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Welcome to all Thermodynamics Enthusiasts to Liège!

o Students

o Close colleagues

o Past and current research partners

o Former PhD students

o Future research partners?

o Industrial partners

o …

o Some of you have traveled very long distances to reach Liège
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What do we celebrate?

Sadi Carnot en uniforme d’élève de l’Ecole Polytechnique, 

1813. Peinture sur huile de Louis-Léopold Boilly.

A book published 200 years ago and the scientist who wrote it

Why do we celebrate Carnot in this room, in Liège, Belgium?
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To bring together all Belgian thermodynamicists
Both “Belgian” and “thermodynamicists” have to be understood in a broad sense

o Researchers developing/practicing/teaching thermodynamics, with different backgrounds (physics, chemistry, 

mechanical engineering)

o Researchers in fundamental sciences and in engineering schools

o Engineers in companies developing products using thermodynamics (but not only)

o How could we connect thermodynamics with other disciplines to extend research and development?

o Specialists in different subfields of thermodynamics: classical, statical, stochastic, irreversible, finite-time, 

technical/applied, chemical…

Organizing this event has been the opportunity to discover many people and teams in Belgium!
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To bring together all Belgian thermodynamicists

o Anyone with a special connection with Belgium or simply interested in exploring the R&D activities in Belgium 

(and presenting their own research)

➢ North and the South of the Country

➢ Luxembourg

➢ Belgian leaving abroad

➢ Former researchers having lived in Belgium…



Welcome by Prof. Eric J.-M. Delhez, 
Dean of  the Engineering School

            
  

 



From Sadi Carnot to thermodynamics in 
Belgium

Vincent Lemort 

Thermodynamics Laboratory
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« Reflections on the motive power of  fireand on Machines Fitted to 
Develop that Power »

Published 200 years ago by Sadi Carnot (28 years old), an engineer 

graduated from Ecole Polytechnique (Paris)

• Very short military career

• Took a “sabbatical” leave to study sciences in Paris (CNAM)

• He investigated steam engines to understand what could maximize their 

performance (and if a limit does exist)

• Carnot was impressed by the technological leadership of England versus 

France 

Woolf steam engine 1858 (licensed under the Creative Commons Attribution-

Share Alike 2.5 Generic license)
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« Reflections on the motive power of  fire »

o 120 pages + 5 figures (few equations)

o Limited diffusion (600 printed copies, paid by Carnot himself)

o Latter recognized as the foundation of the 2nd Law of thermodynamics

Facture de Réflexion sur la 

puissance motrice du feu chez la 
Maison de l'Éditeur, 459,99 F (2 juin 
1824)

Source: Archive privée de la famille 
Carnot, France | Very kindly

authorized by the Carnot family
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« Reflections on the motive power of  fire »

What does this book teach us?
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« Reflections on the motive power of  fire »

• Neither the T-s diagram nor the “Carnot formula” can be found in 

« Réflexions »

From Çengel, Y. A., and Boles, M. A. (2006). Thermodynamics, An Engineering Approach. 5th Edition. McGraw-Hill Higher

Education.
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« Reflections »
The contributions of  the book

Contribution #1: the maximum of work 

depends on the difference of temperature 

(but not the pressures)  (very good 

intuition)

“fall of height of the caloric” = difference 

between the temperature of the hot body 

and that of the cold body 

Boiler 𝑷𝑯, 𝑻𝑯 

Condenser 𝑷𝑳, 𝑻𝑯
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« The matter here dealt with being 

entirely new, we are obliged to employ 

expressions not in use as yet, and which 

perhaps are less clear than is desirable » 
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• No temperature difference 

associated with the heat transfer 

(ideal but impossible)

• Pressures on both sides of piston 

are equal

=> The machine functioning is 

infinitely slow.

• No caloric loss to the environment.

Contribution #2: The reversible heat engine 

is introduced
Steam at 𝑻𝑯

Steam at 𝑻𝑳
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𝑷𝒊𝒏 𝑷𝒐𝒖𝒕 = 𝑷𝒊𝒏

« Reflections »
The contributions of  the book

𝑄
= 𝐴𝑈 𝑇𝐻 − 𝑇𝐻 × 𝑡𝑖𝑚𝑒
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The motor being reversible, it could be 

inverted …

=> Carnot anticipated the working principle 

of the heat pump.

Steam at 𝑻𝑯

Steam at 𝑻𝑳
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« Reflections »
The contributions of  the book
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Contribution #3: the system Boiler-

Expander-Condenser-Pump vs Expander 

alone

=> The concept of cycle is introduced

Boiler 𝑷𝑯
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« Reflections »
The contributions of  the book
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Contribution #4: the maximum power of a 

heat engine is independent of the fluid and 

technological aspects. It only depends on 

temperatures.

The formula 𝜼 = 𝟏 − 𝑻𝑳/𝑻𝑯 appears in the 

1850s, but Carnot showed (p. 72-3) that

𝑊𝑚𝑎𝑥 1 𝑡𝑜 0°𝐶 > 𝑊𝑚𝑎𝑥 101 𝑡𝑜 100°𝐶

𝒄𝒂𝒍𝒐𝒓𝒊𝒄

𝒄𝒂𝒍𝒐𝒓𝒊𝒄

Work

Hot body 𝑻𝑯

Cold body 𝑻𝑳

« Reflections »
The contributions of  the book
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« Reflections »
The reception of  the book

• The book was presented in Academy of Sciences in June 

1824

• The book didn’t receive a lot of success

✓ Not enough practical for engineers

✓ Didn’t meet the standards of academia

• Carnot died from cholera in 1832, his papers were 

burned 

• Notes written at the end of his life were made public 

by his brother in 1878 (designs of experiments that 

would have certainly demonstrated the mechanical 

equivalent of heat)

Portrait of Sadi Nicolas Léonard 

Carnot (1796-1832), as an adult 

around 1830

Source: Académie François Bourdon, 

Le Creusot
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• Clapeyron discovered the book and 

introduced more mathematics and the P-v 

diagram (1834)

• Thomson read Clapeyron, found Carnot’s 

book and wrote 2 books (1848 and 1849):  

Reflections « as one the greatest scientific 

works ever written » (Translation of 

Reflections by Robert Fox in 1986)

• Clausius wrote many books from 1850 to 

1869. He proposed a new state variable 

(entropy) proposing the canvas of modern 

classical thermodynamics

The re-discovery of  the book by Clapeyron, Thomson and Clausius 

Δ𝐸 = 𝑄𝑖𝑛 − 𝑄𝑜𝑢𝑡 + 𝑊𝑖𝑛 − 𝑊𝑜𝑢𝑡 + σ 𝑚𝑖𝑛ℎ𝑖𝑛 − σ 𝑚𝑜𝑢𝑡ℎ𝑜𝑢𝑡

Δ𝑆 =  𝑄𝑘/𝑇𝑘 +  𝑚𝑖𝑛𝑠𝑖𝑛 −  𝑚𝑜𝑢𝑡𝑠𝑜𝑢𝑡 + 𝑆𝑔𝑒𝑛

Entropy transfer Entropy generation (≥ 0)
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Théodore Belpaire and the temperature-entropy diagram

Théodore Belpaire (1848-1893), a Belgian engineer 

graduated from Ghent university, proposed to use T and s 

rather than P and v to represent the Carnot cycle.

The first rectangular Carnot cycle diagram was published 

in a Belgian journal in 1872. 

Théo BELPAIRE, « Note sur le second principe de la thermodynamique, » 

Bulletins de l’Académie Royale des Sciences, des Lettres, et des Beaux-Arts de 

Belgique, 34, 1872, p. 509-10
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Jules Boulvin and the entropy diagram

Jules Boulvin (1855-1920), professor at Ghent University, 

generalized the use of the entropy diagram to other 

engines and refrigeration cycles 

In Revue de Mécanique, 1897, pp. 22-33
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Victor Dwelshauvers-Dery and the experimental research

Victor Dwelshauvers-Dery (1855-1920), professor 
at Liege University, popularized the experimental 
research in mechanical engineering in academia.

He established the Thermodynamics laboratory 
(1887) with the strong support of Hirn.

He investigated heat transfer between expander 
wall and steam.

The experimental practice in our lab has been 
carried on to this day (Hubert, du Chesne, Danze, 
Burnay, Fafchamps, Buchet, Hannay, Lebrun)

View of steam engine in Mechanics Laboratory. 

© Musée Wittert ULiège

View of the steam engine in the new 

Thermodynamics Laboratory in Val-

Benoît ca. 1937. 
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Chambadal, Reitlinger and the Finite-
Time Thermodynamics

The Carnot heat engine is not practical 

since it takes an infinite time to produce a 

finite quantity of work.

What is the temperature 𝑇𝐻 of the fluid 

maximizing ሶ𝑊 and what is the engine 

efficiency?

Fluid at 𝑻𝑯

Fluid at 𝑻𝑳

ሶ𝑾

Heat source 𝑻𝑯
′

Heat sink 𝑻𝑳
′

ሶ𝑸𝑯

ሶ𝑸𝑳

If 𝑇𝐻
′ = 𝑇𝐻 : infinitely slow 

heat transfer ሶ𝑄𝐻
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Chambadal, Reitlinger and the Finite-Time Thermodynamics

Curzon and Ahlborn demonstrated 

in a seminal paper of 1974 that the 

efficiency of an endoreversible heat 

engine at maximum power is given 

by  

𝜂𝐶𝐴 = 1 −
𝑇𝐿

′

𝑇𝐻
′

« nice radical function »
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Chambadal, Reitlinger and the Finite-Time 
Thermodynamics

It has been found later that Chambadal, a French engineer 

graduated from Ghent University and working at EDF, already used 

that efficiency in 1949. A Russian researcher, Novikov also 

demonstrated this relationship in 1957*.

Adrian Bejan prosed to call this efficiency the Chambadal-Novikov-

Curzon-Ahlborn efficiency

1N

But*… 

𝜂𝐶𝑁𝐶𝐴 = 1 −
𝑇𝐿

′

𝑇𝐻
′

Courtesy of Prof. François Lanzetta

*See: Vaudrey, Alexandre & Lanzetta, François & Feidt, Michel. (2014). H. B. Reitlinger and the 

origins of the Efficiency at Maximum Power formula for Heat Engines. Journal of Non-
Equilibrium Thermodynamics. 39. 199-203.
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Chambadal, Reitlinger and the Finite-Time Thermodynamics
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• Entropy production rate ሶ𝑆𝑔𝑒𝑛 expressed as the product of a flux 

by a force. For instance, in the case of heat transfer

• This approach can be generalized to many physical processus: 

piston movement under a difference of pressure, electric 

current through a resistance, diffusion due to concentration 

gradients, flow in a porous medium due to pressure gradient…

• At equilibrium: no force=> no flux.

Fluid at 𝑻𝑯

Heat source at 𝑻𝑯
′

De Donder, Prigogine, Nicolis and 
thermodynamics of  irreversible processes

ሶ𝑆𝑔𝑒𝑛= ሶ𝑄 ×
1

𝑇𝐻
−

1

𝑇𝐻
′ > 0

ሶ𝑆𝑔𝑒𝑛 > 0ሶ𝑄
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De Donder, Prigogine, Nicolis and thermodynamics of  irreversible 
processes

• Close to equilibrium (forces are weak), the formulation can be linearized. In the case of 

the heat transfer, the approach yields Fourrier’s law of conduction (1822)

• Far from equilibrium, the system can evolve towards an organized and stationary 

structure, creating a lot of entropy provided it is fed by energy and mass = dissipative 

structure 

“The destruction of order prevails in the 

neighborhood of equilibrium. Creation of 

order may occur far from equilibrium 

provided the system obeys to nonlinear 

laws of a certain type.” (Nicolis and 
Prigogine, 1977)

“Cold water trail left by Hurricane Katrina in 2005”
Source: Tiezzi et al., Dissipative structures in nature and
human systems, WIT Transactions on Ecology and the Environment, Vol 114, 2008
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What is the legacy of  Carnot? 

Reflections

Universal engine + infinite fuel = large revolution

(See CHEVRIER, Joël, Sadi Carnot face à la fin de la civilisation thermo-industrielle, Le Creusot, 

2024)
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What is the legacy of  Carnot? (limited to thermal engineering)

➢ Temperatures: 

o  Temperature, temperature gradients, temperature lifts, temperature spread… are still key 

optimization variable

o High temperature cooling and low temperature heating for efficient HVAC systems (better 

heat pump COP/ use of passive cooling)

o High temperature heat pumps to replace gas boiler in industry

o Techniques for low temperature waste heat valorization

o Cryogenics (<120 K) for medical applications, gas liquefaction as well as research in space 

sciences and quantum physics 𝐶𝑂𝑃𝐿 =
𝑇𝐿

𝑇𝐻−𝑇𝐿
= 0,00687 𝑎𝑡 𝑇𝐿 = 2𝐾 𝑎𝑛𝑑 𝑇𝐻 = 293𝐾   
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What is the legacy of  Carnot? (limited to thermal engineering)

➢ Fluids

o  “all fluids are good” but no fluid is perfect (GWP, TFA, flammability, toxicity)

o Complex fluids: zeotropic mixtures, oil-fluid

➢ Reversibility

o Heat pump + TES + heat engine = Carnot battery

o Other hybridization of heat pumps and heat engines

➢ Cycle vs component

o The design of machines is constrained by its components (f.i.: 2-phase 

compressors/expanders for new cycles, high temperature compressor for HT heat pumps)

Performance
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Objectives of  the conference

➢ Bridge researchers from different sub-fields of thermodynamics 

➢ Discover new fields and applications of thermodynamics and learn about the state of knowledge

➢ Connect thermodynamics to other and younger fields of engineering and sciences: materials, 

manufacturing processes, AI, energy grids management,…

➢ Investigate thermodynamics at different scales going from fluids/materials to energy 

communities: how is it useful (or limited)? 

➢ Exchange good practices for teaching thermodynamics

➢…
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Topics

➢ Day 1: Traveling between microscopic and macroscopic thermodynamics:

Non-equilibrium, chemical thermodynamics (fluid and materials properties), fluid mechanics, 

heat engines (power plants, gas turbines, Stirling/Ericsson, ORC)

➢ Day 2: HVAC & refrigeration

Heat pumps, passive cooling, high temperature heat pumps, not-in-kind cooling technologies, 

thermal storage, thermal energy transport

➢ Day 3: Thermodynamics and the energy transition 

Climatology, Carbon capture, power-to-fuel, energy transition scenarios, nuclear fusion
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Many thanks to

➢ You for attending 

➢ More than 110 people who prepared presentations of their work (40 speakers and 70 posters)

➢ My team who accepted to follow me in the idea of organizing a conference in 1 year.

➢ All reviewers 

➢ …
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Thank you to the organizations who endorsed this event
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Thank you to our sponsors
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Housekeeping information

o  Coffee breaks are organized in the ”Professor rooms” (climb 2 stairs) except tomorrow morning

o  Cloak room

o  Meeting room available (3/28b). Not very close from here but indicated

o  Restrooms: go down the stairs

o  Poster ID are already installed on panels. Material to fix the poster is available.
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Housekeeping information

o  Welcome drink – 18:15-22:00

oMaison de la science, Quai Edouard Van 

Beneden 22, 4020 Liège: House of Science - 

Google Maps

o  Short conference by Prof. Raffaele Pisano, 

Université de Lille, France

o  Free visit of Museum (with a temporary 

exhibition that will show case Reflections) 

and Aquarium
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I wish you a very nice conference and fruitful exchanges!
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