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Abstract

The high thermal efficiency of the gas turbine combined cycle power units
(GTCC) typically necessitates their use to cover the basic part of a load of electrical
systems. Designed for this purpose, GTCC units are not adapted to day-to-day power
regulation, which is a topical task for many electrical systems.

The paper aimed at the creation and exploration of effective methods to expand
the regulative range of combined cycle power units, which is a key issue in their
maneuverability improvement. In the work process, the maneuverability of the power
units along with their technical capabilities is determined by the operation of the
equipment power control and regulation systems, which is carried out according to
predefined algorithms.

The main problem of the combined cycle power unit at the time is the deep
unloading while maintaining the equipment in progress (shutdown free). For example,
in power units where several gas turbines and heat recovery steam generators (HRSG)
are connected to a single steam turbine, unloading is possible by switching off one of
the gas turbines and the coupled HRSG. But, if it is necessary to keep all the units
online due to their durability requirements (especially when working in unstable
electrical systems), the power unit is unloaded by reducing the capacity of the gas
turbines. Significant unloading is not possible in this way, as the combined cycle
power unit control system does not take into account the regulation of the temperature
of the exhaust gases, which would protect the HRSG's surfaces from overheating
during deep unloading. When designing new combined cycle power units, increased
requirements for their maneuverability should be taken into account, which is
extremely relevant for modern thermal power plants.

The paper is dedicated to the current tasks of expanding the range of regulation of
combined cycle power units. Based on the gas and steam cycles analysis, as well as on
the analysis of the Heat Recovery Steam Generator Thermal Efficiency, the main
factors affecting the efficiency of the combined cycle units are revealed.

The possibility of deep unloading of gas turbines by the qualitative method has
been identified, which significantly increases the regulation range of combined cycle
power units without a sharp deterioration of its efficiency.

A new method of deep unloading is proposed, which provides a combination of
quantitative and qualitative methods of regulation for a different load range of the
power unit.

The possibility of efficient use of combined cycle power units in the daily load
regulation of electrical systems by using the proposed unloading method is justified,
which significantly increases the commercial attractiveness of this type of power unit.

The study uses standard methods of analysis of power plant operating conditions
and indicators: analysis of load change and periodicity statistics; Analytical method of
thermal efficiency assessment; Method of modeling and computational simulation.
Studies have identified the reasons for the limitation of operating modes and
regulation range of combined cycle power units, which minimize the possibility of its
use in the grid power day-to-day regulation. Based on cause analysis and
computational research, the possibility of increasing the regulation range of the
combined cycle power unit and a new method of power control to realize this
possibility have been identified and proposed. The results obtained in the research can
be used to improve the control and regulation system of gas turbine units, for its direct
implementation (in agreement with the manufacturers) in thermal power plants, as
well as methodological material for researchers of indicators and operating modes.
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