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Analysis of heat conduction in one - dimensional Cartesian coordinate system for

homogeneous material by using dual mesh finite domain method
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Abstract

This paper presents an analysis of heat conduction in one-dimensional Cartesian coordinate system under steady
state condition for homogeneous material by using the dual mesh finite domain method. This method used element for
interpolation of functions and the calculation of heat fluxes at both ends of control domain. In this paper, the detail of
discrete equation formulation was presented for the nodes of domain. The accuracy of numerical solutions was evaluated
by comparison with the exact solutions of three problems including 1) heat conduction in a rod without heat generation,
2) heat conduction in a plane wall with heat generation and 3) heat conduction through a fin with uniform cross section.
The percentage of error of the dual mesh finite domain method with four elements for problem 1, 2 and 3 were 0, 0 and

0.01, respectively.
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Tunsdlfl 3 nan1siUSeufisunudn Wesigudaiy
Aanaasay [ 98935 DMFD wiiu 0.01 dieldeduud
$7U9U 4 Ty Mstiusuuedwumdy 10 Fuvihlina
waslaraaviiiesiwudnuianaInTINLaELaNIZYe

anasnauanslugun 13

exact

O DMFD (5 nodes
A DMFD (11 nodes

TieC)

x(m)

JUT 13 wawasenmngiivesasunsalfl 3 nnisudstamuduie
S-uddaduineu 4 Julay 10 Ju

fiavveaoslaudauRanainianizais LI
1naun1sil (24) gnihuiuanslilunisned 1 dwmsu
ALULEAISU0IAIU AIMDUIINIBLTIAATIZI 15 DMFD
mpdwuedudviniy 4 wazdsluludionu ([(2)) fae
Fruruwaduiiiu 5 gniuuTeuiiisulunansied 2
Wesiudanuiianainioniz9nvesis DMFD Tdnvngi
aaneninesisusirnuianaiaanzqnuesisiwlus
ghGH é’qmmlé’dmamﬁ@wmmLawwqmaqﬁmaumﬂﬁgq

aeeisiiAgeannssusnalndiuiiamudedouaziian

'
[

mgansauTnalnafiuiduvnilevesaiu
n1sanwlundailallasin erid independent test
LWS1%N15%1 grid independent solution Ao1¥11%10
Jymiduldfidneudainsieailfidudidneda erid
independent test galdifloasrsamidesiuludneudn
aniafildladldneruifulvauilugamoudiianata
WoesiudanuRanaiatuynnsdiiadosuinudinagld
oiuifiosdtu nsmmadndaelusunsy Microsoft

Excel TunnnsdiiaSadulunasiniy 1 3ui
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M99l 1 Ameunaziesisuinuiianainanizyn (F) ve93s
WAL RALIS DMFD AflsuInd wag 10 oduua

dmsunsain 3

x (m) | Analytical | DMFD-4E (F) DMFD-10E (F)
0.1 68.526 - 68.396 (0.19)
0.2 49.439 - 49.281 (0.32)
0.25 42.932 41.811 (2.61) -

0.3 37.866 - 37.722 (0.38)
0.4 30.853 - 30.736 (0.38)
0.5 26.611 25.975 (2.39) 26.521 (0.34)
0.6 24.056 - 23.989 (0.28)
0.7 22.536 - 22.487 (0.22)
0.75 22.036 21.74 (1.34) -

0.8 21.663 - 21.626 (0.17)
0.9 21.216 - 21.185(0.15)
1.0 21.078 20.883 (0.93) 21.049 (0.14)

= o ¢ & ¢ a ay v
M990 2 Ameukavilesidudnnuianainanizyn (F) Nla
1NIBTIAATILN 35 DMFD wagdslu-ludieau (FYM)

dmsunsala 3

x(m) | Analytical DMFD-4E (F) FVM-5C (F)
0.1 68.526 - 64.92 (6.27)
0.25 42.932 41.811 (2.61) -

0.3 37.866 - 36.91 (2.51)
0.5 26.611 25.975 (2.39) 26.50 (0.41)
0.7 22.536 - 22.60 (0.31)

0.75 22.036 21.74 (1.34) -

0.8 21.663 - 21.30(0.42)
1.0 21.078 20.883 (0.93) -

5. d3unansAnen

unaudtinaunensUseAngziSeuis DMFD
dwiuiesgsitymnsihanufeuluniedffianizey
fdmiuTanidedsr unanuiliderdestunisldnig
Mnadsdiavuuneufinnesifieuddymnidanssy
3% DMFD Tuunanuildaoaumssiufuldun primal mesh
onsuszanamvesileitumuuumaveislnludied-
Wusuay dual mesh Lion1suUsHusvoaun1sida
oyusmuuumsesiSlnluiioqu viaedumdildly

nsAwialuuneuilde wdwuddaduliasigase

aun1s DMFD dnsugaseniglulauiainnisunuen
AUNUSVDIRILUIAY interpolation function Pldasly
aunsAnudufusszrisgumnvesgaretutugungd
1999AR0T0UTS auN1S DMFD flgasdeuuraulunay
uandoanllanaunts DMFD Aigaseniglumuiieuly
AmualFluusdardym anufinnainvesnalaasresds
DMFD gnuseiiusisni1siieuifisunaiaasideiinge
Tu 3 nsdinegey

wansvadeulunsdifl 1 msthanufewinainany
LmﬂﬁhwaqQmmﬁﬁaﬁg@aawaﬁa@LLazmiﬁﬁ 2 M5
Arwdouinnnisuanausoumelutaglugintans
vos¥anfiilefimudmnuianatnsiuiiniu 0 Heaeensd
Tuwaue3’ DMPD Wilesidudnnufinnainsamvinfu
0.01 dm¥unsdi 3 n1sidrAuFeunuasunda
aiauefiimInanuieunaenntem

n1s3deifindaludiuvesnisldieduudid
interpolation function wUUlLT9LdULe¥u quadratic
function 1udu inazduumandslunsfnuudisdu
dwsulgmnshenufeuluifaannileds venand
ATRAUTAS DMFD wiewdtdamnisihenudeuludedia
wioaudd waztluniadenlnivesnisuiAinouds
Favuenivilennisidegluiiagtuidu Bliludied-
s 3BIludrequ Wudu 35 DMFD ilsaggniiun
uAdgymnnenamansvesidauiosuralaym [9-10] way
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