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PhD SUBJECT 

TITLE: Prediction of thermophysical properties (equilibrium and transport): towards a unified approach. 

ABSTRACT: 
To optimize an existing process or to develop a new one, one must be able to quantify accurately the 
properties of the fluid material that is present in the system. However, one of the limitations of the 
approaches usually used in the industry is that the thermodynamic properties and the transport 
properties of the same fluid are described by different models. Thus, and this is the challenge of this 
PhD project, the aim is to develop a model of a new kind: a "molecular" based equation of state 
capable of simultaneously providing the thermodynamic properties and the transport properties of a 
fluid. The model built in the framework of this project will serve as a basis, in the long term, for the 
prediction of all the thermophysical properties of fluid mixtures over a wide range of thermodynamic 
conditions in order to be applicable to georesources but also processes. 
Keywords: Equation of State, Molecular Simulations, Thermophysical properties 

 

 

HOST LABORATORY PROFILE 

The LFCR is a joint research unit attached (UMR 5150) to the UPPA, the CNRS and TOTAL. LFCR is 
a research unit which research goes from the nanometer to hundreds of kilometers, from the 
nanosecond to a million years, from the physics and chemistry of interfaces, through the 
thermodynamics of fluids under flow, to reservoir geology, geomechanics and geophysics. The 
Thermophysical Properties group, in which the PhD will take place, focuses its research on fluid 
(bulk and confined) thermophysical properties (equilibrium, interfacial and transport) over a 
wide range of thermodynamics conditions. This group develops original molecular simulations, 
modelisation and experiments to deal with fluids of industrial interest. 
 
The LRGP is a laboratory affiliated to the French National Center for Scientific Research (CNRS), 
Institute of Engineering Sciences and Systems, and to the University of Lorraine, hosted in two 
Engineering Schools in Nancy: 
- Ecole Nationale Supérieure des Industries Chimiques 
- Ecole Nationale Supérieure d’Agronomie et des Industries Alimentaires 
 

 
PhD GRANT 

ÉCOLE DOCTORALE SCIENCES EXACTES ET LEURS  
APPLICATIONS - ED 211 / NATURAL SCIENCES DOCTORAL SCHOOL 

Avenue de l’université BP 1155 64 013 PAU Cedex – France 

WORKING CONDITIONS 
Laboratory : Laboratoire des Fluides Complexes et leurs Réservoirs, LFCR, UMR 5150 TOTAL-CNRS-UPPA  
Web site : https://lfc.univ-pau.fr/fr/index.html 
PhD Director: Guillaume Galliero (professor, LFCR, UPPA) 
In Collaboration with: Romain Privat (Associate Professor, LRGP, UL) 
Principal location : LFCR, Pau, France 
Secondary location : LRGP, Nancy, France 

Starting date : 1st Nov 2019 Duration : 3 ans (years) 

Employer: Université de Pau et des Pays de l’Adour (UPPA) 

Monthly salary before taxes : 1768 € + 110 € (32h/year teaching activities)  
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The Laboratory of Reactions and Chemical Engineering develops the scientific and technological 
knowledge necessary for the synthesis and recycling of materials and functional products, 
through chemical, physico-chemical and biological processes and the design, the optimization 
and the control of the elaboration processes and the related transformation of mass and energy. 
LRGP is composed of about 300 persons, organized in 5 scientific groups: 
1. Chemical engineering for environment, security and resources valorisation 
2. Intensification and architecture of processes 
3. Bioprocesses - Biomolecules 
4. Kinetics and thermodynamics for energy and products (where the Phd will take place) 
5. Processes for products and materials 
 

RESEARCH TOPIC - MAIN ACTIVITIES 
I. Scientific Context 

The key idea of this PhD project is born from a simple observation: to optimize an existing 
process or to develop a new one, one must be able to quantify the properties of the fluid 
material that is present in the system. In the application framework envisaged for this project: 
exploitation, storage and use of fluid resources, energy conversion, material transformation ... 
the properties targeted are those of the fluid phases stored and/or circulating in the system 
under consideration. The crucial quantities in this context are the thermodynamic properties 
(phase equilibria, entropy ...) and the transport properties (viscosity, diffusion, thermal 
conductivity ...), whose combination is named thermophysical properties. 
Thus, optimizing or developing innovative processes requires, among other things, a fine and 
robust description of the properties of the fluids present in the system under consideration. This 
generally involves the use of macroscopic models to access these physical quantities in a limited 
time. However, there are an extremely large number of approaches, often ad-hoc or correlative, 
built for a given type of system, a type of properties, precise thermodynamic conditions ... Such 
an approach has been proven in the industrial context, but involves an expert user (to choose 
among tens or hundreds of possible options) and is difficult to adapt to new situations when the 
experimental data (to validate or adjust the models) are missing and difficult to obtain. 
 

II. Objectives 

One of the limitations of the approaches usually used in the industry is that the thermodynamic 
properties and the transport properties of the same fluid are described by different models, 
which multiplies all the possible options and highlights the lack of coherence this type of 
approach. Thus, and this is the challenge of this project, the aim of this PhD is to develop a model 
of a new kind: a "molecular" based equation of state capable of simultaneously providing the 
thermodynamic properties and the transport properties of a fluid. By doing so, the proposed 
approach will be more robust than those currently used, because constrained by a greater 
number of properties to describe at a time, and above all will have internal consistency that will 
simplify its use because only requiring a set of parameters by species (or pseudo-species) 
involved. 
The model built in the framework of this project will serve as a basis, in the long term, for the 
prediction of all the thermophysical properties of fluid mixtures over a wide range of 
thermodynamic conditions in order to be applicable to georesources (exploitation, storage ...) 
but also processes (energy conversion, product design ...). 
 
III. Work plan 
In an operational way we envisage the division of the activity as follows: 
Task 1: Molecular simulations of the Lennard-Jones chain model (LJC) with variable rigidity will be 
performed. 
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Task 2: From the set of data collected during the task n ° 1, will be developed a SAFT like 
equation of state describing the behavior the LJC of variable rigidity. In parallel, the scaling laws, 
of the excess entropy scaling type, will be developed for the estimation of the transport 
properties from the data of molecular simulations. 
Task 3: During this task, a method of parameterizing the equation of state will be sought for non-
associated pure bodies. In a second step, this approach will be extended to the associated 
molecules, including an association term. 
Task 4: The results obtained by the new model will be compared to real experimental data for a 
large number of pure bodies and for various thermodynamic conditions, based on the tools and 
databases available within the LRGP team. 
 
 
 

REQUIRED COMPETENCES 

The candidate should hold a Master degree (or equivalent) in Chemical engineering, Chemical-
Physics, Materials science, Petroleum engineering or a similar field. The candidate should have a 
strong interest in performing simulations and in developing models. 
An excellent background in thermodynamics and computer science is required. Knowledge in 
molecular simulations would be a plus. 
 

CRITERIA USED TO SELECT CANDIDATE 
Selection process steps:  
- Establishment of the selection comittee. 
- Evaluation of the applicants cv’s 
- Interview with the selected candidates and ranking. 
 
Criteria used in selection of the candidate: 

- The candidate's motivation, scientific maturity and curiosity. 

- Candidate's knowledge in thermodynamics and skills in computational sciences. 

- Candidate's marks and rankings in his/her Master degree. 
- English proficiency 

 

APPLICATION  
Send an e-mail with your candidature containing:  

 CV 

 Cover letter detailing candidate's motivations 

 Candidate's MSc marks and ranking 

 Any letters of recommendation 

DEADLINE FOR APPLICATION :  20/09/2019 

 

CONTACTS 
e-mail : 
guillaume.galliero@univ-pau.fr, romain.privat@univ-lorraine.fr 
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