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Construction of ALE seamless immersed boundary method with variable boundary conditions
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In this paper, a new approach, i.e., ALE (Arbitrary Lagrangian-Eulerian) seamless immersed boundary method

with variable boundary conditions, is proposed for simulating the flow around a moving object on the Cartesian
grid. This method is constructed by the ALE approach and the seamless immersed boundary method. The
ALE approach is equivalent to move the computational domain itself. The present approach is applied to the flow
around a moving circular cylinder with wall and open boundary conditions, and the present solutions are compared
with ones obtained by the conventional approach. As a result, it is found that the present ALE approach gives
the appropriate solutions comparable to the conventional ones, and the present computational effort becomes
less than the conventional approach. Then, it is concluded that the present ALE approach is very efficient and
versatile for simulating the flow around a moving object with variable boundary conditions.
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Fig. 1: Computational approaches for flow around a
moving object with variable boundary conditions.
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Fig. 2: Forcing points for seamless immersed boundary
method.
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Fig. 3: Computational domain for flow around a circu-
lar cylinder.

A « — y T o S5EIC 30D, y SENZ 10D
5. £, EHEKFE, BFEEZ o B,y e s
12 .0.0125D & 2E/MRAHFIZL D DFEZITS. KT
BB 2 AN wmwiyﬁﬁmamﬁﬁ%é.it
ALE#Z2BEH L 728546, TOHEKRTFORBREEE ¢; %
¢ = (g, ¢y) = (—1.0,0.0) &9 5.

3.1.2 fHEIGMH IR IE—RRET (v = 0.0,v =
OQp:Lm’Wﬁﬂﬁﬁﬁﬁb#tﬁéﬁgﬁ%kT
5. %7, LA VAB R & At = 1.0 x 1073, Re = 40
g 5.

3.1.3 BRFH BARSMEE, T HOBRREMITRA

SRS, R BRSBTS, (AR - RSN 2

NFNIZLLTFTD LS IZHET 5.

(1) MABERSEA: - HEIFFHEREETH Y, EHIXO
RANFE T 5.

(2) FRHEBEREM,  EE IS TH D, EHEY Y
~—7 ) Mg RA e 95,

(3) ETFEBERSEAM:  EEIMEAFTH D, EHEY v
Y—=7 ) M &t T 5.

(4) ARARBEF R AR A P S X w = —1.0,v =
0027 5.

V'Y —7 )b MlEEAE O IZRRThH 2 S0, B
ETHRICEERARICST AR AR E2MZ L%
AL 94 5. Figure 3 DFE,

Op op

Bt +u Uey = 0 (4)
T, u IBREEZRT.
4

ﬁﬁﬁ ﬁ%%%f®t
ZRD S

( \

3.1 7 2R & HWTHL
FRE Cp

ou ou
Co == [(Ge= G — w5 )as/(GoU*D) (3

T, Sikyv— sz&ﬁ%ﬁ&bgmf%bﬁ%ﬁ
?5Eﬁ%%¢

1.5 EEHER M EOERMICHE SV T oG
FAERZ DL IZ R,
Figure 5 (ZEFIREBIZB I B EHHER L TWAS. Fig-
ure 5 % Fl3 BRI E N T, FEYHEL R D IRE) A
WOBRPNT WD Z e nhb. £z, BRNEICET
LZHEIFXu=—1.0,0v=0.0% 1071° DA =KX —Tiii 7=
U T\W5%. Table 1 1&Hi16RE, N HES DRMERED
ﬁ%%bfbé.1%6&D%MEV—AVX&Eﬁﬁ
%gi%%&@i%ﬁ:&%t%%giézaﬁ%b‘

w tt-(‘

Copyright (© 2019 by JSFM



Fig. 4: Pressure profile for flow around a circular cylin-
der.

Tab. 1: Drag coefliicient and length of recirculation
Cp | L/D
Present 1.505 | 2.37
Fornberg(") 1.498 | 2.24
Dennis et al.®) | 1.522 | 2.35
Guo et al.(9) 1.475 -
Calhoun® | 1.620 | 2.18
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Fig. 5: Computational domain for flow around an asym-
metrically located circular cylinder in 2D channel.
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Fig. 6: Pressure profile for flow around a circular cylin-
der.

Tab. 2: Drag coefficient
Cb
Present 5.649
Chen et al.(1!) 5.679
Schafer et al.(1?) | 5.57-5.59
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Fig. 7: Computational domains for flow around a mov-
ing circular cylinder with variable boundary conditions.
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