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ABSTRACT KEYWORDS
In electric oven, pan shape is rectangular or round in general, when a Tessellation;
rectangular pan isused to roast food, heat is concentrated on four corners, Tip thermal effect;
as a result, the food will be scorched due to overheating, therefore, the Bi-obj ective programming.

rectangular pan can use the space of oven efficiently, but the food can not
be roasted well. On a contrary, if a round pan is used, the heat can be
distributed evenly on the outer rim of the pan, so the edge of food will not
be overheated. This situation causes alot of trouble to the user of oven. It
has become aworthy issue that how to ensure the quality of roasted food,
while both the oven space can be used most efficiently while the food
visual effect can be the best.

In order to solve the quality problem that isto achieve the largest average
thermal distribution H of apan, we have compared the phenomenon of a
temperature field tip thermal effect to that of an electric field tip thermal
effect, and we have a'so built the tip thermal effect model of temperature
distribution function, and through theoretical derivation, we have obtained
the relation equations between temperature distribution function T ,
aaverage heat digtribution function H andtip distance r , semi-apex angle
a . And their monotonous relations has been analyzed and we have

/4
obtained when the semi-apex angle is Xy = E which means that a

round pan has a minimum curvature and max H . The model issimulated
by using Matlab, and we know through three dimensional simulation
temperature profile, the curvature is max, in other word, is max when a
round tessellation is used, which is in consistent with the result of
theoretical derivation. And through using existing radiation thermal
conduction model, we make a further verification of thetip thermal effect
model, which approves therationality of the model.
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INTRODUCTION

Owingtoitsusefulness, household eectricovenis
accepted by agrowing number of people, and has be-
comearookiein household applianceindustry. Inre-
cent years, new type of electric oven hasbeenusualy
adopting new technol ogiesincluding far-infrared heet-
ing technol ogy that has such featuresas short heating
timeand lower energy consuming, whichisvery wel-
comed by alargenumber of users. Theoretically, heat-
ing by usinginfrared ray isto usethetheory that when
radiation wavel ength of object isin consistent with that
of receivingwavelength, the object isableto absorb a
lot of infrared energy so asto accel eratethe molecul ar
movement within the object, then the object can be
heated to ahigher temperature, and finaly, tofulfill a
hesting purpose.

In genera, anauminum panisused asatool and
medium to roast in an e ectric oven, the shape of roast
pan isdecided by theinner shape of oven, and most of
such shapesarerectangul ar. However, when arectan-
gular panisused toroast food, heat isconcentrated on
four corners, asaresult, thefood will be scorched due
to overheating, therefore, the rectangular pan can use
the space of oven efficiently, but thefood can not be
roasted well. Onacontrary, if around panisused, the
heat can bedistributed evenly on the outer rim of the
pan, so theedge of food will not be overheated. How-
ever, the shape of most of eectric ovenisrectangular,
because using around pan can waste the space of oven,
athoughit canensurethequality of roastingfood. This
Situation causesalot of troubleto the user of oven. It
hasbecomeaworthy issuetha how to ensurethequdity
of roasted food, while both the oven space can be used
most efficiently and thefood visual effect can bethe
best.

HEAT TRANSFERANALYSISAND BASIC
KNOWLEDGE WITHIN OVEN

Heat conduction analysiswithin oven

Through reading theinstruction of theelectricové,
weknow that: electric res tancewireisheated by elec-
tricity that istransferred into thermal energy, and the
inner temperature of the ovenisincreased, therefore

thefood in the oven can be heated. Thewhol e process
isfromoutsidetoinside. In brief, theelectricovenis
just likeacl osed stove of which theinner part isheated
by thermd radiation.

Through observing theinner structure of the oven,
weknow easily that the ovenisequipped withfanor air
inlet and outlet, thereforetheins de part of theoven can
achieveatemperature uniformity dueto convective hest
transfer. Then, what factorslead to scorching acake?

Definition and classification of tessdlation

Tessdlationisthe process of creating atwo-dimen-
siond plane using therepetition of ageometric shape
with no overlapsor no gaps. Namely, oneor severd
two-dimens ond geometric shapeswithidentica shape
and sizeare spliced into apattern without leaving any
gapsor overlapping. Thisisthetessellation of plane
Fig., also known asmosaic of planefiguré*?. Inates-
sdlated graphic pattern, if thereisonly onedement pat-
tern, itiscalled singletessdllation; otherwiseknown as
multipletessellation. Inasingletessdllation, if theele-
ment patternisaregular polygon (equilatera triangle,
square, regular pentagon, regular hexagon, etc), this
tessdlationiscalled (sngle) regular tessellation. If the
edgesof each e ement pattern match exactly witheach
other when tessellated, it isedge-to-edgetessel lation,
showninFigureland Figure?2. If thetessellationis
both regular and edge-to edge, itisasingleregular edge-
to-edgetessdlation.

Figurel: Edge-to-edgetesselation

Figure2: Non edge-to-edgetessdlation
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SINGLE REGULARTESSELLATION
MODEL BASED ON PAN | SSUES

In order to maximize the number of pansaccom-
modated in oven, theidentity and regul arity should be
first cons dered when sdl ecting the shape of pans. Then
consideration should be given to maximizing the cover
areaof panswithout overlapping. Based onthe above
thinking, weestablishasingleregular tessdlationmodd,
specificdly derived asfollows?:

Inthe process of tessdllation, the measure of each
interior angleof aregular polygonwith nsidesis

(n-2)-180°
n
Toredizetessdlation, first we haveto ensurethat

thesum of aninteger number of interior anglesis3g0° ,
assuming the number of apex angles of afixed point
ISk ,then
n
and
nk — 2k =2n
nk-2k-2n=0
nk-2k-2n+4=4
Wehave
N-2)-(k-2)=4
Therefore

n=3 |[n=4 |n=6
k=6 |k=4 k=3

That isto say, inregular polygon, only equilateral
triangle, square, and hexagonal can be tessellated
seamlesdy. Theeffect figureisasfollows:

AstheFiguretrangtsfromrectangletocircleinthis
case, equilateral triangle does not haveto be consid-
ered. Whentessellated, the sides of rectangleand the
oven boundary coincideseamlessy whilegapsmust exist
between sidesof regular hexagon and the oven bound-
ary!. Intheprocess of tessellation, there are gaps not
only at the boundariesbut also between Figureswhen
using other transitional Figures such asregular penta-
gon, regular octagon, circle, etc. Bellow wegivethe
number of unitsof squarein tessellated state and the
numbersof unitsof regular hexagonsin non tessellated
state and make acomparison®.

Figure3

Figure4d

Figure5

Firs, let’sassumeanided state, i.e. theinwall of
the oven and the pan compl etely match without gaps,
thenumber of tessdllation unitsis

o]
A
However, intheactua situation, the pans cannot
cover the oven completely. When the gap | eft at the
boundary are not enough for anew unit, the number of

unitswefind > rea number. Thegap ontheboundary
will causelargeerrors. Therefore, we can use round-
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to-integer modd toimprovethetessellationmodel and
further obtainthe rel ationship between theovenlength,
width and the number of pan units.

(1) Squareunit

L

(2) Regular hexagon unit

N 9
MG

2

(3) Circleunit

]

)
[ 7] | represent floor and ceiling functions.

Combined withthe actual situation, werefer tothe
household oven whose actual size is

500mmx 400mmx 500mm and areaisgocm?. Sub-
stituting into the above formula, we get the number of
rectangleis 25, regular hexagonis18, circleis16. Thus
wecometoaconclusonthat rectangleisthebest choice.

THETIPTHERMAL EFFECT MODEL
BASED ON MAXIMUM AVERAGE HEAT
DISTRIBUTION

Temperaturefied and eectricfield hasal ot of Smi-
lar physical quantities such asisotherm and equipotent
line, isothermal surface and equipotent surface, tem-

Figure6: A spireFigure

perature gradient and field gradient. Through reading
material, we know that there istip effect in electric
fidd®, thereistipthermal effectintemperaturefie d”3,
both the effectshavealot of similar features, sothetip
thermd effect inthetemperaturefied can be compared
tothetip effect of theeectricfield.

Tip thermal effect mode

Fird, let’sanayzeas mplespireshape, pleaselook
at thefollowing Figure:
Thefunction of surfacetemperaturefiedis:

T, =—Avr " [1+2v In(cos%)] 1)

Ty =Avr'* tan% @
T 12T 3

Toplug (2), (2) into (3), thefollowing function of
temperature distribution can be obtained:

T=Avr V'1\/[1+ 2v In(cos%)]2 +tan? % @
The r isthe distance to the spiretip, « ,9 are

1

V=——

respective radian value and angle value, 5,2,
0

S = —60,andaveragehesat distribution functionis:

H=T ©)
Inorder to smplify calculation, theintensity isob-

tained by assumingtip temperatureasO, A isanunde-

termined constant. Cond dering that thestudy isthetip,

0 ¢ <1,thatis g < 57.3 .Accordingto equation (4),
there ation betweentip temperaturefid d and semi-apex
angle(illustrated by using radian) can be obtained, and
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through equation, when « iscertain, y 4 when 1,
when ¢ at when 1}, T

whenr t Ug M1 4, and

is certain,

lim T=lim T= lim AvrV?
a—>a B—B, B—B
rarl r»rl r»rl

J[1+ 2v In(cos%)]2 +tan? % =T,

In this equation, a,,r, T, are constant,

ande; >>0, r; >>0. Through the above equation,
wheng ,r isfar from constant O, thetemperature T
tendsto be stable, so the value of average heat distri-
butionfunction H ismainly determined by the nearby
temperaturevaluewhen « , r areO.

Under thepremiseof congtant total capacity of ther-
mal conduction, thefollowing can be obtained:

a—>0
@ When{

f 50 and temperature T 1, total average

thermd distribution |, .
(2) Near thetip r - 0, if the semi-apex angle 4 1,

curvature |, 7 changesdowly, y 1.
Through theabove cd culation, we can obtain that

when the semi-apex angle & =% (round shape),

thecurvatureisminimum, and theaverage heat distri-
butionfunction H{ ismaximum.

The Matlab simulation of the tip thermal effect
mode

Through Matlab simulation®%, we achieve the
change process between temperature 1 and distance
r when semi-apex angleiscertain, pleaselook at Fig-
ure7(a), and achievethe change process between tem-
perature T and semi-gpex angle ¢« whenthedistance
r iscertain, pleaselook at 7(b), and achieve thechange
process betweentemperature 7 and semi-apex angle
o and between temperature T and distance r , please
look at 7(c).

AccordingtotheFigure7(a): withtheenlarging of
the distanceto thetip, temperature changetendsto be
stable, whichmeansthetemperaturedistributionisrea
tively even, inanother word, thetemperaturechangeis

BioTechnology —

moreviolent near tip areawith uneventemperaturedis-
tribution.

Accordingto Figure 7(b): with theenlarging of the
tip angleand the decreasing of the curvature, tempera-
ture changetendsto be stable, which meanstempera-
turedistributionisrelative even, in another word, the
smaller thetipangleis, thelarger thecurvatureis, and
thetemperaturechangeisrdativedy violent withanun-
eventemperaturedistribution.

In conclusion, thecloser thetipis, thesmaller the
angleis, which meansthat thelarger thecurvatureis,
themoreuneventemperaturedidtributionis'?*4; onthe
contrary, themoredistant to thetip, thelarger theangle
is, which meansthat the smaller the curvatureis, the
moreuneventhetemperaturedigributionis, pleaselook
at theFigure7(c).

Thus, it can be concluded that: from rectangular to
round, theround shape hasasmallest curvature, sothe
edge of around pan hasthe most eventhermal distri-
bution, whichisin consistent with theoretical deriva
tion.

Theverification result of radiation ther mal con-
duction mod€

Inorder to verify therationality and correctness of
thetip thermal effect model, aconventional radiation
thermal conduction model isused to consider theissue
of average heat distribution.

Theworking principle of electric ovenisthat the
resistance deviceof theelectric oven emitsheat tora-
diate the object in the oven. Through the equation of
radiation heeat therma conduction capacity:
®, =h AtF

Inthisequation: @, isradiationthermal conduc-

tion capacity, h, isradiationthermal conduction coeffi-

cient, At istemperaturegradient, f and isthermal
conduction areainthedirection of thermal conduction.
We can seethat the heat absorbed by the objectinthe
electric ovenisrelated to heat conduction area, and
whentheheat conduction area F isenlarged, the heat
absorption capacity isa so increased. When pan shape
ischanged from rectangular to round, and under the
circumstance of a certain pan area A,

Sqe=AL,LT,Sy. T, @, T.Asaresult, for rect-
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angular pan and round pan, whentheheights h arethe
same, therectangular pan can absorb more heat than

thet of theround pan(®, .. > P, _g,, ), SO0, Withinthe

sametime, (to roast abread), arectangular pan hasa
higher temperatureinsi de, which lead to scorching the
edge and the corner of the bread.

The conclusion can explain the phenomenoninthe
issue, whichisin consi stent with the conclusion of the
tip thermal effect model at the sametime. Thisillus-

tratesthefeasibility of comparing temperaturefield to
electricfiddand designing atip thermal effect mode.

BI-OBJECTIVE PROGRAMMING MODEL
BASED ON NUMBER OF PANSAND HEAT
DISTRIBUTION

When we select the shape of pans, two factors
need to be taken into account, namely, pattern tessel -
lation effect and heat distribution at the oven edges.
When we choose arectangular pan whose sideratio
Iscongi stent with the oven, there existsthe situation
that the oven can be compl etely tessdllated by the pans,
which takesfull advantage of the oven space. Hence,
inthecase of equal areaA, when the panisrectangu-
lar, thenumber of pansthat canfitintheovenismaxi-
md.

However, we can learn from tip thermal effect
model that sharper pan corner and smaller curvature
(i.e.smaller angle) lead to larger temperature gradient
change and more uneven temperature distribution.
Meanwhile, the superposition of temperaturefield at
corners causestemperaturerise, which inturn result
in overcooking at corners. We use PDE toolbox
comes Matlab to make therectangular heat map, see
Figure8.
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Figure8: Rectangular heat distribution

Analyzing theresult of tiptherma modd, welearn
that thecurvature of circleismaximal, itstemperature
gradient changes smoothly and temperatureisdistrib-
uted evenly. Therefore, the heat distribution acrossthe
edges of round panismost uniform and thefood isnot
easy to be overcooked. Thinking fromthisangle, we
should chooseround pan.
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