
Accepted Manuscript

A volume-based approach to phase equilibrium calculations at pressure and
temperature specifications

Dan Vladimir Nichita

PII: S0378-3812(17)30505-8

DOI: 10.1016/j.fluid.2017.12.021

Reference: FLUID 11694

To appear in: Fluid Phase Equilibria

Received Date: 19 August 2017

Revised Date: 23 November 2017

Accepted Date: 18 December 2017

Please cite this article as: D.V. Nichita, A volume-based approach to phase equilibrium calculations at
pressure and temperature specifications, Fluid Phase Equilibria (2018), doi: 10.1016/j.fluid.2017.12.021.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to
our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.

https://doi.org/10.1016/j.fluid.2017.12.021


M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

 1

A volume-based approach to phase equilibrium calculations at pressure 

and temperature specifications 

 

Dan Vladimir Nichita 1,* 

 
1 CNRS UMR 5150, Laboratoire des Fluides Complexes et leurs Réservoirs, Université de Pau et des Pays de 

l’Adour, B.P. 1155, 64013 Pau Cedex, France 
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Abstract 

 

Phase equilibrium calculations at pressure and temperature specifications, consisting in the 

minimization of the Gibbs free energy with respect to mole numbers, are the most commonly used and 

are well documented in the literature. A very attractive alternative is given by the volume-based 

calculations, in which the volume and mole numbers, which are the natural variables for pressure 

explicit equations of state (EoS) are treated as independent variables; in this case pressure equality is 

an additional equation for each phase and there is no need to solve the EoS for volume. The problem is 

a bound- and linear inequality-constrained optimization problem; the objective function is a formal 

Gibbs free energy. A major disadvantage is that, unlike in conventional calculations, the successive 

substitution method cannot be used, thus robust modified Newton iterations are required. Using the 

block structure of the Hessian matrix, a link is established between conventional and volume-based 

Newton iterations and it is shown that the latter are inherently slower than the former due to a lower 

implicitness level in the Hessian. A modified Cholesky factorization (to ensure a descent direction) 

and a two-stage line search procedure (ensuring that iterates remain in the feasible domain and the 

objective function is decreasing between two iterations) are used in Newton iterations. Numerical 

experiments carried out on several test mixtures show that two-phase volume-based flashes initialized 

from the ideal equilibrium constants pose systematic convergence problems near phase boundaries, 

while the algorithm is rapid and robust when initial guesses from stability testing are used. The 

proposed algorithm is not dependent on the thermodynamic model and any pressure explicit EoS can 

be used, provided the required partial derivatives are available. 
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