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Preface

Energy saving is the basic national policy for the sustainable development of
China’s national economy, and the implementation of various energy-saving methods
and measures in engineering needs advanced energy-saving theory to provide
guidelines urgently. On the basis of understanding current various thermodynamic
optimization theories and summarizing the previous research results, this book
investigates the dynamic optimization problems of various generalized flow (including
heat flow, mass flow, electric current, commodity flow and so on) transfer processes
with the idea of generalized thermodynamic optimization theory. Thermodynamics,
heat and mass transfer, fluid mechanics, chemical reaction kinetics, electricity,
economics and optimal control theory are combined with each other in this book. The
optimal configurations of irreversible processes such as heat transfer processes, mass
transfer processes, capacitor charging processes and power battery circuits, and
resource exchange processes are analyzed and investigated. New optimization criteria
for various irreversible processes are obtained. Besides, establishments of unified
physical models of generalized thermodynamic processes are explored, unified
optimization methods are searched, generalized optimization results and research
conclusions are obtained, and the related results obtained in previous literatures are
special cases of those obtained in this book. It contributes to the systematic
development and perfection of thermodynamic optimization theory, and can provide
scientific bases and theoretical guidelines for optimal designs and operations of various
transport processes and practical devices.

It consists of the following five parts:

The first part concentrates on the dynamic optimization problems of irreversible
heat transfer processes. Chapter 2 investigates entropy generation minimization and
thermal entransy dissipation minimization of generalized law [ g oc A(T")" ] heat

transfer processes with and without heat leakage by combining finite-time
thermodynamics and thermal entransy dissipation extermum principle, derives the
optimal relationships between hot- and cold-fluid temperatures, and determines
optimization criteria of heat transfer processes with various heat transfer laws and two
different optimization objectives. Besides, entransy dissipation minimization of
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liquid-solid phase change process is also investigated.

The second part concentrates on the dynamic optimization problems of
irreversible mass transfer processes. Chapter 3 investigates entropy generation
minimization and mass entransy dissipation minimization of generalized law
isothermal throttling, one-way isothermal mass transfer without and with mass leakage,
two-way isothermal equimolar mass transfer and isothermal crystallization, derives
optimal relationships of pressure, concentration and chemical potential between the
two sides of the mass transfer processes mentioned above, and determines optimization
criteria of the mass transfer processes with various mass transfer laws and two different
optimization objectives.

The third part concentrates on the dynamic optimization problems of irreversible
capacitor charging processes and power battery circuits. Chapter 4 first investigates
Joule-heat dissiaption minimization of nonlinear capacitor charging processes in simple
RC circuit, RC and LRC circuits with by-pass resistors, and determines optimization
criteria of nonlinear capacitor charging processes in different circuit models. Then the
maximum work output of a power primary-battery circuit with internal dissipation and
the nonlinear capacitance is also investigated. It determines the optimal performance
limit of the battery with the nonlinear capacitance. Finally, the maximum work output
and the maximum profit of well-stirred and diffusive flow fuel cells with the
generalized chemical reaction aA + bBB—— xX + yY are investigated. It determines
the optimal performance limits of a class of fuel cells with the complex chemical
reaction. Chapter 7 reports the experimental results of capacitor charging processes in
the RC circuit, and real voltage profiles of the resistor for different charging strategies
are consistent with the corresponding results of theoretical analyses.

The fourth part concentrates on the dynamic optimization problems of irreversible
resource exchange processes. Chapter 5 investigates capital dissipation minimization of

generalized law [ n o A(P™) ] resource exchange processes without and with commodity

flow leakage, derives the optimal relationships of commodity prices for the resource
exchange processes, and determines optimization criteria of the resource exchange
processes with various commodity transfer laws.

The fifth part concentrates on the dynamic optimization problems of irreversible
generalized flow transfer processes. On the basis of summarizing and inducing the
reasearch contents from Chapter 2 to Chapter 5, Chapter 6 establishes physical models

of irreversible processes including simple generalized flow transfer process and
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generalized flow transfer process with generalized flow leakage, investigates
generalized dissipation minimization of the processes, explores the unified
optimization methods, and derives the generalized optimization results and research
conclusions. Integration of dynémic optimization research on irreversible processes in
the frame of generalized thermodynamic optimization theory is preliminary realized.

Finally, thanks to the National Natural Science Foundation of China (No.
51576207), which makes the researches on the generalized thermodynamic dynamic
-optimization of irreversible processes have been extended and deepened.

Due to the rush of time, there may be some errors and omissions in this book
inevitably, and it is hoped that the readers will kindly point out them.

Lingen Chen, Shaojun Xia
February 2017
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