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COMPUTATIONS ON FLOW FIELDS AROUND A 3D FLAPPING PLATE
USING THE HYBRID CARTESIAN/IMMERSED BOUNDARY METHOD

Sangmook Shin™

A code is developed using the hybrid Cartesian/immersed boundary method and it is applied to simulate flows
around a three-dimensional deforming body. A new criterion is suggested to distribute the immersed boundary nodes
based on edges crossing a body boundary. Velocities are reconstructed at the immersed boundary nodes using the
interpolation along a local normal line to the boundary. Reconstruction of the pressure at the immersed boundary node is
avoided using the hybrid staggered/non-staggered grid method. The developed code is validated through comparisons with
other experimental and numerical results for the velocity profiles around a circular cylinder under the forced in-line
oscillation and the pressure coefficient distribution on a sphere. The code is applied to simulate the flow fields around a
plate whose tail is periodically flapping under a translation. The effects of the velocity and acceleration due to the
deformation on the periodic shedding of pairs of tip vortices are investigated.
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Fig. 1 Cartesian background grid, body boundary and immersed
boundary nodes
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Fig. 2 Reconstruction of velocity at an immersed boundary node
by the interpolation along a local normal line

7V AE g Aol
] V{} ‘d4L HollA HdEE hybrid staggered
/non-staggered Hol| o5k f-E5)4]o] A Aoy HHmwnlt
THEHEE BYS= ol FRF EHORA, olsE 2A
oA B3 5599 A7) F4e g

Fig. 2= 7MHAEANA £55 A7dste 4L
AFI ATk 47} FPAAEA tE 4 o "AHe
Fepen BA ARG ¢A0E wie 4AR A A
PpE Feth wiek S} e 2
_)Fx] oz uh/}_:

de A 248 FASE Al 1Y Lagangian HE(C,
Cy, CellA F7 &5 AAZHoRRY 430 17
I FEay UFe A 919 A Pl HxE 1 AL
Zgol v e AHEN, Ny, N, N)IA FEalae 7}
AR g i BhE A o] A thAlel N FAE &=
E25E Axtan. FA AR g Pyot Pole SrE
1 e RRE £x7F Aod HEA A d5E 7}
FAR G Bo] AEHIAT dE B0l H Pl &5
= o 2k
1 L1
%= T3 (g]ld_kd)lk) )

VA ¢l = A PeolA 1A R Aol 4
H EE ARl 4ok 62 72 AR ) e dRE
2RE A P Az T Aol A iy ws
AN F4E S Aol mpAttoz 7
Aol £Ee 2 HE S Pet Pold Y SEEY

RE) APAARAAA S AL e

1
ki

?Lowh A AR g Aololne %
w7h AgH e Wsl drha /PgEc
1 !
O = =7 (dr b, T dp ) @
Pc Py

A7 ¢hge 1A IR wkEgAe) A THE M

ARRANA 2= Rl ¢, = AW 9o 7 PyolA
s BaH A WAl Fold AARe SR AR
olch 2R dp st dp = AMPARRORRE S A

FerA 9] Aelelr),

2.3 Hybrid staggered/non-staggered Z{XI0j| A 2| RSal|4

Fig. 3<> hybrid staggered/non-staggered A=}fofl 2] FL&u
9] WE BolEth UHI non-staggered AL £ A
5 WFARe] HEd FoHa, 7 AHES ddsE
edged] Yol staggered AAFQ] 1 edge W S Aol A
ofEth 7HAALACN DlA A7Add S Uiy wE
A FAE MO Hg ol&3ste] FPIEAE A}
FALHS JdE8= edgeol HAH staggered AR £% A
Rl AR S B3



Fig. 3 An arrangement of the dependent variables for the hybrid
staggered/non-staggered grid

=2

A& Atk dRF AXS dEME 23] upwind
-biased ZHEA o] AMEESITE o] WFI A AL A
A 2] FARAAAN L2l we} ALY 9
o &7 27 EHE A9 AT = gtk a3 A
= 1A upwind XHEAE o]83H stencilE EAFJT
Gilmanov 54,512 A THNA9 oj#jd AP AA 5
7148 F3rel tid 23k AEE "ojmyR] ghethe M
LA Az A7]d] qig Mz RE s ol A
ol g Ao Gilmanovs< 13+9) upwind XHELAIe) A
Goab= FEUF] 23 vl vl sln, AAH 2
A S5 AYHoz wss A4S 23 u|E7L ool
drke AMS AASITH4,S5). B 2x)e] SRS
ol-&ate] Al4tE Ak

Lo ofy
)
o

o o

<y
oo

e m{i
Ao

(4]

&

fo

o

i

iy

>

i

=2

>

o,

o

ri

o

hi

mir

o

o

oo

I
©
¥

o

2 o
> M
l oL
fio &
o
3
>
>
°k
O
* o
o
R
2 Jr
o (I
o
Mo
2,
o =
T
flo 4y
b g
ot
o

i
i
<@
3
il
Lo
of

Aol o staggered ZR}o] &£
o]- &3 divergence Aol 23] Aozt Bz
el 359 21 F 2EHe] ALgEH T S
et - HHES EiME 9AE ol o8N

o i Mo N
Mom oox

o oHT

2

>
=2 o

>

pi,j,kﬁ by,
AT )
n+1,0 n+1,] n+1,0y__
+ﬁ(5zui,]’,k +6yvi,j,k +5zwi,j,k )—0
WL a1l
i+1/25k Mt 1/agk | o ont1it1
AT tYi+1/2,5.k (6)

+1,0 +1,0
+XW+1/2,]',1¢ +61p?+1/2,j,k =0

714 A HA (nt+, 1) (nt)-AH Z2F A7 DAA
LA 7Pz dig Wiy whEgAlE gt ge o
ASFEAR Ao, XML e F AR (4,4,k)9 (6
LAk AR oot $5F BEde) dFds 84
o] P& 1 edged] TN B ol 6,9 5,5 o

83 2.

n+1,1 _ .n+ll

a1t YiH1/25k T Wi-1/2,5k 7
O, i = (

e il Am

+1,041
5tu?+1/2,j,k

+1,01+1
_ 3u?+1/2,j,k_4u?+1/2,j,k+u?+1/2vjyk ®
20\¢

VAR tigE WS- SHEGAE SEEE (ntl,]) 2

|s]
Ach
)
>
(NI

LIS FEUTE ()] FEAFE H
£ HZAZICL AAHE staggered Azl A<
ol g3t FAEHEANH 2 non-staggered E5 Al

ok B AMelxE A A2E edgeE9] FHOIAM
= grEe e Bt

b

b
M
it
tio
[
oA

i

at1l _ 1 oae1 n+1 )
Uij = E(uiﬂ/w,k*’“ivl/zxk ©)

N2 E8F AIRE gAlAE MEE Lagrangian HE2
ARG £2F ol gste] FH ERHe} FMIAARHANA &
= ATEE A A Anke oA g o] of Eg
A AZbel oigk vlER] Aol BYER] %L FEHEg) A
&5 3] ARMT 599 v Rl A AEAE
SAE ARAA @3 FAEA HA == B A7 7
Zo] Agtslojo} it} o] AL FA|Wo] EF At 1A
b & U9 aAE 943 B AW ¥ A4S 2

T,

¢



HCIBHS o8¢ Wgsh= Hu $99 339 4534

A28 A1s. 2007.3/5

05 -

25 ﬁ
X
L

Fig. 4 Pressure and vorticity contours around a circular cylinder
under the forced in-line oscillation, 6=198°
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Fig. 5 Velocity profiles around a circular cylinder under the forced
in-line oscillation, 6=90°, 240°
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Fig. 6 Streamlines and pressure contours around a sphere,
Re=100
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Fig. 7 Comparisons of the pressure coefficient distributions on a
sphere, Re=100
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Fig. 9 Instantaneous streamwise vorticity contours around the
flapping plate, Re=1000, ==
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Fig. 10 Instantaneous streamwise vorticity contours around the
flapping plate, Re=1000, ®=0.57
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