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An approximate Solution of Heat Equation in
Three Dimensions by LOD Method

Abstract

In this paper, we solve one of the parabolic partial differential
equations in three dimensions which is heat equation with Locally One
Dimension methods, and by comparing the results by this method with
the exact solution, we see that the results are nearest to the solution and
specially of the implicit method (Crank-Nicholson). Then we study the
numerical stability, numerical consistency and numerical convergence of
these methods which shows that it’s unconditionally stable with (C-N)
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and conditionally stable with explicit scheme. Consistence and converge
are realized.
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(2,2,3,7)

0.380754265978061

0.380748288644746

0.380759549978788

(2,2,2,8)

0.287863732109054

0.287858329683656

0.287867992193231

(10,10,10,8)

0.416307124112895

0.416299906904842

0.416312799457105

(2,2,2,9)

0.286786264627829

0.286780274290011

0.286790995208276

(10,10,10,9)

0.414748895901416

0.414740949587137

0.414755156290399

(2,2,2,10)

0.285712830083177

0.285706270516857

0.285718014899476

(2,2,3,10)

0.376494784990482

0.376486735802050

0.376502081241195

(2,2,2,11)

0.284643413379906

0.284636301547576

0.284649037659017

(10,10,10,11)

0.411649914887418

0.411640595668479

[468]

0.411657272474953
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3,1,8,1

(2) s

Explicit Method With Exact

Solution

0

Crank—Nicholson Method
With Exact Solution

0

4,7,6,1

0

0

2,2,2,2

3.913157512531533e-006

2.828072564297916e-006

3.913157512371383e-006

2.889955847935104e-006

2,2,2,3

6.836081639224017e-006

5.213778358158788e-006

(
(
(
(
(
(

2,2,3,3

6.708515478425922e-006

5.415898552342855e-006

)
)
)
2.2.3.2)
)
)
)

(2.2,2,4

9.510509737450632e-006

7.358966293191799e-006

(10,10,10,4)

9.140670065253538e-006

7.027153042894741e-006

(2,2,2,5)

1.198227511763106e-005

9.352864316111290e-006

(10,10,10,5)

1.137327578363488e-005

8.834304379562950e-006

(2,2,2,6)

1.433276501044287e-005

1.124146071959880e-005

(10,10,10,6)

1.346448555870005e-005

1.051877945632588e-005

(2.2,2,7)

1.658655570997634e-005

1.305131424916112e-005

(2,2,3,7)

1.569866407044139e-005

1.387771904116444e-005

(2,2,2,8)

1.876730131441378e-005

1.479896111198372e-005

(10,10,10,8)

1.733625882083583e-005

1.363258969488254e-005

(2,2,2,9)

2.088781283008395e-005

1.649514300389191e-005

(10,10,10,9)

1.915933799395447e-005

1.509440783212508e-005

(2.2,2,10)

2.295859908565800e-005

1.814694950038263e-005

(2,2,3,10)

2.137928266931812e-005

1.937942039050256e-005

(2.2.2,11)

2.498505848163531e-005

1.975903480150925e-005

(10,10,10,11)

2.263870002723787e-005

[469]

1.787340958684520e-005




(2,3.4,1)

Exact

Solution

0.293892626146237

colagl GG 88 ) yad) Alalaal o sl Jall

(3) Jsad)

Explicit
Method

0.293892626146237

Crank—Nicholson

Method

0.293892626146237

(4,5,6,1)

1.538841768587627

1.538841768587627

1.538841768587627

(2,10,2,2)

0.056872642518016

0.056850621398073

0.056889665971712

(10,10,10,2)

0.056872642518016

0.056850621398073

0.056889665971712

(10,2,2,3)

0.054806204572748

0.054763770801568

0.054839019313848

(10,10,10,3)

0.054806204572748

0.054763770801568

0.054839019313848

(2.2,2,4)

0.052814849577604

0.052753523508686

0.052862290328791

(2,2,10,4)

0.052814849577604

0.052753523508686

0.052862290328791

(2,10,2,5)

0.050895849432566

0.050817067595020

0.050956814577823

(2,10,10,5)

0.050895849432566

0.050817067595020

0.050956814577823

(10,2,2,6)

0.049046575161710

0.048951694355197

0.049120023664665

(10,10,10,6)

0.049046575161710

0.048951694355197

0.049120023664665

(10,10,2,7)

0.047264493311592

0.047154794513948

0.047349441773532

(2,2,10,7)

0.047264493311592

0.047154794513948

0.047349441773532

(2,10,2,8)

0.045547162480481

0.045423854576274

0.045642682331968

(10,10,10,8)

0.045547162480481

0.045423854576274

0.045642682331968

(10,10,2,9)

0.043892229973711

0.043756453311575

0.043997444793985

(10,2,10,9)

0.043892229973711

0.043756453311575

0.043997444793985

(2.2,2,10)

0.042297428580556

0.042150258366847

0.042411511539143

(2,10,10,10)

0.042297428580556

0.042150258366847

0.042411511539143

(10,2,2,11)

0.040760573468216

0.040603023004198

0.040882744883421

(10,10,10,11)

0.040760573468216

0.040603023004198

[470]

0.040882744883421
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(2,3.4,1)

(4) Jdsad

Explicit Method With Exact

Solution

0

Crank—Nicholson Method With

Exact Solution

0

(4,5,6,1)

0

0

(2,10,2,2)

3.872005760314458e-004

2.993258787066022e-004

(10,10,10,2)

3.872005760315675e-004

2.993258787063580e-004

(10,2,2,3)

7.742512277769734e-004

5.987413533946671e-004

(10,10,10,3)

7.742512277769728e-004

5.987413533945402e-004

(2.2,2,4)

1.161152013286814e-003

8.982464508828995e-004

(2,2,10,4)

1.161152013286814e-003

8.982464508828992e-004

(2,10,2,5)

1.547902990589654e-003

1.197841197997803e-003

(2,10,10,5)

1.547902990589654e-003

1.197841197997529e-003

(10,2,2,6)

1.934504217691665e-003

1.497525621573061e-003

(10,10,10,6)

1.934504217691946e-003

1.497525621572353e-003

(10,10,2,7)

2.320955752575703e-003

1.797299748451954e-003

(2.2,10,7)

2.320955752575557e-003

1.797299748452248e-003

(2,10,2,8)

2.707257653202844e-003

2.097163605485113e-003

(10,10,10,8)

2.707257653202995e-003

2.097163605484806e—003

(10,10,2,9)

3.093409977511473e-003

2.397117219530390e-003

(10,2,10,9)

3.093409977511630e-003

2.397117219530232e-003

(2.2,2,10)

3.479412783417568e-003

2.697160617455030e-003

(2,10,10,10)

3.479412783417729e-003

2.697160617454863e-003

(10,2,2,11)

3.865266128814982e-003

2.997293826133672e-003

(10,10,10,11)

3.865266128815320e-003

[471]

2.997293826132988e-003
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02

= [1F

02

=01+

02

= 0.1+

Jall aa 5 Zaalie ) (Explicit scheme) dayyall A5kl G gaaall Jall 455l s

J=ll a2 5 (Crank-Nicholson) dseall Asphll o gaaall Jall 25)lie ma s

(4b) U<z

(4c) J<al

[473]
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(6) s
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