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A NUMERICAL ANALYSIS USING CIP METHOD

JH. Lee' and N. Hur’

The numerical program has been developed for the purpose of the complicate geometries application using
CIP method. The non-staggered, non-orthogonal, and unstructured grid system can be also used for the various
geometries in the program. For validating CIP solver, the lid-driven cavity flow and solitary wave propagation flow
are carried out. Test results show a good agreement with the verified results. The dynamic solver was used for the
behavior of moving body. Interface process between the two solvers is introduced. The research was performed on
the flow problem around torpedo and log and the flow problem in a tank in order to analyze the three phase flow
problem Although the comparison to the verified results was not quantitatively performed, the trend of the results

was reasonable.

Key Words : Z12H-A<I8KCFD), CIPH(Cubic interpolated propagation method), THd--&(Multi-phase flow),
-3k 4 H(Finte volume method), 172 A} 7(Unstructured grid system), THEA]%5 8K (Multi-body dynamics)
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method), 737152 W (interface tracking method) 2 7 AIE 2
(interface capturing method) &2 =& A= o}, 17

1 AZesan, B84 CFD 917416 (ERC)
2 FA89, AFst g /1AF 5

* Corresponding author, E-mail: nhur@sogang.ac.kr

Wl iAol WO R particle tracking method7}
o] W At gqel AxAF Fe gle Ao A

FRES I SN e Aol oy 7} Particle ]
BE AHE Aleled Ade 71987l Algte] Aa b
= Aol uh EF 7} particlerto] 9] %3 2Het contact model
S Td3k= Aol wlf- AR BAFHHE 7 o] AAH
o] olggel wet AH AZAE ol FA7IE 4 WHoem
Aolat AAAME AEsA EAT = = FHol glont
Azpe] Aol Hiksle #Ao] wie- B3sta ol
A o] AEAV BelEe dde] BT o Az} A4
o] ul$- oty AAXAYL o] FAAE AMEEA] ¥ L
B AAE AR R Qs ARl Hal Y] fF
< AN | BAd&A fF @48 4 5 e
o] gith. ey} o] W AX} AAL AHEAH] A5
AR Fol AV)E LAkt olFdhs AN S AEE
E&577F ojel Wil Stk webd Agek M AHE
A7) SJaEliM= AN A7t ol Ttk
BAEAE S o &3 A FEsildl de] AHEEE o
EA9 FA&4 Mo zE VOFH[I], Level Setd[2] Utk
FaA A ARl AFEE= VOF(Volume of Fraction)®H
& AF AAAA Alele] 5 sl AAWE = )



Mo A Aol Hxtete] 3ap¢loRe] giol
olfa Zlatetaow Hid A FAEd AdEs el
T e ol AUtk Level Set Wl Ag-olE Aol o
Fraks ARgste] A S Ze o R VOFETH: 4
ARE Ags s & e AL o o] Afde
etk AANE 7] fsir AAR] F7HER] At &
gk o] Stk web delM 9] ofdt @ils Heksl]
Aalid= woh g A Aok 7lsketd At
A

A& o]k C (Cublc Interpolate Propagatlon)‘ﬂ—%

A} 3tk CIPHS Takewakis{3]o] =41 wFalel &y

sto] Jpdeth CIPY2 G WANS &

S HAEE OFEE 3 AFER] B

to] A= Xfo|7t & =4 Ate]9] AFou
=1

=
7

Eo
_O|L
o o kI

L jin
FE o O
D% ‘Q =¥ ot E ;liﬂl
R
S L
Los™y
>0
P g
ot £
g
oo
S
?ﬁ e
o L
fi
o Mo
o
o,
2o
X
2 2
Ty
o
o
-
S S e

o

B

P‘E

rlr

do 1

off o R
%

=
2o
o
:‘uDL_‘,

1%

N

N

Predictor-Corrector
J LZ/H DJ ;(].
AR A3

o] ofga W4, ul4
5 5ol 3A e

Sl s ol sl gl wel ol A
& WY

B o
ra
Ho
ol
Mo
EY
it
:ol=t
1%
o
2
I
o
op T
>2

1o
B
>
)

o X

li&w Elorlr do o2 Ay oft Ko N n2 HTorlu b
%o,
o
<
8
=
ol
=
rlo
52,
.
)
)
Y
)
é

[¢] - o
o #us AAs: glon S5 AN FI5H A)
92 Eqslel (DS TEASE QS st e
o w3 ek WA $A0] Y FHAN A1) AS
& A1 guel BA F9le) F5H Hes] Aolsk qrk
1 ank gEA A e S0k B ol

k=)
, 2
>~

5710 G AN AL ol BE ofefgo] EA
o glek 53 fA wde] thyel 4 BAE BA A
Fohe AL ol Sl B olelgol 9

Mo B AT s A

Fig. 1 Principle of spline interpolation
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Fig. 3 Comparison between CIP result and tangent-CIP result
after 1000 time steps

Hp=tan '(h)/[(1—e)n]+05)81] ¢5 Fat) e 2
Ab RS Qe AREEIH 0000012 F3UTE Fig 3(b)ol A H
= Hkek 2ol ¢7F 0ollA] 14bole] el Q1S ul tangent-
CIPH S Fahd 7F Qo] 13 022 &3] 4] k.

2.1.3 CCUPH

CCUP(CIP-Combined Unified Procedure)H-> CIPH S W3]
31 GRAEA e A8517] flgt HEaHolth Agad A,
T g 2 oA AS UdukAel JelR fEshH
o3 2

14

Fue Vptp e Vu=0 (6)

oy Vp

I - YP

o ue Vu p Q, @)

0! .

a—]t)Jru . Vp=pcﬁv e ®)

SES
%4"0’7 . Vp":() (9)
'U/* 'LL

N, ——t+u" s Vu"=0 (10)



214 N 4 EHY S ARG A 53]
EXEEEEY RN |
C 214 &N FE2 HIAEH R SEHAY
p p Ty e vpn:O (11) I=l_"z T > O|=|_-'? 'I:I'
At CIPHe W54 50 454 58 A E + 9
= Egaiolth AanelA HgtEAe] Ao g4l Ay

%

A
CIPHE ol g3te] 2 9119 p u'p & T A T <AL olER 5 SRERTE v AR
op/ (" At) = 00l mepA A7 dukael mekEy
=
Rl o Zoly WAL FAF Feh A 954 45 A9
n+1__ * * -
VA = L A (12) o= oo AN 7, > At O|BZ &p/(p’EAt) ol
v oo (Vop/p) Bk il 2 Felmz v o« (Vip/p) B
Nt vyt 0o= Hud o Aok weA g Fol= watkat
~ -t (13) A 93 5E 3 345 450 WAshe A9t &
’ A4 e 2] 98] A HATo] Basth ATHYIE
s vhes} g
P =—p'Av eyt (14)
At
q‘_{a(picsAu—l—ﬁ/;lpiAzf if Au<0 QN
9 Aol A HlekF BANAS BN wH g S "o i AuS0
ol n+1ARFA L] ghol7] wiitel]l #4AMke] &7ttt
olgst TAFE sdsty] Hall £ AFlAE Predictor- A7NA = &2 4= Aot
CorrectorS £33t o2 GAloAE SHe w9
5] o 23] 22T LR EN= o
ol AR FashE, SAWANAE % BANAS RS oyoior ol mHoiey xal
ol &3 Ats FAA o5 BN SEFTAAL o

5

FAGDNA nAGALS Aalr] Yate] 222)e 2ol
Fo9gdon wrol sAeitt A17)dlA frAgd A=
p/(p"EAf) ol AHgE T TA el N o] T FAE

).
o S
P i I Atk
' vp .
AT, +Q, (15) )
op V oeu
AL At
W' cu_ Vi 16 vip o the fluid regi
N p* (16) v .( g ): jn the fluid region 22)
p dpp
w AL
1 op Voeu in the solid region
V e | =Vip|l=—F———+
(,0 p) pant At 1
A7 Gp=p" T —p" 2.1.6 RG]l X o|F A=A
T BE AL e FAT vliFIe A4
=AY Foz Ak Al 999 yidke] o AN BT
WAAAZRACRE FU 1 9 e WS JFY 9 AAx

un+l ,&7 At

(18) Aoz Azsgiuh

an Zp**p*v oyt TIAL (19) 22 DHEA sy
598 d4 9 A2 Recursive FormulaE ©]-&-3F RecurDyn
S = 16 (20) Z2O3E o83 Cosimulations ©]-83to] A9
oM @ FrE wiksto] siAint st 499 4

2 Implicit Newton-Raphson'Hl-& ©]-8-38ke] 3|43} 2™ CFD
solver2H9] AHWEHE A7l Akl o] FolxiTt. ol ¢} F



N 4 EHY 215

Co-simulation
Force, Torque
by pressure of fluid
a.
T

Position, V¢

Fig. 4 Fluid-structure interaction between fluid and rigid body
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Fig. 8 Fluid-structure interaction between fluid and torpedo with
time

Fig. 9 Fluid-structure interaction between fluid and log with time
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Fig. 10 Fluid-structure interaction between fluid and oil tank with
time
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Table 1 Fluid properties for air and water

Property Value
Pair 1.205 kg/m3
Hair 1.81x10-5 Pa's
Puater 1000. kg/m3
— 1.002x10-3 Pa-s
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