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Background & status

• Previous experiences:

• Contract start date: March 1, 2018

• Host institute:

• EASITrain Supervisor: François Millet

• PhD supervisor:  Nicolas Luchier

• Planned secondments:
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Objectives

Assess the cooling architectures for large-scale cryogenic infrastructures

• Develop a reliable model describing the helium/neon mixture properties

• Validate the mixture model with existing Brayton / J-T cycle

• Study the process cycles with large cryogenic installations
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Assess the cooling architectures for large-scale cryogenic infrastructures

• Develop a reliable model describing the helium/neon mixture properties

• Validate the mixture model with existing Brayton / J-T cycle

• Study the process cycles with large cryogenic installations

« Thermodynamic properties : for the moment, there is lack of reliable data for Helium-Neon mixture properties… »
FCC industrial study conclusion – Air Liquide and Linde statement

« To further evaluate the potential of Nelium in hydrogen liquefaction processes, more work is
needed to close present knowledge gaps related to the thermophysical properties of this mixture. »

W. Oivind et al., NTNU, Trondheim, Norway
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Research & methodology

Ideal gas law

𝑝𝑣

𝑅𝑇
= 1



J. TKACZUK, mid-term review, December 10, 2018 4

Research & methodology

Ideal gas law

𝑝𝑣

𝑅𝑇
= 1

ideal gas



J. TKACZUK, mid-term review, December 10, 2018 4

Research & methodology

Ideal gas law

𝑝𝑣

𝑅𝑇
= 1

Real gas and its virial expansion
𝑝𝑣

𝑅𝑇
= 𝑍

ideal gas



J. TKACZUK, mid-term review, December 10, 2018 4

Research & methodology

Ideal gas law

𝑝𝑣

𝑅𝑇
= 1

Real gas and its virial expansion
𝑝𝑣

𝑅𝑇
= 𝑍 = 1 + 𝐵(𝑇)𝜌 + 𝐶(𝑇)𝜌2 + 𝐷(𝑇)𝜌3 +⋯

ideal gas



J. TKACZUK, mid-term review, December 10, 2018 4

Research & methodology

Ideal gas law

𝑝𝑣

𝑅𝑇
= 1

Real gas and its virial expansion
𝑝𝑣

𝑅𝑇
= 𝑍

Helmholtz energy formulation

= 1 + 𝐵(𝑇)𝜌 + 𝐶(𝑇)𝜌2 + 𝐷(𝑇)𝜌3 +⋯

𝛼 𝛿, 𝜏, ҧ𝑥 = 𝛼0 𝜌, 𝑇, ҧ𝑥 + 𝛼𝑟 𝛿, 𝜏, ҧ𝑥

ideal gas



𝑍 = 1 + 𝛿
𝜕𝛼𝑟

𝜕𝛿

J. TKACZUK, mid-term review, December 10, 2018 4

Research & methodology

Ideal gas law

𝑝𝑣

𝑅𝑇
= 1

Real gas and its virial expansion
𝑝𝑣

𝑅𝑇
= 𝑍

Helmholtz energy formulation

= 1 + 𝐵(𝑇)𝜌 + 𝐶(𝑇)𝜌2 + 𝐷(𝑇)𝜌3 +⋯

𝛼 𝛿, 𝜏, ҧ𝑥 = 𝛼0 𝜌, 𝑇, ҧ𝑥 + 𝛼𝑟 𝛿, 𝜏, ҧ𝑥

ideal gas



𝑍 = 1 + 𝛿
𝜕𝛼𝑟

𝜕𝛿

J. TKACZUK, mid-term review, December 10, 2018 4

Research & methodology

Ideal gas law

𝑝𝑣

𝑅𝑇
= 1

Real gas and its virial expansion
𝑝𝑣

𝑅𝑇
= 𝑍

Helmholtz energy formulation

= 1 + 𝐵(𝑇)𝜌 + 𝐶(𝑇)𝜌2 + 𝐷(𝑇)𝜌3 +⋯

𝛼 𝛿, 𝜏, ҧ𝑥 = 𝛼0 𝜌, 𝑇, ҧ𝑥 + 𝛼𝑟 𝛿, 𝜏, ҧ𝑥

liquid

vapor –
liquid 

mixture

vapor

supercritical 
region

ideal gas



J. TKACZUK, mid-term review, December 10, 2018 5

Research & methodology

Helmholtz energy formulation

Advantages

• Continuous over liquid/vapor boundary

• It is a function of measurable properties

• Purely analytical derivatives

Challenges

• Requires large number of experimental data in a wide 
temperature-density range

• Nonlinear fitting combined with multiple constrains to 
control curvature of different properties
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Helmholtz energy formulation

Advantages

• Continuous over liquid/vapor boundary

• It is a function of measurable properties

• Purely analytical derivatives

Challenges

• Requires large number of experimental data in a wide 
temperature-density range

• Nonlinear fitting combined with multiple constrains to 
control curvature of different properties

interesting fitting not reasonable, non-physical
physically explainable behavior



Model validation with existing installations

Form the foundations for the next generation 
of mixture models for binary fluid systems

Cryogenic process cycles concept validation
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Next steps

I. Richardson, J. Leachman (WSU)



J. TKACZUK, mid-term review, December 10, 2018 7

Training & conferences

• EASITrain trainings (past ones)

CEA and CERN introduction

CEA and CERN safety courses

European Course of Cryogenics 2017

CSA Safety Courses

• EASITrain conferences (past ones)

FCC Week 2018

Cryogenic Safety Seminar 2016, CEC 2017, Cryogenics 2017

FCC Weeks 2016, 2017

Superconductivity for Accelerators for Medical Applications 2016

• EASITrain events

Spring lectures at CERN

Summer school at TU Vienna
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Outreach, dissemination & networking

• Outreach (past ones)

Science days at Université Grenoble Alpes

Copernicus Science Center

Science nights: WUT, TU Dresden

• Dissemination (past ones)

FCC Week 2018 presentation

CEC 2017 poster

Publications: PRAB, ICEC 2018

• Networking

CEA and UGA seminars

M.Sc. interns co-supervision

Secondments at NIST/ALaT
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Thank you for attention


