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Numerical Solution of the one-dimensional
Heat Equation Using the (SM-RG)
Algorithm

(1)Prof. Brillant Sabry Matit

(2) Qutaibah Ahmad Ali

Damascus University - Faculty of Science - Department of Mathematics
Abstract

This paper presents a numerical solution of the heat conduction equation
using a random grid approach called the SM-RG algorithm. The research
aims to develop a finite difference scheme as one of the effective
numerical methods for solving partial differential equations. The SM-RG
algorithm relies on random point distribution within the computational
grid while incorporating improvements to the difference equations to

enhance numerical stability and increase accuracy.

The study involves applying the SM-RG algorithm to a one-dimensional
heat equation, detailing the implementation stages, including modification
of the difference equation and treatment of boundary and initial
conditions. The results demonstrated that the SM-RG algorithm vyields
higher solution accuracy and reduces the error rate.it should be noted that
the method employed in this study is ineffective for non-simple and
irregular regions.

Keywords: partial differential equation, the 1D Heat equation, Finite
difference method, CN method, SM-RG algorithm.
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rathill jsaag Jualsdll Headll o aliiie die asie 30
_{01 2 1}-h—1
X = 13131 ) _3
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c=fo. b 20} e
- 13131 ) _3

_){'Ti+1,j+1 + 2(1 + A)Ti,j+1 - ATi_l.]""l
ak

= ATi+1,j + 2(1 - A)Tl,j + ATi—l,j ;/1 = ﬁ

k . . v - %
A:%:g;dpwJM\x&@M\mo\w

J = 1dal e
—ATi12+2(1+ )Ty — ATiy5 = ATy g +2(1 = )Ty + ATi_y 4
i = 2Laie
—3T;, + 8Ty, — 3Ty, = 3Ty, — 4T, + 3Ty,

.La})ﬂ\ e BJG:\M‘};L}}

4 — 343

_3T3'2 + 8T2'2 == 6

(1

= 3laie
—3Ty, + 8T3, — 3Ty, = 3Ty, — 4T3, + 375,
tha g il pe 5l

26 — 33

8T3'2 - 3T2'2 - 6

(2)
1(2)5 (1) Oilabaal) daad & yidal) Jally
T3, = 0.4936415859 , T,, = 0.1601282526
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j=2 a0 o
—ATip13 + 2(L+ A)Ty3 = ATi_q3 = ATyyap + 2(1 = )Ty + ATi_q
(= 2l
_3T3'3 + 8T2‘3 - 3T1‘3 = 3T3‘2 —_ 4T2'2 + 3T1’2

tha g il (e BaldLsY L
= —3T33 +8T,3 = 0.8404117473 (3)

i = 3dal o
_3T4.,3 + 8T3,3 - 3TZ,3 = 3T4.'2 - 4T3'2 + 3T2,2

thag ydll (e saldiaY by
= 8T3,3 - 3T2,3 = 4‘5058184‘14‘ (4)

{(4)5 (3) otllaal Alaad & il Jally
Ty, = 07012324101 , T,; = 0.3680136222

maxds B aall laal

4 — 343
lry | = =3T3, + 8T, — —— = 5.399997822 x 10~*

26 — 33

|1"2| = 8T3’2 - 3T2’2 - = 1439999851 X 10_3

e, = /rf +r2 = 1.537920458 x 1073

|T‘3| = _3T3’3 + 8T2’3 - 08404’117473 = 0
|ry| = 8T33 — 3T,3 —4.505818414 = 2 X 10°10
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e, = /r§ +r2=2x10"10

: s alac ) Uadl) ofd Jully
emar = Max(e;,e,) = 1.537920458 x 1073
:mu‘a‘g G_ﬂlﬁ\ .7
£ 55 (e Agan agyd aa daly 3xd 3 Byhal) Abbed gaxall Jall e duhall o3a adiad
Lgiiall (35 ,all Aipylal Jaaed S Al SM-RGase)ylsd alasiiuly Jlxil Jaydis 4408 500
:\.g_k; ‘}yo:\jj
Al Ll Hgdall oyl @
LGl e 3 COleleall Qs o
el il Jydas
& (SM-RG)Afa) AWl aladiu) xSl cell e
Gl Ghh e daslll cUadY) o jaal 2Wadl (min, avg , max) <y
Aaslll e UadY) o815 (e Jliy Bl Shpdiad) a3 sil) o G gmy ol cigginal)
Aaliind) i€l U oo
sl jlam) 8 aSanl) ) s g al) Alabee COLabae Jaes 3 Aigpall @

Aaiingl ey ddapa) e shlidl Jal e dlad e 45,00 e

Gluagilly claliiiuy) .8
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Shall daleal dpane Jola alay) (o USE Eun SM-RG A )lead Jalaty dufyall o288 Liad
SM-RG geylsa of golil) copelal Lagdi s 55 (e Agan Jagpiy i) oyl ae dlialil)
ol lasall aaxi] Jlanal) oy 138 35 ) jal) Alslaal dalaiiall cilSuslly 43 ek Jolall e 48y 36

P ey cdandl 138 Bl s i) A

(awally Capsall) ) Sanl) Aok
Agalai® g Al dn el

glual) sl Sualiny

sdiaall dalal) alolall nnell dadadl

BT s Laa Al Tpne Bh po lened Gl e SM-RG e lss ppent (S LS
LRSI R (NEON - B A ENPIEE RTER BRTLEN
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