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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 energy
(including work, thermal energy, chemical energy, capitals and so on) conversion
cycles with the idea of generalized thermodynamic optimization theory.
Thermodynamics, heat and mass transfer, fluid mechanics, chemical reaction kinetics,
economics and optimal control theory are combined with each other in this book. The
optimal configurations of irreversible cycles such as theoretical thermodynamic cycles,
theoretical chemical cycles, engineering thermodynamic and chemical cycles, and
commercial engines are analyzed and investigated. New configurations of various
irreversible cycles are derived. Besides, establishments of unified physical models of
generalized thermodynamic cycles 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 energy conversion systems
and practical devices.

It consists of the following two parts:

The first part concentrates on the dynamic optimization problems of irreversible
theoretical thermodynamic cycles. Chapter 2 investigates optimal cycle configurations
of endereversible heat engines with contant-temperature heat reservoirs and genealized
radiative heat transfer law[ g oc A(T") ], three different cases including the maximum

power optimization without constraint of compression ratio, the maximum power
optimizaiton with fixed commpression ratio and the maximum efficiency optimizaiton

with fixed input energy are considered, and effects of changes of heat conductivity,
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compression ratio and input energy on the optimal cycle configurations of the heat
engines are also indicated. Under the conditions of both generalized
finite-thermal-capacity reservoir models and generalized heat transfer laws, Chapter 3
investigates the optimal cycle configurations of heat engines with maximum work
output of a two-finite-reservoir endoreversible heat engine and a finite high-
temperature-reservoir irreversible heat engine with heat resistance and heat leakage,
and indicates the effects of thermal capacity characteristics of heat reservoirs, heat
transfer laws and heat leakage on optimal cycle configurations and optimal
performances of the theoretical heat engines. Chapter 4 investigates the maximum
power and maximum efficiency of irreversible non-regeneration heat engines with a
non-uniform working fluid and linear phenomenological heat transfer law
[goc AC(T™") ], and further investigates the maximum power and efficiency of a heat

engine with the non-uniform working fluid by considering that heat transfer and
combustion obey the linear phenomenological heat transfer law and a generalized
chemical reaction rate equation, respectively, determines optimal performance limits of
a class of heat engines with the non-uniform working fluid and the linear
phenomenological heat transfer law. Chapter 5 investigates the extreme power of
multistage irreversible Carnot heat engine and Carnot heat pump systems with the
generalized heat transfer law [ g o A(7")" ] by applying Hamilton-Jacobi-Bellman
(HJB) theory. Analytical solutions for Newtonian and linear phenomenological heat
transfer laws are obtained, and numerical solutions for the other heat transfer laws are
obtained by using the method of dynamic programming. Some new results such as
“there is an optimal final temperature of the high-temperature fluid for the power
output of the multistage heat engine system to achieve its maximum value” are also
obtained, and the optimal performance limits of multistage forward and reverse
thermodynamic cycle systems with different heat transfer laws are determined.

The second part concentrates on the dynamic optimization problems of
irreversible theoretical chemical cycles. Chapter 6 investigates optimal cycle
configurations of chemical engines, including the maximum work output of finite-
potential-reservoir isothermal endoreversible chemical engine, isothermal irreversible
chemical engine with mass resistance and mass leakage, and non-isothermal
endoreversible chemical engine. It indicates effects of potential capacity characteristics
of mass reservoirs, mass transfer laws, mass leakage and non-isothermal mass transfer

on the optimal cycle configurations and optimal performances of the chemical engines.
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Besides, the maximum power output of a multi-reservoir isothermal endoreversible
chemical engine is also investigated. Chapter 7 investigates the extreme power of
multistage isothermal irreversible chemical engine and endoreversible chemical pump

systems by applying HIB theory, and derives analytical solutions of the optimization
problems with linear mass transfer law [ g oc A(x) ]. Besides, numerical solutions of the

optimization problems with diffusive mass transfer law [ g o« A(c) ] are also obtained

by applying the dynamic programming method, and the optimal performance limits of
multistage isothermal forward and reverse chemical cycle systems with different mass
transfer laws are determined. Chapter 8 investigates the maximum power output of
single-stage  non-isothermal irreversible chemical engines and multistage
non-isothermal irreversible chemical engine systems by considering heat and mass
transfer obeying Lewis similarity criterion and Onsager equations in linear irreversible
thermodynamics, respectively. It determines the optimal performance limits of
multistage non-isothermal chemical engine systems with different coupling conditions
of heat and mass transfer.

During the writing process of this book, the Ph. doctoral dissertations of
Hangjiang Song, Kang Ma, Jun Li and Yanli Ge in the research group of the authours
of the book were consulted. They have made important contributions to the research of
generalized thermodynamic dynamic-optimization of irreversible cycles, and the
authors herein express the sincere gratitude for their hard work and creative
contributions.

Finally, thanks to the support of 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
August 2017
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