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ABSTRACT

On the basis of understanding and summarizing the current de-
velopments of finite time thermodynamic theory and it’ s applica-
tions, this book focuses on the studies of finite — time and finite —
size optimal performance of irreversible Carnot — like theoretical cy-
cles and real irreversible engineering cycles using the method of theo-
retical analysis, numerical calculation and experimental observation.
It consists of the following three main parts:

The first part concentrates on the performance optimization of
the heat engine cycles and the heat — engine — like devices. Chapter
2 builds up the models of generalized irreversible Carnot — like single —
and combined — cycle heat engines, investigates the optimal perfor-
mance of the models, and analyzes the effect of heat transfer law on
the performance of the models. The optimal power vs. efficiency
characteristics of the models is a loop — shaped cuve, which is consis-
tent with the real plant performance. The optimal region of the de-
sign and operation parameters of heat engines is determined. This
chapter is the most important theoretical contribution to the study of
finite time thermodynamics. Chapter 3 studies the work and/or
power output vs. efficiency characteristics of Diesel, Otto and Dual
cycles. Chapter 4 studies the optimal performance of endoreversible
and irreversible simple and regenerated closed gas turbine cycles with
constant — and variable — temperature heat reservoirs. The analyti-
cal expressions of power and efficieny are derived. It is found that
the power vs. efficiency characteristics of the real cycles is also a

loop — shaped curve, and that the regeneration affects the power of
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the closed gas turbine cycle. This is the most important contribution
to the engineering cycle analyses of finite time thermodynamics.
Chapter 5 concerns to the optimization of the single — and combined —
cycle chemical engines and the fluid flow power converters. With
the considerations of mass leak, the power vs. efficiency characteris-
tics of the two devices is also a loop - shaped curve. A new idea of
extending the finite time thermodynamics to the generalized thermo-
dynamic processes is provided.

The second part concentrates on the performance optimization
of the refrigeration cycles. Chapter 6 builds up the models of general-
izéd irreversible Carnot — like single — and combined — cycle refrigera-
tors, investigates the optimal performance of the models, and ana-
lyzes the effect of heat transfer law on the performance of the mode-
Is. The optimal cooling load vs. COP characteristics of the models is
consistent with the experimental results provided by references.
Chapter 7 studies the optimal performance of simple — and regener-
ated air — refrigeration cycles, derives the analytical expressions of
the cooling load and COP. The performance characteristics are con-
sistent with the theoretical results of the generalized irreversible
Carnot — like cycles built in this book. The optimal performance of
the real vapour — compression air — conditioner and thermoelectric re-
frigerator are also studied. Chapter 10 reports the experiment results
of the thermoelectric refrigerator, which are consistent with the re-
sults of theoretical analysis.

The third part concentrates on the performance optimization of
the heat pump cycles. Chapter 8 builds up the models of generalized
irreversible Carnot — like single — and combined — cycle heat pumps,
investigates the optimal performance of the models, and analyzes the

effect of heat transfer law on the performance of the models. Chap-
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ter 9 studies the optimal performance of simple — and regenerated air
heat pumps and thermoelectric heat pump, and provides a unified
description of linear phenomenological law system various endor-
eversible cycles using a generalized three — heat — reservoir heat

pump cycle model with a finite high — temperature source.

Key words: heat engine, refrigerator, heat pump, irreversible pro-

cess, finite time thermodynamics, optimal performance
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