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Possibility of using of thermal pumps at thermal power plants
and heat boiler stations

Annotation. Different diagrams of thermal pumps operation at thermal power plants are considered in
the article. Thus, installation diagrams are considered for thermal pump based on the use of low-grade heat of
turbo-unit lubricating system oil and blow-down water of a steam generator.

Key words: thermal pump, blow-down water of steam generator, low-grade rejected heat, deaerator.

Energy and resource saving is one of the most serious tasks of the 21-st century. The place of our
society in a number of economically developed countries and the standard of living of citizens depends on the
results of solving this problem. Kazakhstan has all of the necessary natural resources and intellectual potential to
solve its energy problems successfully, but the redundancy of fuel and energy resources in our country should
not include the energy waste.

At the present time, both our country and foreign countries place greater focus on the use of secondary
energy resources.

Particular attention was paid to the so-called «rejected heat», which is often used as low-grade heat for
the operation of thermal pumps. In most cases, it is proposed to use the heat of ground, artesian, thermal waters,
rivers, lakes, seas, water and heat supply systems and, less commonly, industrial and treated domestic
wastewater, process water and generally any rejected heat as a low-grade heat source for thermal pumps. For that
matter, a new idea of recycling of heat of blow-down water of steam generator and using it in the deaeration
process has started up.

There is a common method of rejected heat of power plants recycling, carried out by using the heat of
the blow-down water of a steam conversion plant to heat chemically purified water, sent to a deaerator later on
[1, P. 57]. The disadvantage of this method is that the amount of heat transferred to chemically purified water is
small, respectively, the consumption of heating steam (to ensure the saturation temperature of deaerated water) is
large. And, as it is known, the efficiency of the deaerator depends significantly on the temperature supplied for
deaeration of water, and the higher it is, the more efficient the deaeration process is.

The technical result of the proposed method is the effective use of a source of low potential heat - blow-
down water for the implementation of the deaeration process.

This is achieved due to the known method of recycling of rejected heat of blow-down water of the
steam generator by transferring heat from the water to the heated substance in the utilizer, when it is proposed to
use a thermal pump as a utilizer, and chemically purified (additional) water exposed as a heated substance
further to the deaeration process.

The installation diagram for recycling of rejected heat of the steam generator of blow-down water using
this method is shown in Figure 1.

The installation of recycling of rejected heat of the steam generator of blow-down water consists of a
thermal pump containing an evaporator 1, a compressor 2, driven by a motor 3, a condenser 4, a flow-regulating
valve (throttling valve) 5, interconnected by a piping system 6 for circulating of the thermal pump fluid. A pipe 7
is connected to the evaporator 1, through which the blow-down water of the steam generator 9 is supplied from
the second stage of the continuous blow down separator 8. The pipe 10 serves to drain the cooled blow-down
water into the sewer. In the liquefier 4, the fluid of the thermal pump is cooled by transferring heat to chemically
purified (additional) water located in the pipe 11, which is sent to the deaerator for deaeration process (not
shown in the figure).

The method of heat recycling is as follows: as a result of supplying a low-grade heat source - blow-
down water of the steam generator 9, the boiling fluid of thermal pump occurs through the pipe 7 to the
evaporator 1, as a result of which the blow-down water of the steam generator 9 is cooled and sent through the
pipe 10 down the sewer. The fluid steams of thermal pump is compressed in the compressor 2 with increasing
enthalpy and temperature due to the compression. In the liquefier 4, the heat of the phase transition of the fluid is
transferred to chemically purified water, which is sent as additional water to compensate for internal and external
losses for the deaeration process through pipeline 11. After the liquefier 4, the fluid of thermal pump is throttled
in the flow-regulating valve 5, as a result of which the temperature and pressure decreases to the pressure in the
evaporator and the thermal pump cycle is repeated. The higher the final compression pressure of the compressor,
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the higher the temperature of the fluid of thermal pump, respectively, a greater amount of heat is transferred to
the liquefier of thermal pump with chemically purified water. This increases the temperature of the water
supplied to the deaerator and the efficiency of the deaeration process, reduces the consumption of heating steam.
As a result of using of rejected heat of blow-down water of the steam generator, low-grade heat is
converted into the heat of the additional chemically purified water supplied further to the deaerator. Thus, its
significant preheating is achieved, which allows to reduce the consumption of heating steam to the deaerator.

Steam to Supetheater

Purge watsr | |
—| |

Steam to deasrator

Fead water

. Steam to low
© pressure heater

I\ 11
10
£/
Additional water to the /

dzasrator b

Down the sewage pipes
Figure 1 — Method of recycling of rejected heat of the steam generator

The installation diagram for recycling of rejected heat of turbine oil coolers using the inventive method
is presented in Figure 2.

The installation for recycling of rejected heat of turbine oil coolers using the inventive method consists
of a thermal pump containing an evaporator 1, a compressor 2, driven by an electric motor 3, a liquefier 4, a
flow-regulating valve (throttling valve) 5, interconnected by a piping system 6 for circulating of the thermal
pump fluid. A pipe 7 is connected to the evaporator 1, through which heated oil is supplied from the turbo-unit
lubricating system (not shown in the figure). The pipe 8 serves to drain the cooled oil into the turbo-unit
lubricating system. In the liquefier 4, the fluid of thermal pump is cooled by transferring heat to the blow-down
water circulating in the pipeline 9 of the district heating system.

The method of heat recycling is as follows: as a result of supplying a low-grade heat source — turbo-unit
lubricating system oil through pipeline 7 to evaporator 1, the fluid of thermal pump boils, as a result of which the
oil is cooled and sent through the pipeline 8 to the turbo-unit lubricating system. The fluid steams of the thermal
pump are compressed in the compressor 2 with increasing enthalpy and temperature due to compression. In the
liquefier 4, the heat of the phase transition of the fluid is transferred to the return blow-down water of the
district heating system circulating in the pipeline 9 of the district heating system. After the liquefier 4, the
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working fluid is throttled in the flow-regulating valve 5, as a result, the temperature and the pressure decreases to
the pressure in the evaporator, after which the thermal pump cycle is repeated.

9
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Figure 2 - Installation diagram for recycling of rejected heat of turbine oil coolers using the claimed method

As a result of using of the method of using of rejected heat of turbine oil coolers, the low-grade heat of
the turbo-unit lubricating system oil having a temperature of 55-60 C is transferred to the heat of blow-down
water . Thus, heating of blow-down water to a temperature of 90-100 C, suitable for heat supply, is achieved.

Analysis of the operation of the first industrial thermal pump in the Republic of Kazakhstan, which
operates at Kazzinc JSC on low-potential heat of circulating water [2, P. 26], shows its efficiency, which
suggests the same efficiency of its use in thermal power plants. Thus, it is absolutely necessary to develop work
in this direction with the aim of creating designs of a different series of modern thermal pump units for various
purposes and schemes for using of «rejected» heat in industry with the aim of introducing energy-saving
technologies.

Currently a great attention is paid to the issue of application of the waste heat on thermal power plants.
The certain scheme of thermal power plant [3] is well-known, where the waste-heat recovery of power plants
method is realized by means of recovery of turbine condenser water for heating the condensed water, next
directed into a digasifier. But the disadvantage of this scheme is that the heated medium of heat-pump system
condenser connected with the supply of the main condenser of low - pressure feed-water preheater concurrent to
feed water preheater of the second stage. This allows excluding one of the feed water preheaters, that leads to
temperature and pressure boost on turbine exit which in its turn depraves vacuum environment in the condenser.

The most congenial to the suggested method, which is taken as a prototype, is the waste heat recovery
of turbine condenser water method by means of transferring heat of condensing water in heat exchanger surface
functioning as utilizer, to the air directed on the steam generator for fuel burning. Thereby the heat which
condensing water gets in a condenser while steam condensation returns to the steamers.

But this scheme disadvantage is that while utilization of natural gas in summer period of initial air and
condensing water temperatures are close so much that it decreases the efficiency of the present scheme, i.e.
transferring the heat from warming to heating substance, besides when the heating atmosphere temperature is
about 30 °C the utilization of waste heat in heat exchanger is supposed to be inefficient because of the
irreversibility of heat exchange.

The task on realization the heat process of the air burning by means of utilization of those low grade
heat sources which are present on electric power plants particularly the circulation water of turbine condenser,
was set.

This method is realized by heat removal from circulation water of condenser with the help of heat pump
and it’s transferring to the air burnt in steam generator, with definite equipment application, which is depicted in
Figure 3 and includes the following: 1. heat pump with flash chamber; 2. condenser; 3. choke (regulation valve);



Becmuux Unnosayuonnozo Eepasutickozo ynusepcumema. 2019. Ne 2 ISSN 1729-536X 65

4. Interconnected duct system for circulation of working medium of the heat pump. The flash chamber 1 is
connected to the pipeline 6. from which the circulation water is pumped.

After flash chamber of heat pump the circulation water is pumped into cooler 8, from where it returns to
the condenser. In condenser 3 heat pump of the working medium is cooled by transferring heat to the air which
delivers to burning in burner 9 of steam generator 10. The generated steam in steam generator 10 delivers to
turbine 11 where it extends and after completing its work goes for condensation to the condenser 7.
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Figure 3 — Basic circuit of heat pump switching on at CHP by utilizing the rejected heat of circulation water

As a result of low grade heat source intake that is circulation water of condenser 7 over the pipeline 6 to
the flash chamber 1 the working medium of heat pump is boiled, resulting in circulation water cooling and
directing to cooler 8, after which it returns to the condenser 7. The heat pump working medium steam is
compressed in condenser 2 with enthalpy and temperature increasing by means of compression. The heat of
working medium transformation is transferred to the air in condenser 3; the air is directed further for fuel
burning in burner 9 of steam generator 10. After condenser 3 the working medium of heat pump restricts the
flow in regulation valve 4 as a consequence the temperature and pressure are reducing to pressure in flash
chamber and the heat pump cycle repeats. Due to the fuel burnout the steam is generated in steam generator 10
and transferred into turbine 11. The steam in turbine completes the useful work and after that transfers into
condenser 7.

Consequently the transit of low grade heat circulation water of turbine condenser into the air heat is
completed, and the air is further delivered to the steam generator for burning.

Different methods of recycling of rejected heat from thermal power plants and heat boiler stations, such
as: heat of the blow-down water of the steam generator, a turbo-unit lubricating system oil and circulating water
of the turbine condenser are proposed in the article [4, 5, 6]. Considered methods allow to increase the technical
- economic indicators of enterprises.
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TYHIH

A.IL ITnesako, mexnuxa dscone MexHoI02Uus Macucmpi
Hnnosayusanvix Eepasus ynusepcumemi ([lasnooap xanacel, Kazaxcman Pecnyonuxacor)

KbL1y 2JIeKTp CTAaHUUSVIAPBI MeH Ka3aHABIKTAPAA KbLJY COPFbLIAPBIH NAalJalaHy MYMKIHIITL

Ocbl  Maganada 31eKmpaiK JICHLIYAbIK, CMAHYUAIAPOA 2P MYPAi JHCHLLY COPSLLIAPOLIY KOLOAHY
cxemanapvl Kapacmulpvligan. Tomen nomeHyudiobl MaAil JHCOLIYbIHLIY KOAOAHBILLYbL, MYypOO2eHepamopobly
maiaay acytienepi, Oy eenepamopovly ypien masanay cy dcyenepi oculiatiuua KopcemineeH.

Kinm ce30ep: oicoiny copevicvl, Oy eenepamopvli mazapmamsli Cy, MOMeH NOMEHYUAIObl JiCbLY
menuepi, 0easpamop.

PE3IOME

AL Ilhesaxo, mazucmp mexHuKu u mexHoI02uu
Hnnosayuonnwiii Espasutickuti ynusepcumem (2. Ilasnooap, Pecnybnuxa Kazaxcman)

Bosmoscnocms ucnonvzoearnus mennoewvix nHacocoe na TAC u komenvHblx

B cmamve paccmampusaromca pasiuunvie cxemvl padomvl MeniogblX HACOCO8 HA MENI08blx
anexkmpocmanyuax. Tax, npugooamcs cxemvl YCMAHOBKU MENI08020 HACOCA, OCHOBAHHbIE HA UCHOIb30SAHUU
HUZKOCOPOCHO20 MENaa MACAA CUCIeMbl CMA3KY Mypboazpezama u npoo0y8oyHoll 600bl NApoceHepamopa.

Kniwouesvie cnosa: mennosoii nacoc, npooysoumas 600a NaApoOeHepamopd, HU3KONOMEHYUATbHOEe
copocHoe menio, dea’spamop.



