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In the present paper, we analytically and numerically investigate the boundary error

computed by the immersed boundary-finite difference lattice Boltzmann method (IB-

FDLBM). In the FDLBM calculation, we set the magnitude of the discrete velocity in-

dependently from the grid spacing. Rigorous analysis is performed in order to derive the

analytical solutions for the velocity gradient, the boundary velocity, and the boundary

error computed by the IB-FDLBM. We demonstrate the small magnitude of the discrete

velocity is effective in decreasing the boundary error at high relaxation time in the nu-

merical analyses of the symmetric shear flows and of the cylindrical Couette flows.
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Fig.1 Schematic diagram of the symmetric shear flows and
the cylindrical Couette flows. The circles indicate the bound-

ary nodes x; and fluid nodes ;.
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Fig.2 Velocity profiles calculated by the IB-FDLBM for the

symmetric shear flows. ¢ = 1.
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Fig. 3 Tangential velocity profile calculated by the IB-
FDLBM for the cylindrical Couette flows. ¢ = 1.
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Fig.4 Velocity profiles calculated by the IB-FDLBM for the
symmetric shear flows. The relaxation parameter 7 is varied
as 1, 5, 10, and 20.
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Fig. 5 Comparison of the analytical and the numerical so-

lutions as calculated by the IB-FDLBM.
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Fig. 6 Tangential velocity profile calculated by the IB-
FDLBM for the cylindrical Couette flows. ¢ = 0.5.

IZBWT, R B Z R —BLTE Y, HifoRE
DRESELEETHILITED, AL (9 )bu, AV us,, i
Tl wjo W BREDNE 72D T & MR IR & B R D
SAEH T N7z,

BEBURE DR E X% ¢ = 0.5, ¢ = 2.0 & L7ZBHED cylindri-
cal Couette flows (2% 9" % IB-FDLBM D8 #E R %, Fig. 6
EFig. 712, ThEh, RY. HHREEOKREI2ELTET S
ZXIZED, WESAIHT ERENEALTVED, H#EK
HEDKEEEZ DT T, SVEMFECEL, RED
AV & FBRICRELERBZ N L3015,

Fig. 8 IZFHEMIH D — L DI T S OB L iz OfFR%E
AT HEFRATERIN, WM a4 XX (12) TH A5
ns.

Error = \/Zweﬂuid (ug(m)Ai > (w))27 (24)
Zmeﬂuid ug(x)

Z Z T, fluid %, cylindrical Couette flows (251 54 &
WHE THENZHIEEZRT. 1=512BWVWT, ¢c=0512xf
THMENRD/NET L, BHIRHPKE WG, HEHBOEED
REIERNSILKTEHIENVEAMEOM EIZAENTHE Z
&M, Fig. 82645 5. Fig. 8(a) IHWVWT, 7=10D54,
RED AV PERENEL48Dc=05T, 1 REEI/FLGN
7. 7=5& U7EE, Fig. 8(b) ITHWVWT, 0.7 RO GHHEKE
EPRI Tz, Fig. 8(b) DKL FDEKE I, IB-FDLBM
HEDHRED LV EEZ5NS.

1.2
1.0f
0 — theory 5°.
ort=1 : *Ooo
0.8 +1=5 i
x 1=10 G x,Jr
- 067 e =20 ® ’.§+:F
§ i %
0.4} ottt ]
i SXXHXHRX
0.2 #‘5?9‘05000000000
o.ozgggg
-0.2

25 30 35 40 45 50 55 60
X

(b) velocity profile along the central horizontal plane

Fig. 7 Tangential velocity profile calculated by the IB-
FDLBM for the cylindrical Couette flows. ¢ = 2.0.
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