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Fig. 1. Schematic diagram of porous media with different
pore distributions: (a) K; = 5.52; (b) K, = 6.37; (c) K, = 7.32.

2 AR (a) K, = 6.0; (b) Ky= 6.4
Fig. 2. Local structural differences: (a) K; = 6.0; (b) Ky = 6.4.
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Table 1.  Comparison between LBM calculation of thermal conductivity of porous media and experimental values.

Along the foam growing direction

Across the foam growing direction

Prediction/(W-mK™)  Experiment/(W-mK™) Deviation/%

Prediction/ (W-mK!)  Experiment/(W-mK ') Deviation/%

0.0253 0.0220 15.0

0.0265 0.0245 8.16
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Fig. 3. Schematic diagram of the generation of two-dimen-

sional porous media in all directions.
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Fig. 4. Anexample of two-dimensional porous media generated

by the four-parameter random production method.
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Fig. 5. Generator network structure diagram.
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Fig. 6. Discriminator network structure diagram.
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Fig. 10. Generate verification chart of effective thermal conductivity of porous media.

054401-6


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

W F R

Acta Phys. Sin.

Vol. 70, No. 5 (2021) 054401

gg 04 — 0.4 — g 04 —
0.3 CREENE ) B a0 e - o BB
%‘"T 0.2t 8 o02f ;:r 0.2f
o 0.1} ﬁg 0.1F B 0.1f
ﬁ Ofp-—4+ -ttt gy to_e + & OF-F v ﬁ OF #4044 ppt -ty byt
B —0.1f g —0.1} i —0.1f
§-o0.2f § —02f 5 —o2f
N-03} T -o03f N 03}
5—0.4- & 04t 2 _o4f
ol v o W s S
6 7 8 9 10 11 12 13 5 6 7 8 9 10 11 12 6 7 8 9 10 11 12
RN FE B SAER RSN TR AR BN AR SR
FLERZ: 0.55; ARG L{E: 1:1000 FLBRER: 0.65; ANFITHSHERLAE: 1:1000
0.4 — g 04 —

% 03 L(d) o RN X 03l@ B

¥ 02f g' 02}

§ 0.1 & 0l

.7’52 (0] SRR YA P . — ESE 0 -'————;—0——t——.——r—0——l——o———'———

T _01} B —0.1F

8

& —02F § -0zt

= —0.3} Q& —0.3r

N —04Ft B 04t

H —0.5 L L L L L —0.5 L L L L L

3 4 5 6 7 8 9 25 3.0 35 40 45 5.0
AN AT IER IR E AN A TR
B 11 RN BUA RS HORR 2R

Fig. 11. Error chart of effective thermal conductivity of porous media.
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Table 2. Generated thermal conductivity and porosity error table of porous media.
Porosity 0.45 0.45 0.45 0.55 0.65
Mean error
K4 ratio 1:1000 1:800 1:600 1:1000 1:1000
K4 error 0.006 0.006 0.008 0.007 0.017 0.009
Porosity error 0.049 0.031 0.039 0.029 0.038 0.037
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Abstract

Porous media are extensively used in the engineering field. The effective thermal conductivity and porosity
are very important properties of porous medium materials. It is of great significance to obtain a porous medium
material that meets the needs of effective thermal conductivity and porosity. In this paper, a four-parameter
random generation method is used to produce a training data set, a conditional generation adversarial network
(CGAN) is built, and a predetermined effective thermal conductivity and porosity are used as inputs to
generate a porous medium structure that meets the input conditions. In particular, since the pore structure
distribution of porous medium has a great influence on the effective thermal conductivity of the material, a local
structure loss function is proposed to participate in the network training, so that the network can better learn
the relationship between the pore distribution and the thermal conductivity. By using the lattice Boltzmann
method to verify the effective thermal conductivity of the porous medium structure generated by the neural
network, the results show that the method can quickly and accurately generate the porous medium structure

with predetermined parameters.

Keywords: porous media, structure generation, conditional generation adversarial network, effective thermal

conductivity

PACS: 44.30.4+v DOI: 10.7498/aps.70.20201061

* Project supported by the Joint Funds of the National Natural Science Foundation of China (Grant No. U1713203).

1 Corresponding author. E-mail: lidinggen@hust.edu.cn

054401-9


http://doi.org/10.7498/aps.70.20201061
http://doi.org/10.7498/aps.70.20201061
mailto:lidinggen@hust.edu.cn
mailto:lidinggen@hust.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

