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In this study first the meshless local Petrov-Galerkin (MLPG) method by Radial Basis Function (RBF)
has been explained entirely. In this way the governing channel flow expression that is based on the
Laplace equation is expanded. In MLPG method, the problem domain is represented by a set of
arbitrarily distributed nodes and Quadrature radial basis function is used for field function
approximation and local integration is used to calculate the integrals. In the following, MLPG method is
verified by exact solution in a numerical example. The Results show that MLPG method presented high
accuracy and capability for solving the governing equation of the problem. Finally the velocity field is
approximated in middle of nodes by RBF (MatLab code was adopted) in the uniform flow in a sloped
channel problem. The MLPG results are compared with the isogeometric analysis (IA) method in the
tutorial numerical example of Fluid flow modeling in channel, the velocity contours is detected, and
their accuracy is demonstrated by means of several examples. The results showed good conformity
compared to available analytical solution. The obtain results explain that Application of meshless
method in Fluid flow modeling in channel show the applicability and efficiency of the meshless local
Petrov-Galerkin method by Radial Basis Function method.

sl Sy gleojls o eslind 5 douds -1
oolinl s sooe glo by, 5l (Sdoad Plaw b gy pole jo azals (p o8 ) (So o JEl sl Ul b 5 Jlss
Slp Vo Coale w2 b a o000 laty) p e ) (S st e b il Gl i olacusgaze b U adbs eage

bioe 8809 (g Sl Sl Llod S el g o ol sl S b laejlo cpl s 42150 S



OlKa g Ssel yral)

bbbl Al o ouf -9 00 e ASub g9 by Sl edlatwl b JUI 903 Juw gl ilsdde

[27] Jebatne JU 9,500 5 (9w e Jumasil 10 S > JUES1 ol
Alios 0j9> (nl o 0l apdy Oy Sllllas (p Saie 3l

Seregianl gy & Ol Ol adllas Jyene sla g, s )
3 S Je aiile gilie Sl 40 5T 51 o Sa0 g giuel 45 Sgai 0,21
[30] o censls 55 5 [29] JUIS ,5 (b2 Conig (28] 63, 5Y ol ms
et 0 gy 42238 oo JLu o

9 e AL g By, Brre s oy a lal B o) o
JUE 5o Jlw ohyz SVslas gl3ul b e g 0ad il (05 NS
Qb 2 oS s e 45D e (B, 1 ool b ol sal e
onilo Bl iy, o9 (ko dlaly o zhyinsl LOLY alolas gelads A
B Gbgal 4 gbowe Glp wellS by, S glie 4 G
Gt L s, o S s T drene Jedlis sladdslas
S ok g B gelets IS0l gl eslinl b o o5 e ) 4z s 5 p0e
S g e 00) L, SleSh fbm bobend JUIS o e F
Jols @l bg 235 18 iz 2590 Ghgy ol eslinl b go0e St
eload aslie S agiisnl B

&b 3 el @ e Gei cnl o sly S R e
P s O @b ceE slp lons gy 5l sls al
ol o0 438, 55 4 adgl Slagli dnle slp & Joxe 55 5
Sgei oLl

o r9s-2
JHs o lee s g beejle Jld, 5 oS> Lewdl s sladlolas o IS jabay
1038 00 ol (1) el S50 4 dD) T (sl 50 (55, 2 9 (A1) el
DG~ f =0
B(w)—g=0 (D
g s/ s el Fhae B 5 D i) loe b aalal; ol o
il (290 @b
st (2) byl sl St 1) lace &l 38 Jade 4y gbcess
10,5 oolazul Hlowe b o5 a8 Gl e

uh(x) = Z pi ()e; = PTa )
i=1

sgac by Poom o abul(r) s, ol g
sl Jyens jgbar abloe Glabezaiz (ulis Jopa s glalazas
Ses e a8y 5w () glaleraiz glagae slaxi @) alayl, )50
Wle Cesd a4 0B Sjso 4 Gl @l gy ol 5l el gogase
g azals J3s j0 Ry (seuils 3L (sl ls e 5 oSl galolan J> ool
U @b ol 518 5 Lel> souile Bl ke o9 saly3 b0 59, » Rp
25ds0 ol B) slaakad) S jso 4 (1) bl o
Ro=DM —-f#0
Rr=Bu")—g=+0 3)
Mode )8 b DB o 4 a2y b iy ewila Bl g, 50
oila B Jlake wb gy ) 3 S s i llae J3 Ry 9 Ry (gouile 3L
Aol b5 ploasle; (S Blas 4] lage i o) 5l ol
Sl S5y 2 g 4l 53 lo0)s slosile Sb JISD! Jlade goane (ot
(@) alal)) 55 aalgs 3y 15l Al

Jae 3 "SPHD Jlgen )3 Saalinzg e g, 4 45 9 iy,
ol 3 oS pan [ ilige 5 WSS g oy ooy o28
oolizl [2] ol gl oz (Sgpaen siloJos 5 Sl slp iy,
e Slinine gl JBile 5 sz Gilednd 53 90 3l b, cnl 0 S
lr Jlgen Sld Sealiydgam g, 39 oe edliil pgo 9 Jol 4550
ol o g, 3 oolinad b [3] g (g5l T o 2 Jilene
2D e gy 0 BeBS D odls Al (Jed 4l (g 5 0t
(4] o) an g Japb Lomgs YoasSTy i) bg, Jlazsl 5l aw 1992 Lo
O e T R e
=l Slas g, 6] RKPM)Tald adg 3L 5, 5] EFG)
3% by (8] NEMY' sl slase g, 7] (PUFEM) ®s50a
odes s dome 9] RBF)Y elet ab 5l oolial L o5 8 oS
5o ool 5ye S50 &l 5l ke eolinul g ade eem Lo gy cpl Soglis
039 &b 9 S5 2l g ln b, ool b 0 4 o 0p J> )
P GRS Sl g SIS Gl Jy Sl ganass & L
i (i 4SS g () B (nl (g ) 4l

o o ) 9 (LBIE) (5550 (1S SVl a8 900 (g,
aLb g MelS sla iy, 5l o [10] (MLPG) oS5 ,08-y 2 e
e S5l s ot g ot Jls o sl iigon wpmane
Seebud B8 gy e ol b e g 35 (Sgmge D
g w0, g5l abal, |, aradus Slge by oot assls lalgnal (slaojls
012 5 111 wols s aly obes 5 Seols sl @l Lol opls
Sl o iz s Sl sl o iy o Gl silede
OllSen g ot oy S I5-g 0 (o S gy by 4, 50ike
S Jaaail) 559 [14] 23 p3b o153 Jlow by [13] 85 & )s0
@oae Silatend 3 [15] (2,0 o8 b 5, JUS )0 s 355 e g
2 a8 F plosl sla)ls 51 [16] o i gl JUIS o (g n Sl b
b Ol (SIg e il as

ol el 5 loJos @ g sad plnil Sldlas 5o 5
JG 2 0 oo pai 0,01 Laaly) g L JUIST 0 3 g JLomyil
A6 el L17] el (g, 51 ool b ol 5 s Sl S 5
JU! sl el sanllan ¢ (18] o)l o JUEl i o5 b Jlsil
JEs! goae gjloand [19] 50 661, T 5 0,85 Jlsils &l )~
5 (201 61 ol (ol e JUIS S5 J31s e 08T 5 O Jlogl
g [21] Jdice bme 50 (gwsie JUE 52 S3lotend (an 30
JUET sl 213 glslal 5 S ST ) p 2800 D90 iR
leS gy p sove adlae g [22] 5as 2 Jlasl 0 o)
Sl 3y Slegoge 5 (23] bl plaee jga> o (ol
JEz o5 50 olel s b gaallls izan ol 03gy o Kt
5 [24] gan 5o bz JUS 5500 S5 0 o1 Gl lp o)~
[25] s omc 4S5l anlizad b Jlwsili (oS 5 al] Jlam! Julow
s 9 126] sl ams conSh gaslllae i e sal gl

! Smooth Particle Hydrodynamics

* Diffuse Elements Method

* Element Free Galerkin

* Reproducing Kernel Particle Method

> Partition of Unity Finite Element Method
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' Ordinary differential equation
" Partial differential equation
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¥ Meshless Local Boundary Integral Equation
? Meshless Local Petrov-Galerkin method
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Table 3 Comparing between obtain velocities from MLPG method and
its error

r=0.2
0025 1 — EXACT
¢ MLPG
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Fig. 2 MLPG solution and exactly solution in ¥=0.2
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Fig. 3 MLPG solution and exactly solution in ¥-0.4
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Table 2 Comparing between obtain result from MLPG method and
exact solutions

@ @
y=04 y=0.2
L% aSdoygn Gd 3% algen G X
0.000  0.0000  0.0000 0000 00000 00000 0.0
0456 00148 00149 0370 00092 00092 0.1
0.120 00283 00283 0389 00174 00175 02
0.349 0.0389 0.039 0.140 0.0242 0.0242 03
0.074 0.0459 0.0459  0.121 0.0283 0.0283 04
0.071 0.0482 0.0482 0.114 0.0299 0.0298 0.5
0.074 0.0459 0.0459 0.124 0.0282 0.0283 0.6
0436  0.0388 0039 0143 00242 00242 07
0.240 0.0282 0.0283  0.389 0.0174 0.0175 0.8
0456 00148 00149 0370 00092 00092 09
0.000 0.0000 0.0000  0.000 0.0000 0.0000 1.0

L>% . 0z
Jss L% L% Sy Bedd Y X
o Supegisnl  &edogw  (msec)  (misec) (M) (W)
J,.W
8.350 1.810 1.629 0.0651 0.0662 02 02
14.410 0.350 0.319 0.0939 0.0936 02 04
22.020 0.300 0.267 0.0966 0.0969 02 05
13.560 0.180 0.162 0.0989 0.0991 04 02
20.940 0.010 0.009 0.1445 0.1445 04 04
27.310 0.130 0.120 0.1498 0.1500 04 05
17.150 0.110 0.098 0.1156 0.1157 06 0.2
24.790 0.030 0.029 0.1711 01711 06 04
30.560 0.030 0.027 0.1779 0.1779 06 0.5
19.860 0.100 0.092 0.1236 0.1235 08 0.2
27.160 0.020 0.017 0.1836 01836 08 04
32.270 0.010 0.009 0.1911 0.1911 08 05
20.590 0.030 0.027 0.1258 0.1258 1.0 02
31.620 0.020 0.019 0.1873 0.1873 1.0 04
34.070 0.020 0.021 0.1950 0.1950 1.0 05
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Table 4 obtain velocities from Radial point interpolation method
functions and its error

Uas% Ua5% Las% “s?-"QB““i “Sf“s;ﬂ‘*:' y Y

. i G)EP:‘ n.s"“.‘; m m
sl o el e (mise) 0
2.625 2.082 1.629 0.0645 0.0648 02 02
0.504 0.399 0.319 0.0931 0.0932 02 04
0.468 0.348 0.267 0.0964 0.0966 02 05
0.243 0207 0.162 0.0989 0.0989 04 02
0.014 0.011 0.009 0.1445 0.1445 04 04
0.195 0.155 0.120 0.1497 0.1498 04 05
0.160 0.127 0.098 0.1155 0.1156 0.6 02
0.040 0.034 0.029 0.1710 0.1710 0.6 04
0.047 0.034 0.027 0.1778 0.1778 06 05
0.145 0.117 0.092 0.1233 0.1234 08 02
0.031 0.023 0.017 0.1835 0.1836 08 04
0.014 0.012 0.009 0.1911 0.1911 0.8 05
0.048 0.036 0.027 0.1257 0.1258 1.0 02
0.030 0.022 0.019 0.1872 0.1873 1.0 04
0.038 0.026 0.021 0.1949 0.1949 1.0 05
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Table 5 Influence of number of nodes in MLPG method and its error

u":.;ﬁ % % ‘L:'O"'“- ‘S-—:‘Oﬂ"'-' Y X
. L N
ey A6 Y (m/sec) (m/sec) - m
1.629 5.943 27.015 0.0623 0.0483 0.2 0.2
0.319 3.778 17.990 0.0901 0.0768 02 04
0.267 2.561 13.480 0.0944 0.0838 02 05
0.162 2.321 9.670 0.0968 0.0895 04 02
0.009 1.262 6.311 0.1427 0.1354 04 04
0.120 1.078 4.147 0.1484 0.1438 04 05
0.098 0.693 3.465 0.1149 0.1117 06 02
0.029 0.588 2939 0.1701 0.1661 06 04
0.027 0.441 2.942 0.1771 0.1727 06 05
0.092 0.371 2470 0.1230 0.1204 0.8 02
0.017 0.446 2.230 0.1828 0.1795 0.8 04
0.009 0.397 1.985 0.1903 0.1873 08 05
0.027 0.263 1.463 0.1255 0.1240 1.0 02
0.019 0.221 0.920 0.1869 0.1856 1.0 04
0.021 0.192 0.960 0.1946 0.1931 1.0 05
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