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Given the strategic importance of Ukraine’s nuclear energy sector modernization, the paper presents the results of the investigation into
the development and analysis of the cycle configuration of a steam turbine unit (STU) intended for operation with the AP1000 nuclear
reactor. The K-1000-60/1500-2 turbine unit was selected as the reference configuration. Based on this design, a new cycle configuration
was proposed that includes a combined single-flow high- and intermediate-pressure turbine (HIPT), two low-pressure turbines (LPTs),
a steam separator, and a two-stage steam reheating system. A thermodynamic and exergy analysis of the proposed STU configurations
was performed to evaluate the influence of steam extraction pressures, regenerative feedwater heating parameters, and turbine stage
distribution on the cycle performance. Numerical simulations and flow-path calculations of the turbine sections were performed using
modern gas-dynamic design methods. The results show that the optimal selection of steam extraction parameters and intermediate
reheating conditions significantly improves the cycle efficiency. The maximum internal efficiency of the STU cycle reached 38.96 %.
Exergy analysis demonstrated that the largest exergy destruction occurs in the low-pressure turbine section, while both investigated
configurations exhibit high exergy efficiency. A comparative analysis of the turbine stage configurations and the axial dimensions of
the turbine flow parts was also conducted. The developed approaches can be applied in the design and optimization of next-generation
steam turbine units for nuclear power plants.

Keywords: Nuclear energy; AP1000; Steam turbine unit; Thermodynamic analysis; Exergy analysis; Regenerative feedwater heating;
Nuclear power plant

1. INTRODUCTION
Nuclear energy is a fundamental component of Ukraine’s energy security and one of the most important factors in
long-term decarbonization, particularly amid wartime destruction and the loss of a significant share of heat and power
generation capacity. Since 2022, the demand for reliable baseload electricity sources in Ukraine has increased
substantially, making Generation III+ nuclear units a priority direction for development.

The AP1000 nuclear reactor, developed by Westinghouse Electric Company, is one of the most advanced pressurized
water reactors (PWRs), with a thermal output of 3415 MW and an electrical output of 1117-1200 MW [1-3]. It is
characterized by passive safety systems and high operational performance. Therefore, the AP1000 appears to be promising
for deployment at Ukrainian nuclear power plants (NPPs), including the Khmelnitsky NPP [4].

However, integrating the AP1000 requires developing an optimized cycle configuration for the steam turbine unit
(STU) that fully matches the parameters of the saturated steam produced in the steam generator. Existing cycle configurations
designed for VVER-1000 units do not fully utilize the thermodynamic potential of the AP1000, necessitating the modeling
and implementation of new engineering solutions [5-7].

Therefore, the development and analysis of an STU cycle configuration for the AP1000, aimed at improving the
efficiency through the optimal distribution of extraction pressures, is a relevant and practically significant research task.

2. LITERATURE REVIEW ON THE AP1000
The current scientific literature on Generation 111+ reactors focuses on the AP1000 model, which is one of the most
widely used in the global nuclear energy industry. Several key sources can be identified to cover the design,
characteristics, and operation of AP1000 reactors. Papers [2-3] show the basic technical characteristics of the reactor,
including a thermal power of 3415 MW, an electrical power of over 1100 MW, core parameters, and a detailed description
of the passive safety systems. This material is fundamental, as it contains the official nominal parameters, a diagram of
the steam generators, a description of the primary cooling system, as well as safety systems.

The report [8] provides an independent expert assessment of the project. It focuses on the reliability of the safety
systems, the behavior of the core under emergency conditions, and the design’s compliance with international
requirements. The document provides a detailed overview of the reactor plant, steam generators, and the emergency heat
exchange system, making it one of the most valuable sources for analyzing the AP1000 engineering design.
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The research paper [9] reveals key features of the commercial operation of the AP1000 reactor at the Sanmen NPP
in China. Such key issues as the reliability of passive safety systems, scalability, and verification and validation
experiments needed to improve the safety of the AP1000, are discussed in the paper.

A thermal and hydraulic analysis of the AP1000 reactor vessel under nominal operating conditions using a 3D CFD
model is presented in paper [10]. The AP1000 Advanced Nuclear Reactor (NR) stands out among other PWRs in terms of
generation technology due to its innovative features of reliability, modularity and, most importantly, passive safety
systems.

In the study [11], an assessment of the possibilities of deploying AP1000 reactors at existing and new sites was
carried out. The document contains technical and economic aspects, including a comparison of implementation options,
impact on energy infrastructure, and cost parameters. This source is important in the context of strategic planning for the
introduction of AP1000 into state power systems.

Also, the leading areas of research are neutron-physical analysis, core safety indicators and the operation of reactivity
control systems, described in papers [12 — 15]. So, the paper [12] shows the influence of fuel temperature, moderator
density, boron concentration and control rod condition for AP1000 reactor on the safety parameters.

Thus, the analyzed literature demonstrates that AP1000 is mainly studied in three areas:

— design and passive safety systems [1 -3, 5, 9, 10];

— neutron and thermal hydraulic analysis of the reactor [12 — 15];

— economic and strategic aspects of implementation [11].

These sources form a complete picture of the capabilities of the AP1000, its design features, safety and
implementation prospects.

In contrast to the significant number of papers on design review and neutron-physical analysis, the literature that
considers the cycle configuration of a steam turbine plant of a nuclear power plant with the AP1000 nuclear reactor is
much less common.

In [16], a system that is designed for reliable and efficient storage and recovery of thermal energy from the steam
system of a nuclear power plant (NPP) to ensure flexible electricity production using an economical and scalable design
is presented. In [17], the role of energy storage technologies in their integration into NPPs is assessed.

In papers [18 — 20], combined cycles are proposed to increase the efficiency of NPP power units, in particular with
gas turbines and hydrogen combustors.

All these measures [16 — 20] significantly increase the output power and efficiency of NPPs. But they are also
associated with special safety conditions and require additional research before their implementation into existing NPPs.

Therefore, the problem of increasing the efficiency of a steam turbine unit through thermodynamic analysis and
exergy optimization of the cycle, as well as improving the steam turbine flow path using 3D design and modeling [21 —
22] remains relevant.

3. AIM AND OBJECTIVES OF THE STUDY

The aim of the paper is to develop and analyze the cycle configuration of a steam turbine unit intended for operation
with the AP1000 nuclear reactor, as well as to determine optimal steam extraction parameters and turbine stage
configurations that ensure high thermodynamic and exergy efficiency of the cycle.

To achieve this goal, the following objectives were formulated:

1 To analyze existing condensing steam turbine units of nuclear power plants and select a baseline turbine
configuration suitable for adaptation to operation with the AP1000 reactor, taking into account the parameters of saturated
steam.

2 To develop a new cycle configuration of the steam turbine unit with a combined high- and intermediate-pressure
turbine, regenerative feedwater heating system, steam separator, and intermediate steam reheating.

3 To perform thermodynamic modeling of the AP1000-based steam turbine unit and determine optimal steam
extraction pressures that provide maximum cycle efficiency.

4 To develop and compare several options of the turbine flow part configuration with different numbers of turbine
stages and steam extraction arrangements.

5 To carry out an exergy analysis of the proposed cycle configuration, including determination of exergy
destruction and exergy efficiency of the main elements of the steam turbine unit using the fuel-product approach.

6 To analyze the geometric characteristics of the turbine flow parts and evaluate the influence of turbine stage
distribution on the axial dimensions of the steam turbine unit.

4. DEVELOPMENT OF THE CYCLE CONFIGURATION OF AN AP1000-BASED
STEAM TURBINE UNIT

4.1. OVERVIEW OF CONDENSING-TYPE STEAM TURBINES OF NUCLEAR POWER PLANT UNITS
Several models of low-speed condensing-type steam turbines K-1000-60/1500, developed by the Joint-Stock
Company "Ukrainian Power Machines", are implemented on nuclear power plant units with VVER-1000 reactors. The
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K-1000-60/1500 turbine has several modifications. The K-1000-60/1500-1 has a capacity of 1030 MW. The turbine unit
is 57.4 m long (50.7 m without the generator), contains one high-pressure turbine (HPT), one intermediate-pressure
turbine (IPT) and three low-pressure turbines (LPT). It is equipped with side single-flow condensers. A turbine of the
STU K-1000-60/1500-2 has a reduced length of up to 52.2 m. The total mass is reduced by 350 tons. For the cycle
configuration developing, the K-1000-60/1500-2 steam turbine unit was taken as a basis [6, 7]. This turbine unit is
designed for a nuclear power plant with an electric power of 1200 MW at 3000 rpm. K-1000-60/1500-2 steam turbine
unit is intended to operate in a monoblock with an AP1000 PWR with a thermal power of 3400 MW on saturated steam.

4.2. DEVELOPMENT OF A CYCLE CONFIGURATION OF A STU WITH AP1000 REACTOR
A new STU cycle configuration with a combined HIPT is proposed. Unlike the K-1000-60/1500-2 STU, the new
configuration includes a single-flow HIPT, two LPTs, and two condensers instead of the three LPTs and three condensers
used in the K-1000-60/1500-2 (Fig. 1).
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Figure 1. Cycle configuration of a steam turbine unit with AP1000
P— pump; SV — steam stop valve; ES — ejector system; T — turbine; TH — heater; EG — electric generator
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The scheme includes a single separation and two-stage reheating of steam. In this case, fresh steam is supplied to
the high-pressure part of the HIPT (h-p HIPT). After reaching the permissible humidity, the steam is directed to the
external separator (S), where it is dried. After drying and superheating in the superheaters (SHs), the steam enters the
intermediate-pressure turbine part (i-p HIPT), and then is directed towards two LPTs. Next, the exhaust steam is directed
to the two condensers (C), and then the condensate — to the regeneration system. In the second SH, the steam is reheated
by a fresh steam. The main condensate is pumped from the C to the deaerator (D) by condensate pumps (CP). The feed
water from the deaerator through the high-pressure heater (HPH) to the steam generator is supplied by a feed pump (FP)
with an electric drive.

Pressure losses during steam throttling in the turbine control elements are assumed to be 5%. Pressure losses of 5%
are also taken into account in the steam lines leading to the HPHs and low-pressure heaters (LPH).

The initial data for calculating the cycle configuration of a steam turbine unit with the AP1000 reactor:

Steam mass flow rate per turbine — 1878 kg/s;

Absolute fresh steam pressure — 5.877 MPa;

Fresh steam temperature — 274.3 °C;

Absolute condenser pressure — 5 kPa;

Feed water temperature — 226.8 °C.

The distribution pressure at the outlet of the high-pressure part of HIPT is P; = 1.1331 MPa, and the saturation
temperature at this pressure is T3 = 185.4°C. Then the temperatures of the superheated steam after superheater SH1 and
SH2 are determined as follows:
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ATsyz = To — Tspa- (D

The saturation temperature of the heating steam and the pressure of the first extraction are:
Tosur = T1 = Tsur + ATsua; Py = f(Tssu1)- @)

The pressure of the first extraction is also the pressure of the heating steam in superheater SH1.
To determine the enthalpy at the end of the theoretical and actual expansion processes, it is necessary to determine
the entropy at the inlet to the HIPT or LPT section as:

s; = (P hy), 3)

where j is the extraction number.
The enthalpy at the end of the theoretical process can be found from:

hjt = f(Pj'Sj—l)' @
The enthalpy at the end of the actual steam expansion process in the cylinder can be determined from:
hy = hi_y = no; (hj—1 — Rje). (5)

Further, the parameters of the steam expansion process in the HIPT and LPT are calculated using Egs. (3), (4), and
(%)

The enthalpies of the main condensate after the condenser, the LPH, HPH, and the feedwater are determined as
functions:

Tsj = f(Pj);hsj = f(Tsj);tfw =ts; — G;hfw = f(PfWJ tfw)- (6)

where t,;— saturation temperature at the extraction pressure; hy; —enthalpy of saturated water; tf,,— feedwater temperature
after the regenerative heater; 6 — feedwater terminal temperature difference relative to the saturation temperature of the
heating steam; hy,,— feedwater enthalpy.

Further calculations of the cycle configuration were carried out to determine the steam extraction parameters in the
regenerative system that ensure the maximum efficiency of the K-1000-60/1500-2 steam turbine unit. It should be noted
that, during the variation of steam extraction parameters, the division of turbine sections into stages was not taken into
account.

The steam extraction pressures were varied within the following ranges: P; = 2.4-3.5 MPa; P, =
1.3-1.9 MPa; P, = 0.45-0.8 MPa.

The minimum pressure value P; = 2.4 MPa was selected based on the condition that T sy; should not be lower than
206 °C in order to ensure a uniform distribution of heating between SH1 and SH2.

The temperatures Tsy, and Tsy; were determined using Egs. (1) and (2) at:

ATy, = 10°C; ATsy, = 15°C.
The extraction pressures of the LPT were specified as follows:

Pg = 0.075 MPa; P, = 0.015 MPa.
We obtained the dependence of STU efficiency on steam extraction pressure in the HIPT (Fig. 2).
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Figure 2. Dependence of the STU efficiency on steam extraction pressures in the HIPT:
a—Pyat P, = 1.7 MPaand P, = 0.55 MPa; b— P, at P, = 2.4 MPa and P, = 0.55 MPa;
c¢—Psat P, = 2.4 MPaand P, = 1.7 MPa



273
Thermodynamic and Exergy Analysis of an AP1000-Based Steam Turbine Unit... EEJP. 3 (2026)

Figure 2 shows that the highest efficiency values are observed at:
P, = 2.4 MPa; P, = 1.7 MPa; P, = 0.55 MPa.

For these parameters corresponding to the maximum efficiency, an analysis of the LPT extraction parameters was
carried out within the ranges presented on Fig. 3.
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Figure 3. Dependence of the STU efficiency on Py and P,

The  results demonstrate ~ that  the maximum efficiency  values are achieved at:
Py = 120 kPa, P, = 30 kPa; P, = 70 kPa, P, = 20 kPa; P, = 30 kPa, P, = 15 kPa.

4.3 DETERMINATION OF OPTIMAL STEAM EXTRACTION PARAMETERS FOR THE AP1000-
BASED STEAM TURBINE UNIT CONSIDERING THE NUMBER OF TURBINE STAGES

Several AP1000-based STU options with different numbers of turbine stages were considered. The calculations used
modern numerical methods for gas-dynamic analysis and flow-part design of steam turbines [21-22].

Two options are given as an example.

In the first option, the number of stages in the high-pressure turbine part (HIPT, before the separator) was set to 6.
In the first option, the number of stages in the high-pressure turbine part (HIPT, before the separator) was selected as 6
stages. The intermediate-pressure turbine part (HIPT, after the separator) had 3 stages. The number of cylinders/steam
flow parts was 1. The LPT had 5 stages, and the number of cylinders/steam flow parts was 2.

In the second option, the high-pressure turbine had 4 stages. The intermediate-pressure turbine had 2 stages. The
LPT had 6 stages.

Tables 1 and 2 present the steam pressures after each stage for both options.

The energy characteristics of the first option are as follows: the heat transferred to the steam in the steam generator
is Qn = 3416 MW; the gross electric power output is N, = 1330 MW; and the internal efficiency of the STU cycle is
n = 38.93 %.

Table 1. Steam pressure between turbine stages and steam mass flow rate, Option 1

Steam Axial clearance between stages . . Steam mass flow rate in the
extraction Pressure in the axial clearance, MPa .
No. —No extraction, kg/s
number
High-pressure turbine part of the HIPT — 6 stages
1-2 4214
2-3 3.182
1 34 2.405 131
4-5 1.819 84
5-6 1.377
3 Steam exhaust 1.133 74
Intermediate-pressure turbine part of the HIPT — 3 stages
1-2 0.760
4 2-3 0.548 35
5 Steam exhaust 0.372 59
2 LPT- 5 stages
6 1-2 0.166 89
2-3 0.075
7 3-4 0.034 65
4-5 0.015
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Table 2. Steam pressure between turbine stages and steam mass flow rate, Option 2

Steam Axial clearance between stages | Pressure in the axial clearance, MPa | Steam mass flow rate in the
extraction | No.—No extraction, kg/s
number
High-pressure turbine part of the HIPT — 4 stages
1-2 3.578
1 2-3 2.296 172
2 3-4 1.477 37
3 Steam exhaust 1.133 68
Intermediate-pressure turbine part of the HIPT — 2 stages
4 1-2 0.586 41
5 Steam exhaust 0.372 83
2 LPT- 6 stages
1-2 0.207
6 2-3 0.113 70
3-4 0.060
7 4-5 0.031 63
5-6 0.015

The energy characteristics of the second option are as follows: @ = 3416 MW; N, = 1331 MW; and the internal
efficiency of the STU cycle is 1 = 38.96 %.

As can be seen, both options demonstrate high efficiency. To finalize the cycle configuration, an exergy analysis of
the proposed STU configuration options is necessary.

5. EXERGY ANALYSIS OF THE STU CYCLE CONFIGURATION FOR OPERATION WITH THE
AP1000 NUCLEAR REACTOR

The analysis of power generation systems is of significant scientific interest and is essential for the efficient use of
energy resources. The most common method for analyzing energy conversion systems is energy analysis, which is based
on the first law of thermodynamics. However, this approach does not provide a complete assessment of system efficiency
and losses. Therefore, a combined approach that accounts for both the first and second laws of thermodynamics is
becoming increasingly widespread.

Exergy analysis, based on the second law of thermodynamics, allows a clear distinction between losses to the
environment and internal process irreversibility. This method provides an effective assessment of equipment and
processes within energy conversion chains. Process exergy is a measure of its efficiency or inefficiency and enables a
better understanding of the mechanisms of energy losses.

The modern approach to process analysis is based on the exergy method, which provides a clear understanding of
the process and allows the quantitative assessment of exergy destruction. The main objective of traditional thermodynamic
analysis is the conservation of energy.

The mass, energy, and exergy balances for any control volume operating under steady-state conditions with a steady
flow, in which changes in kinetic and potential energy are negligible, can be expressed as follows [23]:

2Gi = XGo, @)
i O + 2 (Gh) = X (Goho)i + Ny, (®)
2 Eor+XiGieg =Y Giej+ N+ Epy, ©)

where i and j are indices corresponding to the inlet and outlet states, and k denotes a specific cycle component; Q and
N are the thermal and mechanical energy flow rates; G is the mass flow rate of the working fluid; A is the enthalpy; E}, is
the exergy loss during the process, or exergy destruction; Ey, is the exergy transferred through heat transfer at temperature
T, defined as:

Eoi = 3 (1-7222) @, (10)

T

where Ty, 1s the ambient temperature. The temperature was assumed to be 25 °C.
The specific flow exergy is determined by the following expression:

eix = hix — ho — Tamp(Sik — So), (11)

where s; ,, — the specific entropy; the subscript “0” denotes the ambient environment.
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The exergy flow rate is obtained:
Eix = Gikei- (12)

Using the fuel-product (F—P) concept definitions [23, 24], the fuel and product terms can be expressed through
exergy flows.
The exergy balance for an individual component (k) is written as:

Epx = Epx + Epk- (13)

where Ep is the exergy flow of the useful product, and Er is the fuel exergy required to obtain it.
Thus, the exergy efficiency can be determined:

Epk _ 4 _EDk

Nex,k = a = Erg (14)
The exergy efficiency of the cycle is calculated using the following equation:
LEp,
Nex =1— Q_zk- (15)

The exergy flow into fuel and product is decomposed using the F-P method [23, 24], where fuel is considered as the
decrease in exergy, while product is the increase in exergy within the component. The exergy E; is determined using
Eq. (12), where G is the total steam flow rate leaving the reactor heat exchanger.

For example, the exergy of the high-pressure part (h-p) of the HIPT is defined as the difference in exergy at the input
and output, taking into account the change in steam mass:

Epn_puipr = A=y) - Eo—ED)+(A—y1—y,—a) (E1— E))+(1—y1— Yy, — a1 —ap) - (E; — E3),

where: a;— fraction of steam extracted to the LPHs and HPHs; y;— fraction of steam extracted to the steam SHs.

The exergy product is the power of the high-pressure part of the HIPT. The difficulty lies in separating the fuel and
product flows within the deaerator. Fuel exergy is defined as the sum of all incoming flows, and product is defined as the
outgoing flow. Table 3 shows the decomposition of exergy flows into fuel and product flows.

Table 3. Decomposition of exergy flows into fuel and product of the STU (Fig. 1).
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LPH3 a5 (Es— Ess)+ o Ess (11— y—ou—o2—os—0os—ar) £ 14 — (1-y1— yo—o—02—03—
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EG Ne = (Nh-p HIPT + M-p HIPT + NLPT) — (NCP + NFP) Neg= Ne * NNEG, where Ngg— efficiency of an electric generator
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Figure 4 shows the destruction of exergy in the elements of the STU. The exergy destruction in the nuclear reactor
(NR) is not shown on Fig. 4, since it accounts for approximately 90% of the total exergy destruction in the STU. Figure 5
shows the exergy efficiency of each element.
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Figure 4. Destruction of exergy in the elements of the STU
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Figure 5. Exergy efficiencies of the STU elements

Figure 4a shows that exergy destruction is highest in the low-pressure turbine section. In the second option, exergy
destruction in the LPT is 3 MW higher (Fig. 4a). However, the exergy efficiency of the low-pressure turbine is the same
for both variants and equals 0.92. (Fig. 5a).

Figure 4b shows that the highest exergy destruction among the regenerative heaters occurs in HPH1. For the second
option, it is lower by 2.3 MW. At the same time, Fig. 5b shows that HPHI efficiency in the second option is higher by
0.17.

Figure 4 also shows that when exergy destruction decreases in some components of the second option, it increases
in others. As a result, the total exergy destruction of the second option is lower by only 0.5 MW. This indicates that both
options demonstrate high exergy efficiency.

For further analysis, it is necessary to evaluate the mass-dimensional characteristics. Table 4 presents some
geometric characteristics of the turbine flow paths.

Table 4. Axial dimension of the turbine flow paths

Turbine parts Number of stages Axial dimension, m

Option 1
High-pressure turbine part of the HIPT 6 2.195
Intermediate-pressure turbine part of the HIPT 3 1.841
LPT 5 3.237

Option 2
High-pressure turbine part of the HIPT 4 1.744
Intermediate-pressure turbine part of the HIPT 2 1.092
LPT 6 3.598

Table 4 shows that the largest axial dimension is observed in the LPT of the second option, while the total number
of stages is lower by 2 stages.
The final decision can be made based on a techno-economic analysis.
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6. DISCUSSION

The obtained results demonstrate that the proposed AP1000-based steam turbine unit provides high
thermodynamic and exergy performance while maintaining a relatively compact turbine configuration. The internal cycle
efficiency of both investigated options exceeds 38.9 %, which corresponds to the performance level of modern saturated-
steam nuclear power units with Generation I1I+ reactors. The small difference in efficiency between the investigated
options indicates that the redistribution of turbine stages mainly affects the distribution of thermodynamic losses within
the cycle rather than the overall cycle efficiency.

The performed exergy analysis showed that the largest exergy destruction occurs in the low-pressure turbine
section. This is primarily associated with steam moisture formation during the final stages of expansion and with
significant irreversible losses caused by large volumetric steam flow rates at low pressures. Similar tendencies are reported
in studies devoted to exergy analysis of steam turbine units for nuclear power plants and saturated-steam cycles.

At the same time, the redistribution of stages between the high-, intermediate-, and low-pressure turbine sections
changes the local exergy destruction in individual components. In the second option, the exergy destruction in the low-
pressure turbine section increases, whereas the exergy destruction in some regenerative heaters decreases. As a result, the
total exergy destruction differs only slightly between the investigated configurations. This indicates that both options are
thermodynamically balanced and characterized by high exergy efficiency.

The obtained results also show that increasing the number of stages in the low-pressure turbine section leads to an
increase in the axial dimensions of the turbine flow path. However, the second configuration simultaneously reduces the
total number of turbine stages and simplifies the overall structure of the steam turbine unit. Such an approach may reduce
the metal consumption, simplify maintenance, and decrease the dimensions of the turbine hall.

Compared with conventional steam turbine units designed for VVER-1000 reactors, the proposed configuration is
better adapted to the thermodynamic parameters of the AP1000 saturated steam cycle. The use of a combined single-flow
high- and intermediate-pressure turbine, together with a two-stage reheating system, enables improved distribution of
thermal and exergy losses within the cycle.

The obtained results confirm that exergy analysis is an effective tool for evaluating the thermodynamic perfection
of nuclear steam turbine cycles and for identifying the components with the highest irreversible losses. The developed
approaches may be used to further optimize AP1000-based steam turbine units, including detailed 3D flow-path
optimization, moisture reduction in the low-pressure stages, and further improvement of the regenerative feedwater
heating system.

7. CONCLUSIONS

1. Areview of steam turbine units for nuclear power plants was carried out, and the K-1000-60/1500-2 turbine was
selected as the baseline configuration for operation with the AP1000 nuclear reactor. Based on this turbine, a new cycle
configuration of the steam turbine unit was developed. The proposed configuration includes a combined single-flow high-
and intermediate-pressure turbine, two low-pressure turbines, a steam separator, and a two-stage steam reheating system.

2. Thermodynamic modeling of the AP1000-based steam turbine unit was performed. Optimal steam extraction
pressures ensuring the maximum cycle efficiency were determined. The obtained results showed that the highest
efficiency values correspond to the extraction pressures P; = 2.4 MPa, P, = 1.7 MPa, and P, = 0.55 MPa for the HIPT
extraction system. For the LPT extraction system, the optimal parameters correspond to P, = 120 kPa and P, = 30 kPa.

3. Several options of the cycle configuration that consider different numbers of turbine stages were developed and
analyzed. Two main configurations were investigated. The first option includes a 6-stage high-pressure part, a 3-stage
intermediate-pressure part, and a 5-stage low-pressure turbine. The second option includes a 4-stage high-pressure part,
a 2-stage intermediate-pressure part, and a 6-stage low-pressure turbine. Both options demonstrated high thermodynamic
performance, with internal cycle efficiencies of 38.93% and 38.96%, respectively. The obtained efficiency values are
comparable to those of modern saturated-steam nuclear power units reported in the literature, where the cycle efficiency
typically ranges from 37-39% [25, 26].

4. A full exergy analysis of the steam turbine unit was carried out. The exergy destruction in the main elements of
the cycle configuration was determined using the fuel-product approach. The results showed that the largest exergy
destruction occurs in the low-pressure turbine section. At the same time, the redistribution of exergy destruction between
the components of the two investigated options results in only a small difference in the total exergy destruction. Both
configurations demonstrated high exergy efficiency characteristics.

5. The analysis of the geometric characteristics of the turbine flow paths showed that the second option has larger
axial dimensions in the low-pressure turbine section despite the lower total number of stages.

6. The obtained results can be used for further development and optimization of AP1000-based steam turbine units.
The final selection of the cycle configuration should be based on a comprehensive thermodynamic, exergy, and economic
analysis.
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TEPMOJIUHAMIYHANA TA EKCEPTETUYHHAA AHAJII3 HAPOTYPBIHHOI YCTAHOBKH HA BA3I AP1000
3 OITUMI3OBAHOIO KOH®IT'YPAIIETIO TUKJTY
Amnppiii B. Pycanos!, Anapiii O. Kocrikos!, Bikropis O. Tapacosa', Poman A. Pycanos!,
Mapuna O. Yyraii!, Makcum B. JluTBrHEeHKO0?
! Inemumym enepeemuunux mawun i cucmem in. A.M. ITidzopnozo Hayionanenoi akademii nayk Yrpainu,
eyn. Komynanonuxie, 2/10, m. Xapxie, 61046, Yxpaina
2Incmumym 2iopoounamiunux mawun Ionbcokoi akademii nayx, eyn. iwepa, 14, m. [oancox, 80-231, Honvwa

3 ommsiAy Ha CTpareriuHy BayIHBICTh MOJEPHI3alii sAepHOI eHepreTUKH YKpaiHW y CTATTi HaBENCHO Pe3yJbTaTH MOCITIDKEHHS 3
PO3po0IIeHHSI Ta aHaNi3y TEPMOJMHAMIYHOTO LMKy Ta CTPYKTYPH TEIIOBOI cxemu mapotypbinHoi ycranoBku (IITVY), npusHadeHoi
1t pobotu 3 simepauM peakropom AP1000. 3a 6a30By Oyiio oOpaHo TerioBy cxemy TypooycraHoBku K-1000-60/1500-2. Ha ii ocHOBi
3aIllpOIIOHOBaHO HOBY KoHpirypamito I1TY, mo Brimodae KOMOIHOBaHUH ONHOTEYIMHUIA HWIIHAP BHUCOKOTO Ta CEPEIHBOTO THUCKY
(IBCT), nBa muningpu mHmsbkoro tucky (LIHT), cemaparop mapm Ta ABOCTYIEHEBY CHCTEMY NPOMDKHOTO TeperpiBy mapu. Jis
OLIIHIOBAHHSI BIUIMBY THCKIB BiOOpPIB IIapH, MapaMeTpiB pereHepaTHBHOTO MilirPiBY JKUBIIEHOT BOAX Ta PO3MOILUTY CTYHEHIB TypOiHI
Ha MMOKa3HHUKY LMKy OyJ10 MPOBEAEHO TEPMOIMHAMIYHHUI Ta eKCepreTUUHMI aHaii3 3anpornonoBannx koHoirypauiit [ITY. Uncenshe
MOJICJIIOBAHHS Ta PO3PAaXyHKH MPOTOYHOT YaCTHHU CEKILil TypOiHM BUKOHAHO i3 3aCTOCYBaHHSIM CY4aCHUX METOJIB ra30({HaAMi4YHOTO
MPOEKTYBaHHs. Pe3ynpraTu Mokasaid, [0 ONTUMalIbHUN BUOIp mapaMeTpiB BifOOpiB mapy Ta yMOB ITPOMIKHOIO MEPErpiBy CYTTEBO
migsuiye edexruBHicts uukimy. Makcumanehuii  BHyTpimHiE KK nuxiny IITY nocar 38,96 %. Excepretuunuid ananis
MIPOIEMOHCTPYBAB, IO HAWOUIBINI BTPATH EKCEPTii CHOCTEPIraloThesl B MIUTIHAPI HU3BKOTO THUCKY, BOAHOYAC OOMABI JOCHTIKyBaHi
KoH(iryparii XapakTepu3yIOThCsl BUCOKOIO EKCEPreTHIHO0 epekTHBHICTIO. Takok MpoBeneHO MOPIBHIBHUH aHai3 KOMIIOHYBaHHS
CTYIIEHIB Ta OCHOBHUX PO3MipiB NPOTOYHUX YacTHH TypOiHu. Po3pobieni migxoan MoxXyTh OyTH 3aCTOCOBaHI ITijl 9ac IPOEKTYBAHHS Ta
onTHMi3amii MapoTypOiHHUX YCTAHOBOK HOBOTO ITOKOIHHS JUISI aTOMHUX €JIEKTPOCTAHIIIH.

Kuwuosi cioBa: soepna enepeemuxa; AP1000; napomyp6inna ycmanoska, mepMOOUHAMIYHUL AHANI3, eKCepeemuYHUll aHali3;
peceHepamueHuil nidiepie HCUSUTLHOL 600U, AMOMHA eLeKMPOCMAHYIs



