
Accepted Manuscript

Design of redundant microvascular cooling networks for blockage tolerance

Stephen J. Pety, Marcus Hwai Yik Tan, Ahmad R. Najafi, Anthony C. Gendusa,
Philip R. Barnett, Philippe H. Geubelle, Scott R. White

PII: S1359-4311(17)32814-4
DOI: https://doi.org/10.1016/j.applthermaleng.2017.10.094
Reference: ATE 11292

To appear in: Applied Thermal Engineering

Received Date: 25 April 2017
Revised Date: 14 September 2017
Accepted Date: 18 October 2017

Please cite this article as: S.J. Pety, M.H. Yik Tan, A.R. Najafi, A.C. Gendusa, P.R. Barnett, P.H. Geubelle, S.R.
White, Design of redundant microvascular cooling networks for blockage tolerance, Applied Thermal
Engineering (2017), doi: https://doi.org/10.1016/j.applthermaleng.2017.10.094

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting proof before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

https://doi.org/10.1016/j.applthermaleng.2017.10.094
https://doi.org/10.1016/j.applthermaleng.2017.10.094


  

Design of redundant microvascular cooling networks for blockage tolerance

Stephen J. Petya,d,∗, Marcus Hwai Yik Tanb,d,∗, Ahmad R. Najafib,d, Anthony C. Gendusac,d,
Philip R. Barnettc,d, Philippe H. Geubellec,d,1, Scott R. Whitec,d,1

aDepartment of Material Science and Engineering, University of Illinois at Urbana-Champaign, 1304 W Green St.,
Urbana, IL 61801, USA5

bDepartment of Mechanical Science and Engineering, University of Illinois at Urbana-Champaign, 1206 W. Green
St., Urbana, IL 61801, USA

cDepartment of Aerospace Engineering, University of Illinois at Urbana-Champaign, 104 S. Wright St., Urbana, IL
61801, USA

dBeckman Institute for Advanced Science and Technology, University of Illinois at Urbana-Champaign, 405 N10

Mathews Ave., Urbana, IL 61801, USA

Abstract

Microvascular networks can provide host materials with many functions including self-healing

and active cooling. However, vascular networks are susceptible to blockage which can dramat-

ically reduce their functional performance. A novel optimization scheme is presented to design15

networks that provide sufficient cooling capacity even when partially blocked. Microvascular poly-

dimethylsiloxane (PDMS) panels subject to a 2000 W m−2 applied heat flux and 28.2 mL min−1

coolant flow rate are simulated using dimensionally reduced thermal and hydraulic models and an

interface-enriched generalized finite element method (IGFEM). Channel networks are optimized to

minimize panel temperature while the channels are either clear (the O0 scheme), subject to the20

single worst-case blockage (O1), or subject to two worst-case blockages (O2). Designs are optimized

with nodal degree (a measure of redundancy) ranging from 2 – 6. The results show that blockage

tolerance is greatly enhanced for panels optimized while considering blockages and for panels with

higher nodal degree. For example, the 6-degree O1 design only has a temperature rise of 7 °C when

a single channel is blocked, compared to a 35 °C rise for the 2-degree O0 design. Thermography25

experiments on PDMS panels validate the IGFEM solver and the blockage tolerance of optimized

panels.
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