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A GENERALIZED FINITE DIFFERENCE FOR THE SOLUTION OF TWO-
DIMENSIONAL DIFFUSION PROBLEMS
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, Department of Civil Engineering , Shahid Rajaee , Department of Civil Engineering , Iran Unversity of
University, Tehran,Iran Arzani @iust.ac.ir Science and Technology, Tehran, Iran,
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Abstract: Many meshless methods are presented in recent years for solving partial
differential equations. In this paper, a Generalized Finite Difference meshless method was
developed for the solution of two-dimensional elliptic problems. A fully Least Squares
method is used in both function approximation and the discretization of the governing
differential equations. The discretized equations are obtained via a discrete least squares
method in which the sums of the squared residuals are minimized with respect to unknown
nodal parameters in the inner and boundary nodes. In this.process no numerical
integration is needed and the obtained equations are symmetric and positive definite. The
meshless shape functions are derived using the Moving Least Sguares method of function
approximation. The proposed method has the additional -advantages of the producing
symmetreic, possitive definite matrices even for non-self adjoint operators. The method is
tested against two elliptic two-dimensional examples including Poisson and Seepage
problems in steady state form.

X3

Y oleo J.‘> ‘5|).3 LT Mb M S g0 S| L;‘S) SO

)L..’;’.é| Goum 9 6.5‘)’)| ol

9 9 clin Sl g ool aBlal (g30e Sledy, dsgaze 4 3l ans 93 )3 LB Slets) oS
S Gg by bsgase MBS (g, Seop Caled el oags S Sladsd ele slaae) o
$1436% Calh ] el Al as Sgame W] &) g, cynel (gl (sloseSl Alie el o csolyiin
@ 058y ol o Ay vg2rg aBIS )5 Sgasme LA (g, 5o aF (GMSn I (6 ks S jo0 Bk a5 ]
J> Sl a8l mess Sguze BB (g, SG L) cnl 3 leioe Bibp 1) Cenl 0ad Sgasme el
50 Sgame IS g, (Sl 5l el ool (BN ] 0 4 el oo slpiing oSy Jemdl s SVolae
Flas J 50 pls ol (o0 adyin sledy, 0 d9zse Slusisily Jlg (b oje> (siluainns
389 gose G pSISTl sl 5l 0)5e laanl B Bio eoleriy Ubgy Sblie (yete 2gd colitul
O 0 e SISl Iy, Bdeaiies e Cudie g )lEe Djgo 4 COlo Sleen ile eSS
@l b ogS B a5l Jiae o5 098 (o0 (oaBly ASLd (9 gy o o 45D (9 Sl
Slbre Jlonsl S (6502 SVsleo olSwd 15 o e ile (o9 Ce g ()l Guizmen el Loy o
wlin P10 5,8 Jlgieg dummo 5o ooleiiian (29 o8 42 o5 laanyyp ool go0e slods 5l (5o 12

ASININ : Jgog g )b
MIYIY i gas g,

Arzani @iUst.aC.ir . s>, agd olKiils yfpae 0aSitils o Gl dols s’
MHrAfshar @iust.aC.ir «cuiog ple olKiils o 5 /rac 0aSisls Uil (Goboeze 5


mailto:Arzani@iust.ac.ir
mailto:MHAfshar@iust.ac.ir
mailto:

HLS! oo g Sily,l wls

I\ g

Elgl 5l a8 s At J> 50 gy S s el 00 &8l CB iS5 S bl e b

Glts, 15 Symge lpiialy sslinul i 5 G,y ) aSs
Wgazme plxal g dguze elizl ammen 4l L ol 4 S
S e Sleedyy JolSS 5 65 IS )3 Fge Jaloe o yiets
el e D Jlgen ohd Seolisg,aue oy, -loses
sl onay giludoe jshie 4y (b gl Sgamme LG (6,5,
w8 I S okt slapl 0395 5 B L (S (arren (sos3
Iy dg95me oy Lo s e, [Y] IS0 5 3155 0
T a5 Woges )| 'S e Slaye JBlas bg, 5l eslizal L
ObSes 5 95 awgs lasny (29, cnl ool " A5y €52 (g,
il 285 66 Tei ) St S JE 5 0l Jals [¥]
oolaiwl (1S JE g, 5l a5 1536 gz e p0 Jewdl s dloles
0 s K0 OYsles 4y sgazme elixl gy aiiles wyled o
5 s BB e wsone 5SS sl Ll > o 055
pb B s,y cnl I el ganaSels b ol jom abog e sl
ooliwl LKl aVolee Jo slp il e S o]
Jlasl pas €5 51 Jito (SIS g, 5 558 S5t wifls oo
Sl S8 s byd slo)) pue chy 5350 Ll o

& . . . & . v - .
uju\J ‘51.@‘.“45) )b o»\g.‘ 5& )L..a =\.».3.A) Jiw.a U'.’.l R JSVA é}‘};
oS o) wisSy bl g ol oS5 enliial ol sdih ays F aSes
4 03,5 &8 sk 550 Lulpd Jlesl 4 s 65 sl
£9 pod ol Ho 0T slpiiny [f] S an g K5 Lwgs
bl a4 S SR 4 By e gl gone @351 51 6,50
ool by gy ol o o i 8 IS el S 1,550 sl
Sllllas cpl ipd o aralua LSS 2igs csleel Sbo ]
@l Loled g dgamme izl 35500 (g, 6550 e ai;
b " b Sl (2yxe 5 g a8 i Sgasme el B,
daj (nl o oremg DS 55 935 oo 0] w0 5 jlesS 5
o sl i Slenn g, 5l eslinul el ol Jl o
s all [£50] e g 6l bug oo Sbul> dola
ol by a sy Savp calid cleay az 51 plaal i,
Joere Sie Ll w8 Bis goae (6,301,301 lg, o900
G mls jo S5 Cds poc oS glahais JSepe g, ;0 S92 e
Sladss dalol jo cwlylo 1) Col o o pile 098 oyl e e

2. Moving Least Square

3. Diffuse Element

4. Element Free Galerkin (EFG)
5. Shape Functions

6. Natural Element
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1. Meshless Methods
2. Finite Points
1. Function Approximation



8 (g Jail s 0 Y olro Jo (gl (gursge 4Bl o Sguzme SIS gy S

O 5 sk il ailongzg cenl L Sile (6 0y osSire
ol 5 bl ganas, jobier | ol sldls [1Y]
abii wilosges wl)l aSed en leds, 0 ng Sl
&y Slbm b Gy &y el e sledy, o S e
so gt Jladie yog Lo o] ol Cuogaz g atilie (slozeny
Flae 53 adbioe 09> 2 5l @5 0 e 5 059 n) 31 50
g go aid)S iy Ll b o pls &g ojem y gango
ol o S b Sjgeay aiilgie LB Gl phn Grizeen
059> (& kw dwnS 0gou VS anil il sezg Sl sleoje>
ol slonls b elaites @ye slo 092 05 SoS @ | (So5d
S5l eolainl &g 0 Als e ol AT Az g BB ST 0 0
bl olass sl opls 055> p5 QB 5 gamgs S leSe msy
O @lp p¥ b sl ol oje> nj o 50 S92 ge
Ol ar adl oo (635 0 gazme B 15, 0 sl Slinie
WD 9 gy ) Hged i ) ) S9zge Sledlbl slass Koo
15 ek Ly yo SliLie e e gl p3Y bl les Jole

Q o X, 1

T—Q,

daiunng gl o s (g 90 Flojex ) B

o9y U Jeilpno Woleo gilw diwanS 1pg0 o8 Y-Y

s Olrg o JSl0>
Sgace elizl )5 Jedlyns alolae (g5lo S Joome slody,
Slojs> s ey, 5 Slaye Jlas (2S5 ) Gees
il B g 00 Blae (359 oailandly sleds) oolgils &y (e
osilegdly OYoles 4y 23059 alire slo)lxs 51 00 L
09> son W Fin eailedl ledy, ol s o el
SISl 09 ga 00l )18 Jho pl w9 00 (55 1K
oS ogde JISD cVolae 0y 4 e 093 we> &3 2
59 gd ge oolatnl goae 6 SISl 5 SYolxe pl S sl
4 dinS Slaye Bl gy )5 Coesl @ Ly i
Slayye Jilas 5l eslinad b JS8 mlys ol & alicems sy

OhlSen 5 Cog DS (e aSD G Sleeds; A o
1) fons ol Jlgen S8 Saliydgjaun @ pomsge (bs; [AsY]
9 )lgen DS Sealinsg e Ghs; (6 55k g cds Mol jglata
obaal dlie jo wages l)l 59 @Iy 59, 2 el Jleel L
Shoslitul g oSl el b (S35 @ls el p ogdle
9 Gty Asla Jor b 1) b, (siadls o shalais 1
Jlsee Sld Saludgys g Jlsen IS Seelusgjane s,
Jo slp [A] s 5 @lSg); 00,5 anlie oas Lol
S K sy gy 5 eslial o e e SYolas
&5 b Blee J> lp 095 @l all Jdo |, Tlopls 4l
Aidgel Sl gum g0 aman o SBolay bl

ol &yl aSlygty gy Shsuaz Jae dlie ol Jsl i o
Wolre (g JdiadsS s, SIS oo Bis yass 45 Ca
lre aple wlsaume 5055 anlp S (b il
al> a9 )0 gy onl o Slaye JBlas 05,5 o (ere g )l
5 58 @l polie gl il 5 @b oyl dl> e )0 (m (oulul
Sl 00l a855 )15 el y00 dlolee (5 lwainn al> 0 y0 35
D5V o] glye po Ladl g Jl3)) Lawgs 5550 (soleriny Gis,
5o ool L il yays aYobas 5l il glgil J> sl
S FSop Py Sl oad S I cleSy L w9
blis w9 b Plae Jo Gl 5o b 1) 4l o (b, o
5 Sl odd gy dlie ol (o dS 0T emiie CSeS ue
el 5 ALy rond dgaome IS by, 4 allie (nl ¥ o
sldlie ogas Joo Y ide ;0 ool sad asloy o ol
Sl ooy &1l golpainn (g, 4 dllie () j0 Azl 0,50 (g00c
30 S b5 Ayl S 5 il 3 St o sl 4
Sl ) pgly dolae lp (el J> g solerin g L
il 00 &) > o)gn ElgiS et 5 gy (gl A
Lol 00l o s S 5l T (gl sl s
ol gl a4y by e £ s

AUl oot Sgazme SN ALl a0 gy 0 (bl skelS

DR gy Oy

2 059> (G jlwdiunS 1 gl p5 Y-
b aliee (0508 0555 (giludinnS aSeiign sledy; (obod 5
L e slaosso s Jolt S o Ll 51 alie s
5o &dly 1o e so plil Canl Glies bl U alats glaojg> 55
axl jo a5 iyl bli)l KuS b (Fy90,0 abali 9o by, ol

Lyt 0nisS (pali a8 aseiin LS slows L3l 0js> 5 yiie

7. Corrected Smooth Particle Hydrodynamics (CSPH)
8. Radial Basis Function (RBF)
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1. Domain and Boundary Residuals
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1. Smooth Particle Hydrodynamic (SPH)
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