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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
or Between Thermostabilized Cans. :
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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 .
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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




/eo

(a

R )
b4 R

.......

DovEsAY SSVW NN
) FINLVIIAW.FL

e s

1 lpn Bl 14344 _ .v ” .o . : M
! ! Ty ST
. . !
5 3 3 3 L_.-J.lf‘
| ?

‘
1

&

Convection Oven Healing Curves for Range of Food Types

Figure 3-12,

-29-



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

~30~
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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<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>