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THERMAL  ANALYSTS
Foor HEATING IS ANALYSED USInég THE METHOD of
FINITE ODIFFERENCES AS DEVELOPED BY DUSIN Bé‘me.ﬁ ). |
THE  ANALY STS IS RBASED O A Two LDIMENSIOMAL }

r-Z SYSTEM , WiTH# THE QYLIVDRICAL Food MASS
ConusSTDERED  AXISYMMETRIC , THE T-Z2 SECTIoV
IS JSUBDIVIDED BY A GRx)D ©F RADIAL
JWCREMENTS , Al |, AND AXIAL TwCREMENTS, A,
FOR SImPLIC1ITY THESE DIVISIOMNS AXE
TAKEN AS VWIFORM AND EQUAL AND  ARE
LABELED AX. OTHER JSYMBoL USED ARF:

A = CowdueTTvrTY | BTU /HR-FT-°F

h = SURFACE COFFFICIeNT OF WEAT TRANSFER,

BTU/HR -FT *- %
C = SPECIFIC HEAT, BTV /4 -F

¢ = DENTITY - ®7Fr?

AT = TIME ITWwCREMENTS , HR

¥ = VoLume | Fr3

T = TEMPERATURE OF CELL ,CURRENT,F

T' = TEMPERATURE OF CELL AFTER
TZAE IMNCRESENT LT , °F~

G. M. DysInBER E | HEAT- TRAUSFER CALCULATTOMS EF
FIN1TE DIFFERENES ", IWTERNATIONAL TEXTBook Co. , y?¢/

¥



@ruenans.

Qa0

BARN

PREPARED

CHECKED

REVISED

»
\
»”

PAGE

FAIRCHILD

REPUBLIC COMPAN

FARMINGDALE, L.L, NEW YORK 11738 REPORT NO

MODEL

A

* SUBSCRIPT , FNDEX OF AXxzAL
S vBDrvISZION
{ s SUBSCRIPT JMD{X OF RADIAL .
SuBDI Vs STON 2
T - VALuE of INDEX j USED AN
CALCULATEON
J - VALUE OF INDEY 4 UseD 2w
CALCULATION
A = AREA oF ONE OF THE FOUR
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I = TNDEX VAMUE OF  LasST AXsAL
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TI = IMNDEX VAWWE CF LAST <RADIAL
SUBRDIvE 330V
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Tg = AIR TEMP. , CONVELTTON  OVEN , °F
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INTERJOR CELLS , AND CQCENTERED AT THE
SURFACE OF BouwDARY CELLS. TN
GENERAL NINE DIS7TzNcT CELL TYPES MUST
Bt  COUSIDERED ; INTERIOR QELLS , FOUR
S3IDE CFLLS AND THE FouR COENEES .
THE ENERSY BALAVCE FOR THE CELL 4,4
IS RELATED  TO THE HEAT Floew AcRosS

ITS FOVR FACES AS FOLLDWS

/
T-—T-.>Q( -
(«;} 44 AT V"'? 2 g"".wé
WHER & ?_%J IS5 THE HEAT FLOW FRom
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g = A2 a7
A X
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OR NEAT Frow AT THE BovwdDAary

BY cowvveceT7oN

g:,AAAT :
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ENERGY TBALARE FoR CELL i,y

SINCE THE FooDd CONDXTIVITY For A GIveEN
CELL  DepEwns ©F 37s 'STATE ( Bor _k IS poT
OTHER WISE CONSIDEARED AS A FuaNCcTION COF TB, THE
GEWERAL VYALLUE OF _k. FoOR COnDUeTIoN TRETWEEV
TWC QFELLS -’9;}' AVD’ 4l =47 ; I3 .

¥ = k"‘"t. n{ga_, /O-b'(j-),é B 'k"ﬁ') :

O
Tl -T;.~ - . 3___ e /@* z
( 16 /3>—£€?(T DAX (T /6 ! lé) _K)-{- (2.52-3) sz'
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THE TERM T;\' DEPENDS ON THE STATE OF
THE TWo CELL. COUSIDERED IN THE WNEAT
EXCHANGE | SincE THE VALVE of AT AvD <
DEPEND O THE STATE ©F THE CELLS,
NOW  THE TEMPERATURE OF CELL 44 AFTER
THE INTERVAL T TS5

T,f;a' = T,;a—.-‘-@l:é} el B

My -2 (34) AL Ma
L (a3 o |
+ T, d,-ﬂ Mg —2-—(—3_:% 4 T,(-I,f& M 4
i (‘13_—3> ot N 3'-!) 1
Ll [' MO0y Ma My 4]

HERE  THE 7'5:%/145-,;,,'—, —-L— "‘/’: L REFER

To THe YALUE ©F 35 THAT APPLTES For
THE QELL 4,4 ANWD THE CELL 7o THE
RIGHT | ABoVE ,tEFT | AVD TBELOW RESPECTIVE
LY '

.
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o G iy M 4(h 500
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TEMPERATURE T

ALl OTHER CELLS HAve A CONMVEC TION

BOVvWDARY . To7F, Bo77om, AvD SIDES ME

ASSumep 7o Mave A Commov VALUE FOR

THE  HEAT TRIMSFER COEFF ICIENT | A
THE ComPuTER PROGRAN WRITTEN 7o SKVE
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T THE SoLVTION  oF THE FREVIOUS EQUATIAVS

/-> AT THE START , THE OUEA/. ALP  TEMPERAY
CAV WNOT VSVALLY 75£\ Alipwed To TArE THE Wtvr
OF THE JWPUTT7ED 47///&.&?()//? COVEN) TEMPEEATEE ‘)
StveE  THE AT BETWEEN THAT TEMIELATURE
AVD THE FooD Couldp LEAD TO A POWER
NPT  GREATER. THAN AVAILABLE FRom THE
HEATER. . Conse@uenrey IF THE CALCULATED
AVNPIT  POWER  EXCEEDS THE HEATER PoweR

To OBEY THE RESTRIQTION

2D QHANGE OF STATE . WHA FooD 24 A
CELL FS FROZEAN AwD THE CALCULATED
TEMPERATORE EFoOR THE JEXT INTERVAL AL
GIVES A TEMPR 3L °F | THE LWERGY £ XCESS
ABovE THAT REQUIRED 7O REACH 32°F IS
COMPARED 70 THE HEAT CAPAITY OF THE

T THAW THE FooDd /1-1,45,5/ THIS EWERCEY

THE AIR TEMPERATURE 1S  ADIUSTZED Dowuw,{@.ﬁ

EXCESS IS STORED , AMD THE CQELL TEMPERAU

QELL . JF THIS EWeRGY EXCESS 75 IWSuFFrereni |
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SURPLUS BE YovD THAT IS MNow USED .

70 RAFSE THE TEMPERATURE ABOVF 22 %
\

3> STABILITY CRITERIUM, THE  TINE

INVECPENENVNT LSED FA  SOLvTIoN  OF
THE TENPERATORE EQUATIONS musT
EE SMALL ENOUGH S© THA7T THE
LAST T7&£RM OF THE TEMPERATURE
LERQUAT 10N y,
FoRM 7;;?-[/ L o —Cla‘i‘---,j

WHIeH HAS THE SLEVERAL

>
wiel rOT TAxe A wmEea7rvE VALUE

4;). IF THE OVENMN LOADING CONTAINS
MORE THAN ©We Food TYPE , e.g Some
FRoZEN AWD Seme AMBIEVT TEMPERATURE
Foor, AwD 7F FORTHER THE HEATER
JOWER LIMITS THE AIR TEH)PERATURE
AT 7THE OTART , THEV THE TENPERATLRE
SoLVTION FOR EACH FooD TYPE MuUST
BE SOLVED ALTERNATELY TN EAcH

TINE 20 TERVAL AT AP THE
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THE TENPERATURE SoLUT100 FOoR. THE
CouDUeTION OUVEN 15 BASED ot A COA/SM:/?."
TEMPERATURE  LouwDARY , THIS TS5 ACHIEVED
BY PLACING A FICTITIDUS REGION AT THE
MHEATED  SURFACES WHICH TS  HNELD A7 TH
MAX I  HEATE R TEMPERATURE, AGAIN IF
THE AT, HEATER "70 CELL , TS so LARGE
AT THE .STAP\T THAT THE INPUT PowtrR woulD
EXCEED THE HEATER PowcE R , THEY THE
. MEATER  LIMIT 7S IWPoSED ., HEAT Flow S
FRom THE FaxeD TEMP. BOVMDPARY BY
CaudueTioN, BUT THE TATH LENGTH TRom |
TEMPERATURE PoINTS IS TAKEN AS A)S/Q_
AVD owpLYy THE QCQudDUCTIVITY OF THE 3
ReAL ceL. TS CoUSIDERED. 7O §
APPROXTMATE THE EFFECT OF FINGER HordS |
AT THE SIDES OF THE HEATER , SINCE THE
GEOMETRY TS ASSUMED AXISYMME TRac , THE
HEAT JTwPUT AT THE SIDES 75 ReEDuesDd 3Y
A Coustawt fhAcioR F (734Kt'n/ AS o.g). THE

BOUVYDARY AT UNHEATED SURFACES +5
TAKEN AS ADIABATIC |
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Convection Oven, 500W, h = 5, Mixed Load
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Convection Oven, 500W, h = 6, Mixed Load
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Convection Oven, 300W, h =4, Mixed Load
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Convection Oven, 500W, h = 6, Thermostabilized Food
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Conduction Oven, Heater Bot. & Side, 50 W/Can, Frozen Food (Slow)
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Thermostabilized Food (Slow)
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Qonduction Oven, Heater Bot. & Side, 500W Total Power, Frozen Food (Slow)
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Structural Analysis
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STRUCTURAL ANALYSIS: GALLEY OVEN

This analysis is presented as an approach that may be taken to guarantee the structural
capabilities of the galley oven when subjected to the conditions as stated in Section 3, 3
of the basic report, The results of this analysis is intended to provide the basis for
design development of the oven enclosure, door and basic mounting points, As the
design progresses, other more pertinent criteria may pre-empt the structural re~
quirements in favor of erew compatibility, manufacturing feasibility or other practical

considerations, This analysis will, however, provide a starting point for further
development, '

The configuration of the convection oven (Ref, dwg, in Appendix) was used for this
analysis, The results may be applied to the conduction oven for purposes of this
study, as the size, shape and weight are very close,
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