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“Modeling and simulation of electrocaloric heat pumps

and their electrical control”

One focus within the group “Smart converters for
emission-free mobility of the future” is on the
development of electrocaloric heat pumps, which
promise higher coefficients of performance (COP)
than previous compressor heat pumps and can be
implemented without loud compressors and
harmful refrigerants.

When an electric field is applied to an
electrocaloric (EC) material, its internal structure
changes, enabling the material to absorb or
release heat. At the IEW, active electrocaloric
regenerators are being investigated in this
context: The regeneration effect allows a
temperature range of up to 20 °C to be achieved,
which is higher than the purely adiabatic
temperature change of a single EC sample, which
is only a few degrees. Heat transfer between the
EC material and the heat source or sink takes
place via a fluid.

A key objective is to optimize the system
parameters of the EC heat pump (temperature
range, cooling capacity, COP), with a focus on heat
transfer under different field excitations (e.g.,
sine, square wave).
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Topics and applications (selection)

e Heat transfer
o Simulation and optimization of heat transfer for
fluid-based electrocaloric regenerators
e EC-Material
o Measurement of electrocaloric materials
(hysteresis losses, temperature range)
e System
o Simulative determination of system parameters
(temperature range, cooling capacity, COP) taking
into account electrical losses such as hysteresis
losses and losses in power electronics

Work content (selection)

e Modeling and optimization of heat transfer
(simulation, e.g., in COMSOL)

e Measurement technology for characterizing
electrocaloric materials (thermal imaging camera,
optical temperature sensors (opSens Solution))

e Other activities depending on the type of work

The topic and duration of the work will be determined
individually.

Interactive electrocaloric simulator:
https://www.coolpol.eu/simulator
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