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Fundamental study of topology optimization considering thermal dispersion
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This study investigates the influence of thermal dispersion on homogenization-based topology optimization.
Thermal dispersion is an important phenomenon that affects heat transport in porous media due to local
variations in the microscopic temperature distribution and non-uniformity of microscopic flow velocity, rep-
resenting the additional macroscopic thermal diffusion effect induced by fluid flow. Thermal dispersion
inevitably occurs inside the porous media, therefore convection effect as well as thermal diffusion effect
should be taken into account into the cell problem in the evaluation of the heat transfer coefficient of porous
materials. However, most of the previous studies on the optimal design of porous structures ignore the con-
vection, and the effects of thermal dispersion on microstructural topology optimization remain unexplored.
The fundamental question of this paper is, what type of microstructure exhibits the maximum/minimum
thermal dispersion effect? To investigate this issue, we formulate and solve an optimization problem to
maximize and minimize the thermal dispersion coefficient to clarify the effect of thermal dispersion on mi-
crostructural topology optimization. The objective function is a component of the thermal dispersion tensor
derived by homogenization method known as the two-scale asymptotic expansion with drift approach. The
sensitivity of the objective function and the adjoint problem are derived based on the continuous adjoint vari-
able method. The influence of thermal dispersion on the optimization is discussed through several numerical
examples.
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case-max-BO | maximization design-0 10? 10!
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case-max-D0 | maximization design-0 10! 10?
case-max-EQ | maximization design-0 102 10?
case-max-FO | maximization design-0 103 102
case-max-Al | maximization design-1 10! 10!
case-max-B1 maximization design-1 102 10!
case-max-C1 maximization design-1 103 10!
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case-max-F1 maximization design-1 103 10?
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Objective function Total number of Steps for continuation
value Dy, optimization steps operations

case-max-A0 20x1073 582 528, 530, 532, 579
case-max-B0 23x 107! 1506 1478, 1480, 1482, 1484
case-max-CO 31 521 471, 481, 493, 503
case-max-D0 7.7x1073 589 531, 533, 574, 576
case-max-EQ 1.2x 107! 766 715, 719, 721, 765
case-max-FO 29 916 844, 846, 848, 880
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case-max-B1 2.3x 107! 1277 1241, 1243, 1245, 1247
case-max-Cl1 29 320 271, 282, 294, 304
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case-max-F1 27 725 697, 699, 701, 703
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