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Abstract

The use of a two dimensional hierarchical elements are investigated for the incompressible flow
computation. The construction of hierarchical elements are explained by both a geometric configuration
and a determination of degrees of freedom. Also a systematic treatment of essential boundary values
has been developed for the degrees of freedom corresponding to higher order terms. The numerical
study for the poisson problem shows that the computation with hierarchical higher order elements can
increase the convergence rate and accuracy of finite element solutions in more efficient manner than
the use of standard first order element. For Stokes and Cavity flow cases, a mixed version of penalty
function approach has been introduced in connection with the hierarchical elements. Solutions from
hierarchical elements showed better resolutions with consistent trends in both mesh shapes and the

order of elements.

.M E

Y™ o] Zienkiewicz 9 2P 3} Robinson® &
849 uasd AT 2E4E FHHA
on, E3 Demkowicz® &= h-p FEle &4 A
AR 9 nxs 7Y ol A& Y. A
Z(Hierarchical) 7= 1213} Holl uwiz} dQgh
Aae 42 71E9 A& Fg5o] HEJLRZA
12 gAgdsE fol3A FA3 vE 5 e

T AQAA, B, Selishn A ARIN D3GR
E-mail : kimjw@dongeui.ac.kr
TEL : (051)890-1646 FAX : (051)890-2232
* gejdista detd A

W, ASLA & AFVATFE 249 BT
Fr2 AL 94 AR o|FHE vy P

gt o ASHE Fu7) YEME ol &
S HHPEL 247 MRz Yojof dA
olgs Hv YRy B dHSe] dasA o
of Ao as A gk o]Ho] glolAA #
o 28y AS 83 5 AARE ASde &
29 78 HEE 23 214 A(Lagrangian)
842 dAY F glon, UnX] A{FE(dof)E
W(edge)ol Y} H(face) LT3 WFol| ExjtA &
tho2a SBaRR|t 4% 7lEstH oz oAy
d AL 9Ny AL "R sln 349U A
% 27709 AL ez . olEF aid
A% PAsFE A dde FU1 flo]l
A 2438 FEE + Ak

of dteME ASEF ol HHAS o]
|3t 39 f4d g VIAYFE 5A



1210 PAlE [

Aelstdon, & napeat ool de AfEs
# 9 (displacement)’} o}d BAZ WFE 1A A
Aol HAs wgol ozttt wHM FIEe
Ao FHEAE HEH 1A AARAN st
T A& f5AMd dstde Asesd
AFE EAS o) gste] g na4Rg A
Astel LBBY 20 & TEA7E EF B4
A &% (Mixed version of penalty function approach)
& A3l Stokes E Cavity F5 1 ALt 2
#E v

Az id dg 2= FHLS 84, A, AF
E EF 2 A5 5l dig R dZAo T
230, o] Visual Basic?e] Type BFE ol &
e oAz golstA FHE & Uk’

2. AlE R4 T4

2.1 i g

3 SHA 840 g AFER FFol o
s |2 3ok 2 2 3Ade] A
gxt¢d F4¢] WA F(tensor produc) LEFEH &
AR FELE FHSE S+ Aok S A 5
ZH(quintic) L4 B3 AF 7|A FFolth

m(n) = (1-2)/2

ho(n) = (1+2)/2

hy(m) = (p*=1)/2

h(m) = (*=1)7n/6

hs(m) = (n* = 1)/ 24

he(n) = (2" —1)2/120 (L

Fig. 19l B9l 3¢l quadratic element o] ¥
FH g5 O Zel & F 3tk

e1= h(n) m(n2) h(ns)
22 = hy(n ) (72 (7 3)
o3 = ho(7) ko) (73
ey = hy(n1) k92 k(7 3)
@5 = hi(n) h(n2) h73)
o6 = ha(n1) m(72) holn 3)

%8

ex = mlny) hy(n2) hs(ns)
ey = hy(71) ha(n ) k(7 3) 3]

7t a2 s FAd s7HE FAUFE o
Mo a9 WAy weh FaH.
Table 19l 875 e 3TTE 24 Y
Aol distd Wz JdeEiden, Figlds
ad dye Wsg BASAT
dxpde Ae, A& Fust ASILR
2 =8 Fig.29 2o, 3AAFL2ad
Agee 224 849 FATrd 3 BAFE
= & ¢ & ok
Gt 820 B4, 4o A4
28 He A4S o
A3 wamsd AFeiE T
[s]

3

A7\A kit WA AFol, Hap] A
= dF PP A, , 2 A AfEel A
ey 4,0 THELE 5 Aok 22y o @
Azgdd s AFEE @ (displacement)”t
obhd BAR 1A AA A A dstd E
=9 Fort Fastth

22 Wy W HAEH

AZQ A9 EAHA(Vertex)o] W AfH=w
W s JehRAITE 2 o]9g) A (¥, |, WP
EZd g3 AFEE A7t otk ey 1A
7 A X} (Dirichlet B.C)EL W 9ld didte Foix
7] W&o o3 BES AFHTY AFES
Aol 2A WA gart AU o] A W
(Edge) & W (Surface) Ao Wi g& A
7l YA o o JA9LAAS

o

o

=
k>3
=

=3
-

o]
gt

2R 2 AA A A hF HAgk
T, otdiet 2t

T,= zNi(ﬂp) U; @



HgEd #5ANE A8 AF 24 A FE

1211

Table1 D.O.F (Degree of Freedom) numbers of element nodes in 3 dimensions
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