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IMPLEMENTATION OF IMMERSED BOUNDARY METHOD
TO INCOMPRESSIBLE NAVIER-STOKES SOLVER USING SIMPLE ALGORITHM

G.H. Kim and S.0. Park’
Dept. of Aerospace Engineering, KAIST

Immersed boundary method(IBM) is a numerical scheme proposed to simulate flow field around complex

objectives using simple Cartesian grid system. In the previous studies, the IBM has mostly been implemented to
fractional step method based Navier-Stokes solvers. In this study, we implement the IBM to an incompressible
Navier-Stokes solver which uses SIMPLE algorithm. The weight coefficients of the bi-linear and quadratic
interpolation equations were formulated by using only geometric information of boundary to reconstruct velocities
near IB. Flow around 2D circular cylinder at Re=40 and 100 was solved by using these formulations. It was
found that the pressure buildup was not observed even when the bi-linear interpolation was adopted. The use of
quadratic interpolation made the predicted aerodynamic forces in good agreement with those of previous studies.
For an analysis of moving boundary, we smulated an oscillating circular cylinder with Re=100 and
KC(Keulegan-Carpenter) number of 5. The predicted flow fields were compared with experimental data and they

also showed good agreements.

Key Words :
LM B
Immersed Boundary Method(IBM)& Cartesian grid 719 A=}
AE AHgate] Mo AXAE AMESHA] BaL =4 FHE
FE54S #xs7] 943 CFD 713 olt}. Body fitted gridS At

&5k CFD "t 2] siistast she didel 4 =4
o a4 Fgell APAem A8HA @1, F7HR] &
o Al HeemA sistaat sk il ofdt
el GvEs RARIE o2t IBME Ak 4ol

shat Bt ol diF s FAshlel fE Ao

4EA 9

Received: September 29, 2011, Revised: February 3, 2012,
Accepted: February 6, 2012.

* Corresponding author, E-mail: sopark@kaist.ac.kr
DOI http://dx.doi.org/10.6112/kscfe.2012.17.1.044

© KSCFE 2012

7373 AR (Immersed Boundary Method), SIMPLE Algorithm, H]$+54 Navier Stokes Solver

IBM2 Peskin(1972)ell <8l AEAF F5 HAll A& 3
BHATHL]. Peskine 7ol AH-EA
Lagrangian ¥<-= @A, © 3
wJo] 9l& Cartesian mesholl Xl 82]¥l Eulerian W42 Hs)
TE S5tk o] ul B9 99X Huel ©AHS Cartesian
meshz Adsl7] 918 Dirac  delta <=2]  smoothed
approximations ARS8k, o]#fE forcing $HE AMEE}
+ IBME continuous forcing o]zl @tH2]. Continuous
forcing= Adole] =AE sl FElshy
forcing g2l 544 EA9] oot o] Aol AXA A4
w3, Aoz updel sk A7sharp edge) S BAISH
7h ol mEhA =& Holsxge] el A8 ofF
& o] Utk

IBM2] T t}2 HPHo R discrete forcing o] Utk
+ immersed boundary(IB)¢} 57 HEZHE IB FH
S-S AT (reconstruct) 3= o2 SjAslaal s

1 oo
N,
£
<o

RN

m-llj :(o_O,



IMPLEMENTATION OF IMMERSED BOUNDARY METHOD TO -

Vol.17, No.1, 2012. 3/ 45

Aol ZAH(sharp edge) S HARE = lom] &2 dolmxg
freoll A8 = e ool gle Aew dHA 9l
Discrete forcing-> indirect forcing¥} direct forcing 7|2 A
H3hE ). Mohd-Yossuf ek Verzicco 5-©] AH8-gF indirect forcing
e forcingdS AlLtstal o] Aul WA Aol Fr1gte R

B39 a3E Wed3cy34]. Direct forcing forcingd-&
27k = WA, £%20] tiE interpolation )& TSk
HEA] 1% s ﬂaoi}yq ;(1%7440; IB
o]t} Interpolation WHOE
o] ujl ghost-cell

=

719 IBM A= 1+ fractional step WS o8
Navier Stokes solver0ﬂ ?4351 Ak ol Ag- Ay Bt
3} dnkyol A7k B wh(standard mass conservation)S-
48& o IB7F Av= AddA o] FTksle pressure
build-up &Jo] FAEJTE o] |Aslr] fste] Kang &
[6]> =gl WAAS a2ig interpolation 71'H-S ISk w}
Art.

AT = HYgSA o] FAHOR WA &8y
9l SIMPLE 7] 714+ solverell IBM 71'H& 243}
I Z8A4E dolR A} dit) 34 SIMPLE 718te] HlgtEAd
NS solverol = IBM< me& AIZE Ao, A gl

2 gk o

al

Axtolut A ST B Aol A} Abe ek ol
2t WA el o%oﬂg IBM ]S ALse] 1 Anes

AESA} B o5 915t A 9 23 interpolation 74
218 FA3ke] SIMPLE algorithm 7]¥+¢] Navier Stokes solver
o IBME& #4319tk o] u interpolation A& 1B <4 #-%
ge] Swe} Az X*E e IBe] B ﬂw}% o]-g-5}o]
T8tk o2 A&3lo] Re=403} 10021 ¢ 2319 9F
Ao v F5% iME st 1 ﬁaJ’]'% HlaL s}
Ak wAols el tgk A8str] $1sted Re = 100°]
31 Keulegan-Carpenter 57} K C'= 59] 27102 3= 2
A AF Addel oig XS Fdstr 1 d9E A

Aviel masieck

2.1 K| 2HY A
H|FZA1 2] Navier Stokes ™23} A A4 o3}

2t

0
—/ puidV+/ puv * ndS
at Vv S

@)
= / 57; o ndS— / q;mi e ndS

/ Spv e ndS=0 )

Aol ARE3E codeol A= 4] ()2 cell-centered
Cartesian Zz}AIo A o]ks} 31Tk 3 time stepe] 22 H&
55 Zh= implicit S o] &3te] AIRIRES o)its)l ekgle
u, Il diffusive fluxs $Y 2HES olgdlgln
convective flux:= thS-3} 7+ deferred correctionS- ©]-83}9] 2
z]-,] ZJZE]—CE’ ;l—};_% o A]—Q_ O} ‘:]'[8]

= {FUDS]mH + [FCDSiFUDS]m

o714 FE convective fluxs <ju|stz
CDSe Z¥7k A¥ARET SRS ot} 9132k m 2t
m-+12 nAA time stepoll Al WHEALL S1(sub-iteration
number) & YERATE

olfe] o w oilsteta Aulehd w ko] mule W

e et ge 23

A UDSS

oﬁ,
re
jint)
o%
o
1>
o
fitl
o
Ac)
i
=
<

Apa T DA = Q) L=BWNS
VI Apsh Ape 4 2AE BEAe A e
ek

S

V AfZUﬂL AyZLP

A=AL—Y7A4",  where AL=
P P ; L P 2At

Az":min<7'nl,0)—

71 AL A OeIA uARZel o8 fEsE Aol
QU AR wuE Py 29

o] explicit parte} b, wlA/dae] o)
@) e Ay =" WAL

Implicit Procedure(SIP)S A&+ TH10].

4 @9 AR A% Qe SEge E WY nES VI
S o, A4 oA e o d W AR Bl
of ghol Mgt ohd A5 AEH. g gele] 54

1 ool et SEE FAuofol shzd|, oleld el
SIMPLE '3lelth. 91elst 9] £4& thewt ge w
2 3 o] Folxic

* ’
m+1 _ u;n +ui

ul _j.a]:ﬂ pm+1 :pm* +a[,p/ (4)



46 / J. Comput. Fluids Eng.

GH Kim - S.0. Park

A71A AHA m* = mAA HEAL 94 A Q)& E

of P & gusty o = 4 FA3Y under-

relaxation A2 0 < a, = 19] #2 Z8H=th o/ 2 H2 5
Z

Ao 4 PNl HE FHFE e

, op
i ai\ o), ©)
g8 AT p' S FI] YeiMe WA Rule wga]o)
divergenceZ 3L 2 (4)9] WAAE Hdety 12l A%
WAAS Aeshd veat 2 o4 4 e A8 ¢
ATk
o [ o (0_17’ _ [ 2] .
ox; A,",’ ox; » ox; P ®
2 (6)2 o+ 474l i3 Poisson WA= o]ilElEle]
A3e] WA o Aestal p’ o il F
ol4ollA] Azlg AL nlgroz SIMPLE WS o]g3}o]
H]+=A) Navier-Stokes #7841 ¢] &S -317] %f& AL o
&3 2.
1 A2 time stepoll M) F&d3 dEFS 2713kt
2. A% wulel wbg S Zo] S T
3. AY oY 4 HAHAE Eol p' & Feih
4. 2 B)ZFH &% £4% o/ & Altety, p' o u/ &
21 (@l dgste] gE3 S8 FAs
5 &% A% o/ 3 g8 A4 po] ulg- ol )
7HA] 2-69] B S WHEgiT)

2.2 Immersed Boundary Method2| X-&

£ Aol AE oF Hol|A Awek SIMPLE algorithm 7]Wke]
H]9kEAd NS solveroll direct forcing "¢l IBMS 24839
t}. Direct forcing WS 2-8317] Y= WA IB A9
A ok 22 interpolation 21 T-Ad3kal A PollA A (3)&
o Ao & oiAste] ALttt

m+1 _ m+1 m+1
Ui p = W, T w g iIB )
l

o]7]A P IBo] o3 EvE A4 98 1B 49
;SO]E} w, = interpolation 2}] 745 AlGroln olef WA} i
AP Y frEdel SIAE AS AquEth of) WA B

o

Fig. 1 Grids for estimating the weight coefficients by using the
bi-linear interpolation
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Fig. 4 The grid for simulating the flow passing through
a circular cylinder(grid1)

(b) Re =100

Fig. 5 Streamlines of the flow around a circular cylinder
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Fig. 7 Comparison of the pressure coefficients predicted using
bi-linear and quadratic interpolations along the upper
surface of the circular cylinder

_|
=2
D
—
=2
rir
pel
@D
N
N
S
S
r O
o
o
2
o
et
o2
18
1o
i)
S
o
)

Q
-
iln)
_E
T
e
=
ol
38
o
_|
g
@D
[}
=2,
ol
&
XN
N
8
2
0% o &

=z
o 3 Al g Aot 4 Al 1%, aea
] Strouhal & YERNIL 7|&E A5 Axpe} HlaL SFTk
3} 2219] interpolation 4] o] &3l= IBMS Z-&3ko] A

Ay e 3 Ag 2 39 Age AE, a8 A
gk 49 Aol HlauA & dAetginh vk Re7t 1001 7
o2 A9 Strouhal 4= St=fD/ U, = 71&9 ATEL)

=

10 Ho @y = o 1B o Rl

. 82 drHel A REY ¥ interpolation A& ©]

0 At Azt 9=70°¢1 $1AlA
Azbell whe Fx18 ® 9 p/dp U 9] WEE eI
Fig. 8oll4 @ Arrks o]8ste] 4% A3 interpolation
A& ol &ste IBMA kAl Ak BEWHS SIMPLE 7
Hke] H]=7d NS solveroll #-&-stod ALtete] et 1B <Al
A A7l wel ekelo] Z7bsl= pressure build-up FAYo] 1wk

WA e & 5 Ak

Table 1 Computational results for the case of Re =40
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Table 2 Computational results for the case of Re =100

Method L,/D c, @B Method @) T <, St
Bilinear(1)* 2.183 1.541 1.028 Bilinear(1) 1.292 | 0.0081 | 0.2808 | 0.155
Quadratic(1) 2.184 1.601 1.014 Quadratic(1) 1.348 | 0.0082 | 0.2906 | 0.156
Bilinear(2) 2.219 1.548 1.036 Bilinear(2) 1.326 | 0.0106 | 0.3134 | 0.159
Quadratic(2) 2.221 1.574 1.032 Quadratic(2) 1.352 | 0.0107 | 0.3214 | 0.160
Park et al[12 - 1.51 0.99 Park et al[12 1.33 0.0091 | 0.3321 | 0.164

Huang and Sung[13] 2.27 1.56 - Huang and Sung[13]| 1.36 - 0.33 0.167
Tseng and Tseng and
Ferzig%r[14] 221 123 Ferzigger[14] 142 i i 0.164
* The numbers in parentheses refer to grid arrangements * A over a character denotes the amplitude of an

(1):qrid1, (2):grid2

aerodynamic coefficient (Max. deviation - average)
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