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A Complex Boundary Model by Using Recursive Function
for Optimizing Automatic Design

MASAAKI TERAI® and TERUO MATSUZAWA Tt

A complex boundary model is proposed. This model is implementation method of bound-
ary detection in continuous-velocity lattice-gas model. A continuous-velocity lattice-gas model
is flow analysis by using particle motion, resembles primitive lattice-gas model and lattice-
Boltzmann model. These models were applied to boundaries and interfaces with complex ge-
ometry, frequently. In this study, to treat boundaries with complex geometry in a continuous-
velocity lattice-gas model, the authors introduce cells to divide a system into sub space. In
two-dimensional system, boundaries are consist of edges of cells, therefore small grained cells
can approximate boundaries with complex geometry. Moreover by using recursive function
can keep implementation simply, and to ensure extension of this solver. The proposed model
was developed and was applied optimizing automatic design to estimate benchmark test. This
system in benchmark test has 8 channels which are honeycomb structure. This system was
optimized by GA algorithm. As a result, in the difference of flow rate between channels,
optimal channels are smaller than before optimal channels.
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Fig.1 The model using cells to approximate complex ge-

ometry. (a) Using no cells. (b) Coarse grain cells.
(c) Small grain cells, its number is equal to number
of sites.
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Fig.2 Complex boundary model.

struct cell_data {
int id;
int stat;
int xsize;
int ysize;
double offset_x
double offset_y;
// pointer to adjacent cell data
struct cell *dest_top;
struct cell *dest_bottom;
struct cell *dest_left;
struct cell *dest_right;
// pointer to boundary function(physical/connect)
int (*boundary_function_top)();
int (*boundary_function_bottom)();
int (*boundary_function_left)();
int (*boundary_function_right)();
// body of particle data
struct particle_data part[number of particles];

03 DO000DOO0ODOOO00O0O0O0
Fig.3 Data structure to define a cell.
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Fig.4 Flowchart to calculate translational motion of a
particle at a boundary.
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Fig.5 Behavier of boundary process and translation

between cells.
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Fig.6 Conditions. (a) Average velocity of upper edge is

U = 0.5. Velocity in each cell is u. = 0.5. (b) Av-
erage velocity of upper edge is U = 0. Velocity in

each cell is alternately u. = 0.5, —0.5.
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Fig.8 A model in the shape of channels.
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Fig.9 Velocity vector and y-component velocity contour.
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Fig.11 Outline of the system.
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make a chromosome :
A chromosome consists of width from center of each wall.
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Fig. 12 Example of channels based on chromosomes.
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(1) make a selection by score ordering

ascending order by score

— [1] score = 0.217 chromosome = 8227753732756552
- [2] score = 0.289 chromosome = 5478822725538258
[3] score = 0.379 chromosome = 2754554924755864
replacement

[8] score = 0.877 chromosome = 6856373395936546

selection

father chromosome
8227753732756552

mother chromosome
5478822725538258

* (2) make a hybridization by simple average

new chromosome
6347732723647355

T
013 00000

Fig. 13 Selection and crossover.
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Fig.15 y-component velocity contour. (a) before
optimization. (b) after optimization.
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Fig. 16 Differece pressure between inlet and outlet of each
channel. (a) before optimization. (b) after opti-
mization.

gooooooooooooooboobooooooo
gooobobooooooooboooboobooooooo
goooboooooooobooboooooboooon
goooobooooooooooooooooooon
goooobobooodooooooobooooooooo
ooboooobooooooo
gobooboooooooooooocooooooo
gbooooooooobooobooboooooonn
gooooooooooooooooooonoooo
gooboooooboooooobooboleoooonO
000000000000 0000000000
oo0ooo0O(mUOooOoooooooooooooo
goboooboooodoooooooboooooooon
goboodoobblz2oooooooooood
gobobooooooooooobooooooooo
gooooooooobooooobol1oooooo
goboo ooobooooooooboooobooboooo
goooobooooooboooooboooooooon

goooooobooboooooooobooooooo

gooobobooooooooooboobooooooo
gooobobooooooobobooooooboboon

gooooooooooooooooooboboooooooo 67

goooooooooooooooooooooooo

obooooboooooooobooooooooo
gbobooOoooooooo 200000000000
gboooboboooooooooooooooobooo
goboooooooooobooocboooooooboo
ooog

goooboooooooboobobooooooo
gobooooooooboobooooooooooood
ooooooooooooooooooooooood
gooooooooo20o00ooooooboood
gobooooooooboooooooooobooo
ooooooooooooooooooooooooo
goboooooooooobooocboooooooboo
gbooooood

6. O O

oooooooooooObbObObOO0O0000000o
gobooooooooboobodooooooobooood
gobooooooooobooooooooobood
goboooooooooooooooooooboood
goboooooocoooooobocoouooooooo
goboooooooboooboobocoOooooooboooo
goooooooooobOobOoooooooonoooo
goooooooooooooboooooooooo
goboooooooooboooooooooooooo
goooooooooobooobooboooooDbonoo
gobooooooooooooboooboooooobo
goboooooooooooooooooooooa
ggoooooooooooooooobobboooon

o o o o

1) o000oO0o0ooooooooOoooooo
Joooooooooooooooooooon
0000oooooooooooo 2003000
00000000 OoOnmp.283 (2003)0

2) J0U000ODO0O0DO0OUOOUOOOOOO
00oooooooo 2003000000000
00001 p.281 (2003).

3) d’Humieres, F.U., et al.: Lattice gas hydrody-
namics in two and three dimensions, Complex
Systems, Vol.1, pp.649-707 (1987).

4) McNamara, G. and Zanetti: Use of the
Boltzmann equation to simulate lattice-gas au-
tomata, Phys. Rev. Lett., Vol.61, pp.2332-2335
(1989).

5) Malevanets, A. and Kapral, R.: Continuous-
velocity lattice-gas model for fluid flow,
Europhys. Lett., Vol.44, No.5, pp.552-558



68 goooooooooooooooooo

(1998).

6) Malevanets, A. and Kapral, R.: Statistical
mechanics of hydrodynamics lattice gases, The-
sis for the degree of Ph.D, Dept. of Chemistry,
Univ. of Tront (1997).

7) 0000000000Chen YWOOOQOGUOO
00000000000 30000000000
ooo0o0oO0oooooOooooooooood
O0oOooooooooo (2000).

8) Hashimoto, Y., Chen, Y. and Ohashi, H.: Im-
miscible real-coded lattice gas, Computer Phys.
Comm., Vol.129, pp.56-62 (2000).

9) D000oO0OO0OoO0O0O0OO0OO0 DOooooooo
00000o0ooooooooooooooog
0000000000o0oooOoooooooog
0 0 0 Vol.29, No.3, pp.421-426 (2003).

10) 000000000000 OoOoooooo
O000o0o00oooooooooooooooo
0180000000000000 (2004).

1) 0 0000000000000000000
00o0o0oooooooooGcACDoooood
00000o0ooooooooooooooog
000 1700000000000 (2003)0

12) Ghia, U., Ghia, K.N. and Shin, C.T.: High-
Re Solutions for Incompressible Flow Using
the Navier-Stokes Equations and a Multigrid
Method, J. of Comp. Phys., Vol.48, pp.387-411
(1982).

13) 0000o00oO0o0ooooooooooooon
00000o0ooooooooooooooog
000D000oooooooo 1sooooogd

Feb. 2007

0 0 pp.593-594 (2005).
(00170110 22000)
(00180 30 40000)
(00180 80 3 00000)
(00180 8 0 30000)

oo ooooooo
19780002006 0000000
- goooobooooooooooo
| IR oooooooooooboooooo
‘\\:‘;h goooobooooooooooo
= gooooboodooooooooon
gooobobooooooooooooooooooon
ooboooooboooobobocooobooooooood

o ooooooo

19480001973 0000000
goooooocooooooooo
gbooooooosenoonoon
gbooooooooog1noon
gooooooocoooooooon
oooooogmsoooooooooooooon
gooboooooooooooooooooooboDbo
gooooooooooooooooboooooboo
oobooooboooobooooooo




