
Silvia Lasala

silvia.lasala@univ-lorraine.fr

Maîtresse de Conférences, Université de Lorraine

Congrès SFT

4 juin 2026, Nancy

Améliorer le rendement 

des cycles thermodynamiques 

grâce à des fluides de travail réactifs

mailto:silvia.lasala@univ-lorraine.fr


Outline

• Motivations

• A still unexplored energy conversion process

• Reactive working fluids: preliminary results

• From fictitious to real reactive fluids: the project REACHER

• Further projects: towards higher TRLs

2



Priority areas for rapid CO₂ emission reductions
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A new energy conversion system
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Our questions

Compressor

Heat exchanger

Primary heat exchanger

Qin

Qout

Turbine

2

Case 2

2A →A

2

Case 1

A →2A

G

Wnet

?
cycle
η

net, cycle
W

Evolution 

of the reaction

Stoichiometry and 

thermal features

R

R

H
S

 
 

→n m

n
A A

m

11



A preliminary study based on 
fictitious reactive working fluids
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A preliminary study: Fictitious reactive fluids

1) The structure of the reaction takes the following generalized form:
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1) The structure of the reaction takes the following generalized form:

2) The system is modelled as a ideal gas.

3) The specific heat capacity of molecules is constant with temperature 
and defined according to the kinetic molecular theory.

4) The system is considered in chemical equilibrium:
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A preliminary study: Fictitious reactive fluids
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A preliminary study: Fictitious reactive fluids

Barakat et al. 2024
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From fictitious to real
reactive working fluids

REACHER
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P. Arnoux, LRGP services, 
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1. Discovery of suitable reactions and their characterization

• Generation of dimers (the monomer is straightforward)

• Selected atoms:

• Dimers are covalent bonded

• No more than 3 different atomic species in each dimer

• Peripherical atoms (R1 and R2) are different than central atoms (X)

• Peripheral positions are occupied by atoms at their lowest valence

Number or resulting dimers (and relative monomers): 496

Valence of X = 2

Valence of X = 3
For example:

1,3,5,7

1,3,5,7

1,3,5,7

12

2,4,6

33

3,5

4

VALENCE n.

DIMERGEN

29



1. Discovery of suitable reactions and their characterization

Calculation of:
• ∆RG°298K

• ∆RH°298K

• ∆RS°298K

• cp,ig,i(T)
• preliminary kinetics 

for each reaction 

STABILITY ANALYSIS & 
GEOMETRY OPTIMISATION

GEOMETRY OPTIMISATION 
of 151 monomers

496 generated
dimers

151 stable dimers

DIMERGEN
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1. Discovery of suitable reactions and their characterization

FAST reactions

reactions

N2O4 = 2 NO2

Examples:

N2F2Cl2 = 2 NFCl

Br2F2 = 2 BrF

151
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Hydrogen-bond 
breaking/forming (carboxylic acids)

Covalent-bond 
breaking/forming

2 4(g/l) 2(g)N O 2 NO
Example: formic acid

Examples:

2 families of reactive fluids:

2 4(g) 2(g)N F 2 NF

2 6(g/l) 3(g)Al Br 2 AlBr

2 6(g/l) 3(g)Al Cl 2 AlCl

Wasik et al., 2025, doi.org/10.1016/j.fluid.2025.114356 + new designed reactions

1. Discovery of suitable reactions and their characterization
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1. Discovery of suitable reactions and their characterization
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1. Discovery of suitable reactions and their characterization

PURE COMPONENT
Sat-P
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1. Discovery of suitable reactions and their characterization

BINARY INERT MIXTURE 
VLE-P

PURE COMPONENT
Sat-P

38



1. Discovery of suitable reactions and their characterization

BINARY INERT MIXTURE 
VLE-P

PURE COMPONENT
Sat-P

A binary and reactive fluid in 
VLE behaves like a pure 

component fluid in saturation 
conditions

39
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A binary and reactive fluid in 
VLE behaves like a pure 

component fluid in saturation 
conditions

2

1

c r = + − −

=

BINARY REACTIVE MIXTURE: N2O4 = 2 NO2

1. Discovery of suitable reactions and their characterization

BINARY INERT MIXTURE 
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NO2

N2O4

N2O4
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Optimal geometry,
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Quantum Mechanics
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1. Discovery of suitable reactions and their characterization

Monte Carlo simulations to determine the critical coordinates of NO2 and N2O4
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1. Discovery of suitable reactions and their characterization

N2O4 ⇄ 2 NO2

Validation of the 
predictive

thermodynamic
model
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(a) Al2Br6 ⇋ 2AlBr3 (b) Al2Cl6 ⇋ 2AlCl3

1. Discovery of suitable reactions and their characterization

Validation of the predictive thermodynamic model
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(a) Al2Br6 ⇋ 2AlBr3 (b) Al2Cl6 ⇋ 2AlCl3

1. Discovery of suitable reactions and their characterization

Application of the predictive thermodynamic model
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1. Discovery of suitable reactions and their characterization
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Formic acid:

2. Heat Pump modelling
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Propane

R1233zd(E)

Formic acid

Formic acid

Formic acid:

Domestic HP

Industrial HP

2. Heat Pump modelling
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𝑪𝑶𝑷
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= 41%  
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2. Heat Pump modelling
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Formic acid:

2. Heat Pump modelling
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Formic acid: R1233zd(E) Formic acid

Water

Industrial HP

2. Heat Pump modelling
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Design of new reactants (dimers) 
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3. Experimental validation Power plant
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Reactive fluids 
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Not so easy …

• Compressor selection

• Handle with compressor leakages

• Design of the injection system (to re-integrate leakages)

• Turbine start-up

• …

But it works!
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