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Abstract

Modern heat-generator is a complex and important aggregate with many
interconnected items equipped with various measuring-control devices, automated
protection and control systems.

Keeping of nominal exploitation modes is compulsory for steam generators by
considering of which calculation of quality of applied materials, connections of
private items and working parameters of attaching constructions take place at
projection stage.

Effective and safe operation of heat generators is possible in the conditions of
their qualified service only in full compliance with exploitation rules. Failure to keep
the rules may become a ground of breakdowns and damage of aggregates that may
cause traumas of human, victim and great material loss.

Operation of heat generators under safe and economic mode needs keeping of
various interdependent physical and mechanical parameters in required limiting lines.
Characteristic parameters may be changed at exploitation of aggregates that causes
transition of operation from static mode to transient regime. Static modes of operation
have been studied very well while description and analysis of transitional modes of
heat generators is still actual.

Method of systemic analysis has been used in the work as a method of
research, according to which the system of examination — heat generator is considered
as a united (whole) system consisting of sub-systems — furnace unit, steam
superheater, water economizer, air heater, deaerator, knot of feed pumps as well as
items — cylinder, screen pipes, water-wall tubes, headers, different control-measuring
devices, protective device and alarm equipments and etc. Such approach of research is
oriented on the analysis of operation of constitute individual devices via
dismembering the system in units provided that the conception of heat generator as the
whole system has been provided. The results of this approach adequately reflect the
complex processes running in heat generators. That has been acknowledged in the
results of the work concerning the mathematical modeling of transitional processes in
steam boiler drum and economizer.

One of the important knots of heat generator is water economizer —subsystem

that comprises the units: finned pipes of economizer cast iron, manometer, protective
devices, thermometers, bolts, sliding dampers. Regular operation of the above units
largely determines efficiency and safe exploitation of whole aggregate. According to
project data, water temperature (subcooling) out from the economizer of “non-boiler”
type should not be less than 20-30°C to compare with the temperature in boiler drum.
Accordingly, examination of transient regimes of economizer is actual.
In order to describe transient regimes of water economizer, computation formula of
variation of water temperature outing from economizer from time to time has been
made via mathematical modeling of the process, which has got an image of exponent.
“Troubles” of static processes have been caused by variations of carbon gases and
water temperature in economizer.

The important knot of heat generator is cylinder (subsystem) that comprises
the units: water-wall pipes, headers, turbo-steam equipments, manometers, protective
valves, water level measurers. Variations of water level and pressure in the cylinder
are admitted in static regime in strictly determined permissible limiting lines.

In order to describe transient regimes of the boiler drum operation through
mathematical modeling of the process, computation formula of pressure variation has
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been adopted in accordance with variations in time of “Troubles” — fuel efficiency and
feed water temperature.

Combustion system as heat generator sub-system has been discussed in the
work with preparatory elements of fuel to be delivered (solid, fluid and gaseous) to
combustor. Concentrations of explosive gases and measures of avoiding possible
explosions have been analyzed.

Failures of water level showing devices have been examined: showing glass is
overfilled with water; water level is somewhat higher than norm; pacific level; slight
fluctuation of level; “leakage” of water or steam from the device; breakdown of
showing glass. Reasons of damage and appropriate prophylactic arrangements have
been analyzed.

Failures of protective valves have been examined: safety valve fails to open; it
opens with delay; opens very early. Differentiation of many reasons of failure has
been made and appropriate prophylactic measures have been planned.

The service staff of heat generators should thoroughly know presumable
reasons of breakdowns of heat generators and their devices, conditions of eradication
of accidents and ways of avoiding the breakdowns.

Training-testing questionnaire have been made in order to provide regular and
economic operation of heat generators, which is approved in order to improve
professional qualification of staff serving at Georgian Power Corporation Thermal
Power Plant Ltd.
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