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ABSTRACT

The focus of this study is the formulation, implementation and application of a computational
framework to design microvascular materials, with special emphasis on active cooling applications.
The computational design of these materials involves a set of particular challenges, including a large
number of design variables (e.g., topology of the network, number of diameters to consider and their
sizes) that define the embedded microvascular network, and a large number of multidisciplinary
objective functions and constraints that drive the optimization process. The computational design tool
to be developed must be capable of capturing the trade-off between the different objective and
constraint functions, as, for example, networks designed for flow efficiency are likely to have a
topology that is very different from those designed for structural integrity or thermal control.
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Figure 1: Pareto-optimal surface at generation t = 10000 for the periodic cell example. Individuals
selected for visualization are displayed in Fig. 2 and are labeled in the front and marked with (), O,
and [ symbols.

In this work, we propose to design these materials using Multi-Objective Genetic Algorithms
(MOGASs). The result is a Pareto-optimal front, where all candidates are optimal solutions to the
optimization problem. The MOGA optimization framework is also combined with a physical solver
based on advanced finite element methods to study the thermal behavior of these materials. Because
the MOGA requires a vast number of individual evaluations, emphasis is placed on the computational
efficiency of the solver in both solid and fluid domains. Numerical experiments of multi-physics
optimization involving flow efficiency, void volume fraction and thermal control are presented.
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Results show that the trade-offs between conflicting objectives is well captured so that the optimal
design is readily available to the analyst, as illustrated by Figs. 1 and 2.. Thus, a simplified formulation

is used to take into account the cooling effect of the fluid, instead of solving the conjugate heat transfer
problem for obtaining the temperature field
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Figure 2: Selected candidate solutions at generation ¢ = 10000 of the MOGA evolution. The upper row
shows the temperature field, whereas the figures in the lower row show the corresponding flow field
with their corresponding network. Figures (a) and (d) correspond to the individual that minimizes the

void volume fraction, figures (b) and (e) to the individual that minimizes the pressure drop and figures
(c) and (f) to the one that minimizes the maximum temperature. These candidate solutions are shown

in the Pareto-optimal front of Fig. 1 with {), (), and [J symbols, respectively.
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