¢! Desalination and Water Treatment
www.deswater.com

1944-3994 / 1944-3986 © 2010 Desalination Publications. All rights reserved.
O doi: 10.5004/dwt.2010.1573

Finite time thermodynamic optimization for heat-driven
binary separation processes

Lingen Chen*, Liwei Shu, Fengrui Sun

Postgraduate School, Naval University of Engineering, Wuhan 430033, P. R. China
Tel. +86 27 83615046, Fax +86 27 83638709; email: Igchenna@yahoo.com and lingenchen@hotmail.com

Received 14 October 2009; Accepted 4 March 2010

21 (2010) 264273
September

ABSTRACT

The performance of heat-driven binary separation processes with linear phenomenological heat
transfer law (g < A(T™)) is optimized by using finite time thermodynamics. Two performance in-
dexes, the dimensionless minimum average entropy production rate and dimensionless minimum
average heat consumption of the heat-driven binary separation processes, are taken as optimization
objectives, respectively. The separation processes are viewed as heat engines which work between
high- and low-temperature reservoirs and produce enthalpy and energy flows out of the system.
The temperatures of the heat reservoirs are assumed to be time- and space-variables. The convex
optimization problem is solved using numerical method, and the average optimal control problem
is solved using Lagrangian function. The major influence factors on the performance of the sepa-
ration process, such as the properties of different materials and various separation requirements
for the separation process, are represented by dimensionless entropy production rate coefficient
and dimensionless enthalpy flow rate coefficient. The dimensionless minimum average entropy
production rate and dimensionless minimum average heat consumption of the heat-driven binary
separation processes are obtained, respectively.
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