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Heat Transfer Analysis in the Rubber Glove due to Microwave Heating
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Yandauainedululasian (Microwave enery) mﬂﬂumﬂﬁmm%’auudaaﬁaEmLfJuLmdqmm%au%mﬁa
madeniihaulalutegdy ilesntivannailunisiaiudeu lireliAnuafiv uazanunsanszaisai 1y
Souldognarhii lunuatedasrhnisinnnisdemanuioulugaiiesnaideninmsianudeusendny
nadulalasrnnglunlalaso Aanuiedulalasnn 2.45 GHz aunsuundiaad (Maxwell’s equation)
fitufuamugaumsiiewauiou (Heat transfer equation) fitufunaigninanldsuanriussdeuds
Besavuuulnludiedsud (Finite element method (FEM)) wafildainnisdrasadeiaiavsglusunsy
reufinmesazgniUSeuiisuaugniesiunaainnisaass Bvsnavesvuinvesgsiienns Aidslulasimi
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Abstract

Several years ago, in the manufacture of rubber glove often used heating from hot air is
mostly. It takes a long time in heating and can cause heat distribution uneven, resulting in rubber
glove dry not smooth. Microwave energy used for heating of rubber glove is one heat source that is an
attractive alternative nowadays. Because it reduces the heating time, pollution-free environment and
can distribute heat evenly. This research studies the heat transfer in rubber glove due to heating with
microwave energy within the microwave oven at a microwave frequency of 2.45 GHz. The transient
Maxwell’s equation coupled with the transient heat transfer equation is solved by using the finite
element method (FEM). The numerical simulation results with computer programs are validated with
experimental results. The effect of rubber glove sizes, microwave power inputs and heating times
include the positions in rubber glove on the temperature profile are studied. Three-dimensional
models of rubber glove and microwave oven are considered. The results can be provides guidance for
the study of heat transfer during the production of rubber gloves with the microwave energy in the
industry.

Keywords: Heat transfer, Rubber glove, Finite element, Microwave
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2) la,iﬂmmﬂms@mﬂﬁuﬂﬁulmimnwsuaqmmﬂ
nelualalasiam [10]

3) afwweumlulasirluazviotindussiansanlig
Foulvvoulwauuudninliilauysal (Perfect
electric conductor boundary condition) [10]
4) ArpaaudRladianasn (Dielectric properties)
yosnsfiosnauaziesinagiansurlvidaae
nsunsnszaefvesaAulmanliiinnelugg
fegnvazggnarmnalagldaunisnisuninszaedi
voandundivdnlliin %qaguuﬁugmmaqaumi
wungiIad (Maxwell's equations) [13] @9@nansn
Fenluguinldlede
Vx| LvxE —K|e -1 |E=0 (1)
H, W&,

o E Aerdnustuvesauinluidi (Electric

s

field intensity (V/m)) 4, AAINISBUHIUAUANS

€

(Relative Permeability () &' AaA1lUasinfif

!
&S (Relative Permittivity () &, =8.8542x10 -
F/m feAnUesfindinlufiinanieniarde
(Permittivity of free space (F/m)) & A9AINITU
Il (Electric conductivity (S/m)) @ = 27f e
mmﬁL%mm (Angular frequency (rad/s)) k, f®
wvaduluiiinadensails (Wave number of free
space (m ) uag j =~/—1

Tasiioulvveuland miunisimsizinig
wnsnsyaneinve AN lifinayisd

gaflonnaaylddudninasinaaululasiami
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duvosviothadusziduuuunedn (Port boundary
condition)  MinssruAIAAtlulAsInAdeund
AL [14-15]:

S=[(E-E)E/[E E )

WIDANAIAIVBINTITE (Propagation constant,
) awdlanudunusasaunsi (3) Ae [16]:

27 ¢’
f=—x o P (3)
c 4dxa
a = | o 1 .
We  f A9AIAIRIUBINISWE (Propagation

constant (1/m)) @ = 73 mm ABIUINAIUANVDS
viewpdu (Depth dimension of waveguide (m))
[10] ¢ = 3x10° m/s AeAIIL5Ia (speed of light
(m/s)  wag f AoA1AuATivha (Frequency
(Hz))
fruvenvieterdusrinnsanliiideulaveuian
wuusthbnfinauysel (Perfect electric conductor

=

boundary condition) AB
AxE=0 (4)

nilsrounlulasinazdfeulawuy Impedance
boundary condition A® [16]:

wazoulureulunsEnineseyfesening oy
waguuuRungs inagfansaioulaveulun
WuUseLilos (Continuity boundary condition)

lneAnaandiladidinasnasdeulugy & o
AeunEndiosiingdn (Complex permittivity) 2%
Hunuaudivesingle 9 lesuredsanuanunsaly
M3ged derumazagioundanuanadululasim
ranusaldeuluglaunislafe [17]

e=¢g'—je"=¢g,(¢. — j&!) (6)
cl; ) oA N & o a ' 2 &
Ay & ABAIUTILUUIIUIUTIVDIAIABULNGNTY

!
WosindlinsaninAtnantadldnasnduins
(Relative dielectric constant) #3aALUasinR3R
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dUiN5 (Relative permittivity) way &7 Aodiud
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WudruaudunnimvesaineunandilosinAic
Saninaladiana3nasaula-tnasduivng (Relative
dielectric loss factor)
3.3 MIAATEINSEEmANToY
iielitaonadosiunsiiaszinisuninszated
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Taglumsinsginmsiomaufoussdausfgiud
Aetosie
1) Lifinrsannisudsuntasaniuzvesgaiions
[10]
2) hifinrsannisiasuulasufizemnaeiivosns
o819 [10]
3) ARaaudAnIeAI1NTou (Thermal properties)
yesnsiiosnaazinnsanloiidasd
N193LAT1EMNIINTEIUAIGUNYHILRIITUN
anzlugefiesnaviniu wazfansanligaiiossd
oumglliFusuRl 24 °C WulFisriunsveass aunns
dlunisofurgnisiemaufounielugiionns
FoldFudvsnaanmslianufouanadululasion
Ao [10]:

pcz—];—kva:Q )

dle T AarUuNll (Temperature (°C)  p
Aor1AuLILLY (Density (ke/m’) ¢ FaAiay
9ANTEUTINE (Specific heat capacity (J/kg .°C))
k #ernisihanudouniedudszansnisiiniiy
50U (Thermal conductivity (W/m-°C)) waz Q fe
WiaIAINSaUIINA18UeN (External heat source
term (W) @sludidaylganumaindsanuainudou

aneaululasnluaunisy @) g fe
0 =2nfz,¢.(tan S)E (8)

o tand fFerdudszavsasaunuiausi (Loss
tangent coefficient) Farnauilni E arldann
MTIATERNIsUNSAsEER VDA Auiwan LT

dmfudoulvvauiwnd i niunisinsieainis
femeudeussiis
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suuenvesgsiiessazfinnsaniteulvveuiun
Wesanunasaitufeusinadundindnlaii
(Electromagnetic heat source boundary condition)
Sudlosnanldsudninaanadulilasan fuwans
Tuaunsii (9)

—h-(~kVT)=Q (9)

Feulvvoulunszninaseseseninagsilonns
LazuuuRinTesfinasfinnsunioulavevian
wuuseiiies (Continuity boundary condition) ua
USIUTOUUDNTENINUYTNALAZDINIAZNANTEUN

Tiflnuaudfiduauiu (Thermal  insulation
boundary condition) A®
—h-(=kVT)=0 (10)

Tneda Ul ualuNISIATIZRNITWINS NS
fvasrduldntnilinarn1siAsigvinisaem
AuToudzuandluzun 7

aunsndnluaunisd (1) wag (7) awgnuAtym
magszidauisidaiaviuulnludiodiuud (Finite
element method (FEM)) Aulusunsa COMSOL™
Multiphysics LﬁaﬁﬂmmiﬂizmaﬁaqmmﬁﬁLﬁwﬁu
melugaiiosnsvunasiieg Weldunisiniuiou
Pnadululasanfifinsudsunlasmiuna  lae
AUNINITUNINIEANEfvesRduulnanlniiuay
AUN1IANEMANTOUILATUATUAIULNDULUAIAIY
FOUIINAIBUDN (Q)“luaumi‘ﬁ' (8) Fauuusaneay
gndwalagldiedud (Element) JUanumdsy
wagldflsddunisuszuaailutisuuuainsesd
Sufufiaes (Lagrange quadratic interpolation
function) lun1suszanaurgamaiiluusiagiofiuud
Tngdrunueduwudldlunisiesevide 720,636
wdlud Taeguil 8 azuansnsAlediuudianely
wuusiaesnsiiessuasmlalasim lneusnmdaie
favvosgeiiosnsuaziiuiinelumnlulasinilng
peflesnaneiifuieAuudilunuazusinmiud
aeluanlulasiniiiisngaiiesnsesnluazidl
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A13Nil 2 ApuaudRledidna3nuazainuaud
ANPUTDIIT 081 IMALLYITNTLAINNIT198
Tuauidedn [18-22]

Property Emblem Natural Ceramic
Rubber Latex
Electric conductivity
(o2 0 0
(S/m)
Relative dielectric '
& 20 3.4
constant r
Relative dielectric loss "
& 0.3 0
factor r
Thermal conductivity k 013 11
(n) (W/m-K) '

Continuity, Continuity, Density (kg/mz) £ 975 2,200
Electromagnetic wave | ' . i Electromagnetic wave Heat capacity (/kgK) c 1894 480
ﬁX(EceramiciEair):O : Ceramlc :NRL= ;ZX(Eceramiv_Emr):O
;’X(Hceramic_Hair):O 1 1 1 ﬁX(Hcemmiﬂ_Huir):O

A} P 7 4 . - ot
. . . HALLAZNTIIILAINTHING
Alr Alr i P i v o s
o o Tusufn 9 DesUfl 11 azuanInsInANEURUS
Thermal insulation Thermal insulation . Y - y‘“ . L
—fz‘(kaT):O —fr(—kVT)zO 53‘1/1']’1\1QM1/1Q3JﬂUGHLL‘V1u\1(§HQS] (A1 A2 A3 Ad L@y
A5) Alaannsnnaesfisresiian1shiauseu
30 s 120 s 210 s wag 300 s lagldamadlulasiam
Continuity, Heat transfer A . A
(7o oo )= Tewn 1) Adau 100 W wazAranudlulasian 2,450 MHz
NRL\0°%) = * Ceramic\"*0 2
aT(xO t) aT(xO t) maﬂqaﬁamwum S U M LLAEYUIA L 9111 U
—kppy — =~ — ¥ g ¥ e
M ax cerame o Tun15MAa8992iN1SNAARILININLA 5 ASY WA

()
JUT 7 Geulvveuin (n) UShuneusngilosns
waztnlilasin uag (1) vinaniglugadiesns

a ° a I3 ° a
JUN 8 unuediuudnigluwuudnaesgeliesnuay
wnkulasian

AAuauURladidnasnuazA1AuaLURN1IAIY
Youveagailosnsuaziwniinazuandlunsieil 2 [18-
22] Tneailosnsaegnanuilvilauauifduaaile
A8 (Homogeneous material) LLaxﬁ@mauﬁa
witlouiulunnitani

‘131:11’1‘1/1’1?]"]LQ’SEJL‘W'aLﬂuﬁ’leu%@ﬂNaﬂﬂi%ﬂaaﬂ g
mmﬂmmm W‘UT]L&.IE]? ¥e¥1281N15MANSaU
LWQJ‘UUEJOA%JWQJV]G]’]LLMNQWN"’] W LW&JﬁQ‘ZJUG]’]&JVLU@'JEJ
avaiﬂmmu‘wmwaﬂwmumiﬂsumamqmmw

=

WasuwUasmuiumiivesgsilogusazuunnay
mmmehqﬁ’umummLmﬂmwawmwﬁuﬁﬁumqq
fosnsilaundanuainadululasnnlvuiasiiaiy
TngdnuaznIsNsEeMguuNiivenIloseuun S
agildnuazadoiduldmsiluan (Parabola) manefi
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