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Why in News?

A team from the University of Illinois Urbana-Champaign and the Technical University of
Denmark has developed and experimentally validated a three-dimensional thermal
invisibility cloak.

» The device renders objects undetectable to infrared cameras by redirecting thermal
energy around them.

 This technology also shields concealed objects from extreme external temperatures.

» Potential applications include electronics cooling, thermal protection, and thermal-
signature management.

Thermal Invisibility Cloak

» A thermal invisibility cloak is a specially engineered material structure designed to
redirect heat around a concealed object, resulting in a surrounding temperature
distribution that closely matches that of an environment without the object.

« In contrast to an optical invisibility cloak, which controls visible light, a thermal cloak
manipulates the transfer of heat.

Operational Principle

o Heat naturally flows through the surrounding environment from regions of higher
temperature to regions of lower temperature.

» The engineered structure of the cloak redirects heat around the concealed region.

» The heat flow and temperature distribution outside the cloak are maintained to closely
resemble those of the original environment.

» An infrared camera detects a temperature pattern that causes the concealed object to
appear absent.

Note: The cloak does not render the object invisible to the naked eye; rather, it
conceals the object's thermal signature under appropriate experimental
conditions.

Technology Behind the Invention
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» Transformation thermotics - It is a research field focused on controlling heat flow
using specially engineered materials.
o This field employs engineered material properties and geometries to direct
thermal energy along predetermined pathways.
o Objective - To manipulate temperature distributions and control heat
conduction around specific objects.
o Hybrid material structure - The researchers designed a lattice-based structure
composed of two distinct materials.
e 3D-printed aluminium lattice
o The aluminium lattice provides efficient pathways for heat conduction.
o The geometry of the lattice can be adjusted in three spatial directions.
* Rubber-like material
o This material fills the remaining spaces within the aluminium lattice.
o It possesses relatively low thermal conductivity.
o This property helps regulate heat transfer throughout the overall structure.

e The combination of these materials enables a broader range of effective thermal
conductivities compared to previous experimental designs, facilitating heat redirection
in three dimensions.
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Potential Applications

» Electronics and microchips
o Direct heat from sensitive components.
o Improve thermal management of compact electronic devices.
o Protect components from temperature extremes.
» Defence and security
o Potentially reduce the thermal signatures of equipment.
o Could support research into infrared detection countermeasures.
o Future applications depend on further technological development.
e Thermal protection



o Shield sensitive equipment from heat or cold.
o Support thermal control in demanding industrial environments.
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