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Numerical simulation by an immersed boundary method of particulate turbulence
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We have performed direct numerical simulations of the motion of a finite-size solid particle in a quiescent fluid
using an immersed boundary method developed by Uhlmann (2005). The spatial derivatives of fluid velocity are
evaluated by using the Fourier spectral method and aliasing errors are removed by the phase-shift method. We
estimate the accuracy of our numerical scheme to determine the minimum resolution for accurately tracking a

solid particle when the particle Reynolds number is sufficiently small.
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Tab. 1: Numeical parameters.
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Tab. 2: Drag force Fpp and the relative error e(Fp) for
different spatial resolusions (Ny).

Fp  e(Fp) M

Ny=128 (N, =22) |0.0206 0.7458 2.56
Ny=256 (N,=83) |0.0156 0.3220 5.12
Ny=512 (N, =330) |0.0127 0.0763 10.2
Np=1024 (N, =1318) | 0.0124 0.0508 20.5
4. =

iﬁ&bﬁ&iﬂ?ﬁ{i XY R AIETHD. etk
TR ANFERSEE T, EL{;ILEF'O)HBE K F X Ok

FDI AR v ITE L% F_I/\'C-’*t FONDHERIL,
%@%:i%@ﬁ%%&<%b1méxéu
@b,igﬁamn i3, BEEABETHS.
mbt{o&,%mm%¢fﬁ%é EHRETE» L
IR FIEA ST M N 2505 &, & 2R+
LA WA Rey, D353 dWW¢%'t% At Vi)
@%%ﬁ&A4é2oﬁuLitbam PENEGT X
BN ENnho T, :@%E’éii%ﬁ%l//f/)lxziﬁmiﬁ“
ﬁ NS T, ﬂm¢1®ﬁ%®ﬁﬁﬂﬁﬁﬁﬂ%@

f%ét%zahé L%, M%wam%Tﬁﬁ@
971%%%&6&&% L To
7@%2@0)%5)3 rﬁlj‘fjﬂu‘é/ al—va
<dHh

HN DA

=
5
—
\(_,

f?ﬁ%%ﬁ%é(mmmmﬂ)@%m%%i#
FIEIZDODWTHEZTEW - =)~ U1EEIC

BB N B
S RNUSHE
<k S

= W
it
<t
g

Uhlmann, M., “An immersed boundary method
with direct forcing for the simulation of particulate
flows,” J. Comp. Phys., Vol. 209 (2005) pp. 448-476.

(2) Lucci, F., Ferrante, A. & Elgobashi, S.,“Modulation
of isotropic turbulence by particles of Taylor length-
scale size,” J. Fluid Mech. Vol. 650 (2010) pp. 5-55.

(3) ARHIEERE, HIHIE RS, “ELIL%E) WIaHIE, (1999).

(4) Peskin, C. S., “The immersed boundary method,”
Acta Numerica, Vol. 11 (2002) pp. 479-517.

(5) Bao, Y. X., Kaye, J. & Peskin, C. S., “A
Gaussian-like immersed boundary kernel with im-
proved translational invariance and smoothness,”

arXiv:1505.07529 (2015) pp. 1-8.

(6) Roma, A., Peskin, C. & Berger, M., “An adaptive
version of the immersed boundary method,” J. Com-
put. Phys., Vol. 153 (1999) pp. 509-534.

(7) Uhlmann, M. & Dusek, J., “The motion of a sin-
gle heavy sphere in ambient fluid: A benchmark for
interface-resolved particulate flow simulations with

significant relative velocities”, Int. J. Multiphase
Flow, Vol. 59 (2014) pp. 221-243.

Copyright (© 2016 by JSFM



