
Develop a general theoretical representation of the essence of thermal systems to support design and
control development of this technology for its effective digitalization and efficient total energy management.

Variational principles of 
nonequilibrium 

thermodynamics may 
indicate the stability of 
dissipative processes

Design and control of 
thermal systems still relies 

on empirical models and 
trial & error procedures

| PURPOSE | 

     

| Research developments and applications |
Integrating the developed models in a modular simulation platform enables components and systems design, analysis, 

optimization and control, ultimately improving the digitalization of these technologies and realizing total energy management.
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“For Linear nonequilibrium processes Entropy production is 

a Lyapunov function ensuring stability out of equilibrium”
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Present work, R134a Tsat 35oC 
D 0.5mm 

Exp. from Kattan,Thome and 
Favrat, 1998 [26] 

Exp. from Revellin and Thome, 2007 
[30]

Present work, R236fa Tsat 31oC 
D  1.03mm 

Exp. from Ong and Thome, 2011 
[29]

Present work, R134a Tsat 10oC 
D 12mm 

R134a Tsat 10oC D 12 mm [32-33]
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a. Initialization 

(I)

Initialization b.

(I)
a. Selection

(II)

Selection b.

(II)

a. Single-point crossover (III) (III) Single-point crossover b.(IV)

a. Swap mutation 

(IV)

Swap mutation b.

Topology constraints (V.)
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Complex multiphase  heat 
and mass transfer without a 
solid theoretical background
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Variational model of falling-film partial wetting Variational model of two-phase flow void fraction

Variational model of two-phase flow regime transition Variational model of two-phase flow distribution

𝑑𝐸

𝑑𝑊𝑅
= 0 ,  

𝑑2𝐸

𝑑𝑊𝑅2>0 
𝑑𝑖𝑆

𝑑𝜀
= 0 ,  

𝑑𝑖
2𝑆

𝑑𝜀2 >0 

𝑑𝐸

𝑑𝑊𝑅
= 0 ,  

𝑑2𝐸

𝑑𝑊𝑅2>0 

𝑑𝐸

𝑑𝜀
= 0 ,  

𝑑2𝐸

𝑑𝜀2>0 𝜕𝑖𝑆

𝜕Γ2
= 0;

𝜕𝑖𝑆

𝜕Γ3
= 0; 

𝜕𝑖𝑆

𝜕Γ4
= 0;

𝜕𝑖𝑆

𝜕Γ5
= 0;

Energy supply

Total Energy management system

Energy usage (including heat transfer)

Controller

Optimization Simulation

Forecast

Control of manipulated 
parameters

Manipulated parameters

Evaluation

Performance 
Monitoring

Model validity
verification

Grid management

𝑊𝑅 =
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𝐸𝑎 𝜀𝑎,0 = 𝐸𝑠 𝜀𝑠,0, 𝑊𝑅𝑠,0

Γ𝑖 =
ሶ𝑚𝑜𝑖

ሶ𝑚ℎ𝑖
  

| CONCLUSIONS |
This research demonstrates the possibility of developing a general mathematical framework for the theoretical representation 

of the fundamental processes of thermal systems through the variational principles of nonequilibrium thermodynamics.
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