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A Study on a Moving Adaptive Grid Generation Method
Using a Level-set Scheme

lI-Ryong Park” and Ho—-Hwan Chun™
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% Keywords: OlS&Z2XHmoving adaptive grid), dl#A(level-set method), 2LIEE2
(monitor function), Jt&H& A (immersed boundary method), & & S S(viscous flow)
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Abstract

In order to improve the accuracy of the solution near the boundary in an analysis of
viscous flow around an arbitrary boundary which move and be deformed using an Eulerian
concept, a level-set based grid deformation method is introduced to concentrate grid points
near the boundary. This paper presents a new monitor function which can easily control the
level of the concentration of grid points along the boundary.

Computations for steady flow around a semi—circular cylinder mounted on the bottom of
the flow domain were carried out to check the improvement of the solution using the
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adaptive grid system with an immersed boundary method. The present numerical results
show a good agreement with the solutions obtained by a body fitted grid system and more
accurate solutions than those computed with non-adaptive grid system. For the validation
of mechanical usefulness of the present method, an expanded analysis of flow around
multi-body fixed in the flow domain was carried out. Finally, the present moving adaptive
grid method was applied to a two—dimensional bubble rise problem. The computed results
show well adapted grid points around the boundary of the bubble at every time and a good
agreement with the result calculated by fixed grid system.

= ox
10
on
%

lo
o Jy

Mo

é

10

MHo

o

bal

A oY

x
R

B

=

(s
Wy gy
(115 S 1 S IO

llHq_u
Go I

< ol

E A
UACH EBH SINA 012+ 22 AHE2
£ FloiA O 2EE AX S8ES0l
2D QUCH Sdl I detewolst
2™ 5(1999)01 ST Lt
gt ANdgyE A7

THINE &

>
=
(53
Q
o
~<
T
Q
Q
=
2]
<
128
jo)
3
]

2

24
T >

i
[

=

2
2
x

u
10

0>
rx
I
40

ol
8
(mig=
S I A

o 0

J

l

I

™ 30

£ 0N
=OI}'I

e 2 on o

© Ho
>.

©
[<o]

0z @
0x
i

S
HC > o
m
» &
" 1
i e
0 gy
0 -
corz
oin
(@

T Io

2
w40

>

o
)
i

o rd
Iy
S

ﬂ
%
=
i

4
P

on oz on —

Sl
HL
)

R 1A
[a]
30 0% 30

@
4
K ore
30
O
ro
=)

x4 xong

Ik
Hu
LJ
0e
=)
o
=
_O'E -

0
l-_?ﬂ

s

J

oy M
xd

e

1}
o
x

I

>

M W o>

%

x

0z

13

i

2
e

o

e

4
J& nin oY

Q
I
o
(5]
|0
tu

F

B
=)
o
Yal
ol
=

—

min
o
e
e
Ol
=
> b
02
il
to
kJ
30
a
=)
M
2

~ 8
4
ﬁ
T o
02 Ty
e
un
2 o
oo
m gy
ooy
o o
W R o
xR
g M 0
o [
o n

I
2 0

o
om
o
= Hn
=l
Jx
iz
un
=}
o
£
2
Q
K
kJ
2

Mo
21

LR o2
(r 4y

o
Y
[S)
]
W E
e
0o

x

e

4y Mo
40

30 10
1

wl

we o o

St S0 fIoHA OI0l et &2
25| FEME D JACHMittal et al.
1999, Calhoun et al. 2000, Marcus et al. 1994,
Udaykuma et al. 1997, LeVeque/Li 1994,
Fadiun et al. 2000, Cortez 1996, Stokie/Wetton
1999, Saiki/Biringen 1996, Goldstein 1993,
Guojun et al. 2000)

0

0
1 o 10

=

FRJIHHDI’EU!ENQQBQE

4 Mo =
]
=]

tetxests =28 M39& H3s 2002 8

e

ZEHAM AHE = Y= BulerianLYEE =
Mot 2S0iHL HEg 2o3|= SHE 4
a2 HZoP| 8018t HHS0IH S8 S8
0| HOY HHER 2 £ UL U 0l
HHE Z0IA SHESHTHE ALESH HZ
@t Hissgt ~F9 MTE JHlE HHET UX
oF GiJ10) ool U2 aiaysol 2siM
AT ZUES A4HEBH FHH ZHUHA ol
HEICD SHEEATAHE AMSolH 22 L2l
Bl <2 HOIC

2 =R0id= 2N ZYE Eulerian JHEO Bt
&8s £ HHER 2 T8 8 L= F FAHI
A5l FACe SHUS HE B2 FHH
289 aliel HEE JHABE| st ols AEAHX
MAYO 2E HRE LBIACL DSHL M4
2 oHA A (level-set)& IHES AlEst &
SAX MHEH(Guojun et al. 200002 TLoIRALC
= HA0lA=E ESAX HEFHES Hael =8
H=ol0| ?ot Mz2 g ZUIH 852 &Y
SILE SXR0|H BHEg 223l= JHE =2
AZHASH et AEAKNE M-ot)] 9t 01s
SESATH ML 2 LN2ISE 2o 8Y
SHRALH.

diAHN HIEE & JAXNHIBE M2ECR
AOE £ U= EMEE 2 BEo ZEE
S HIHl DNEE HH ARIH F2 FARS
olesS JrAEAH™E(Immersed Boundary Method)
2 ANEot0] oifaIACt XAl £ CHE o
M2Z2A T2l D& 286 ST S
o= A0 HEoIRUL

AR2ES) BB (2t SHOIHA HEE 2€O0I|



20
= S0 2 s S261D) Rol 2XHA J|EA
=2HIE HAGICE

SEEO XUEAS ED| A8 £Xiola )
e gio2a!l Z2XAHS SIMPLECZRAIEE At
Kt= FEMEEOZ oSG

2. AEAHEL ME8E

Che=st AR 2T Lol Q= ele] dAHH
a2 ANEES BZEAIBD| foiA TS 20
Cl= gaseo] Eg 0IR8 HSAHL MY
S NS 4 UL

HEHEUHA (x, v, Z)ooqg()“k{@ (x',v,2")
ol ooz HEE I Jacobian®

J(®)=detv 0= |dA’|/|dA| OICL CUIM A
= 3XSME XA D2l 2XRe ZR BARE
LIEHHCH B AXHEE 2610 2oto T
20 20| Jacobianiliel ZAHE JHls 2UIE
g A0, HpE cLE & AULL
KD =1/R0,9 o)

2t ANVE0| s PHESE EEE o0t
o0& O 0 &s52X= DLIEES 2 Oreigt
CERH FE = AUCL
g+ v -(gv)=0 @

OJIMd g=1/f OICkL

ARE EJ| Hside 2UEES OF 2EE
O0F Sh= O syl JHE(Sussman et al.

A

1997)2 01830y A3 ZFE = UL 2E
TE AXEUA HAES LR 22 ZHU2
22g E2 89 Mol g ol HiEx 4
2 2o 312 Helg wUg He Mg =
TS PEICL AN dEAESE SO a2
s=Ch

A
uojun et al.(2000)8 HPA=Z0
= QUH 8% = U3 20

i
m
=
30

ol
HeYE,

2
fob
I

1—2t+2§0.2—84d) if —0.1<a<0
f=11-2t+260.2+8d) if 0<d<0.1 (6))
1 if 1d1>0.1

ODIM g = AWNELO0I0, r= AlS U
ERACE OIHIOI AIRE D
JlE p<x<1, 0<y<10ILh

A3 22 2UH %*4&: ZHH 2go2
ANNES BENIE B =
m20) AHEC S22 AdMAE UE HEY 2
LIEBI42 B82S Al AIRE 2Rt UCL =2
HPMAE DPLIE! B8 MOiGhs =0 Higt
of et Dﬂxwﬁm U Slzstd YIsa=0l
X o0, L8 MO A0l gtoz Ax S
£0 m(/gﬂom: O3 JHK| BEHQ DUE &4

= A% ABE NHE & OIS 20| ZEGIACK
A=0.8/0.2"

B=1(0.2—0.2/0.2%1d1%
1—264+260.2+ Al—d®) if —0.1<d<0

f=1 1-2t+260.2+Ald®) if 0<d<0.1
1 if |d>0.1
4
Fig. 1€ 2 =2 Guojun et al. (2000) 2l
FA

H3IE A2 BAB0AMR A
o 20=10 AULL & =2
B0 BIHEHESEE Guojun
al.(2000)01 ArBEt MEXQl HHEEEH= T
SEOE 20D ULCHL &4=,9 S ZEO
UECE §H\I 2= A0 2 Us &=

Z=CIb HECL DUEESDL ZEAS A%
v, Ol CHoHAL A(2)ZSE =

) - DER-ER

QLIS 22
2l g0l CHoKA I:II 3
OiA HiAletE 2UIE

sy

r%+

@
-

IO

ool

1L rlm
A

o]
gm
o)
O,
w
o
(@]
>

v-(gv)=—g = Vw=—g, O

OIIM w=(g v, OICL
TE HUHA(5)S HWEAH ZNYES BE
T2 U8 20l 22 5 ACL

o
I

vy=Vulg ®)

JHE AK HEAT SHE 01S0H0 182

SHAS Z0M MEN BIEE ANESS A
2 &

Journal of SNAK, Voi.39, No.3, August 2002



21

s
g
bZ
¥
Mo
re
e
1

k=S

ro

Ols ZSAX daYol o

85,3, DV §, v,5=0 ZAHTMAOl HMBM HAEHO =

o 0<x<1,0<y<10IH, HSH| ZAlH HE

#ilx 0. 04<V 4, v=0 D e w03 ol 2y awoz Anmss

012 2 =20As 2R SSHASHS MEADIS SHE MBS 9 ADs i)

B5S = TAIE o=/ UL P =gl
212 SHIHS HIEFACH ol = = 0lA HASe LI ;i_ "
Aol tiEAM HIRHE 0] 0=<x<1, 0<y<1 o [[E ;Io xIXCog;xm-a—r AD:D'_I:EOT'/]
( 0 ( 0 ) 0 20ld Guojun et al.(2000)2] ZLIEELE AR
A = x, A =y, d t: B _

¢(” )_Ox .y _ly S 2O MBI LIEIKRICH A 49] 2t0]

#0,9,0=0, 6Ly, =1, HXSA HREO| FHHO A gsto2 Wi
#(x,0,0=9(x1,00=x UEGE 2s ¢ 2 U

#(x,0, =0, §x,1,0=1, .
0,5, H=¢(1,y,0)=y ®)

R R
e R
IR NS
! ! SRR
ot Wy XSS AL
) SRR R ?}?\3;&\.3.@.; o
0.8t R 08 R4
: 2 : "’\\,““\‘(ﬁ‘.,\,“‘{‘;‘s’ofs&# 22
N
. RSEONRISERO
06 06 \\\\\:‘\\‘X“;‘\:‘s\g‘f::f
P
0.ab MRS
. o XY

o
>

(=]
Ay
S (monitor function)

S (monitor function)
o
=

(a) (b)

Fig. 1. Behaviors of monitor functions: a) monitor funcion(Guojun, 2000), b) present modified
monitor function

bang
i
e

i
'

et

AT
i
i

R e P 2

}
£
i
L

it
i

i
vy

it
b
R
by

HHIRI R

o

T
R

past

fife
AT
o

gy

o
3!

i

fgrseasseeii Hﬂ*&ﬂ{ﬁi

LR SRR

e e *,WW
e eI e et

ot
i

,
't
g
-
HH
+
o

end
e

a) Guojun, 2000 b) present, A=H c) present, A=10 d) present, A=15

Fig. 2. Comparison of adaptive grids around a circular cylinder computed using the present
modified monitor function and Guoujun's

etz Hsisl=2% HN39A H3& 20024 88



22

w
=)
o
it
o
Ji
P
0z
0x
ne
=
o
ol

S}
x x
nx
02
o
]
O
I
-
0z
0x
0g
nio
>
00
ol
0 2
0o

o
0
i
|0
N
rr
0k
x
re
lo
A
=0
o W

o1

o 0
W
pa

v

z

X

o

2
o
ol

0

0x
m 1 o e

H
)

o
A
Ju
ol
nx
02
_O'ﬂ
0 2
o
0jo
[
my
o
>

[SotHLE

o

=2
2 0

0X g 2 a2 ol
g |
%
= 4 W N o

clgs W

o

0=
0% rr
" g
HU
A0
o
O
N
>
|
i
>_
0l
_O'ﬂ
=)
%
iz
o
o

CIE HIMEHAINIA 2HI2 J201 F&eot

2HASH0 [kt BH=EEHll =L

Variable U at t=0

ol

»

Compute monitor
function from level -set
distribution

I

I Poisson equation J

Grid velocit}{ distribution

Deform grid system b
sol\t/gmg O}IIDES Y

New grid at t=t+4

Variable U
on new grid system

Solve the governin
equations & move the

boundary

Fig. 3. Flow chart of calculating a moving
adaptive grid generation

4. ASANE MBF SSHA 2Dt

HEAT MAHS M2 SSHA MR
H Hil= ZSANE AR QLEHAZC H
HECE AHEI| Yo SEO Hico| S5S o
AL ST HARSHAOIL. S HW IR
24 ‘CFD'EX SHE = QS0 DR

Qe EAE [149 SHITS HINA BHSS
A AsBINCH OHNIACE SEOIA ZH
1o HA| HEls 2X 2 =29 0l I
AR} MHS HRE SSHAORA 2% J|E
MBSO O3 BASSHAS LEEIRICH

—_

HAEJHOIAEHY, dEAH)
MERe Ao 282 U39 9
=4 Navier-Stoke 2 & 210 2|3l

e & A,

>
ob
J

sl

nr Jz

= @
o
10

w B0
bo

0 oox
<
N
|10 =
= H
\J

3

pat+pu-Vu=ﬂAu—Vp+F ©)

OIIN w(x, HE (ulx, 8),0(x, )2 H=HH
S LIEHHD, px,HE 2 D212 F(x, HE
QB2 A2 LIEMCL o, 4= SHS Ux
HZ0ICk

SS& S0 0¥ FE= 05 1212

= M2 AXNE x= X(5, )2 &

ko

<
o

4>
go Mo
0 o

o
&
L
=
ol
rir
o [
= r (ng
0
1o o o
0x Hu
FDom
ko
o oio

o
x
v 2
0z
10
0©
Ju
0x
HL

o
alo
10
=
|0
HU 0
c
m
e
_|
;O
(]

Fx,0= [ AsD8(x— X(s,0)ds  10)

OOIA 8(x)=8(x)8(») 0 S Y&l Dirac
deltaBt==0] 22 LIEIUO, A5, He SHS S&
A HEH e F2g = U=z BHBUAML

ANEES LIEHHCE

Oledst 220! Hegd SHEAXZAH
= JHAFEAHY st KiMlst 4
2 (Goldstein et al. 1993)8 &X&

'y

TEINE]
NI

UCH

<o

4

Journal of SNAK, Vol.39, No.3, August 2002



il A

ro

o3

o

0188 0ls SN L4880 o

Ml R =Soia GIKIQ! J1ZES HES2 8
g= ALSOt0 SHAGHICH XS 2&E

Higt LHIE2 M2H5IHOM, 28(Sussman et al.

ng
x

0%
0 M

rz [Ho

1997, =& 1996, HLE/HSE 1999(a), =
E/HSE 1999(b)) A AtMISt LIgS &8 ¢

UCH

23

=X HCZUE HIWdD Ao AI2E SHE e
TEAHION 28t HAAMALL 2= 150x50 CVsOl
UCHL FSEQ 28 AHNANC FAHEAHS Fig.
4% ZCt.

Symmetry B.C.

TIHSFAIE Ferziger/Peric(1996) 212 S8t e
HEOZ 0|63I6H0 olAGIACH IR 1Xt s outlet
NEO| ARSI 2XECO SUXSHS = — Wa”/-\
6t hybrid2hHE AI26IH O|ASIBIRICH %
CoF B0 oIMZ2 BIA SIMPLECZDEIES Fig. 4. Definition sketch of flow around a
COUSINON, AZEES Implicit Euler#S Al semi-circular  cylinder mounted on the
- - bottom of the flow domain.
ofLH.
42 E5S HIAXY LS A Table 12 =X BHZHUAE 2 L& F=
SEH (<x<dm. 0<y<1mS B0 DI (2, v,)01 SLOI0F EICH= 2101 OISt XS T
O A= Q| HHEE2 () 254,00 dI0lsX 4= B9 AOZ AHASI AR BIWotSLCE.
R,=500ICt AEE A= 10025, Ny
enar=\ 7 2y(20)? (an
150%38.  200x50C Vs(control  volumes)OID, B =
Table 1 Comparison of errors in body boundary condition( € body )
no adaptive level-set adaptive grid
gridsize
Up Vb Up Ve
100x25 4.9810E-3 2.6842E-3 1.0915E-3 4.7924E-4
150%x 38 3.3602E-3 1.6550E-3 5.6226E-4 2.7315E-4
200x50 2.8444E-3 1.3458E-3 3.5166E-4 1.7993E-4

Table 2 Comparison of values of difference between the computed velocity

field using the present method and body fitted grid method(

)

€ domain

no adaptive level-set adaptive grid
gridsize
u v u v
100%25 4.0703E-2 1.1231E-2 9.6153E-3 4.3343E-3
150%38 3.2424E-2 9.1404E-3 9.3337E-3 3.5688E~3
200%50 2.0007E-2 6.8289E-3 7.3202E-3 3.2795E-3

=M

(ol

2
o

I

‘el=2d M39F H3s 20024 8H



24

(u,~,,~ u,,

Ny N,
— N body fitted grid \ 2
€ domain — \/ 2= )

Table 20ME RS

Zuse ISAXHE T AL

09
8
g
o
@

S
H1
AL
]
o

(SIS

II

=2 &2
£ 20i=1 UL

P%Rﬂg M L& sHel BcetaES HbES
CHE0 SOHE HZE HWSH 8 = UAEE
SIZCE ZAHY 2F0IA 2] XH0IDH UL

N2 & dXiote ZUE 2

IUIIII

=
|
$0
[l

Il

Body fitted Grid (150x50CVs )
Present

Fig. 5. Velocity contours compared with the
result of body fitted grid
(upper: u-velocity, lower: v—velocity)

X Cgst S8ts48 Jtsot 2UCH =X
& a2 Flg GOH u EhtH %%OH CHEE JHEZO0M

Fig. 6. Definition sketch of flow around
multibody

Fig. 7. Partial view of the adaptive grid
around muiti-body

Fig. 72 S3X MEEoE OHEHA I
LPEE BT UCH £XHA0 AEE |
o e 0<x<5m. 0<y<l.6m, JAR==

200x100C VsOILH

0l 2R RS2 HIZY HEHE 2010 0=
b2t EEPEE-E EtHE Fig. 80IM 201
Ch. EM=F28 28801 222 SHS2 &
°Z %’é’é SHE 2010 JUALL AR} 247 1O
2l 2R SHESS 4SHESES E ABE =

UL S8l 24 'C, F'e W22 2HE #&8

o o

3

Journal of SNAK, Vol.39, No.3, August 2002




Fig. 8. Calculated vortex contours around
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