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Systematic research has been carried out to evaluate the performance of the proposed coupling between
finite volume method and lattice Boltzmann method (CFVLBM), including both accuracy and efficiency
aspects. Three numerical examples, e.g., fluid flow around a circular cylinder, NACA0012 airfoil and por-
ous media are employed. In the first two examples, careful comparisons are done between the results of
CFVLBM and the results of previous publications as well as multi-block LBM, ISLBM and FLUENT software.
The good agreement indicates the CFVLBM model is reliable and accurate. Meanwhile, the figures of
residual history depict the better computational efficiency of CFVLBM than that of multi-block LBM.
Finally, a practical application of CFVLBM for flow past a porous-medium core is simulated. The results
prove the present method can be used to the fluid flows around complex geometries.
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1. Introduction

Multiscale numerical simulation has been developed very fast
in recent years. In deed, almost all problems in science and engi-
neering are multiscale in nature [1]. Challenging multiscale phe-
nomena or processes are widely existed in, e.g., material science,
fluid flows, electrical and mechanical engineering. Different phys-
ical laws may be required to describe the problem at different
length and/or time scales [2,3]. The convectional numerical ap-
proaches always focus on the macroscale and eliminate the effect
of meso/microscale process. In fact, this single macro-level model
has achieved tremendous successes. However, for complicated
problems, some distinct limitations will occur, among whom the
lack of detail for some local processes and the necessity of intro-
duction empirical closures are especially obvious [1]. These short-
comings may be overcome if we use meso/microscale methods,
such as LBM, DSMC, MD. But if we use single meso/micro level
model on the entire computational domain of a complicated prob-
lem, the required computer source is out of reality. By coupling
macro/meso scale methods, macro/micro methods or macro/
meso/micro methods such difficulty can be, to a great extent, over-
come. And this is what we call multiscale simulation [2,3]. In re-
cently years, many studies have been done about the coupling
among different scale CFD models, such as FEM-MD-QM [4],
MD-FVM [5,6], LBM-MD [7], DSMC-NS [8], FDM-LBM [9,10],
FVM-LBM [11-14]. It is worth noting that the terminology “multi-
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scale” is now used quite extensively. Some authors take such sim-
ulations being multiscale in which phenomena are simulated at
different geometric scales with several orders magnitude differ-
ence, even though the phenomena at the different scale obey the
same governing equations [15,16]. In [2,3] such multiscale prob-
lem is classified as multiscale system. In this sense the problem
to be studied in this paper can be regarded as a multiscale one
for which LBM is used to resolute the flow field in a porous med-
ium with very tiny structure while flow around a square cylinder
is predicted by FVM. However, when LBM is used to predict flows
in mini-micro channels, changes have to be made in the relaxation
factor and boundary condition treatment compared with the sim-
ulation of macroscale flow problem [17,18]. Thus strictly speaking
in the multiscale simulation by macro-FVM and meso-LBM the
implementation of LBM should have the above-mentioned differ-
ences from its usage for macroscopic flow. In the present paper
the LBM is basically used in its macro-type version. In order not
to mismatch the two types of implementation of LBM, the termi-
nology of coupled FVM and LBM (CFVLBM) rather than multiscale
will be used in the following presentation.

The LBM has developed into an alternative and promising
numerical approach in recently years. The LBM is the further devel-
opment of the LGA and overcomes some of inherent problems of
the LGA. Many comprehensive comparisons have been done be-
tween the LBM and other macroscale numerical methods, such as
spectral method [19], FEM [20], FDM [21] and FVM [22,23]. Very
good agreement is found as far as the accuracy of the computa-
tional results of LBM is concerned. For the computational effi-
ciency, many studies have been conducted [21,23-25]. Pan et al.
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Nomenclature

C compression operator Ug inlet velocity

Cq drag coefficient X,y Cartesian coordinates

c lattice speed AX space step

Cs lattice sound speed At time step

D2Q9 2 dimension 9-velocity lattice € expanding parameter

f lattice distribution function Y] relaxation time

H height 0 separation angle

I identity operator y kinematic viscosity

Kn Knudsen number o density

L reattachment length T nondimensional relaxation time

Ma Mach number 10} weight factor

P pressure

r cylinder radius Superscript

R reconstruction operator eq equilibrium

Re Reynolds number

S stress tension Subscript

t time i direction of the discretized velocity

u, v velocities in x, y-directions o B,y  coordinate direction indexes

Ujid lid driven velocity

Uy far field velocity
[23] reported that the small time scale of the LBM necessitates of 1 e

. ) i+c.vf:,,(f,f(‘n)7 (1)

many time-steps to observe steady-state macroscopic flow behav- ot A

ior. Imamura et al. [24] gave the similar opinion that according to
the Courant-Friedrichs-Lewy (CFL) condition, the total calculation
time of LBM is several times larger than that of conventional
incompressible NS solvers. Bernsdorf et al. [25] indicated that the
lattice gas automaton (LGA) is a more efficient tool than FVM with
respect to the application of CFD for problems involving complex
geometries such as porous media. Yoshino et al. [21] drew a similar
conclusion that the LBM is more efficient than the FDM in the
problem of flow through a porous structure. Therefore whether
LBM is more efficient or expensive compared with FVM is case-
dependent. It seems that for a very complicated flow structure
LBM may be more efficient. Simulation of flow fields in a porous
structure is one of such example. The flow in a porous media is
associated with different length scales: pore/local-scale and field-
scale. LBM is particularly suitable for pore scale simulation because
it is capable of handling arbitrarily geometrically complex bound-
aries. And FVM is a suitable method for field-scale with not very
complicated geometry. According to the above discussion, we
adopt the hybrid model between LBM and FVM (CFVLBM).

In this paper, systematic effort is made to further improve the
computational efficiency by combining FVM with LBM with adopt-
ing the reconstruction operator [13,14] for the interface data trans-
formation. Three external flow cases, flow past a tube, flow past an
aerofoil and flow past a porous-medium core, are selected to illus-
trate the feasibility of the proposed numerical method. The rest of
the paper is organized as follows. First, we present a brief overview
of CFVLBM model in Section 2. Then, we employ this couple strat-
egy to solve the flow around circular cylinder, NACA0012 airfoil,
and porous media respectively in Section 3. Finally, some conclu-
sions are given in Section 4.

2. Brief introduction to CFVLBM
2.1. Lattice Boltzmann model
2.1.1. BGK model
A popular kinetic model of LBM adopted in the literature is the

single-relaxation-time (SRT) approximation, the so-called Bhatna-
gar-Gross—Krook (BGK) model [26],

where fis the single particle distribution function, Vfis the gradient
of the function f, ¢ is the particle velocity vector, f¢? is the equilib-
rium distribution function, and / is the relaxation time.

To solve the f numerically, Eq. (1) is first discretized in the
velocity space using a finite set of velocities {c;} without affecting
the conservation laws [27,28], it gives

g—erc,“Vfi:—%(ﬁ—ﬁ‘"”). @)

In the above equation, fi(x, t) = f(x, ¢;, t) is the distribution function
associated with the ith discrete velocity c¢; and f,.(e‘” is the ith equilib-
rium distribution function. The nine-velocity square lattice model
D2Q9 [29] is adopted here. The nine velocities which denoted by
¢; are given by

Co = 07

¢ =c(cos((i— 1)m/2),sin((i — 1)w/2)) for i=1,2,3,4, 3)
¢ = V2c(cos((i — 5)m/2 + /4),sin((i — 5)7/2 + 7/4))

for i=5,6,7,8,

where ¢ = Ax/At, Ax is the lattice spacing step size and At is the
time step size. The equilibrium distribution function is given by

e 3 9 3
fi(q):wip|:1+C_2(ci.u)+ﬁ(ci.u)2_ﬁu2 (4)

with the weights wg=4/9, wi_4=1/9, ws_g=1/36.
The macroscopic density p and velocity vector u can be evalu-
ated as

8
p=) F (5a)
i-0

8

pu=>"cf. (5b)

i=0

The pressure can be calculated from p = pc? with the speed of
sound being c; = ¢/v/3. In the LBM, Eq. (2) is discretized both in
time and space, and the completely discretized equation (also the
evolution equation) is
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i+ AL+ A = fi(x 0) L [Fe0) — [00)]. (6)
where 7 = A/At.

Eq. (6) can be divided into two sub-steps: (1) collision, which
occurs when particles at a node interact with each other and then
change velocity directions according to scattering rules and (2)
streaming, in which each particle moves to the nearest node in
the velocity direction.

Collision step:

e ) = fiw )~ L[fe )~ 1) 72)
Streaming step:
fi(X+ GAL t + At) = fi(x,1), (7b)

where f; represents the post-collision state.

2.1.2. Boundary condition

The LBM often uses uniform regular Cartesian grid (lattice) in
space. In our couple model, the girds near the complex geometries
are locally refined. For the inclined or curved boundaries the step
approximation is used (shown in Fig. 1). And the whole domain lat-
tice is divided into three types [30]: (1) fluid lattice (marked as F);
(2) inner solid lattice (S); (3) boundary lattice which includes
straight solid point (B1-B4) and corner point (C1-C8). For the
D2Q9 model, the unknown particle directions of boundary lattices
are shown in Table 1. These directions can be treated using the
bounce-back scheme. This treatment is very effective for compli-
cated geometries such as porous media.

2.2. CFVLBM principle

As an application example of CFVLBM, flow past a circular cyl-
inder is first considered (shown in Fig. 2). The whole domain is di-
vided into three regions: the core region Zone3 where a cylinder is
located and high resolution is needed to reveal the details of flow
around the cylinder, the buffer region Zone2 where coarse grid is
used for the LBM and the outer region Zonel where FVM is
adopted. In brief, Zonel and Zone2 constitute a CFVLBM [13,14]
and there is an overlapped region between them (often called
hand-shaking region). Zone3 and Zone2 constitute a multi-block
LBM. If we directly connect FVM with Zone3 of very fine lattice,

GEGEGRORGEGEGEG,

S

9 ® ®
OQOO()@QO

Fig. 1. The particle flags of porous structure.

Table 1
Unknown directions of boundary lattices.

Lattice flag Unknown directions Lattice flag Unknown directions
B1 3,6,7 C3 8

B2 4,7,8 C4 5

B3 1,58 c5 2,3,5,6,7

B4 2,56 C6 3,4,6,7,8

Cc1 6 Cc7 1,4,57,8

c2 7 Cc8 1,2,56,8

our previous practice [14] tells us that the pressure contours
may exhibit some unsmoothness across the interface of FVM and
LBM. In order to improve the pressure contour smoothness we
use multiblock LBM, with Zone2 of LBM serve as a bridge between
FVM and very fine lattice. We can control the coarseness and fine-
ness of grids according to the zone spatial scale in each zone. For
the reader’s convenience the principles of multi-block LBM and
CFVLBM are briefly presented below.

2.2.1. The multi-block LBM

The main issue of the multi-block LBM is the information ex-
change at the interfaces of two neighboring blocks. An accurate
interface treatment between neighboring blocking is derived by
Yu et al. [31] to satisfy the continuity of mass, momentum and
stresses across the interface.

A simple two-block (a coarse block and a fine block) system is
shown in Fig. 3. The lattice space ratio of the two grid systems is

m = Ax./Ax;, (8)
where Ax is the lattice space size, subscript ¢ and f represents the

coarse- and fine-mesh blocks, respectively.
For a given lattice size Ax, the viscosity of the fluid is

V= (27— 1)Axc/6. 9)

In order to keep a consistent viscosity, and thus Re, in the entire
flow field involving different lattice sizes, the relation between
relaxation times, 75, on the fine grid, and 7, on the coarse gird, must
obey the following rule:

T =1/2+m(t. —1/2). (10)

Ref. [31] proposed the following relations for transforming the
single particle distribution functions in fine and coarse grids:

f £
fl@ fl(eq
f(f f (eq.c) +

[f(f f (eqf) ] (11)
Vgc) _ ﬁeqc)} (12)

‘Ef—]
m(t.—1)

The field values at the white circles “O” in Fig. 3 should be inter-

polated from the results of neighboring coarse grids. These two
equations are adopted in this paper. In addition, the cubic spline
fitting is used to eliminate the possibility of spatial asymmetry
[31],
F) =y +buX+ X +dox® Xy g <X <Xy, 0=1,....1, (13)
where the constants (ay, by, ¢, d,) are determined by using the con-
tinuity of the nodal conditions off f'.f" and suitable end condition
(such as zero order derivative for f).

Because the fluid particle has the same streaming velocity at the
same location of the blocks, the computation of m steps on the
fine-mesh block should march the computation of one-step on
the coarse-mesh block. On the fine block boundary MN, a temporal
interpolation at the interface is also needed. Three-point Lagrang-
ian formulation is used as shown in Eq. (14).
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Fig. 2. The hierarchy of computation domain using CFVLBM.
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Fig. 3. Interface structure between two blocks of different lattice spacing.
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14
- (14)

3
¥y => v
pa=

j=1
ik
Eqgs. (8)-(14) constitute the framework of information exchange in
the patched region for the multiblock computation of LBM.

2.2.2. The principle of CFVLBM

For multiscale simulation composed of LBM and FVM a fast con-
verged algorithm of the continuum method is highly required. For
the pressure-based solution approach, our group has developed
CLEAR [32,33], and IDEAL [34,35] algorithms. In both the CLEAR
and IDEAL algorithms, the improved pressure and velocity are
solved directly, rather than by adding a correction term to the
intermediate solution, with IDEAL being more efficient and robust.
In this article, the 2-D IDEAL algorithm for collocated grid system is
adopted and the SGSD scheme is used for the discretization of the
convective term [36].

Attention is now turned to the general framework for designing
a numerical method that couples marco methods and meso/micro
methods. Assuming that a macroscale process is described by a
state variable U and a microscopic process is described by a state
variable u. The two processes and state variables are related to
each other at the interface of the macro and micro models by com-

pression and reconstruction operation, denoted by C (compression
operator) and R (reconstruction operator), respectively, as follows:

U(x,t) = Cu(x,t)), (15)
u(x,t) = RUR,1)). (16)

The two operators have the property CR =1, where I is the identity
operator.

An analytic expression has been derived to reconstruct the mi-
cro variables f from the macro variables p and u in [13,14]:

fi = FE1 = tAtU e, ? (Uidy, Uy + VOZ Uy + VP~ 1Su505,0)]. (17)

where Ujy = Ciy — Uy, Syp = Oy, Uy + Ox, Up and v is the Kkinetic
viscosity.

The reconstruction operator is essential to establish the infor-
mation exchange from the results of a macro-solver of FVM to that
of the micro-solver LBM. Such operator is also very useful to con-
struct a reasonable initial field from some specified macro vari-
ables for accelerating the LBM computation.

2.2.3. Computational procedure
The CFVLBM computational procedures are conducted as
follows.

Step 1, with initial and boundary conditions, the FVM simula-
tion in Zone1l (in Fig. 2) is performed.

Step 2, after a temporary solution is obtained, the information
at the interface of Zone1 and Zone 2 is transformed into the sin-
gle particle distribution function according to Eq. (17). Spatial
interpolation (Eq. (13)) is necessary when grid ratio between
Zonel and Zone2 is not equal 1. The LBM simulation in Zone2
is performed.

Step 3, the boundaries information at the interface of Zone2 and
Zone3 can be exchanged according to Eqgs. (11) and (12). Tem-
poral interpolation (Eq. (14)) as well as spatial interpolation
(Eq. (13)) is necessary when grid ratio between Zone2 and
Zone3 is not equal 1. The LBM simulation in Zone3 is performed.
Step 4, such computation is repeated until the results at the
entire domain are remained the same within an allowed
tolerance.

3. Results and discussion
3.1. Flow around a circular cylinder
The first numerical simulation is the two-dimensional flow

around a circular cylinder at low Reynolds numbers [24,37]. The
geometry and boundary conditions for this flow are shown in
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Fig. 4. Flow around a circular cylinder (H1 =1, H2 =0.2, H3 = 0.025 and D = 0.01).

Fig. 4. A uniform velocity up = (u.., 0) is specified along the domain
perimeter as physical boundary and zero velocities are imposed at
the cylinder surface. The parameters are: height H1 =1, cylinder
diameter D = 0.01, density p = 1.0, and far-field velocity u., = 0.01.
The Reynolds number is defined by Re = u,.D/v.

For this flow there are three characteristic parameters: the
length of the recirculation region L, the separation angle 6 and
the drag coefficient C;. Cy is defined as

Table 2
Comparison of the cylinder flow at Re =20 using different numerical methods (m
denotes grid space ratio).

Method Size Zonel Zone2 Zone3 m Ljr Cy
H1=1.0 H2=0.2 H3=0.025

CFVLBM 1 Mesh 100 x 100 200 x 200 250 x 250 10 1.835 2.020

CFVLBM 2 Mesh 400 x 400 400 x 400 250 x 250 5 1.836 2.027

CFVLBM 3 Mesh 200 x 200 400 x 400 500 x 500 10 1.896 1.997

Multi-block LBM Mesh 200 x 200 400 x 400 500 x 500 10 1.885 1.982
Size r./r=1113 - - - -

ISLBM Mesh 400 x 300 - - - 184 2014

2
Ca= D /S~ndl, (18)
where n is the normal direction of the cylinder wall and S is the
stress tensor.

S =—pl+ pv(Vu+uVv). (19)

Here five cases (shown in Table 2) are carried out using three
numerical methods such as CFVLBM, multi-block LBM [31] and
ISLBM [37]. Here ISLBM is interpolation supplement lattice Boltz-
mann model. This motivation is based on the fact that the density
distribution is a continuous function in physical space and can be
well-defined for any mesh system. In the first three cases we per-
form simulations to test the grid independence of CFVLBM.
CFVLBM1 is the coarsest one with grid space ratio m = 10 between
neighboring zones. CFVLBM2 maintains the grid number of Zone3
while changing the grid space ratio to m =5 between neighboring
zones. CFVLBM3 is based on CFVLBM1 which keeps the grid space
ratio m = 10 while doubles the grid number in Zonel, Zone2 and
Zone3. Case4 adopts the multi-block LBM that means all the three
zones are solved by LBM and the grid arrangement is identical to
CFVLBMS3. Case5 is the ISLBM for cylindrical grid system. The resul-
tant recirculation lengths and drag coefficients are shown in the
right columns of Table 1 which shows reasonably agreement
among the five cases. We choose CFVLBMT1 as the reference for fur-
ther discuss.

Fig. 5a shows the pressure contour of CFVLBM1 which gives a
clear picture of the overall pressure distribution pattern. The outer
square is Zonel, and the inner square is Zone2. Zone3 is too small
to be identified. As can be observed in Fig. 5b, there is a little dis-
location in the coupling interface of CFVLBM. This is because that
the density of FVM zone is constant, while the density of LBM
(p =p/c?) zone is changing inherently related to the weak com-
pressibility of the lattice Boltzmann model. Fig. 6 is the enlarge
view of Zone3 (the inner square around the cylinder). The pressure
contours are smoothly crossing the interface of the two LBM zones.
Fig. 7a and b show the comparison of Zone3 pressure contour be-
tween CFVLBM1 and ISLBM. We can see that the former has rela-
tively smoother contour lines than the latter. The reason is that
CFVLBM1 has uniform fine grid in Zone3 while in ISLBM grids be-
come coarser and coarser away from the cylinder.

Attention is now turned to the comparison of CPU time for
obtaining a steady solution. The iteration convergence criterion
for reaching the steady-state is defined by Eq. (20).

(b)

Fig. 5. Pressure contour from CFVLBM at Re = 20. (a) Outer square for Zone 1 and inner square for Zone 2 and (b) enlarge view.
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Fig. 6. Enlarge view of pressure contour at Re = 20. (a) Inner square for Zone3 and (b) enlarge view.

Fig. 7. Comparison of pressure contour in Zone 3 at Re = 20: (a) CFVLBM and (b) ISLBM.

Residual S S (Julig, O]+ w04, 0)])
(20)

When the flow reaches steady state, the flow fields obtained by
the five cases are almost identical. However, the residual histories
are quite different. Fig. 8 gives the variation of CPU time with resid-
ual at Re = 20. It can be seen that CFVLBM1 has the fastest conver-
gence rate, the multi-block LBM shows the worst convergence
speed. CFVLBM1 is faster than CFVLBM 2 and CFVLBM 3 for less
grid number. CFVLBM series are faster than the multi-block LBM.
It is because that Zonel uses FVM which is more efficient than
using LBM for this simple flow. CFVLBM1 and CFVLBM2 are faster
than ISLBM. CFVLBM3 almost has an identical residual line with
ISLBM. Although ISLBM has the least grid, it needs to implement
interpolation at all grid nodes which greatly increases computa-
tional time.

3.2. Flow around the NACA0012 airfoil

The NACAO0012 airfoil (Fig. 9a) is a popular wing model which is
used as the second numerical simulation example of two-dimen-
sional flow at low Reynolds numbers [24,31]. Fig. 9b shows the en-
tire computational domain. The chord length of the airfoil denoted

XX, t+ AL —u(i, O+ 35 |v() A — o). 0]

by C=1 is selected as the character length. Zonel’s size is
40C x 20C with grid number 800 x 400; Zone2's size is 6C x 4C

10°
—~— CFVLBM{
] —e— CFVLBM2
B —+— CFVLBM3
1073 —#— Multi-block LBM
] \&\ —o—ISLBM

NS
T
IR

0 50000
CPU Time (s)

Residual

150000

Fig. 8. Residual history for the flow around a circular cylinder at Re =20 using
different methods.
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Fig. 10. The enlarge view of pressure contour and streamline about Zone3 using CFVLBM.

with grid number 600 x 400; and the size of Zone3 is 2C x 0.8C
with grid number 1000 x 400. The grid space ratio between zones
is 5. There are about 500 lattices (grids) along the chord in Zone3. A
uniform velocity ug = (u., 0) is specified along the domain perime-
ter as physical boundary and zero velocities are imposed at the air-
foil surface. The density p is taken equal 1 and far-field velocity
U, = 0.01. The Reynolds number is defined as Re = u_.C/v. For com-
parison purpose, the commercial software FLUENT is adopted.

Fig. 10 shows the pressure contours and streamlines of the con-
verged solution at Re = 500 and zero angle of attack by CFVLBM. It
is noted that at Re = 500, the drag coefficient C; equals 0.1726 by
using CFVLBM compared with Cy = 0.1762 using CFL3D [38].

To further verify the accuracy of CFVLBM, the u-velocity and #-
velocity are extracted at the five vertical sections in Fig. 9a. Figs. 11
and 12 show the comparisons among CFVLBM, CFL3D [38], Power-
FLOW [38] and FLUENT. We can see that the CFVLBM result is quite
inspiring for its good agreement with CFL3D and FLUENT. CFL3D is
a long-standing Navier-Stokes CFD code developed at NASA Lang-
ley Research Center for solving 2-D or 3-D flows on structured

grids. The code is very reliable and stable. The reason of large errors
between PowerFLOW and CFL3D can be explained as inadequate
resolution of the boundary layer of PowerFLOW as indicated in
[38].

3.3. Flow around/through a porous media

Attention is now turned to a practical application of the
CFVLBM involving fluid flow through porous media. Fig. 13 shows
a cut section of the porous media where pore is white and solid is
black. The image is divided into 281 grids x 281 grids, which a
length scale of 0.028 x 0.028. The porous media is put in the center
of large 2D computational domain with length scale of 1 x 1
shown in Fig. 14. It is obvious that the porous media zone needs
high resolution and the other zone may be much coarser. The
grid arrangement is as follows: Zonel (size 1 x 1, grid 400 x 400)
using FVM, Zone2 (size 0.2 x 0.2, grid 400 x 400) using LBM and
Zone3 (size 0.04 x 0.04, grid 400 x 400) using LBM. The grid
space ratio between zones is 5. The density is set to be 1, and the
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Fig. 11. The x-component of velocity u(x, y) at the five sections defined in Fig. 9a.

far-field velocity is equal to 0.01. The Reynolds number is defined
by Re = u_L/v (where L is the height of the porous media zone). The
case of Re = 5 is simulated. The collision between fluid particle and
the solids sites of the porous medium is handled by using a bounce
back boundary condition.

Fig. 14 shows the computed streamlines for the whole com-
putation domain. Fig. 15 is the enlarged view of streamline
around porous media. Obviously the flow pattern is quite sim-
ilar to a flow around a square block at low Re. The flow is pen-
etrated slowly in the porous media, so the inner flow of porous
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Fig. 12. The y-component of velocity #(x, y) at the five sections defined in Fig. 9a.

media affects the outer flow very slightly. Fig. 16 gives a
numerical predicted velocity field for the inner flow of porous
media. And Fig. 17 is an enlarged part of the left-down

corner in Fig. 16. The picture illustrates that, regardless of the
complexity of the pores, the details of the flow are well-
captured.
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Fig. 13. The monochrome digital image of porous media (black for solid and white
for pore).

Fig. 14. The streamline of the whole computation domain.

Fig. 15. Enlarge view of streamline around the porous media in Zone3.

Fig. 17. Enlarge view of left-down corner of Fig. 16 for the flow in porous media.

4. Conclusions

In this paper, systematic and comprehensive research has been
conducted to evaluate the performance of the proposed coupling
scheme (reconstruction operator) between finite volume method
and lattice Boltzmann method (CFVLBM).

Three numerical examples show that: first, the CFVLBM is an
accurate method for simulating fluid flows; second, the CFVLBM
has more efficient than multi-block LBM with identical computa-
tional mesh.

In summary, the presented CFVLBM is quite competitive tools in
simulating the fluid flow when there is a need for high resolution
within the computational domain and/or there is far-field
boundary.

The 3D extension of CFVLBM is underway by the authors’ group
which will be reported elsewhere.
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