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Thermodynamic cycles are at the basis of ‘
the operation of thermal power plants,
heat pumps and vapour-compressiPn |
refrigeration systems. Nowadays,
thermodynamic cycles operate with workir
fluids that are either pure or inert mixtures,
such as water, air, organic fluids‘and helium.
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The project REACHER aims to quantify
the impact of using reactive working
fluids, undergoing rapid and reversible
reactions, instead of inert ones (Lasala,
2021). This investigation is divided into
four primary work packages (see Figure 1).

Project work packages

Development of a computational
tool for the prediction of
thermodynamic properties of
reactive fluids.

Discovery, or design, and

full thermophysical and
thermochemical characterisation
of reactive working fluids
suitable for power and heating
applications.

Optimisation of the architecture
of thermodynamic cycles
operating with reactive working
fluids.

Validation of our calculations
on an experimental micro-gas
turbine operating on a
Brayton cycle.

The project spans five years (2022-
2027), and we are currently in the middle
of the second year. The team comprises
six non-permanent members and three
members. During the project’s first year,
we have been working on WP1, WP2 and
WP4. In this article, we elaborate on the
methodology employed and share some
of the results we have obtained. More
details will be provided in more specific
scientific publications.

The performances of heat
pumps operating with
fictitious reactive fluids

Building upon work previous to the
project, we analysed (Lasala et al., 2021;
Barakat et al., 2022) the performance of
heat pumps operating on a Brayton and
Stirling cycle using fictitious reactive
working fluids of the form:

A =(n/m)A_
r
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Development of a thermodynamic
properties prediction tool

v

Establishment of a list of
'suitable’ reactive fluids

Definition of thermodynamic
criteria for searching and
design reactions

+

Search for the design of
reactions fulfilling pre-defined
thermodynamic criteria

+

Characterisation of the
kinetics of listed reactions, and
selection of fast reactions

+

Accurate analysis of
the thermodynamic, kinetics,

WP3

Thermodynamic cycles
optimisation

WP4

———) Experimental validation

environmental and safety
properties of listed reactions

To this general reaction, we have
associated different stoichiometries (n
and m) and thermochemistry (enthalpy
and entropy of reaction), giving rise to a
different set of chemical reactions. We
have then assessed the impact of those
parameters on the cycle’s performance.

Figure 1: The project plan.

The main conclusion of the study is that
many reactive fluids exist for which the
slight increase of the mass flow rate of
the cycle (by 10 per cent, with respect
to an inert fluid) can lead to a doubled
coefficient of performance (COP) (Barakat
etal., 2022), see Figure 2.
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Figure 2: The ratio of the COP
of a heat pump operating
with a reactive working fluid
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and the COP of a heat pump
using inert working fluids as a
function of the ratio between
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the mass flow rate of the
reactive fluid heat pump with
respect to the inert one. In
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both cases (inert or reactive
fluid), the thermal power
output of the heat pump is the

10

same. Each black point of the
cycle represents a different
fictitious fluid.
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Figure 4: Monte Carlo simulations for the system™
N,O, - saturation density-temperature curve.
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The characterisation of the

the reaction’s behaviour under temperature and pressure
variations. Subsequently, we'll conduct an initial screening
ba .gd on these properties.

The pilot was designed (Figure 6) and is currently under
construction. It is equipped with four operating units: a
3.5 kW turbine, a shell and tube heat exchanger, a 15 kW
compressor, and an electric heater. The first successful
test consisted of running the turbine at the highest speed,
separated from the circuit operating as a motor. The second
test consists of operating the pilot in an open circuit: ambient
air is taken from the inlet of the compressor and is rejected
into ," atmosphere after the cooler. Then, during the third
he engine will be run in a closed circuit with N,. During

development, consists of analysing the
Raman spectra of some reactive fluids
and calibrating the probes.

Next challenges

We will continue to improve the
thermodynamic model based on our
calculations, the thermodynamic code
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Figure 5:Temperature-entropy diagram of the'reactive mixture
N,O, = 2NO,. The'two curves makeireferenceito the same
calculation done with different sets of input critical properties
for.the equation of state.
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