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ABSTRACT

Total energy system represents the main development tendency of the contemporary
energy utilization systems. The gas turbine total energy system has drawn warmer
attention and gotten wider application recently. It therefore deserves a comprehensive
analysis concerning its 3E performances and design/off-design performances. In
addition, analytical solutions have their irreplaceable theoretical and practical meaning,
it is worth deriving analytical solutions as more as possible.

The main contents of this thesis include:

1. Preliminary Thermodynamic Analysis of Power System Considering Efficiency,
Economics & Environment

1.1 The Proper Order of Magnitude of Penalty for Pollutant Emission

Imposing penalty to pollutant emission is regarded as one of the effective subsidiary
measures to promote the practice of environmental protection. However, its
effectiveness is dependent on the proper penalty order.

Based on the domestic condition of the Chinese Electrical Industry, the order of
magnitude of penalty for pollutants from the power station is discussed according to the
following two points of view: a) The penalty amount should be equivalent to the
equipment investment for pollution control; b) The penalty amount should be lower
than the pure income of the power station by only 1 to 2 orders of magnitude.

1.2 Preliminary Thermodynamic Analysis of Power System Considering Economic and
Environmental Impacts

A new methodology is presented to introduce economic and environmental impacts into the
gas turbine thermal cycle analyses. It is founded through the preliminary quantitative analyses
that: higher thermal efficiency and pressure ratio may not necessarily be the sensible choice
when COE (Cost of Electricity) is considered to be the optimization target, and even an
optimum temperature ratio exists, especially for the peak load plant. Environmental penalties
can serve as an incentive factor to improve the optimum values, and its influence varies
according to the pollutant charge levels.

1.3 The Evaluation Criteria and Optimization Direction of Renewable Energy Power
Systems

To promote the development of renewable energy power systems, it is pointed out
that appropriate emphasis should be paid on the economic factors in their
commercialization process. The commonly used performance evaluation criteria are
discussed. From the quantified analyses in this paper, it is concluded that to popularize
practicable renewable energy power systems, the first optimization direction is lowering
the specific price per unit useful power output instead of improving efficiency.
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2. The Power System Part-Load Performance Analysis with Analytical Solutions

Most of the power plants often run under off-design situations due to the change of
the load or ambient conditions or both. Particular attention therefore should be given to
the part-load study. However, compared with that of the design point performance, the
understanding of part-load behavior, especially some quantitative rules, is far from
enough because of its complexity.

A new method is proposed for the typical part-load performance prediction of power
system with the analytical solutions. Because of the simplicity and mathematical
precision of analytical solutions, a systematical and thorough analysis can then be made
with them and from which the typical characteristics of part-load performance can be
summarized. Analyses have been made for the part-load performances of constant
rotating speed single shaft gas turbine and its cogeneration, single shaft recuperative gas
turbine, single pressure level HRSG, combined cycle and so forth. For the gas turbine
installation, it is found out that the relative gas turbine efficiency variation can almost
be summarized as a single curve, which is consistent with the practical data.

3.The Analytical Solutions for Engineering Thermophysics Fundamental
Equations
The analytical solutions have very important theoretical meaning, besides, they also
can be used as the standard solutions to check numerical solutions and develop skills of
various numerical computational methods.
The analytical solutions derived in this paper include:
+ Analytical solution for dynamic mathematical model of evaporating heat
surface in supercritical pressure boilers
+ Explicit analytical solutions of unsteady temperature field in steam turbine
rotor with center hole
+ An explicit analytical solution of the partial differential equation set describing
transient heat conduction in mixed two phase materials
+ Explicit analytical solutions of non-Fourier heat conduction equation for IC
chip
+ One-dimensional algebraic explicit analytical solutions of unsteady non-
Fourier heat conduction in a sphere
+ Unsteady one-dimensional analytical solutions for bioheat transfer equations

Key Words: Gas Turbine, Combined Cycle, Efficiency, Economics, Environment,
Part-load performance, Analytical solution
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