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TOPOLOGY OPTIMIZATION USING THE LATTICE BOLTZMANN METHOD FOR

TWO-PHASE FLUIDS WITH THE SAME DENSITY
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This paper presents a topology optimization method that deals with two-phase fluids with

the same density for the design of a flow channel. The aim of the optimization problem is

to maximize the efficiency of the extraction function that is commonly utilized to extract

necessary products from mixtures flowing through microchannels. The extraction process

typically depends on the use of multiphase fluid phenomena and the components of the

mixture have different mass diffusivities. In this study, the lattice Boltzmann method

(LBM) is employed to compute the multiphase flow field during the optimization process.

Numerical examples of a flow channel design problem are provided to confirm the utility

of the proposed method.
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Fig.1 Discretization using a square lattice with spacing Ax
(upper) and particle velocities ¢; (i = 1,2,..., 9) of the D2Q9

model (lower).
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Fig. 2 Schematic diagram of liquid-liquid extraction in a

microchannel device.
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Fig. 3 The interpolation function @, plotted for ¢ = 0.01,
0.1, and 1.
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Fig. 4 The design domain is composed of a fluid domain
Q and solid domain D \ Q. The objective functional J is
evaluated in the observation domain Q.. The two-phase
fluid flows are composed of phase X and phase Y that are

prescribed on the inlet boundary.
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Table 1 Setting parameters for the LBM

Parameters Values
U; 5.3 x 1072
Dout 0.33
Re 10
Ww.ul) (0.40,0.26)
(TX, 1)) (1.0 x 1072,1.0)
(«%,k¥) (1.0 x 1073Ax,1.8 x 1072Ax)
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(a) Optimal configuration (left: 7. = 4, middle: 7. = 8, right: . = 16)
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Fig. 5 Optimal configurations showing distributions of order parameter ¢ and scalar field T for different settings of pressure

drop coefficient n: n = 4 (left figures); n = 8 (middle figures); n = 16 (right figures).
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Table 2 Values of objective functional

n 4 8 16
Objective  0.30 0.17 0.14
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