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AN IMMERSED BOUNDARY METHOD FOR LOW REYNOLDS NUMBER FLOWS

Hyun Wook Park, Changhoon Lee and Jung-il Choi”
Dept. of Computational Science & Engineering, Yonsei Univ.

We develop a novel immersed boundary (IB) method based on implicit direct forcing scheme for incompressible
flows. The proposed IB method is based on an iterative procedure for calculating the direct forcing coupled with
the momentum equations in order to satisfy no-slip boundary conditions on IB surfaces. We perform simulations of
two-dimensional flows over a circular cylinder for low and moderate Reynolds numbers. The present method shows
that the errors for estimated velocities on IB surfaces are significantly reduced even for low Reynolds number with
a fairly large time step while the previous methods based on direct forcing failed to provide no-slip boundary

conditions on IB surfaces.
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Fig. 1 Eulerian and Lagrangian points in the present
immersed boundary method
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wQItk Table 15 &3l 28 712 Re ol whE &9, 44
A% 2 Strouhal 55 W] wEFIT) Choi et al.[9]2] A¥h= o
AR 7S ARESte] Ak ZAFtolw,  Fomberg[10]9}
Rosenfeld et al.[11]¢] A= body fitted meshE ARg-3lo] 7|
A Adleldt Table 15 &8l 3% 7HEEAVIN BF
BF w=mdt AR daks vERd 2l g]91E 5= qlth DR
MDF 7]"12] Re=200 w F&Al2] =52 Uhimann[4]
o] w=ol| e Aol FAkstm, ALtE el Algtel] whE
3G A Fael gJg Aow At

3.1.3 Reynolds =01 2 =334 Zut

IDF 7THES E3e 357 7MIAEAVIYE ol83td
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Fig. 4= 2} 7PAA7 el thall Re el e o5 3o
A9 HFEE LAl AulThE YERR ZEzelt) o714 6
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MDF7W Bt 2 vebd 21& & 4= qlk olel tish A%
Z1Q1 nlal= Table 201 71AH=]o] Qle} okl Aol mixl7A]
2, DF, MDF, IDF 71¥] B Re 7} 24ds HEE5E
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Table 1 Drag, lift coefficients and Strouhal number

Re=1 [Re=40 Re=200
c, | C, c, C, | st
Choietal[d] | - | 1.52 | 1.36+0.048 | 064 | 0191

Fomberg[10] - 1.50

Rosenfeld et al.[11] 1.31+0.040 | £0.65 | 0.20

Panton[12] 11.52

DF 11.21 | 1.62 | 1.49+0.045 | +0.61 | 0.194

MDF 11.65 | 1.61 | 1.45+0.045 | +0.67 | 0.192
IDE 12.00 | 1.60 | 1.38+0.046 | +0.69 | 0.192

Table 2 Comparison of velocity errors || Awu” " || , at the
immersed boundary surface for different Reynolds

numbers
Re=1 Re=20 Re=40
DF 1.26E-01 2.88E-02 2.34E-02
MDF 3.19E-02 1.04E-02 9.30E-03
IDE 3.86E-03 1.20E-04 1.03E-04
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Fig. 5 The effects of forcing methods on the velocity error
A" for different e number (a) DF (b) MDF (c) IDF
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Fig. 6 The effects of forcing methods on the velocity error
A" for different CFL number (a) DF (b) MDF (c) IDF
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Fig. 7 The contour plots of (a) u-velocity and (b) pressure
at Re = 1 using IDF method
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Table 3 Comparison of velocity errors || Au!"! | Jat the
immersed boundary surface for different CFL numbers

CFL=0.1 CFL=0.01 CFL=0.001

DF 1.26E-01 2.1E-02 4.61E-03
MDF 3.19E-02 6.61E-02 1.48E-03
IDF 3.86E-03 4.58E-04 2.31E-05
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Fig. 8 Streamline around an circular cylinder for Re =1
with CFL=0.1; (a) DF (b) MDF (c) IDF
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Fig. 9 Streamline around an circular cylinder for Ze =1
with CFL=0.001; (a) DF (b) MDF (c) IDF
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