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(Tokyo, November 27) Scientists at Tokyo Institute of Technology (Tokyo Tech) combine
forced convection cooling with thermo-electrochemical energy conversion to create a self-
sustaining liquid cooling system. A liquid electrolyte is circulated through a cell to cool a hot
object, and the reversible chemical reaction in the cell generates a higher electric power
than the hydrodynamic pump work required to drive the liquid through the cell. This
technology resolves the longstanding unaddressed issue of the loss of free energy
component of the thermal energy that accompanies forced convection cooling, a process
that has widespread use in the modern world.

Active cooling is crucial in most modern technologies, ranging from microprocessors in data
centers to turbines and engines. Forced convection cooling, which circulates a coolant fluid
over the surface of a hot object, is effective for meeting such cooling requirements but
demands a pumping power to send the coolant through the heat generating section.
However, active cooling— fast removal of a large quantity of thermal energy in the heat
source under a large temperature difference — promptly destroys the free-energy
component of the thermal energy, which is an energy portion that can be converted to an
electric work. This issue concomitant with forced convection cooling has remained
unaddressed despite the widespread use of forced convection cooling in the current world.

One specific method for converting wasted heat — the heat that doesn’t need to be actively
removed — into electrical energy through liquid chemical reactions has been studied for
several decades. This method, called thermo-electrochemical conversion, involves the
submergence of two electrodes held at different temperatures in a liquid electrolyte
encased in a closed vessel, where a reversible reduction—oxidation (“redox”) reaction
occurs. This reaction generates an electric current through an external circuit. Research on
thermo-electrochemical conversion has been mostly carried out for static fluids.

In this study, a team of researchers from Tokyo Institute of Technology integrated thermo-
electrochemical conversion with forced convection cooling to partly recover the
aforementioned free-energy portion, presently lost during forced-convection cooling, in the
form of electric power. In the cell developed by these researchers, the electrolyte liquid is
flown as a coolant between two parallel electrodes, one of which is a heat-releasing object
to be cooled. The redox reaction occurring in the cell generates electricity; this electricity
can be used to drive the coolant flow through the cell. This work delves into uncharted
territory, as the concept and feasibility of self-sustaining liquid-cooling system have not
been previously demonstrated.



The researchers carried out detailed studies to elucidate how the cooling and power
generation works in this type of forced-flow thermo-electrochemical system. These novel
findings are expected to provide a basic strategy for scaled-up future applications.
“Although the prototype cell developed in this study was small and thus the power
generation performance was limited, this technology has much scope for improvement
through optimizing the geometry of the liquid channel, electrode material, and the redox
chemicals,” remarks Prof. Yoichi Murakami, the principle investigator of this project.

Through further studies, this concept proposed by the researchers can hopefully find its
application in near future, providing a new technological platform for forced convection
cooling. “Through this approach, we can partially recover the free energy portion of the
thermal energy currently lost during forced convection cooling, and this acquired electric
power can be used for pumping the coolant in forced convection cooling,” concludes Prof.
Murakami.

Proposed Concept: Integration of Thermo-electrochemical Conversion with
Forced Convection Cooling to Create a Self-sustaining Cooling System
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About Tokyo Institute of Technology

Tokyo Institute of Technology stands at the forefront of research and higher education as
the leading university for science and technology in Japan. Tokyo Tech researchers excel in a
variety of fields, such as material science, biology, computer science and physics. Founded in
1881, Tokyo Tech has grown to host 10,000 undergraduate and graduate students who
become principled leaders of their fields and some of the most sought-after scientists and
engineers at top companies. Embodying the Japanese philosophy of “monotsukuri,”
meaning technical ingenuity and innovation, the Tokyo Tech community strives to make
significant contributions to society through high-impact research.

Website: http://www.titech.ac.jp/english/


mailto:E-mail.media@jim.titech.ac.jp

