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8 2 4~ (Finite Element Methods)& A& £4 @ Eob 33 FE
Nite F8 FAHAVIHORAN, AEH 02 AT - jEEe] 284 ojEx rh

Y, FEese ANE Astel Qaue PN S Ay A da

2
i
__.n:>={:5

2 =
AAE 22%WE ATA e § 5T AT A 287 dasth o%
22 9 E FHs 989 F 25 (Meshfree Methods)ol 2t B $5 4o &
A P EC] LAHAT FLAELE 84 AN ¥T H3H(node)HE ©)
&8t F4E SAtete FAMA 7 Holth

B =RdAe T84l ke wWAF 2 GATEE &% Faiyd
HEHQ WHEQAY Smoothed Particle Hydrodynamics(SPH)¥, F84 723

B (Meshfree Galerkin Methods) Z28l@ .24 A% (Meshfree Point Collocation
Methods)®] 718 7@ 3 o|F FA A7 e A2 dojEr} 1TT o] F W
H

=

-3
FHO: Fas FASE, 2 U, HAAEE, AW

) A0

R
.
=
2
)
N

AFY sdole me vyl ¥4 G 5

H =
o =gt
dEo] gt} o5 ¥t W EFEe o kR EAEC i RgAETF old #
Hy HuREHAYe =X 2 Fat=d £33 dyoez AlgdHoxin v
32 A9 (Finite Element Methods : FEM)S A = 4 W1 7+ thoksl ZeE A
£ A ste FXHAVIHez FES A3, s &4 o231 gt €A 7t
Z dY AEET e A Y v feAHE e o 2F WA S

=
o] ROz vrojol dnke Zolth olgh e FR AW o)k sH(discretization)
HAFLE FRaLHA 4T ZAHALE ol T FE T 2 AEF o4t
HAL FHaid A% ZAMg(approximation) 8] ABAEE BT
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gy, fFeastEn o] Qih(element)E A FHo R e FAHAVIHL
22 A F(geometry)o] A WEE UMY A, EAESWHO] AL
olFdte TEANEA, 2L e HIEE Folv] Y3l EFRHA AHEE
7 Ak & h-adaptivity £ 49} 2o] a4%E AFAH kst EAld oAM=
23 =83 5EF AYriEEe] 7Y R4 old HHES FEI
HE =EoR 19909 2w EAMRA o] Hopo Fad He] ot olAL
T84 (Meshless or Meshfree Methods)olgt Egle @ (—E) FAMNINHE
2([3], [10], [17],.) 845 A&t ¥ HHLE oj&stnz oA AFT /L
2] dHS FEE 5 it 19903 St o] F ekt Faso] fLEHL
W olE e #HEH Fsto] oy RopodA FXHA YHPEOZ AMRHIL 9]

i mln
M

e e

e Faiyol /ud wAFA 1 QAFRE gty FoARY
459 Smoothed Particle Hydrodynamics(SPH)EH, ¥ 84 Galerkin %
(Meshfree Galerkin Methods), 8.4 4173 ¥ (Meshfree Point Collocation Methods)$]
712 JAd # ol FAFHA7IHY HP‘%’Q% ot g olE W AEHTA
I HE & B3t T84 Ay §E2TE Bolux g

T

)
A

1. ¥ 84 Y (Meshfree Particle Methods)

FoaHe 948 AE8R g3 FF(node)tE ol &3 FFE ZAEE £
A7iHelr] o] ERe F2e g2 FA oy go] & GGy 4
AU A o2 Ao WE Fo2 224WS AT A (remeshing)FoF e T
FHere 93 & A FES 5 ok o) FHe= Qe uAo FEAG
AEA, Hdd $EFA, 24 vdE: FA4, ZAE] dE FAY 5F T ¥
FEEA -5 A4S Bl ri([4], [6], [9D).

Faswde 982 Lucyl20], Gingold[10] B 28te] 1970 o] met H R o}
1990t o] g delA AMEE7] AlF3E Smoothed Particle Hydrodynamics

g

(SPH)#xz & 4 gl 1990 Fwk o]% Belytschko 5ol 9siAd 7j2d F24
Galerkin ¥ (Element Free Galerkin Method : EFGM)(3]% Liu S 23iA 2d
Reproducing Kernel Particle Method (RKPM)([14], [15))= SPHHIHo] 7[X < &3
< ESE IHEERE MEIHUAT. AT AZ nEAR 7Y Ee] 1R FRAW

£ 2 kA Aol ¥ FAFEES UAstE ok 4B AE7(essential
boundary condition)& TEA|7]7] 3 Ay Ee] 2FHY, FEFYd 1 =%
Fof AAtel  QlojA Al go] Ex, FXHEESE FIsted QoA HEA
(integration cel)E& AT A 8 FRAH ALgo] AFEF FAl FTQ



A e A3 A A (robustness) ] FE L o}A7AE wEETGE A Fo] 2A )
thoo]dd Faiye dHE M uAsE A7 gl 2A A8ggn ¢
([11, (11, (131, [21D).

2. Smoothed Particle Hydrodynamics (SPH)

Smoothed Particle Hydrodynamics (SPH) ¥ 2 19773 Lucyl[20], Gingold[10]d]
ofste] ol 23to] xstel e JA B FAE HASI AT PP ;e
HAT A FRAAY HAET gAEY FaAAA 249 dAY 7)A 9
22 FAY 9 FAE oAl 1A wHAAY wHANoR ZAHE F7A
(quasi-fluid)Z SPH¥ o 2do] Hith

SPHYH & 1991 5o ZAAo 43
om Be A2 &8 ol A3 Wy
g8 ¢HA B2 A7t o] FolA o Wy
A5 Lo L o

SPH¥ {2 H 7MY (interpolation theory)ol]l = 7188 T3 it} mEdAgAo=g 1}
Bhus d593tdAe] HEHAL HUATSFE o83y AR WAooz Yed +
om HEALf4 BRg ARt o]AEXE Ao AFHEE HEL T AH
Mo At o ZAET o Wy o] e A4lte] olAEEd HH &
ol 238 HEF 20EFd 95t 2FHug AR (gridE FAE 2o d9
T RS e 123 FEAEYS o83ty EEld Wfd Ug vEg BiEs
o g uFEoez gt AeA Hrok

3H~(Dirac delta function) 8(x)& o]-&38to 34 f(x)E
AT o 2A 2 Yk

M A = [A&)8x —ax,

fio(‘)‘(x)dx = f_e/; *l—dx =1,



ollm Aot mEsMsAH 2
= = oz $9} Zo] tt-dEgso
T84S RN O 9RE BE3] 93ty oed 22 AFE A= F e
(window function ®=% smooth kernel function) @(x,%) & 234 (interpolation), %
£ 43 % (collocation method)ell A& 3kt

© [0z nydx=1

D(x,h)— %), h—0
O(x,h)eCt, Ex>1

O(x,h)e tTF-detgdse] H2E 21 glon 3oy AlEESe deds ¢
+ Aok A7 hE I O(x, k)7t BHE 3 (compact support)S ZtE 7
L WA o b8 el ‘smoothing length’# 3 &t}

FEE O, k) & AES (DS A2 Tl BAsS uH

@ <S> = [re(EA e

7b HH o] HellA  h—0 ofF (f(x)>—flx) ¥& & F Ik
o2 SPH A¢+2E FHE ¥ (compact support)& ZAY EHHL=E
A& 7FAE exponential decay property® 7HA& 47t AMSHTh

T2 AMEHE AP 48 E 9 0SH 24

(The Gaussian function)

Z
N
s
o
>
rO
ol
P

ol

- 1 [_26_2_] o 279 29

HEAIY e AYE 23S 2Ae YA exponential decay propertyE 7HA

»
>,
)
¥
g
1y
rO
o
&

(The cubic spline function)

3 3

~94 +4q ; 0<¢<1
O(x, k) = hc; Z(2~q)3; 1<¢g<2
0 ; otherwise
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o] 7] A qzioltﬁ C ¥ A3} 8 A (normalization factor)® th&3 2t}
2 1

C= %—9[ ; 2d (circular)
Lﬂ ;  3d (spherica)

3) AR 2 &2l &4 (The quartic spline function)

- 2 3__ 4 .
d)(x,h)=—c-{1 62 +84°—3¢* ; 0<q<1

L0, g=1

A7l C & ZA1E 8422 AF OF U5ss ez AAHETH

ASAd dig A 2y NP HAA Z ¥ m,; (=1, - ,NP)% B:
(density) p; (i=1, --,NP) A 2x(volume element)& ZE BHAX Y o]it2]

o2 vHrE HQ)= b 2ol xdE + vk

® ey X

&y A
e wvA h v ATF 49& ZASH o K& XANAE ] £9
L= dHY v B3P FExo YA A#-E Zrerh smoothing length 29
dole A2 Fold Hov glon I B A g2 Fold 4 Yt
AEEg 487 A3E Tk ExsE B4 FE(density)7t MEE]
2t A3 fFE BN Ad sojoE MY 7t YASEE smooth length 2 9
Aoz 3A Wastojol drd, dubdorw FdE oA E dHo] FFolx
AlZEe] RM3Pol] wE HHe FE: wWslEg A Adze §&E sty
smoothing length 7 = uwhghA #3he) okghh.
SPHYH S HAlE 94249 ZAMS) (approximate solution)E 73l WHOZE ARE
o

‘?.
HeEZ e ZA} 1 $2% a4 F9 ot

=
RS BN

4>
-
_prldr
rir
oY

o3

FEEES ol &t FRHYEYS AEE Oo5F 2 I
o E(gradient) o] ©]4F WA AL 9=t}
Nom; |, — «
@ V) ,_, = =2 L fx)vol——]|,_.
' =1 O 7 ) i
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@), @9 o] LAHFHE ol &3y &£, V&R, YR T} FHE A
< T Atk A5 93 (continuum mechanics)o| Al AlEEE 2 71A] F8% HE |
(conservation law)E 3 259 oA EL o7 71X s FH=Z T
W Yoz gol ALgsE 4¢ AR Bed gk

a A&¥HA A (continuity equation)

5) —f;—;—+pv-U=0

A7 A o= BWE Ut £%A(velocity field U = %)-g— Uheba T,

o) A&WAA S SPHY Ahel e ol
Ao, —p,Z—L(U Uy vo, oz dehiedn.

Al

1l

Y 5 %A (Linear momentum equation) :

B M (stress tensor)E YEHAT A8 EFPAA L SPHO

dU; N _Oi_ o 2= Aol ok AL 9sle QYA
(8) dt Z pzz + p/z V@l] AT ﬁ]L"] Lo = 'r]o S =~
Q1 HAd9tE (viscous pressure) ©) 718 FH 9
o _aU; o
®)—" = - Zlm]. pz +—L + 1) - vO,; o2 Yl x10].
= i

& o XA A (Energy equation) :

dE _ 1 ..
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o1&

ol

g7l Ex EF WYRJANUAE, ¢:vU = double inner product & ttebdich
ol 4 x} HFA 2l (Energy equation)& SPHe] AR gt o]ahurA Al

dE; N 0; e s o ,
(10) P ,Z m{U,—U;) - |\—5 |- VO; ¥ A8 LTLAZ4A vzt
o

HAAE AR A

~ dE; N o;

SPH¥IHL 1 3% =
deformation) FAlo] tist A&AH So AH
T JHAG it 2 WS 8 2
ol& mpel o] %7] SPH #¥o] Algd AL
Re AHeoloy SPHHME O 2 &Yy
o a¥y SPHYHES ojAlE Y H
Z A &t @FHS 23 Ut o] FHEE B g
A FHe el Fe 7Hdel HH(ghost particle)S E sl
A e B9k A (tensile instability)&
E el A AR WA 2Fo] A
el AR AH ey ZF(oscillation) s #2 ZAIAE 7HALA "ot od &4
of digh UA AL Hete] Morris[24] Guenther[11] o] o159 “E#H(double
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X,

H, <A 3} ¥ (stabilizing dissipation term)& F71stE
2 SPH 27ty EgAdA4(lack of consistency)S &

ZAbl &= # 8 9 A (smoothing error) e HETHLX

-

(truncation error) &, 22 B 2 X(interpolation error) e,7F HA gt BEL

A oesth AL ep v AETS f(x)ol it

es= f(x) — < flx)>

m;
O;

er= {flx)> — ﬁllf(xi)@ﬂx—xil/h)

o Ade) me 23 Asan Aued o= AR AR A
1

=
ogstel 28 £ Yo mebd BY BES TI® AE7 24



T 4TS FA v ZHo] FAHZ FHHA ZXHUE W Monte Carlo F
]

Hol Ake e Vi Qo] &alA glon Neiderreiter(26]= BHe BErs} B73 3
Oas 1274 2XH0jUde A HdaoxtEs plloghl|” 19 A5 (ordern)E 7HE L
HYo

SHP Hz7tge $AH8e nestr] 93te] WA 4(corrective function)& T3}
Ao FFFo FI9g ARE FIFE ¢

Method(RKPM), A4Sl HEEE Fo|7
Squares Interpolant : MLS)& A Rl £ A&t B9 Wiol A
AFAR7], (8. SPHEH & FHEA ] RAdFel\ FeEoke 3

ool F2 A2FESE Bo|n

v Eat oz UnkAQl Hu| A A9

29 ot

Z Y=+ Reproducing Kernel Particle
1§t ol AAF Moving Least

*
%
21’4
i
&

H

4

214:
s
&

3. ¥ 24 Galerkin®}§ (Meshfree Galerkin Methods)

of
o,

s
L oo
Z O o
o

ot 8t oy Eof
&

I
SR ERIE

2,
>
=
o
T
rir
v}
o2
]
ofl
ful
o fo
"
A

9 ot
2o

9 2l
I B 49% 58 ZiAlolEo] HYH e FL4A Galerkin ¥ F
=it} 19923 Nayroles, Touzot, Villon{25]€ Moving Least Squares '8 ¢
2kol ZabE (diffused) & 43 (shape function)g Al-&3}+ Diffuse Element Method
(DEM)E Attt} 1994 Belytschko[4] 52 H3¥ @A A ddd% R4 EHd
MLS W¥H& B3 Galerkin weak formulation® #¢Hslgon ojZkz Fax
Galerkin Byl &8t o7 712 FAANHE] /M= At

Galerkin weak formulatione F3l= #HA4 S O F# (Dirichlet) BAZAE e
TAE F3to BA

Hilbert &%t H 9 EEZ(convex)FEF Uol did g A& w&Eses welU

g T,

4 da oo &
Ak O

X X % e

a1 —viu+ u=f, xe L
12) =10, xe I

2 5 n A9 T €9 FA4Q ZPgoln I's= Q9 ZHAERE Lipschitz condition
h= s

V=H(R) 9 tstd 9299 ve V £ 4 QD9 Fatz 2994 HEsd
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=
[pal
fol

(13) fﬁ(~v2u+ %) vdQ= fgfvd.Q

= .
E?:]t

&

ol

o 4& w9 AARA (DE AEse] FRARE Ay

(14) fQ(VuVU+ uv) d= fgfvd.Q

s avg,
A 1D, (12)9] °Fal(weak solution)shil sk},

4 10E BERE 4 s 2

T e e FEAd A A Hor ZAEE Tyl fde] U
S Voo H¥Y PRI L CUS VICV & A8 ol REETHE
oJatREEE HHEMe  FHAS(shape function)EER  AAEHE FUo=E

(S
~
~~
x
~
<
~

U" = span{¥,}, V"= span{0@,} 911 «"= gw,(x) u;, vh= 2
2 g23d¢9oh

fQ(Vqu-l— uv)d = A(u,v), fgfvd.Q= CF,v> B 2E A8aA

e FAHE A9 yhe Vi ual  A(ut, o) =

ute U* oy,
o8 o83kl 4 (NE HhA 4H

CF, oty B wEse

Z} ZA(WJCD])WU]: g <f, 00 v B

2 U]( ZA( @}(Dﬂu,-( f, ®]> )U]= 0 =
o] A& A9 oy, diE AHEer sdrz [ A(T0)][u ] =[<f, 0,7]

i<

=

FHe AY A E A4 @
U=v*y o] Galerkin W< Rits-Galerkin *

=

Wolgr stu U+ V?’eo]H Petrov-Galerkin
Galerkin® 8ol A1 Moving Least Square(MLS)9HH-& 3t

3. 1. ol LA FY

(Moving Least Squares Reproducing Kernel interpolant, MLSRK)

ol FH 2 AF
A 8} (optimize) s A 7 Ef/\za oz FHA ZAAL HAFAH

H
& Bies HA
AZ FiHmoving)sts FA o ® o] Fo]A g



Fo& AR wadn A

@A Z P (simply connected) FEYNA A" AdSgF w(x) o nAHE EA
x oM FAa845(local function)E the3 o] A elal,

we o —~. _lulx), if xe B,(x)
u(x,x).—{ 0 , otherwisfe

4714 B,(x) & p% WAz ZE TFo|tk. (pE SPHEHAA Algd
smoothing length % ¢ 22 9% 3}

Stone-Welerstrass Al 2etd d&TFF w(x) £ F42Ho2 IFFE ZA
AN 4 98e ¢3 JouZ oF ofstd uh(x, x) & TeF Zol T2 24

g2 vehd + gk

—_—

(15)  w(x, x)"'ZP(x x)a(x o)= PT( )A(}Tp)

ANN A(x, 0):={ayx, p), ayx, 0), " amx, 0),} £ FIAAFE e
Wi el P(x): ={P,(x), Py(x),, P(x)}TE P{x)eC™ QA Thags9)
AR HE A2 EW ol

g B Fe A5 201 m=2 oW P,(x) = (1, x, v, 2%, xy, ¥*) o
=3

A (15)2 ¥ 224 B3 2 XH(nterpolation residual) #{x;, )&

—

r(xz,}):=PT( "_")A(b—u(x]) A Hd AFEE w, & FES

0, x—x,)E ol 8ste] UBhd B oA

30, %- xl)[PT( = )A@ - u(x,)]zw, o)},

o] 948 H2d d= XA Alx o) =

(16)  A(x, o) = M—l(})ﬁp( ";7‘ )u(xl) O, x— x;) w;

= Faas 1 = 2p (25 2727 o

o
E(Moment) B¥old} ¥t EAE YN ZAEF O (x—x,)E AHo|mE B



AE PFZ M(x)= Aol Hu 4o AR S (positive definite) VS & F U2B=2
EdE PFE M(x)2 7+ (nvertible) o] o},
JEA FaAR A% Alx, 0) B H05)9 HYsa 24

u"(x, x) éPT( x;?c )A(}:)

=PT< x;?c )M’l(;)zzn:P( x;; )u(x,) ®,( x— x;) w;

TAY BH x o g F42F ZAE ‘moving’ FARAL £k HAAE =

[

A A

8] A2 u(x)zPT(O)M_l(x)Z:nP( x;xl)u(xl) O (x—x)w; & =T

ERE YYFSE TR 2o 2HEL ¢ + Utk

w,(x)= PRI (D P[F25) 0,05~ 2 w,

T84 Galerkin ¥y-& A AT, HHA =24 44, FH 424
A, B4 ¥EE4 FA S A /‘5‘%’*7‘4015&‘4 oy, A A ZA(boundary
condition)F&8 9 EzA A 138lo| A A ¥ 2 A (background-cell)
E TAHMeFE He ARk —rl"i:_i R e =

£
r—\m
oft -
_J)«

4. ¥ 84 A #H ¥ (Meshfree point collocation method)

SM AFE FRAY THS Bg FEEY] sty o shx WgyEe] Aty
Ak Atlurul2] 5 Petrov-Galerkin W& o] &8s ZAFoT HNEL 33l
WS AGEY T, Breitkopf[s] 52 A HolA AAAE FAA T 7] Yt o] F
A (double grid)9] AM&-2 A ¢telHtd. Kim and Kim[13]& #4849 =3dFE &
A mlEol ofsted FakA %?il SAESE s el o3 AERBE Agkste FAEAR
o Mo ALt 1y AAXRE oA S (stability) F A9 2L 9dte] <h

Fof
A5 AbE S Wyl AurE T10).
Taayel 5T A F U, 27 0T T AAA (reproducing) #HE &
S & ok Fos ARWe A oA, R
Ao ux wRe g4Holth 7]£9 Galerkin &

F4YSE Tom PReFY AP VRS T 39S



TR 7T 2o R st nA vEY x5, 1A vRE FIe 3, 183,
7] & @5 A4E aE B9, AU T} des gAEs AT
T oS 77 AAe B o Aite] "asich 2ev MLSRK ¥ S ©&
T Fod AHPAAY FATre T H2AFH g FHE F 3, Y F
T EE ZAMA UE EF ol HAAFH A5 FI A & Aok B, o] &
A AR, @AETE FHue dAAA FHRAER, AESF PES Feked
o oldel Aitel Ha glvh. E=E, FFPu & o F 4 AEE FIE A
otlEE, 7|EY HHAA HE/SE F T/ 2adoy o wHe 45 F
Srvte Yo 2 v B o] WP MAYT Galerkin o BT 2Y ¢
HATY I+ 2], [21], 29D &5 collocation

Fol, Q4 449 (meshfree point
Methods : MPCM)& I E84< 4ZFs) 22 ¢

3te FLAWF vustd, 42 24440l AF "a e HdrM Foirol
& golo]l B FHIOn & F U For AFEUS 5 e 84
o} mxprjEe] Wity zglal MLSRK e sapr| &) thdk AL
gxRoz JFHATH13]L

ol #Qo ojste] A== FATF FHYE Tt BA

Xe R" 4 B P (X)E mA 03ty RE tyyoez FTHHE #Aed a 2
dEE A={X;=Q| I=1,2,~-,NP }7} Q C R"4 Foidda 7Asn
ZE 07 FARY, §AEFEE O 2ol FIA

F

T

rld(x)= ‘ﬁf,l e,S M~1(X) Pm(——Xf_X) 0, dX;—X)
o o e
- X
A, 0K - X) =5 o EoX) a=(aapape 2Y 2z,

!

_(_zl_;tlln).._
e, & R ™™ X9 a—th unit normal BEE YvEgdd. Z28n, ML 93

A AL, wld = 6’X‘£ of AFEY. 282 4T AP YT
HEE FAlY FIt

Aol A Zled sl sl %27 ga &9 27 93 e ZE rES
B8 A A A4 (reproducing)HE Aol I3, BHY Fsbd WE interpolation?



FE4 T3 »FgvH13]
A% T, n=2,m=2, X; = (x,9), X = (x,9) & 9, 7AHL I4&5=
o3 2o
1
w][(),O](X) Xi— X
p¥ (X)) o
qr{(),l](X) . Y1y
S = M '(X) 0 0, (X,;—X)
ST (2= x)°
2yril, 11 e
o v X (x;— 20 (v~
S wfH(x) o
(yI—y>2 '
0
o] WYL o8 Fei M¥Poz g EAE FHEA.
g 49 Q C R", 02=T o & Poisson equation &7 2},
—du = f in £
u = g on I,
Qu  _
an = o on I'y

47\ Ip = A 2UAA, Iy & 0w AAdn I,UIy=T
Ip(\y=@cltt. o4 slg UX)= 3 »%/"000 & ¢ 4, dge 253
H

[+

e

£ ol g Fa
;]‘, u{ TP X))+ TAC X)) =A X)), for all X,e4,,

;, wu{ T XD, N X)) - m( X)=r( X)), for all X,=A4,,
;jeAu,qr}O'Ol( X)=g(X), for all X,=4,,

¥o gadolst, Ap & Dirichlet A4 919 44, Ay & =0l

B
T AA fe ARl da a2z w(X) B T YoM A 9% £4 gy o

Foa AR $£1 d2A, 99 FoEo] = o)xY zo)Zu)9 potential &
[e]
=
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Age)

¥l

1__34-

ge vhed 2ok

Gest e

AN
2
2= {(~3¢x<3,~ 1K1}, = +yX(3)) g @, o 39 2w
44 = 0, in Q— Q,
¢ = 0, on 9L
= y, on d.2
FE AL j=4 4 B FEFFE 28 1% EHh
@(X)={ (1—|X])j if Dﬂ(l
0 else
(0,0)-th derivative— (2,0)-th derivalive—

hbbloanves

Lbbpioanaus

(1,0)-th derivative—

{0,1)th derivative—

(1.1)th derivative—

(0.2)-th derivative—
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Development of meshfree particle Methods

Division of mathematics and statistics, Sookmyung Women’s Univ. Jin Ho Lee

Finite element Methods(FEM) have been the primary computational methodologies
in science and engineering computations for more than half centuries. One of the
main limitations of the finite element approximations is that they need mesh which is
an artificial constraint, and they need remeshing to solve in some special problems.
The advantages in meshfree Methods is to develop meshfree interpolant schemes that
only depends on particles, so they relieve the burden of remeshing and successive
mesh generation.

In this paper we describe the development of meshfree particle Methods and
introduce the numerical schemes for Smoothed Particle hydrodynamics, meshfree
Galerkin Methods and meshfree point collocation mehtods. We discusse the
advantages and the shortcomings of these Methods, also we verify the applicability
and efficiency of Meshfree Particle Methods.

Key words: Meshfree, Hydrodymamics, Galerkin Methods, least square methods,

collocation, shape function
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