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Objectives  

ÅModel the thermal properties of mixtures 

Å helium-neon 

Å neon-argon 

Å helium-argon 

ÅValidate the mixture model with existing Brayton / J-T cycle 

ÅStudy the process cycles with large cryogenic installations 

J. TKACZUK, June 27, 2019 
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Evolution of EoS  

ÅVan der Waals: 

ÅVirial expansion: 

ÅPeng-Robinson: 

ÅHelmholtz energy: 
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ȟ†ȟὼӶ‏‌ ‌ ”ȟὝȟὼӶ ‌  ȟ†ȟὼӶ Potential that measures the useful work obtainable‏
from a closed thermodynamic cycle 
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Advantages 

ÅContinuous over liquid/vapor boundary 

Å It is a function of measurable properties 

ÅPurely analytical derivatives 

J. TKACZUK, June 27, 2019 
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Helmholtz energy formulation  

Ideal Helmholtz free energy Residual Helmholtz free energy 

Ideal Helmholtz free energy Residual Helmholtz free energy 

Departure function represents Helmholtz energy from mixing 

Reducing variables 

pure fluid 
mixtures 

J. TKACZUK, June 27, 2019 
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Helmholtz energy formulation  

Ideal Helmholtz free energy Residual Helmholtz free energy 

Ideal Helmholtz free energy Residual Helmholtz free energy 

Departure function represents Helmholtz energy from mixing 

Reducing variables 

5+30 variables describing mixture 
properties 

vs 
130-150 variables describing pure 

fluid properties with HEoS 

pure fluid 
mixtures 

J. TKACZUK, June 27, 2019 
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Relation of thermodynamic properties  
to Helmholtz energy  

J. TKACZUK, June 27, 2019 
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Relation of thermodynamic properties  
to Helmholtz energy  

Uncertainties in density are 0.1% 

Uncertainties below 50 K in density are  
0.25% at pressures up to 10 MPa 

J. TKACZUK, June 27, 2019 
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Algorithms  

Algorithms employed so far: 

Å Sum of squares: ὛὛὗВ ὧύὢ ὢ  with constrains and points weights 

Å Complex marching algorithm ς no success so far  

ÅThe first algorithm is more successful (so far) 

 

Institutes and universities developing the EoS: 

ÅNIST Boulder, U.S. 

ÅRuhr-Universitat Bochum, Germany 

ÅKyushu Sangy University, Japan 

ÅhǘƘŜǊǎΚ b¢b¦Σ YL¢Σ ΧΚ 

J. TKACZUK, June 27, 2019 
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On the way to the HEoS  mixture model  

(My) methodology 

ÅObtain good VLE model 

Å Assess the credibility of all datasets / each diverging experimental point 

Å Fit the reducing parameters and the excess function 

 

 

ÅConstrain the fugacity coefficients at the phase envelope 

ÅFit the densities 

ÅFit the speed of sound (if available) 

ÅConstrain the derivatives 

J. TKACZUK, June 27, 2019 
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Phase envelope  

Closed or open - is there a LLE or just the VLE? 

3.4 8.5 24.3 29.0 Ὕ ȾὝ  

J. TKACZUK, June 27, 2019 
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Statistical Associating Fluid Theory (SAFT)  

Interaction potential between two species: 

potential depth 

distance between  
the spherical segments 

segment 
diameter 

1st, 2nd and 3rd order perturbation terms 
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Hard sphere diameter of a segment: 

J. TKACZUK, June 27, 2019 
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