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UDC 621.165/621.577 A 20 MW district heating and condensing steam turbine unit (STU), consisting
ANALYSIS of the pa.rts of hzgh medium and low pressure, v'vhich is operated at one of the
CHPPs in Kharkiv, has been analyzed. According to the scheme, steam from

OF THE DISTRICT two district heating recovery regulated extraction units is supplied to two net-
HEATING STEAM work heating units. During the reconstruction of the CHPP, the heaters of the
STU regeneration system were dismantled due to their degradation. It has

TURBINE UNIT AT CHPP been decided to focus on increasing heat recovery at the CHP plant, so no new
BASED ON ENERGY high-pressure heaters were installed. In addition, instead of a cooling tower, it
was decided to use water from the network for hot water supply in the con-

AND EXERGY denser cooling circuit. An analytical review of the thermal scheme of a district
INDICATORS heating STU in terms of energy and exergy indicators is given in the paper,
which allowed to identify elements with high exergy cost, which is an indicator

Andrii O. Mazur of their efficiency. Analytical tables with the exergy parameters of the original
drussmazur@gmail.com scheme element by element and analytical graphs were compiled during the
ORCID: 0000-0003-2864-4943 analysis of the options of the thermal scheme of STU. According to the exergy
L . ) analysis, the highest exergy cost is observed in the energy boiler, but it is
Anatolii Pidhornyi Institute known that it can be reduced by reducing exergy destruction in other elements.
of Power Machines and Systems | Therefore, a network heater that is heated by high-pressure steam from the
of NAS of Ukraine, first medium-pressure part of the first extraction was chosen as the element
2/10, Komunalnykiv str., Kharkiv, with the greatest potential for increasing the efficiency of the STU. Respec-
61046, Ukraine tively, the first network heater, which is heated by low-pressure steam from the

second low-pressure section, is selected as the second element. We also con-
sidered options of the thermal scheme of STU, in which the steam parameters
in the turbine extractions (pressure, flow) were varied. It is shown that with a
decrease in pressure and a decrease in steam flow in the first extraction, as
well as a decrease in steam pressure and an increase in steam flow in the sec-
ond extraction, the cost of exergy flows in network heaters decreases by almost
5%, the exergy efficiency of the STU increases by 2%, and the electrical effi-
ciency of the unit increases by 2.16% compared to the original scheme.

Keywords: exergy, steam turbine unit, exergy cost, efficiency, CHPP.

Introduction

One of the main directions of development of thermal power engineering is to increase the unit ca-
pacity of CHPP equipment. However, the possibilities of its increase, and therefore ones of district heating
turbines, are limited compared to condensing turbines, since the transfer of thermal energy requires greater
costs than the transfer of electrical energy. The unit capacity of a CHPP is determined by the concentration
of heat consumption and the optimal size of the area connected to the CHPP for this concentration, as well as
existing restrictions on environmental protection, site selection, etc.

When designing a power plant, those turbines that are mass-produced are usually chosen:

— for condensing thermal power plants — "K"-type turbines;

— for CHPPs (depending on the type of prevailing heating load), the following options are possible:
when the heating load dominates, condensing "T"-type turbines are installed; when there is an equal amount of
heating and technological load, condensing "PT"-type turbines are installed, and with a stable technological
load of industrial enterprises, backpressure "P"- and "PR"-type turbines are installed; with significant techno-
logical loads of industrial enterprises and large, changing heating loads, it is possible to install all of the above
types of turbines, combined into a CHPP section, which allows for a quick response to changing thermal loads.

The main reasons for the decrease in the efficiency of CHPPs are, firstly, a significant reduction in
electricity generation for heat consumption, and secondly, significant losses in the transportation of coolants
(hot water and process steam).
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At the same time, most operating CHPPs have significant energy efficiency reserves associated with
ensuring internal heating loads. A significant share of these loads falls on water treatment plants, which
replenish both steam and condensate losses from the station cycle and network water from the heating network
pipelines. The main drawback of technologies for ensuring heating loads of water treatment plants used in
CHPPs is the use of high-potential steam extractions as a heating working fluid, which significantly reduces the
share of electricity generation for heat consumption, and therefore, the efficiency of the power plant.

Thus, the determination of energy efficiency reserves and their involvement in the process of
generating heat and electricity to increase the efficiency of CHPPs remains the current problem.

Analytical review of methods for analyzing thermal schemes of steam turbine unit

The production of electric and thermal energy worldwide is currently based mainly on steam turbine
technologies [1-4].

In [2], thermal schemes of steam turbine unit (STU) were analyzed using the traditional technical
and economic analysis method. Rational thermal schemes of STU operating in the condensation mode were
determined. This method can be successfully used in the analysis of schemes that produce one useful prod-
uct, such as electric energy in this case.

In [3], an energy analysis of the main and auxiliary steam turbines of a traditional coal-fired power
plant was performed, as well as an analysis of energy flows from the main turbine cylinders to the conden-
sate/feedwater heaters, which can later be the basis for detailed study and optimization. The energy con-
sumption in thermal schemes of steam turbine plants was analyzed in this paper, but no economic analysis
was performed. As in the previous paper, the generation of electric energy was considered. The same
schemes of condensing STU were the subject of attention in the paper [5], the optimization of circuit solu-
tions is carried out purely according to energy characteristics [6].

It is worth noting that in cases where a cogeneration system is considered, that is, the plant produces
electric and thermal energy, the technical and energy analysis does not take into account the quality of en-
ergy. It is known that the measure of energy quality is exergy. Thus, electric energy is recognized as the en-
ergy of the highest quality, and thermal energy — as of the lowest one [7]. Exergy analysis can be applied to
any system, regardless of its complexity, and is the most effective method for assessing and improving ther-
modynamic efficiency, especially in complex systems. As shown in the paper [7], exergy analysis can stimu-
late and direct creativity, helping in the development of completely new concepts of energy conversion.

In addition, using exergy analysis, it is possible to assess the efficiency of energy conversion processes
not only on the basis of thermodynamics, but also taking into account economic and environmental aspects and
the impact of the processes under study [8]. This comprehensive approach to the use of energy resources has
the definition of sustainable ways of using energy resources as one of the most important features [9].

There are also modern pinch analysis methods in combination with the exergy method for optimizing
the STU regeneration system, which allows finding the parameters of the system with minimal costs [10].

The purpose of this paper is to analyze the thermal scheme of the district heating STU as part of the
CHPP using traditional energy and modern exergy methods in developing proposals for increasing efficiency
and its further modernization. The main objective of the study is to determine the rational parameters of
steam in the turbine extractions used for district heating.

Characteristics of the thermal scheme of condensing STU installed at one of the CHPPs in Kharkiv

The schematic thermal diagram of the district heating and condensing PT-20-2.9/1.0 with a capacity of
20 MW, which consists of the part of a high (HPP), medium (MPP) and low pressure (LPP), is shown in Fig. 1.
Heat release is carried out as follows: steam from two regulated district heating extractions is supplied to two
network heating installations (NH1, NH2). During peak load times, hot water for heating is heated in a peak
water-heating boiler (not marked on the diagram).

The regeneration system consists of two deaerators — low (LPD) and high pressure (HPD). The connec-
tion type is cascade (without the use of drainage pumps). The first steam extraction from the CHPP is mainly
sent to NH2, but some of it is fed to HPD. During the reconstruction of the CHPP, the heaters of the STU re-
generation system were dismantled due to their malfunction. It has been decided at the CHPP to focus on in-
creasing the heat transfer, so the high and low pressure heaters were not replaced. In addition, it was decided to
cool the condenser instead of the cooling tower with water from the network that goes to hot water supply.
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Factory data for the PT-20-
2.9/1.0 turbine is presented below.

Electric power N, =20 MW.

The initial steam parameters
are as follows: the steam pressure at
the inlet to the HPP P; is 2844 kPa;
the temperature is 7;=400 °C.

In HPD, the pressure is
456 kPa, in LPD — 122 kPa.

Estimated values of internal
relative efficiency by compartments:
Nor7=93%, Mo =93%, Noi™" ' =92%.

Isentropic  efficiency  of
pumps 1, =85%.

Steam consumption per tur-
bine in nominal mode D;=44.4 kg/s.

Steam consumption in the
first extraction D;=8.33 kg/s, in the
second one — Dg=33.4 kg/s.

To determine the steam and
water consumption, the material and
heat balance equations [3] are solved
according to the scheme (Fig. 1).

The main technical parame-
ters of the PT-20-2.9/1.0 turbine are
also shown in Table 1.

Taking into account the
throttling of steam in the regulating
bodies of the HPP, the steam pres-
sure at the inlet to the flow part is
determined by the formula

Py=P, """ =2844-0.95=2702 kPa,
where nthHPP is the coefficient deter-
mining pressure loss during steam
throttling.

We also take into account
pressure losses (5%) when throttling
steam at the inlet to the LPP and
condenser. The steam pressure at the
inlet to NH1 and NH2 is taken equal
to the steam pressure in the extrac-
tions, pressure losses are not taken
into account, just like the steam mass
losses in the STU.

The pressure and enthalpy of
steam in the extractions are shown in
Fig. 2 and in Table 2.

The mechanical power (ideal
and real) of the HPP is defined as

N =D1'(h1_h2),

where /4 is the steam enthalpy.
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Fig. 1. Thermal scheme of a 20 MW STU:
EB — energy boiler; FP, DP, CP — feed, drainage, condensate pumps;
HWS — hot water supply; SV — stop valve; EG — electric generator;
C — condenser

Table 1. Main technical parameters of the PT-20-2,9/1,0 turbine

Parameter Specification
Steam distribution type nozzle
Turbine design HPP+MPP+LPP
Number of stages (total), pcs.: 11
— HPP, pcs. 4
— MPP, pcs. 4
— LPP, pcs. 3
Nominal speed, Hz 50
Number of steam extractions, pcs. 2
— of which are adjustable, pcs. 2
Adjustable production steam extraction:
— nominal pressure, kPa 1231.7
— pressure change range, kPa 980.7-1232.0
Heating steam extraction:
— nominal pressure, kPa 294.0
— pressure change range, kPa 245.2-392.3
LPP exhaust area, m” 0.764
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Fig. 2. Steam expansion process in a turbine
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The steam enthalpy /5 is derived from the equation
HPP _ h—h
” hl - h2is ‘

From Fig. 2 it is seen that the enthalpy /,; for an ideal isentropic process is determined for the pa-
rameters of the pair P, T at the entropy of s1=s.

By analogy, the parameters of the pair for the LPP are determined.

The thermodynamic parameters at the points of the thermal scheme and the mass flow rates of the
working fluid are shown in Table 2. The internal efficiency of the cycle 1, and the efficiency coefficient of
the initial thermal scheme of the STU ny,;, taking into account the products in the form of electrical energy,
thermal energy for heating and hot water supply (HWS) are shown in Table 3.

Table 2. Steam consumption and its parameters at cycle points (Fig. 1) of the initial thermal scheme of the STU
(P~=1232 kPa, G;=8.33 kg/s, P~294 kPa, G;=33.4 kg/s)

Parameters
Steam/water flow name Points | Enthalpy Entropy Temperature | Pressure | Steam flow
i, kJ/K s, kJ/(kg'K) T, °C P, kPa D, kg/s
Acute steam at the outlet of the EB 0 3233.0 6.9490 400.00 2844.00 44 .40
Steam admission in the HPP 1 3233.0 6.9710 398.90 2702.00 44 .40
Exhaust of the HPP 2 3115.0 6.9860 337.80 1729.00 44.40
Steam admission in the MPP 3 3115.0 7.0090 336.90 1643.00 44 .40
Steam in the 1st extraction 4 3045.0 7.0180 300.20 1232.00 8.33
Exhaust of the MPP 5 2934.0 7.0340 242.30 755.00 36.07
Steam admission in the LPP 6 2934.0 7.0570 241.60 717.30 36.07
Steam in the 2nd extraction 7 2763.0 7.0930 150.90 294.00 33.30
Exhaust of the LPP 8 2400.0 7.1860 64.95 25.00 2.77
Steam admission in the condenser 9 2400.0 7.2080 63.81 23.75 2.77
Condensate at the outlet of the condenser 10 267.1 0.8787 63.81 23.75 2.77
Feed water after the CP 11 267.2 0.8788 63.82 122.00 2.77
At the outlet of the LPD 12 536.2 1.6170 105.30 122.00 2.77
Feed water after the DP 13 536.6 1.6100 127.70 456.00 36.07
Feed water at the outlet of the HPD 14 625.6 1.8260 148.40 456.00 44.40
Feed water at the inlet of the EB 15 628.9 1.8270 148.80 2994.00 44 .40
Saturated steam in the NH1 7" 2764.0 6.7000 165.90 717.30 33.30
Condensate after the NH1 7' 701.6 1.0070 165.90 717.30 33.30
Saturated steam in the NH2 4" 2794.0 6.4110 202.70 1643.00 8.33
Condensate after the NH2 4 864.4 3.1320 202.70 1643.00 8.33
Table 3. Energy characteristics of the initial thermal scheme of the STU
Power N, MW Heat 0, MW EllechtTrlljc ﬁf\v;er Cycle efficiency | STU efficiency
> 0 0,
HPP | MPP | LPP | CP+DP+FP EB NHI+NH2 | C(HWS) EG M %o Nunits Y0
524 | 7.11 | 717 0.16 115.62 86.81 591 19.36 16.75 96.94

However, for a more accurate calculation of the electrical efficiency (net), the following losses
should be taken into account:

MNnet =MEB "M "M " MNEeG >
where ngp is the efficiency, which takes into account losses in the energy boiler (0.98); 1; is the internal effi-
ciency; My, is the mechanical efficiency, which takes into account losses in the bearings and in the drive of
the oil pump of the turbine unit (0.995); ngg is the efficiency of the electric generator (0.98).
In this case, for the thermal scheme of the STU n, will be 16%, and when calculating the efficiency

of the district heating STU, the thermal efficiency of heat exchangers (HE) (0.95) should also be taken into

account. Then My’ = Npy Ny Min NG * N =88%.

The energy analysis of the STU showed that the presented thermal scheme still has a low electrical
efficiency (net). In view of this, an exergy analysis must be carried out to identify the elements that need to
be modernized.
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To study the interaction of the components of exergy losses in the elements of the STU, it is necessary
to use the basic equations of the theory of exergy value [11]. Each thermoeconomic model of the system is
based on the equation of the exergy balance, which is written for the elements of the thermodynamic system as

ZE;m - ZE;Xit =Ep—Ep,
or when distributing exergy flows entering the k-th element E™ and exiting from it £, according to the
qualitative characteristic of "fuel" and "product", as
Fe—B =Ep +Ey,
where F} is the is the exergy flow, which is the "fuel” for the element by its functional characteristic; P; is the

"product" of the element; Ep; is the destruction of exergy in the element; E;; is the unused exergy flow, in-
cluding the one that leaves the system through the dissipative element (condenser).

e ol The exeégies O.f tfée ﬂ(;‘“ﬁ entering and leaving | 74p/e 4. Exergy parameters of the initial thermal scheme
the element are determined as tollows of the STU
E; = Di[(l = hy) =Ty (s; = 5)], Fuel Product Destruction
where 4, s; is the enthalpy and entropy of the flow; D; Element F,MW | P,MW | ofexergy £p, MW
is the mass flow rate of the working substance of the EB 124.300 53.530 70.770
cycle (air, flue gases); Ty, hq, so is the temperature in | | HPP 0-2 5.695 5.242 0.453
Kelvin, enthalpy and entropy of the substance at ambi- | | MPP 24 3.523 3.132 0.391
ent temperature and pressure. MPP 4-5 4.143 3.984 0.159
The results of calculations of the exergy char- LPP 5-7 6.744 6.169 0.575
acteristics of the thermal scheme of the STU are given LPP7-8 1.078 1.007 0.071
in Table 4 and Fig. 3. The "fuel" of the turbine was ¢ L135 1.064 0.071
defined as the exergy flow at the inlet to the HPP/LPP L(Iil;) 0‘003025? 0’0030‘2‘32 0'801020340
minus the exergy flow at the outlet, and the "product"” . . ;
ey \ . DP 0.09866 | 0.08386 0.0148
— as the N""P/N'P_ Unlike the turbine, when calculat- TIPP 5 836 5604 0212
ing the pumps, the electric power was considered as P 0.1532 0.1303 0.0229
the "fuel", and the increase in exergy as the "product". NH1 24.040 21.080 2.960
The "products” of the NHl, NH2 and the con- NH2 7.049 4.864 2.185
denser are defined as EG 19.770 | 19.370 0.400
5, :Q{l_ T, +273.15 }
T, +273.15 B — =0
where T}, is the network water temperature, K. N p—— :gé L -
For the power boiler, the "fuel" is Ogp, and the HD b ey
"product” is the exergy of superheated steam £, minus LPD o %
the exergy of feed water E\,. L ggﬁz S
When calculating the pressure loss at the steam | 175" NPT 24 =;;
inlet to the turbine, the turbine parts were taken into | MT4sm o 10 2 30 4 50 6
account in the "fuel". g o
The ambient temperature was taken equal to EBO - - = " - o
T=0 OC’ Py=101 kPa. ‘ mRowl ORow2 MRow3 T
Fig. 3. Exergy parameters of the thermal scheme
of the STU:
row 1 — "fuel"; row 2 — "product";
row 3 — "exergy destruction"
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However, the destruction of exergy in the EB, as is | #2s
known, depends on the imperfection of other elements of the 20
STU. It can be reduced if the ways of improving the elements s
are correctly determined. Thus, it is clear that a large |
destruction of exergy is observed in NHI. 05

If we determine the exergy cost of the elements [12] ac- | ., (L 0 B B i 0 H S a0l
cording to the dependence k, = F, / P, , then we can see (Fig. 4) v
that the first element that needs improvement is NH2. Fig. 4. Exergy cost of elements of the thermal

scheme of a heating STU

According to Table 1, the pressure in the steam extractions can be changed within the specified ranges.

The thermal scheme was analyzed when the extractions pressure was reduced to a lower level,
namely, the pressure in the first extraction was set to 980.7 kPa, and in the second one — to 245.2 kPa (first
option). The energy characteristics of the thermal scheme of the STU with the new extractions parameters
are shown in Table 5.

Table 5. Energy characteristics of the first option of the thermal scheme of the STU
(P=980.7 kPa, G=8.33 kg/s, P;=245.2 kPa, G/~=33.4 kg/s)

Power N, MW Heat 0, MW Elze\Z?:C &%ver Cycle efficiency | STU eggjciency
HPP | MPP | LPP | CP+DP+FP | EB | NHI*NH2 | C(HWS) EG et %0 Mer” > %0
524 | 7.55 | 8.17 0.16 115.57 85.37 591 20.80 17.20 88.04
It can be seen that the electrical ef- Ak, 2%
ficiency (net) for this option has increased : o 0
by 1.7%, and 0" does not change. 10g | B ggfﬁ urr LUPP wr c oo b or weo Hl b ko
Comparative  exergy  analysis 24
showed the following results. o
The change in the exergy cost of s
each element of the STU scheme in per- ¢
centage when varying the extractions pa- Fig. 5. Change in the exergy cost of each element of the STU
rameters is shown if Fig. 5. scheme in % (comparison of the initial and first options)

From Fig. 5 it is seen that the cost of exergy of the flow in the STU before the first extraction de-
creases by almost 4%. The exergy cost of NH2 also decreases by more than 5%. This is a very good result,
because the steam flow in this part of the turbine has high exergy values, i.e. the "quality" of energy is high.
Thus, the thermal energy of the steam can be converted into other types of energy, and not only into thermal
one. The decrease in the exergy cost shows a decrease in specific losses (energy dissipation) during energy
conversion in the element. However, unlike the original scheme, in the option with reduced steam pressures
in the extractions, an increase in the cost of exergy of the flow in the HPD is observed.

In addition, a decrease in the pressure in the second extraction also leads to a decrease in the cost of
exergy of the flow in NH1.

However, when the steam pressure in the first extraction of the MPP is reduced, the exergy cost in
NH2 still remains high (k=1.397). To reduce it, a calculation of the thermal scheme was carried out with a
decrease in the steam consumption in the first extraction and an increase in the consumption in the second
one while maintaining the thermal power of the STU.

The steam parameters at the cycle points of the second option of the STU thermal scheme with
changed steam parameters in the first extraction and its consumption in two extractions are given in Table 6.

The energy characteristics of the last STU option are given in Table 7.

The energy analysis showed an increase in the electrical efficiency (net) by 1.31% compared to the
original option, and the exergy analysis showed a decrease in the cost of the exergy flow in the EB (Fig. 6).

As a third option, a thermal scheme with the following steam parameters in the extractions was con-
sidered: P,=980.7 kPa, G,=5 kg/s, P;=245.2 kPa, G,=35.7 kg/s. This option is similar to the second one, but
the steam pressure in the second extraction, just like in the second option, is lower than in the first and third
ones, which allowed to further reduce the cost of the exergy flow in NH1 (Fig. 7).
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Table 6. Steam consumption and its parameters at cycle points (Fig. 1) of the second option of the thermal scheme
of the STU (P,=980.7 kPa, G=5 kg/s, P=294 kPa, G,;=35.7 kg/s)

Parameters

Steam/water flow name Points | Enthalpy Entropy Temperature | Pressure | Steam flow
i, kKI/IK s, kl/(kg'K) T, °C P, kPa D, kg/s
Acute steam at the outlet of the EB 0 3233.0 6.9490 400.00 2844.00 44 .4
Steam admission in the HPP 1 3233.0 6.9710 398.90 2702.00 44 .4
Exhaust of the HPP 2 3115.0 6.9860 337.80 1729.00 44 .4
Steam admission in the MPP 3 3115.0 7.0090 336.90 1643.00 44 4
Steam in the 1st extraction 4 2992.0 7.0260 272.60 980.70 5.0
Exhaust of the MPP 5 2934.0 7.0340 242.30 755.00 394
Steam admission in the MPP 6 2934.0 7.0570 241.60 717.30 394
Steam in the 2nd extraction 7 2763.0 7.0930 150.90 294.00 35.7
Exhaust of the LPP 8 2400.0 7.1860 64.95 25.00 3.7
Steam admission in the condenser 9 2400.0 7.2080 63.81 23.75 3.7
Condensate at the outlet of the condenser 10 267.1 0.8787 63.81 23.75 3.7
Feed water after the CP 11 267.2 0.8788 63.82 122.00 3.7
At the outlet of the LPD 12 531.2 1.6040 105.30 122.00 3.7
Feed water after the DP 13 531.6 1.5970 126.50 456.00 394
Feed water at the outlet of the HPD 14 630.2 1.8370 148.40 456.00 44 .4
Feed water at the inlet of the EB 15 633.4 1.8380 149.90 2994.00 44 .4
Saturated steam in the NH1 7" 2764.0 6.7000 165.90 717.30 35.7
Condensate after the NH1 7' 701.6 1.3450 165.90 717.30 35.7
Saturated steam in the NH2 4" 2794.0 6.4110 202.70 1643.00 5.0
Condensate after the NH2 4' 864.4 5.4750 202.70 1643.00 5.0

Table 7. Energy characteristics of the second option of the thermal scheme of the STU
(P=980.7 kPa, G~5 kg/s, P~294 kPa, G;=35.7 kg/s)
Power N, MW Heat O, MW El?\?st;ljc &%\\}ver Cycle efficiency | STU est‘T%ciency
b) 0, 0,
HPP | MPP | LPP | CP+DP+FP EB NHI+NH2 | C(HWYS) EG MNnet Y0 Mt » %0
524 | 7.75 | 8.08 0.16 11542 84.23 7.89 2091 17.31 88.89
Ak, 1% Ak, 0,020
% o0 = 0 i

EB HPP
02 14 45 57 78

P MPP LPP LPP C CP LPD DP HPD FP

NHINH2 EG

Fig. 6. Change in the exergy cost of each element

of the STU scheme in %

(comparison of the original and second options)
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Fig. 7. Change in the exergy cost of each element
of the STU scheme in %
(comparison of the second and third options)

At the end of the analysis of the STU, the exergy efficiency of

the unit was established by the formula

MNex = [1 - EDsum J )
Ok

News %0
38,5
38,0
37,5
37,0
36,5
36,0

where Epgni— the exergy destruction of the unit, which is defined as the
sum of the exergy destruction of all elements (Table 4).

The exergy efficiency of the unit for all options of the thermal
scheme of the STU is shown in Fig. 8.

From Fig. 8 it is seen that the third option of the thermal scheme
has the highest efficiency. This confirms the fact that the steam from the
first extraction with high exergy is not effectively used for heating water.
Its exergy potential should be converted into mechanical energy.
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Conclusions

1. The thermal scheme of a 20 MW STU was analyzed in terms of energy and exergy indicators,
which allowed to identify elements with high exergy value. The highest exergy value is observed in the
power boiler, but it can be reduced by reducing the destruction of exergy in other elements. Therefore, the
network heater heated by high-pressure steam from the first extraction of the MPP was selected as the ele-
ment with the greatest potential for increasing the efficiency of the STU. The second element was the first
network heater heated by low-pressure steam from the second extraction of the LPP.

2. Options of the thermal scheme of the STU were considered, in which the steam parameters in the
turbine extractions (pressure, flow rate) were varied. It was shown that with a decrease in pressure and a de-
crease in steam flow rate in the first extraction, as well as a decrease in steam pressure and an increase in
steam flow rate in the second extraction, the cost of exergy flows in network heaters decreases by almost 5%,
the exergy efficiency of the STU increases by 2%, and the electrical efficiency of the unit increases by
2.16% relative to the original scheme.
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AEPOI'TAPOAMHAMIKA TA TEITNIOMACOOBMIH

Anauni3 Teriodikauniiinoi maporypoinHoi ycranoBku TELL
32 eHepPreTHYHUMHM Ta eKCePreTHYHNMH MOKAZHUKAMHU

A. O. Ma3yp

[HcTuTyT eHepreTHuHNX MamuH i cucteM iM. A. M. Ilinropaoro HAH Ykpainu,
61046, Ykpaina, M. Xapkis, Bys1. KomynaneHukis, 2/10

Ipoananizosano mennoghixayitino-kondencayiuny napomypoinny yemanosky (LITY) nomyocnicmio 20 MBm, wo
CKIA0AEMbCsL 3 HACMUH BUCOK020, CEPEOHbO20 Ul HUZLKO20 MUCKIE Ul ekcnayamyembcsi Ha oouit 3 TEL] m. Xapkis. Buxoosi-
Yy 3i cxemu, nap iz 060X MenioQIKayiiHUX pecyibo8anux 6i000PIe N00AEMbCsL HA O8I Mepedicesi Ni0iepi8aibHi YCMAHOBKU.
YV x00i pexoncmpykyii TEL] nidiepieaui cucmemu pezenepayii IITY 6yno demonmosaro y 36’°s13Ky 3 ix cnpayrosannam. Ha
TEL] 6yno yxeaneHo piuieHHs npo aKyeHmMySanHts Ha 30L1buieHHI meniogikayii, momy HO8i nidiepieayi UCOK020 MUCKY He
scmarosneni. Kpim mozo, 3amicme epadupni 6yno eupiuieHo 8 0X0I004CYBATbHOMY KOHMYPI KOHOEHCAMOpY BUKOPUCTO-
gysamu 600y 3 Mepedlci, AKa ude Ha 2apsue 000NOCMAYants. Y cmammi npoeedeHo aHAIiMmuyHULl 021510 Meni08oi cxemu
mennogixayiiunoi IITY 3a enepeemuynumu il excepeemutHUMU NOKASHUKAMUY, WO O0360IUL0 GUSHAUUMU eleMeHmU 3 GU-
COKOI0 eKCEepeemuyHOI0 6apmiCmio, wjo € NOKA3HUKOM ix egexmusnocmi. 11i0 uac ananizy eapianmie mennosoi cxemu
HTY cxnadeno ananimuuni mabauyi 3 eKcepeemMuyHUMY NAPAMEMPAMU GUXIOHOT CXeMU NOeNeMeHMHO U AHANIMUYHI 2pa-
@ixu. Bionogiono 0o excepeemuuno2o aHanizy HAUOIIbA eKCePeemUYHA 8apmMICmyb CHOCIEPI2AEMbCsL 8 eHEPLeMUYHOMY
KOMJIL, ane, sk 8I00MO, it MOJNCHA 3HUSUMU WIAIXOM 3MEHUEeHHs 0ecmpyKyiil excepeii 6 inuux eitemenmax. 3 02110y Ha 6Ka-
3aHe 5K eJleMeHm i3 HaubLIbWuM nomenyiaiom niosuuerHs egpexkmuernocmi IITY obpano mepedicesuil nioiepieay, ujo 00i-
2pIBaAEmMbCsl NAPOIO BUCOKO20 MUCKY 3 NEPULo20 8i0DOPY HacmuHu cepedHbo2o Mucky. Bionosiono, opyeum eremenmom
06paro nepuituti mepesrcesutl nidiepisay, KU 00izpisacmsvCsa NAPOI0 HUZLKO20 MUCKY 3 OPY2020 8i000pPY YACMUHIU HUZLKO-
20 mucky. Posensmymo eapianmu mennosoi cxemu IITY, ¢ sxux eapiiosanucs napamempu napu y 6iobopax mypoinu
(muck, sumpama). Ilokazano, wo npu 3HUNCEHHI MUCKY 1] 3SMEHWIEHHI GUmMpamu napu y neputomy 6i06opi, a maxodic 3Hu-
JHCEHHI MUCKY napu 1 NIOBUWEHHI 8UMPAmu napu y opy2omy 6iobopi eapmicmy eKcepeemuyHux nOmoKie y Mepexncesux
nidiepisauax 3HudxiCyemvcs maioce Ha 5 %, excepeemuunuil kKoegpiyicum kopuchoi 0ii (KK/]) HTY niosuwgyemocs na 2%, a
enexmpuynuti KK/[ ycmanoexu 3pocmac na 2,16% 6i0HOCHO 8UXiOHOT cXemu.

Knrouosi cnosa: excepeis, napomyp0Oinna ycmanoska, excepeemuyna eapmicms, egpexmusnicms, TEL].
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