
Topology Optimisation for
Coupled Convection Problems

Authors: Joe Alexandersen1, Casper Schousboe Andreasen, Niels Aage,
Boyan Stefanov Lazarov and Ole Sigmund
Department of Mechanical Engineering, Technical University of Denmark

Abstract

The work focuses on applying topology optimisation to forced and natural
convection problems in fluid dynamics and conjugate (fluid-structure) heat
transfer. To the authors’ knowledge, topology optimisation has not yet been
applied to natural convection flow problems in the published literature and
the current work is thus seen as contributing new results to the field. In
the literature, most works on the topology optimisation of weakly coupled
convection-diffusion problems focus on the temperature distribution of the
fluid, but a selection of notable exceptions also focusing on the temperature
in the solid are [3–6].

The developed methodology is applied to several two-dimensional solid-
fluid thermal interaction problems, such as cooling of electronic components
and heat exchangers, as well as to the design of micropumping devices based
on natural convection effects.

The implementation utilises the widely used Brinkman-penalisation ap-
proach to fluid topology optimisation [2] combined with suitable interpola-
tion functions for thermal conductivity. The Method of Moving Asymptotes
(MMA) is used and density filtering is applied in order to ensure a min-
imum lengthscale. The results are generated using stabilised finite elements
implemented in a parallel multiphysics analysis and optimisation framework
DFEM [1], developed and maintained in house.

Focus is put on control of the temperature field within the solid structure
and the problems can therefore be seen as conjugate heat transfer problems,
where heat conduction governs in the solid parts of the design domain and
couples to convection-dominated heat transfer to a surrounding fluid. Both
loosely coupled and tightly coupled problems are considered. The loosely
coupled problems are convection-diffusion problems, based on an advective
velocity field from solving the isothermal incompressible Navier-Stokes equa-
tions. The tightly coupled problems are natural convection problems, where
the Boussinesq approximation has been applied to couple the temperature
and velocity fields both ways. All of the considered flows are assumed to be
laminar and steady.
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Address: Nils Koppels Allé 404, DK-2800 Kgs. Lyngby, Denmark



REFERENCES 2

References

[1] N. Aage and B. S. Lazarov. Parallel framework for topology optimization
using the method of moving asymptotes. Structural and Multidisciplinary
Optimization, 47:493–505, 2013.

[2] T. Borrvall and J. Petersson. Topology optimization of fluids in Stokes
flow. International Journal for Numerical Methods in Fluids, 41:77–107,
2003.

[3] E. M. Dede. Multiphysics optimization, synthesis, and application of jet
impingement target surfaces. In The 12th IEEE Intersociety Conference
on Thermal and Thermomechanical Phenomena in Electronic Systems
(ITherm), 2010.

[4] K. Lee. Topology Optimization of Convective Cooling System Designs.
PhD thesis, University of Michigan, 2012.

[5] G. H. Yoon. Topological design of heat dissipating structure with forced
convective heat transfer. Journal of Mechanical Science and Technology,
24:1225–1233, 2010.

[6] G. H. Yoon. Topological layout design of electro-fluid-thermal-compliant
actuator. Computer Methods in Applied Mechanics and Engineering,
209-212:28–44, 2012.


