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Abstract. Currently, in most regions of the Russian Federation low-capacity heating boiler
rooms are being in use. They are equipped with domestic cast-iron boilers which service life
exceed 25 years. As a result, the used burner equipment and automatics are morally and
physically obsolete and not responding the modern requirements of the Federal Law "On Heat
Supply" adopted on 10th August 2017 to reform the thermal power industry with the aim of
enhancing the energy, ecologic and economic performance of equipment. In conditions of
active search for reserves of fuel and energy economy resources research connected with the
use of cast iron boilers of low power is essential. Low-capacity boiler rooms are widely used as
a source of thermal energy for industrial enterprises and residential sector, as well as for
reconstruction of historic areas of major cities. The current direction of the research is
benchmarking of all characteristics of the operation of cast-iron heating boilers of domestic
production after technical re-equipment using modern equipment and instrumentation with
foreign production which is widely used in our country. The result of the research work is the
development of recommendations for improving the energy efficiency of low-capacity boiler
rooms.

1. Introduction

Cast iron heating boilers are being used for over 150 years. Cast iron boilers are in high demand even
nowadays because of their benefits above their direct competitors — steel boilers.

Advantages of cast iron boilers are:

—cast iron boilers consist of sections. Boiler can be easily collected and disassembled on

sections, moved and repaired if needed.

— cast iron has high corrosive resistance. During the exploitation walls of cast iron boiler are covering
with the layer of «dry rust», which does not allow corrosion to permeate deep into material. At mostly,
electrochemical and wet corrosion destroy those parts of boiler, at which temperature of the boilers
wall can be below temperature of dewpoint temperature.

Most often, such corrosion occurs in the furnace of the boiler when condensate falls out on the
walls, which is formed by the interaction of flue gases with the wall of the boiler, the temperature of
which is below the temperature of the gases while condensate contains various aggressive salts and
acids.

Disadvantages of cast iron boilers:

— large mass of the boiler as compared to a steel boiler of the same capacity.
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—the need for competent personnel who operates precisely with cast iron boilers that have many
conditions and limitations which must be observed. otherwise it will damage or rupture the boiler. For
example, you can not fill in cast iron boilers with cold water.

—the difficulty of performing a technically competent passport piping of the boiler.
— low boiler efficiency.

Despite the difficulties in the operation of cast-iron boilers they are still widely used in heat power
engineering of various levels. This is also a small heat power engineering aimed at preparing low-
power thermal energy for private consumers and heat-and-power engineering related to the provision
of thermal power for entire cities from CHP and TPP.

2. The possibility of using cast iron boiler with a large service life

The source of heat supply in small regional cities and urban-type settlements is the thermal power
station and boiler houses in which sectional cast-iron boilers with low efficiency are used to generate
heat carrier for heating purposes.

It is possible to increase the efficiency of cast-iron boilers by studying and identifying the boiler
operation schedule at maximum power and identifying the efficiency that corresponds to these
operating modes. Such an increase in the efficiency of work can only be achieved by solving
organizational problems even without additional capital investments. Another way to improve the
efficiency of the boiler equipment is connected with the replacement of morally and physically
obsolete burner equipment and automation of the boiler unit with modern equipment which meet all
modern requirements of reliability and durability of work. This method requires significant financial
investments which can not always be provided by owners of small heating boilers.

The solution of the problem of increasing the efficiency of cast iron sectional boilers without their
replacement can be achieved by inexpensive but effective technical re-equipment of the burner
equipment, which is reduced to the use of the domestic development of the modernized design of a
horizontal low-pressure (low-pressure) burner with forced air supply and complex automatic control
and security. [7]. Such a solution will allow to operate domestic cast iron sectional boilers for a long
time without their replacement and to increase the efficiency of the boiler in the long-term industrial
mode by 15-16%, therefore, it is up-to-date and meeting the modern requirements of the Federal Law
"On Heat Supply", adopted on the 10" August 2017 aimed at reforming of power engineering with the
purpose of increasing energy efficiency, ecological compatibility and economic efficiency of
equipment.

The conducted studies of the performance indicators of cast-iron boilers that passed the proposed
modernization revealed high energy efficiency, fuel efficiency and compliance with environmental
requirements (Table 1, 2).

3. Application of modern cast-iron heating boilers.

Modern cast-iron heating boilers of domestic and foreign manufacturers equipped with modern
gas-burning devices already have high efficiency about 91% and a wide range of sizes which allows
using this equipment for various groups of consumers. It is also possible to use not only natural gas
but also liquefied as well as diesel fuel. It is obviously an advantage. Having carried out research as
well as reviews of operating organizations on the performance of cast iron boilers of domestic and
foreign production the following peculiarities were revealed: the impossibility of launching a foreign-
made boiler at low air temperatures (not provided according to the technical certificate), the
complexity of repair and its high cost. At the same time, boilers of domestic manufacturers are
designed for climatic features of Russia, are easier to set up and maintain, are durable and
maintainable. However, the choice of a manufacturer should be based on the characteristics of the
equipment and the operating conditions.

The cost of boiler equipment of foreign manufacturers is 150-200 % higher than the cost of similar
domestic equipment. Currently, this indicator is decisive.
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Table 1. Results of the studying the operation of cast iron sectional heating boilers
before and after the replacement of equipment..

Indicators before replacement of equipment Indicators after replacement of equipment
Efficiency of coefficient of  concentration  Efficiency of  coefficient of  concentration
the boiler excess air, o of nitrogen the boiler excess air, o of nitrogen
plant,% oxides, plant,% oxides,

mg/ m’ mg/ m’
1 2 3 4 5 6
75 1,35-1,75 110-135 91-92 1,10-1,15 90-135

Table 2. Indicators of economic efficiency proposed upgrading of equipment.

Savings of natural gas on the The cost of
Energy Saving average boiler Tfor th Saving of eilelﬁlsri;i Payback
annual for the 5 .
Proposal nligljril heating season, natural gas thousand period
thousand of m’ roubles
1 2 3 4 5
Modernization of
gas-burning
equipment with 12-15 60 mer S;han 150. 3 years
modern means of °
automation®

4. Conclusion

The conducted studies clearly demonstrate the possibility of further use of cast-iron heating boilers
that have been in operation for a long time after a low-cost upgrade of gas-burning equipment and a
complex of automation. In addition, the performance of modern domestic cast iron boilers is not
inferior to foreign ones and are quite competitive.
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