 56. Insert dispense prebe into Bey Pac

‘ 3.‘)07 o ‘ - 26.25 sec 57, Water dxspenqe time {30 sec for 8 oz)
o e {avg.) ; S (22. 5 sec for 6 0z)
392 ; o e 58, Remove probe from Bev Pac
395 v I e 3 59. Remove Bev Pac from retention device

-G ~



Accumulated

Elapsed Time

(Sec, )

400
1105

| SRS S

116
120

S
PG

Incremental Time

{Sec.)

%7

705

.

96

-80=

-60,

61.
62.

63,

64.

66,
67,

Function -

Place Bev Pac in tray

Repeat 65 thru 73, 13 times
Open oven door

Remove 1 insert from oven
Place insert in appropriate tray
Repeat 63 and 64, 6 times
Close oven dodr

Serve meals
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5.0 WATER REQUIREMENTS

The addition of thermostabilized and frozen food items to replace rehydratable
food items will obviéﬁély result in a reduétion of daily water needed for
rehydration. The é;ound rules for the study established that a mix of

2 thermostabilized plus 1 frozen item, all requiring heating, would replace

3 hot rehydratables at lunch and dinner. No more than 2 frozen items per

man day were to be cérried. At breakfast, any combination wof thermostabilizéd
and/or rehydratable food items would be possible. The food mix to be considered
is shown in Table 5-1, and indicates the foﬁrléombimatiéns possiblé for
breakfast as weli as the fixed relationship of thermostabilized and fozen;at
lunch and dinner. The oven sizing requirements can be summarized from

v Tablé 5-1 by multiplying any of the combinafibns shown times 7 crewmen

(i;e., breakfast combination (b) would congist of 14,£hermostabilized

+ 7 rehydratable items to be heated in the oven).

Table 5-1

Food Type Mix

Meal Thermostabilized Frozen Rehydratable
Breakfast

a) 3

b) 2 1

€) 1 2

dy 3
Lunch -2 , 1
‘Dinner 2 1

Oven Study Food Mix Per Man Day

"The'water quantities required per food or beveruge package have been'previousiy

véstéblished during the original food system study as follows:
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Hot Beverage 6 o0z.

Cold Beverage 8 oz.

Rehydratable (Hot or cold) 5.46 oz. maximum
; : o 4.46 oz. normal

Thermostabilized i . 0

Frozen ' 0

5.1 Food Item Analysis

Based on Table 5-1, each food type requirement can be compared to the
 baseline system of all-rehydratables to estgblish the change in food types
for the varidus coﬁbinations shown. Table 5-2 depicts the options of meal
plans considered in the ern:study 4 breékfast combinations and a fixed
relationship at lunch and dinner) as compared to the all rehydratable
baseline. A1l the thermostabilized and frozen food items require heating
in the oven and‘for purposes of determining the mosc'éritiéal;ovgﬁirequire-
ments, all rehydratables at breakfast are also assumed to be hot.‘IThié‘
results in a greater hot water requirement than for the baseline mix,
where the requirement was based on a mix of hot ané‘gold rehydratables.
For snacks and overage, it is ;ssumed that baseline rehydratables would be
use& thereby noﬁ impacting water quantity, heater power or energy require-

ments.
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Meal

Table 5-2

Bagseline

Water Requirement .

Oven Study Food
Breakfast a) 21 Thermostabilized a) - 9 hot rehydratables and
- 5 cold rehydratables
b) 14 Thermostabilized + b) e 2 hot rehydratables and
7 Rehydratables - 5 cold rehydratables
9 ‘hot rehydratables = ; G
c¢) 7 Thermostabilized + , + ; ~¢) + 5 hot rehydratables and
14 Rehydratables "~ 5 cold rehydratables - 5 cold rehydratables
-d) 21 Rehydratables d) + 12 hot rehydratables and
, " i« . 5 cold rehydratables
Lunch 14 Thermostabilized 10 hot rehydratables - 10 hot rehydratable
+ ' : + and
7 Frozen 4 cold rehydratables - 4 cold rehydratables
Dinner 14 Thermostabilized 20 hot rehydratables - 20 hot rehydrataﬁlés
+ + and
7 Frozen 1 cold rehydratable

FOOD ITEM ANALYSIS PER CREW DAY
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Table 5-2 now defines the change in the number of rehydratables required
for .each meal when the new oven study requirements are imposed. For each

of these conditions, the associated water quantities can now be calculated.

5.2 WATER DEMAND ANALYSIS

* The rehydratabie foéd items identified in Table 5-2 are converted to
nominal water requirements in Table 5-3, Baéed on 4.46 ounces of water
required for either a hot or cold rehydratable. The baseline demands can
be totalled for hot (22.71#) and cold (18.07#) water, which confirms the
daily nominal demand specified in the Galley Water System ICD number
MS148N0005 Rev. A, paragraph 3.3.1.3. The change in water requirements

shown in Table 5-3 can be célculated as follows:

Maximum daily hot water decrease = Sum of lunch + dinner

+ breakfast (a) = 10.88f#

Minimum daily hot water decrease = Sum of lunch + dinner

+ breakfast (c¢) = 5.03#
Daily cold water decrease = Sum of breakfast + lunch

+ dinner = 2.79#
Although the daily demand for water decreases as shown above, it must also
' be noted that breakfast combinations (c) and (d) actually require an increase
in capacity. - This meané that the hot’watér system must be expanded in size,
- However, as previously §hown,fthe daily demdand is‘decreaseé dgg to the
elimination of all rehydratables at 1unéh and dinner. Thg;imélication théfe-
fore is that after expending the hot rehydration water at breakfast, tﬁeré is
only the beverage demand fér’the rest of the day. Consequently, éhe recovery

time to reheat can be increased resulting in a lower power draw on the system.

=86~



Meal

‘Breakfast

Beverage

Lunch

Beverage

Dinner

Beverage

Snacks +

Overage

TABLE 5-3

COMPARATIVE NOMINAL WATER REQUIREMENTS
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Oven Study Baseline | Water,Requiremenc

. Hot - Cold Hot Cold vHot : ‘Cold»
a) 0 a) -2.51# -1.39%
b) 1.95# 2,514 1.39¢ b) - .56 -1.39%
c) 3.90# c) +1.39% -1.29¢
d) 5.85# d) +3.34% ~1.39#

2.63# . Sit 2.634# 3,54 0o 0

0 2.79% 1.12¢ -2.79% S1.12#

2.634 . 5i 2.634 3.5¢ 0 0

0 5. 584 0.284# -5.584 -0.284

2.63# .54 2.63% 3.5¢# 0 0

3.944 78F 3.9 - 4.78# 0 0

B 22,71# 18.07#



In order to-determine thé max imun mealldemand impact, a comparison can be
made to the baseline requirement of 15.45# as defined in ICD document
MS148N0005 Rév. A, paragraph 3.3.1.2. Using breakfast option (b) of

21 rehydratables at 5.46 ounces =ach (maximum) = 7.17# of water. The
maximum beverage quantity determined from the previous food study was

23 hot beverages per meal at 6 ounces each = 8.62# of water. The sum
15.79#, minus 15.45# produces an increase of 0.34# of water tor the maximum

meal.

yl

The baseline cold water maximum mmeal demand i§:16.78# of watur. A maximum
of 24 cold bsverages was determined from the previous foo# study at
8 ounces each = 12# of water. The cold water demand will therefore

- decrease 4.78# at the maximum meal.
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6.0 CONVECTION Vs CONDUCTION OVEN ’

6.1 Oven Comparison Matrix

OVEN COMPARISON

Baseline : Convection Conduction

Weight (Pounds) 18, 58 | 26, 02 25.53
Volume (In®) 1383 | 1735 1649
Face Area (Inz) 98 _ 126 ) 116
Power (Watts) | 50 - 500 1100
Preparation '
Time (Min,)

All Rehyd. 40 40 ‘ 40

No Frozen -  59-61 53-55

' Some Frozen ' - : .92 95

6.2 Qualitative Comparison

The convection and conduction ovens are distinguished by the Jollowmg non-quantltatwe
factors.

a. Adaptability to future changes in package shape. The conduction oven,
since intimate contact is required between food paclage and heated
surface, cannot tolerate a change in shape of the foud package:. The

~convection oven is more tolerant. The heat transfe: coeffficient may
change somewhat with package shape but the convection oven could
successfully accommodate shape changes,

b.  The conduction oven tray insert encloses the food cans more completely
than the convection oven insert, so there is exposure of the hot cans to
the erew during transfer from the oven to the tray. This may not be a
strong factor since the temperature of the plastic mserts would require
some insulated glove for handling in any event, :

c¢. The conv,-,eetxpn_ oven heats more uniformly so that if the food can not be
~stirred it would require a lower average temperature than the conduction
oven to produce a given cold spot minimum temperature,

d.  Cost of the conduction oven would be higher than the convection oven due :
to the requirement of 21 individual temperature controllers.
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e. The frequent making and breaking of power connections in the conduction
oven tray insert may in time present a reliability problem, C

f. Dnprovement in heating performance can be made more readily in the
convection oven since a conservative heat transfer coefficient was used
and a developed oven could exceed it. To improve the conduction oven
performance, a larger portion of the surface area would have to be
heated. This would prove difficult and would add additional weight and
volume,

6.3 Crew Size

The oven is sized for a crew of seven, There 1s the possibility, howevei', that frequently
the crew may number only four, or that shift eating may be scheduled. In this event,

 if the galley design were sufficiently flexible, it would be possihle to save weight by
using a lower capacity oven consisting of four tray inserts, The conduction oven sub=-
division is not as st;raig_htfo‘rward, but an oven capacity of four insérts could be

designed employirig“'t‘wo'blowers., If this approach were worthwhile, two ovens would

be installed when a load,capacity ofseven inserts were required,

6.4 Impact on Galley Design Baseline

Aside from the additional oven volume requirements given in Section 6.1, and the
impact on water requirements discussed in Section 5.0, the food stowage liners and
the waste collection volume will be impacted by the addition of canned food to the focd

mix,

6.4.1 Food Liners

P

Beverage and RTE food quantities are considered the same for both the baseline system
and for the active heating system. Two factors tend to increase the volume of the food
liner devoted, in the bésehne system, to rehydratable food, and now to & mix;ure of
rehydratable and canned food. First the round can packs less efficiently than the square
rehydratable package. ~Secondly, the baseline system considered twc))_‘meals with 14
rehydfatables while this study considers each meal to be composed of 21 food packages.
However, the 14 frozen cans per day are assumed to be stored outside tshegalley'.m"’l;‘he .
net effect, if we consider the one meal per day ‘iﬁ‘w‘hi_c_hv mixtures of thermostabilized
and rehydratable food vto be composed of roughly 50% each, is to increase the volume l
reQuirem‘enf‘by about 9%. This is not considered very significant because the agsump~
. tions of food mix may not be accurate. Probably the inefficiency in packing will be
canc‘elled!by the Storage of frozen food cans outside the galley. | i
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6.4.,2 Trash Containers

The impact on trash containers is expected to he significant for two reasons. It is
assumed that all food packages regardless of origin, are placed in the galley trash
containers. In addition, for aluminum cans the ratio of trash stowage volume to
initial stowage volume will be significantly greater than 1:1 as used for rehydratable
packages. The aluminum cans are not easily compressible and do not nest. " The
actual volume fraction achieved will depend on the care taken in trash stowage and
may be as high as 2:1, If the ratio is greater than 1:1 then recycling the food stor=-
age volume with trash volume will not suffice. Additional space in or outside of the
galley must be used,

6.5 Impact on Shuttle Design Baseline

6.5.1 Power

Active heating will require 500-1000 watts more power than provided in the baseline
galley. In addition, power must be supplied for the freezer requirement,

6.5.2 Energy

With a baseline food mix of 40 hot rehydratables per 7 man-day,and an active heating
system food mix of 14 frozen cans, 40 thermostabilized cans and 11 hot rehydratables

per 7 man-day, the difference in energy consumption for a 42 man-day mission is
approximately 3, 58 KWH,

6.5.3 - Water

On average, the use of whole food will reduce the requirement for water by about
11 pounds per day for a crew of seven,

.6.5.4 Volume

The galley itself aside from trzish conrainer requirement noted in 6, 4, 2 will probably
not change significantly., However, the shuttle must provide additional stowage for

- the frozen food and its freezer.
6.5.5 Weight

The additional weight of food -alone for the active heating system compared to the baseline

is approximately 115 pounds for a 42 man-day mission,
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7.0 SUMMARY

7.1 Weight, Volume and Power Penalties

The increases to the baseline system for each of the active heating systems is

summarized below. -

Item Increases Convection Conduction

Weight (Lbs.) 7.44 | 6.95
Volume (In3) - 352 266
Face Area (In. 2) 28 18
Power (Watts) 450 1050
Preparation Time (Min,)
No Frozen 19-21 © 13-15
Some Frozen : 52 55

8.0 RECOMMENDATIONS

8.1 Selection of Active Oven Type

The two active oven types do not differ substantially in beating performance or weight.
The conduction oven has some advantage in volume but this is not considered a very
important property. The convection oven is recommended over the conduc_tion oven
for the ,following‘ reasons,
a,  The power to achieve equivalént heating performance is approxirately half
‘ that required by conduction,

b. Flexibility in acceptance of food paékage shape seems desirable since
orbiter life is 10 years and food systems may change,

c. Elimination of electrical connectors for each insert increases reliability.

d.  Overall performance reliability considered high due to multiple blower use -
with only some degradation occurring in the event of a single blower failure.

e, Cost is likely to be less because 21 separate control systems are eliminated,

8,2 TFuture Work

8.2.1 Frozen Food Interface with Galley

The inclusion of a frozen food locker, separate from the galley,uwill require some
interface study. - Specific areas of study include:

a. Frozen food overwraps
b. Means of transportation of frozen foods to the galley

c. Provision in galley to store frozen foods durihg loading of the food tray inserts

- -y2-
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8.2.2 Trash Study

With the likelihood of increased trash volume of cans over its st:iow:ed configuration,
additional trash containment may be required, A study should detérmine the trash
compaction that could be achieved with an acceptable operational complexity and
crew time, The galley envelope should be examined for alternate trash containers
or possibly areas outside of the galley should be sought.

8.2.3 Package- Standardization

The use of round aluminum cans and square plastic packages present obvious inc6mpat-
ibilities throughout the system, Significant improvements in storagé volume, trash
volume, handling times, oven complexity and tray interfaces could be achieved if all
packages were standardized to a square shape.

93 -





