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The goal of this Master’s thesis is to explore the power conversion process in a VVER-1000 

nuclear power plant during part load operation in sliding pressure mode. This work contains 

comparison of standard layout schematic diagram of secondary circuit and enhanced experimental 

one with additional heat exchanger after steam generator. The main principle lies in redirecting 

hot leg water from primary circuit for purpose of superheating the steam in secondary circuit 

during lower power modes. The calculation technique used in this work was steam turbine 

expansion analysis and main focus was on obtaining energy and thermal efficiency parameters. 

Although it is not discussed how heat exchanger setup will be implemented in real power plant, 

based on calculation results, experimental setup showed better performance in total electrical 

power and electrical efficiency as well as possible redundancy of separator stage due to increase 

in steam vapor fraction throughout the turbine. 
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1. INTRODUCTION  
Nowadays nuclear power status appears to be in stagnation, while in Western Europe and the 

United States the number of decommissioned reactors is increasing with each year.  

 
Figure 1. Nuclear reactors and net operating capacity in the world (The World Nuclear Industry 

Status report 2020.) 

 

However, future of nuclear energy is not so grim (Vinod Kumar, 2017). Worldwide energy demand 

is getting only larger and with increasing ecology problems and climate changes, there is a need 

to reduce the operation of fossil fuel power stations. As of 2019, fossil fuel produced electricity 

share has reached 62.47%. 

 
Figure 2.Share of electricity production from fossil fuels. (Our world in data.2020) 
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However, it is still not enough; thus, this is why we should focus on development of nuclear 

technologies for energy production, as it is one of the best low-carbon solutions. 

 

Although society is still very cautious of nuclear technologies due to several major accidents such 

as Chernobyl, Three miles and Fukushima and potential destructive power of nuclear energy, we 

should not fret about that, but learn from our mistakes and improve using modern technologies. 

So that safe nuclear energy can regain its reputation as truly safe not only in the eyes of engineers 

and scientists, but also in the eyes of the whole world. 

 

In this Master’s thesis will be discussed a method of increasing energy parameters of Nuclear 

Power Plant with reactor VVER-1000 during part load operation. In addition, as longevity and 

safety of nuclear power station equipment and machinery is of a great importance, this method 

will improve the quality of steam in the turbine. 

1.1.  NPP  
As it was mentioned before, NPPs do not produce typical emissions for Thermal Power Plants, 

operating on fossil fuels. These emissions include carbon dioxide, sulfur dioxide or any ash. 

Moreover, coal-fire Power Plants’ ash also includes radioactive particles. However at the same 

time NPPs have to deal with their own radioactive waste management too (Department of energy. 

2020), but at least in a secure form and not simply released into atmosphere. 

 

From economic standpoint (Yuhji Matsuo et al, 2011), operational cost of electricity produced by 

nuclear energy goes up to 0.008-0.009 $/kWh, while fossil fuel operated counterparts can only 

boast 0.03-0.04 $/kWh. However capital costs for NPPs (WNA. 2020) is one of the biggest 

hurdles, ranging from 2000$/kWe to 7000$/kWe, which is significantly more expensive than TPPs 

capital costs. Such disparity can be explained by higher complexity of NPPs, stricter safety systems 

and constructions criterias. 

 

This thesis is based on NPP with Pressurized Water Reactor type of Russian development, VVER-

1000. 
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Figure 3.VVER schematic diagram (VVER Reactor. 2021) 

 

The essence of NPP with PWR is to produce heat via fission in reactor core (Nuclear Power Plant 

Engineering. 2020) and then draw heat from it via coolant/moderator circulation of the primary 

circuit. VVER is water cooled and moderated. Then water of the primary circuit heats water of the 

secondary circuit in steam generator until evaporation into saturated steam. This steam goes into 

turbine to convert thermal energy into mechanical energy and afterward into electricity in the 

generator. Like that, cycle goes on. Another important addition, primary circuit is radioactive, 

while secondary is not. 
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1.2.  Turbine  
Turbine is a complex machinery unit, essential for any power plant. As for NPP, choice of turbine 

(К-1000-60/1500 turbine scheme. 2020) unit is especially critical, since secondary circuit draws 

heat from primary circuit. For NPP with VVER-1000 turbine K-1000-60/1500-1 by Turboatom is 

typically used. 

 
Figure 4. Turbine K-1000-60/1500-1 scheme (Troyanovsky et al. 1985) 

 

This turbine’s nominal power is 1100 MW (Andrushechko S.A. et al. 2010), using saturated steam 

of 5.89 MPa pressure and 274 °С temperature. Turbine set has a separator unit and two-step 

superheater unit. There are total of 7 extraction points for steam. High pressure cylinder is operated 

as double-flow, K-500-60/1500 each part. Intermediate pressure cylinder is implemented as HPC. 

As for Low pressure cylinder, it is divided into 3 double-flow cylinders, implemented as K-500-

60/1500 too. The pressure in condenser amounted  to 4.5 kPa. 

1.3. Operation of NPP VVER-1000  
All energy systems have some percentage of mismatch between amount of electricity produced 

and amount of electricity needed to be sent to the grid. Thus keeping it balanced is one of the main 

priorities in the power station (Kazakov, V. A. et al. 2014). The maneuvering mode is operated by 

static control schemes, which are basically control regimes with dependence of parameters of the 

power unit on power during the steady state. 

 

NPP with VVER-1000 uses 4 main control schemes: 

• Power control with constant average temperature of primary circuit coolant 

• Combined power control 

• Power control with constant pressure of secondary circuit coolant or throttling 

• Power control with sliding pressure of secondary circuit 
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1.4. Sliding pressure and throttling operation mode 
Although power control with sliding pressure is rarely used in NPP control scenarios, it still 

provides great benefit to turbine equipment, increasing its lifetime, but causes temperature 

fluctuation in primary circuit. However in this thesis only secondary circuit will be considered. 

 

 
Figure 5. Change of power in turbine for constant and sliding pressure operation (Mathieu 

Lucquiaud et al, 2014) 

 

During throttling mode (Brian P. et al 2005), power is changed by regulating the volume of steam 

entering turbine with turbine control valve, while pressure in steam generator stays constant. 

During sliding pressure mode, the pressure in steam generator is varied and temperature between 

HPC and SG exit doesn’t change. It is also know, that power of turbine in IPC and LPC doesn’t 

change during different modes, as temperature of steam is the same. However, sliding pressure 

mode still provides more benefits such as redundancy of control stage in turbine (George Darie et 

al. 2007), reliability of first stage of turbine due to less thermal stress. 

 

In this thesis only sliding pressure during part load operation will be considered. 
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1.5. Part load operation 
As it was mentioned before, control regimes with steady load and nominal power are considered 

at steady state, while control regimes dealing with unsteady loads are transient.  

 

For turbine with broader power range partial power range is usually assumed as 0.7-1.0 of nominal. 

As such, for NPPs to take into account partial load special coefficient is used. 

𝛽𝛽p = D0
Don 

                                                                                                                                        (1) 

where 𝐷𝐷0,𝐷𝐷0n – estimated and nominal steam flow rate from SG 

The main goal of this thesis is calculation of thermal and energy parameters of turbine, steam flow 

rates in each point during load range 0.7-1.0 of feedwater ratio. After that another set of calculation 

is performed, but with an additional heat exchanger after SG. 

 

1.6. Addition of heat exchanger  
The second goal of this thesis is to estimate benefits of installation of a heat exchanger after SG. 

The idea behind it is to superheat the saturated steam, thus increasing heat drop in turbine, 

increasing temperature of steam, increasing vapor fraction throughout the turbine, thus increasing 

longevity (Ipatov, P. L. 2008) of turbine machinery. 
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Figure 6. VVER-1000 schematic diagram with additional heat exchanger (Troyanovsky et al. 

1985) 

 

The necessary extra heat comes from redirected primary circuit as a surplus during part load 

operation. Hot leg temperature of primary circuit in VVER-1000 reaches 322℃, thus it is 

reasonable to assume, that in heat exchanger steam could be superheated up to 315℃ universally 

across all power regimes. 

 

As such, with increased temperature of steam entering HPC, temperature of steam extracted for 

superheaters is increased too, thus increasing total heat drop and power of turbine during partial 

load operation. 
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2. DEPENDANCE OF ENERGY PARAMETERES FROM SPECIFIC 

STEAM FLOW RATE AS PARTIAL LOAD 

2.1. Preparation  
This subchapter will be focused on establishing the proper process of calculation, description of 

schematic diagram and its design. Furthermore, initial data for VVER-1000 secondary circuit will 

be introduced. 

2.1.1. Targets of calculation and general steps 
Main steps of calculation (Kirov V.S. 2004): 

1. Designing schematic diagram 

All elements of diagram, in which parameters of steam or water must be found, are to be 

included. 

2. Calculating thermal parameters during expansion process 

3. Plotting H-S diagram of the process 

4. Establishing mass balance equations for turbine and heat exchangers 

5. Calculating thermal parameters of steam and water for heat exchangers 

6. Pressure heads of condensate and feedwater pumps, pressure of feedwater and main 

condensate are to be calculated and increase of enthalpy in pumps. 

7. Establishing equation system of thermal-massbalance. Calculating steam and water flow 

rates 

8. Calculating power and thermal efficiency parameters of the plant 
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2.1.2. Design of schematic diagram 
 

 
Figure 7. VVER-1000 schematic diagram with additional heat exchanger (Troyanovsky et al. 

1985) 

 

Schematic diagram of turbine unit is a technological scheme, which includes all turbine equipment 

and elements of turbine unit, also including steam pipelines, condensate and feedwater pipelines. 

 

The fundamental schematic diagram includes the main and auxiliary heat-mechanical equipment 

of the technological cycle (Sterman L.S. et al. 2000): steam generators, steam turbines, 

regenerative feed water heaters, mains water heaters, pumps of different purposes (feedwater, 

condensate, drain, mains, etc.), deaerators, etc. 

 

When drawing up a fundamental schematic diagram, possible modes of operation are taken into 

account. Calculation of the principal schematic diagram is performed in order to determine the 

parameters and values of the working body flows (steam, main condensate and feed water) in 

different sections of the technological cycle, as well as capacity and indicators of thermal 

efficiency. 
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The schematic diagram shows all the main equipment, logically connected with the process cycle 

of the power plant, the final product of which is electricity (electricity and heat). Usually, this 

scheme indicates only the main equipment (and the connections between them), without which the 

implementation of the technological cycle of the TU is impossible; in this case, the scheme may 

not include equipment and flows that ensure long-term, trouble-free operation, including in 

transient modes (standby equipment, pipelines, etc.). Equipment and units of the same type are 

also depicted once. Full (unfolded) scheme of NPP TU is compiled for the unit as a whole and 

includes the full composition of the equipment, including reserve equipment, and all existing 

connections between them at the power plant, including bypass, discharge, bypass and other lines. 

All turbine housings are shown, with both streams shown for normally used double-flow cylinders.  

 

Calculation schematic diagram is made as simplified fundamental schematic diagram of a turbine 

unit and must contain all the calculated elements: heaters, coolers, separators, mixers, expanders, 

evaporators, pumps, turbine drive etc. 

 

Numbering of regenerative heaters is usually performed by Arabic numerals along the course of 

the main condensate and feed water. 
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2.1.3.  Initial data  
Table 1. Initial data for VVER-1000 secondary circuit 

Turbine К-1000-60/1500-1 

Feedwater temperature 225℃ 

Condenser pressure 0.0045 MPa 

Power of drive turbine of feedwater pump 116 MW 

Temperature differential at HPH and LPH 7℃ 

 

2.2. Steam expansion process 
This chapter will be focused on describing the calculation process, starting from determining 

parameters at extraction points and enthalpy increase at each heat exchanger, continuing with 

expansion process in turbine, steam and water mass flow rates throughout the secondary circuit 

and finally energy parameters of secondary circuit. All pressure losses and isentropic efficiency 

used in equation (2) – (37) are sourced from technical literature (Arakelyan E.K. et al. 1993). 

2.2.1. Parameters at nodal points 
The relative value of pressure losses in the path of extraction steam from the main turbine to the 

corresponding regenerative heater can be estimated by the formula : 

 

ΔP𝑖𝑖 ≈ (11 − i)/100                                                                                                                          (2) 

 

Where i is the number of the regenerative heater along the main condensate and feedwater path, 

excluding the deaerator, where the pressure is usually set. Then the pressure of steam in the 

corresponding extraction, if the temperature (pressure) of heating steam in the heaters is known, 

can be determined by the formula: 

 

Pexi = Pi ⋅ (1 − ΔP1)                                                                                                                         (3) 

 

In design calculations, distribution of main condensate and feedwater heating between 

regenerative heaters is assumed uniform. 

 

When the condensate temperature at the condenser outlet and the feed water temperature are 

known, then at Z regenerative heat exchangers, heating in each of them is assumed equal. Then: 
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Δh = (hfw − h′𝑐𝑐)/(Z + 1)                                                                                                                      (4) 

 

Such distribution is close to optimal, but allows using the same equipment for all heaters. 

With uniform regenerative heating in each of them the water temperature increases by 15 - 30 ℃. 

 

For TU К-1000-60/1500-1 pressure in condenser: 

 

Pc = 0.0045 MPa, thus 

h′c = f(Pc, x = 0) = 129,98kJ/kg and TC = TS = f(pc) = 31,01℃ 

 

The temperature of the main condensate at the LPHE 1 inlet is assumed to be 2 ... 3°С higher than 

the temperature in the condenser: 

𝑇𝑇𝑚𝑚𝑚𝑚
𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝑖𝑖𝐿𝐿 = Tc + 3 = 34 °С                                                                                                                        (5) 

With 7 regenerative heat exchangers:Δh = 104,72kJ/kg , which corresponds to: 

𝛿𝛿T = Δh
cfw

= 104,72
4,19

= 24,99°С                                                                                                                 (6) 

Thus we assume temperature rise in HPHE and in LPHE as: 

ΔTHPHE = 30 °С
Δ𝑇𝑇LPHE = 17 °С   

Pressure in deaerator is set as:  

𝑃𝑃𝐷𝐷 = 0, 689∗𝛽𝛽                                                                                                                                           (7) 

Temperature in deaerator:    

𝑇𝑇𝐷𝐷 = TS = f(𝑃𝑃𝐷𝐷) 

The main condensate temperature at the inlet of the deaerator is assumed to be 10...15°C lower 

than the temperature in the deaerator, 164.31°C at nominal power : 

𝑇𝑇𝑚𝑚𝑚𝑚
𝐷𝐷𝑖𝑖𝐿𝐿 = 𝑇𝑇𝐷𝐷 − 10                                                                                                                                     (8) 

If the water heating in each heater and the minimum temperature head at its outlet are known, then 

the temperature of heating steam in each regenerative heater, and, accordingly, the pressure of 

heating steam in it, can be determined; and the pressure of heating steam in extraction chambers. 
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The pressure in the deaerator is constant and is maintained by a special pressure regulator. 

Therefore, the pressure in the outlet for heating steam supply to the deaerator must be higher than 

the pressure in the deaerator. Moreover, this excess should compensate not only hydraulic 

resistance of the path from the turbine to the deaerator, but also possible pressure fluctuations in 

the turbine extraction chamber, associated with load changes. Usually the deaerator uses heating 

steam of the following high-pressure heater. 

Condensate temperature of heating steam in heaters, where no condensate cooling is provided, is 

equal to saturation temperature at pressure in the heater. Heating steam condensate temperature in 

heaters with drainage cooling is assumed to be approximately the same as saturation temperature 

in the preceding heater. 

2.2.2. Parameters in high pressure cylinder 

The state of steam before the turbine stop valve is determined by the parameter Р0, t0, х0： 

pressure, temperature and vapor fraction. In the design calculation it is also possible to assume that 

the thermodynamic properties of steam at the outlet of the steam generator are known and hidraulic 

properties of steam pipeline from SG to TSV. This resistance is accounted to 4-6% of SG outlet  

steam pressure . Then pressure before TSV  is: 

P0 = Psg⋅�1 − ΔPsg� ∗ 𝛽𝛽 = 0,96 ⋅ Psg∗𝛽𝛽                                                                                                      (9) 

Vapor fraction is given as x0=0.995 

𝑇𝑇0 = 𝑓𝑓(𝑃𝑃0, 𝑥𝑥0) 

Then it is possible to find  enthalpy and temperature (mention the program) 

h0 = f(P0, T0); s0 = f(P0, T0) 

For calculation  with additional heat exchanger after SG we are assuming ideal experimental 

conditions, where temperature at the outlet is always 315 °С as it was mentioned in introduction 

chapter, with pressure losses   amounting to 2%: 

P0′ = P0 ⋅ (1 − ΔPhe)
T0′ = 315°С
h0, = f(P0, T0′); s0′ = f(P0, T0′)

 

Determining the enthalpies in the extractions and at the outlet of the HPC in the ideal expansion 

process:indexing as i from 7 to 5. 

20 
 



hexiid = f(pexi, s0)  

Calculating the values of enthalpies in the extraction points and at the HPC outlet in the real 

process (Steam Turbines. 2020) of steam expansion in the HPC (taking into account the isentropic 

efficiency of the HPC η =0,83) 

hex𝑖𝑖 = h0 − �h0 − hexiid � ⋅ 𝜂𝜂iHPC                                                                                                           (10) 

Based on the obtained pressures in the extractions and the obtained enthalpies of steam, we 

determine the values of entropies, temperature and vapor fraction of steam at main points of the 

process in the HPC. 

Sexi = f(pexi , hexi )
Texi = f(pexi , hexi )
xexi = f(pexi hexi )

 

2.2.3. Parameters in intermediate pressure cylinder 
The steam parameters at the inlet to the IPC are determined by the steam parameters at the outlet 

of the separator-superheaters. 

Pressure loss until separator :∆Р = 2% 

Steam state before separator  : 

pBS = 𝑝𝑝𝑒𝑒𝑒𝑒5 ⋅ (1 − ΔP)                                                                                                                               (11) 

s𝐵𝐵𝐵𝐵 = f(pex5, Xex5)
hBS = f(pBS, xex5)  

Pressure loss in separator :∆Р = 0.02 

Steam state after separator : 

pAS = pBS ⋅ (1 − ΔP)                                                                                                                                 (12)
TAS = Ts = f(pAS)  

The design of separation devices of modern separators ensures that the vapor fraction of steam at 

the separator outlet as 99% 

 
xA𝐵𝐵 = 0.99
SAS = f(pAS, xAS)
hAS = f(pAS, xAS)
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State of steam after SH1: 

Pressure losses in SH1: ∆Р = 0.03 

pSH1 = pAS ⋅ (1 − Δp)                                                                                                                (13) 

To determine the temperature and enthalpy at the outlet of SH1, it is possible to assume the value 

of superheating of steam at the outlet of SH1. It usually varies in the range of 5...10 °С. Using the 

found tSH1 we determine hSH1 and SSH1. 

Ts,SH1 = f(pSH1)
TSH1 = TsSH1 + 10                                                                                                                                     (14)
SSH1 = f(pSH1, TSH1)
hSH1 = f(pSH1, TSH1)

 

The state of steam after SH2 is determined similarly to the first stage. 

Pressure losses in SH2 : ∆Р = 0.03 

pSH2 = pSH1 ⋅ (1 − Δp)                                                                                                                             (15)
Ts,SH2 = f(pSH2)  

Without heat exchanger after SG (Arakelyan E.K. et al. 1993) 

TSH2 = Ts,SH2 + 65                                                                                                                                    (16) 

With heat exchanger after SG, as temperature of superheated steam reaches 315°С, it is safe to 

assume that steam can reach temperatures of 270-280°С after 2nd stage of SH. 

TSH2 = Ts,SH2 + 100                                                                                                                                 (17) 

Entropy and enthalpy: 

SSH2 = f(pSH2, TSH2)
hSH2 = f(pSH2, TSH2)  

 

The process of steam expansion in the IPC is structured similarly to the HPC. The state of steam 

before the nozzles of the first stage of the IPC, assuming throttling (2% loss) in the IPC valves: 

𝑃𝑃0𝐼𝐼𝐿𝐿𝐼𝐼 ≈ (1 − ΔP) ⋅ PSH2                                                                                                                             (18)
ℎ0𝐼𝐼𝐿𝐿𝐼𝐼 = hSH2
𝑇𝑇0𝐼𝐼𝐿𝐿𝐼𝐼 = f(𝑃𝑃0𝐼𝐼𝐿𝐿𝐼𝐼 ,ℎ0𝐼𝐼𝐿𝐿𝐼𝐼)
𝑠𝑠0𝐼𝐼𝐿𝐿𝐼𝐼 = (𝑃𝑃0𝐼𝐼𝐿𝐿𝐼𝐼 ,𝑇𝑇0𝐼𝐼𝐿𝐿𝐼𝐼)

  

Determining the enthalpies in the extractions and at the outlet of the IPC under the ideal expansion 

process: indexing as i from 4 to 3 

hexiid = f(pexi, 𝑠𝑠0𝐼𝐼𝐿𝐿𝐼𝐼)  
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Determining enthalpies in the extractions and at the outlet of the IPC in the actual process of steam 

expansion in the IPC (taking into account the value of η=0.82) 

hex𝑖𝑖 = ℎ0𝐼𝐼𝐿𝐿𝐼𝐼 − �ℎ0𝐼𝐼𝐿𝐿𝐼𝐼 − hexiid � ⋅ 𝜂𝜂iIPC                                                                                             (19) 

Based on the obtained pressures in the extractions and the obtained enthalpies of steam, we 

determine the values of entropies, temperature and vapor fraction of steam at nodal points of the 

process in the IPC.  

Sexi = f(pexi , hexi )
Texi = f(pexi , hexi )
xexi = f(pexi hexi )

 

 

2.2.4. Parameters in low pressure cylinder 
The process of steam expansion in the LPC is structured similarly to the IPC. The state of steam 

before the nozzles of the first stage of the LPC, assuming throttling (2% loss) in the LPC valves: 

𝑃𝑃0𝐿𝐿𝐿𝐿𝐼𝐼 ≈ (1 − ΔP) ⋅ 𝑃𝑃0𝐼𝐼𝐿𝐿𝐼𝐼                                                                                                                               (20)
ℎ0𝐿𝐿𝐿𝐿𝐼𝐼 = hex3
𝑇𝑇0𝐿𝐿𝐿𝐿𝐼𝐼 = f(𝑃𝑃0𝐿𝐿𝐿𝐿𝐼𝐼 ,ℎ0𝐿𝐿𝐿𝐿𝐼𝐼)
𝑠𝑠0𝐿𝐿𝐿𝐿𝐼𝐼 = (𝑃𝑃0𝐿𝐿𝐿𝐿𝐼𝐼 ,𝑇𝑇0𝐿𝐿𝐿𝐿𝐼𝐼)

 

Parameters at the end of the actual process of steam expansion in the LPC are determined by the 

pressure of condenser Pc and η=0.82 

p𝑚𝑚 = 0,0045  MPa
𝜂𝜂oiLPC = 0,82
ℎ𝐼𝐼𝑖𝑖𝑖𝑖 = f(pc, 𝑠𝑠0𝐿𝐿𝐿𝐿𝐼𝐼)

 

The enthalpy of steam at the end of the actual expansion process in the LPC will be determined 

from the following formula: 

hca = ℎ0𝐿𝐿𝐿𝐿𝐼𝐼 − �ℎ0𝐿𝐿𝐿𝐿𝐼𝐼 − ℎ𝐼𝐼𝑖𝑖𝑖𝑖� ⋅ 𝜂𝜂oiLPC                                                                                                     (21) 

State of steam at condenser with accounting leaving losses : 

hc = hca + ΔhLL                                                                                                                           (22) 

Δℎ𝐿𝐿𝐿𝐿 = 24k J/kg, as stated in 
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Determine the enthalpies in the extractions under the ideal expansion process: indexing as i from 

2 to 1 

hexiid = f(pexi, 𝑠𝑠0𝐿𝐿𝐿𝐿𝐼𝐼)  
 

Determining enthalpies in the extractions and at the outlet of the LPC in the actual process of steam 

expansion in the LPC (taking into account the value of η=0.82) 

hex𝑖𝑖 = ℎ0𝐿𝐿𝐿𝐿𝐼𝐼 − �ℎ0𝐿𝐿𝐿𝐿𝐼𝐼 − hexiid � ⋅ 𝜂𝜂oiLPC                                                                                            (23) 

Based on the obtained pressures in the extractions and the obtained enthalpies of steam, we 

determine the values of entropies, temperature and vapor fraction of steam at nodal points of the 

process in the LPC.  

Sexi = f(pexi , hexi )
Texi = f(pexi , hexi )
xexi = f(pexi hexi )

 

Sc = f(pc, hc)
xC = f(pc, hc) 

2.2.5. Parameters in drive turbine of feedwater pump 
The state of steam before the nozzles of the first stage of the drive turbine is determined by the 

hydraulic resistances of the steam pipeline section from the separator-superheater to the drive 

turbine and the steam inlet devices. 

 

The enthalpy at the end of the actual process of steam expansion in the feed pump drive turbine 

and the enthalpy of steam at the condenser in the drive turbine is determined by the pressure value 

after last stage of condenser, the average efficiency of the drive turbine  and the losses with the 

output speed in the drive turbin, similar to how it was determined in the main turbine LPC. 

ΔPid = 0.09%
ΔPcv = 0.02%
PDT = PSH2 ⋅ (1 − ΔPid − ΔPcv)                                                                                                                  (24)
hLLDT = 14kJ/kg
ℎ𝐷𝐷𝐷𝐷𝑖𝑖𝑖𝑖 = f(PDT, sSH2)
𝜂𝜂oiDT = 0,79
xDC = f(PDT, sSH2)  
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ℎ𝐷𝐷𝐷𝐷 = ℎ𝐵𝐵𝐿𝐿2 − �ℎ𝐵𝐵𝐿𝐿2 − ℎ𝐷𝐷𝐷𝐷𝑖𝑖𝑖𝑖 � ⋅ 𝜂𝜂oiDT                                                                                                     (25)
hcDT = ℎ𝐷𝐷𝐷𝐷 + ℎ𝐿𝐿𝐿𝐿𝐷𝐷𝑇𝑇
𝑊𝑊𝐷𝐷𝐷𝐷 = 11600 kW

 

 
The steam flow rate in the turbine is determined by the formula 

DDT = WDT/(hDT − hcDT)                                                                                                                     (26)                                                                    

2.3.  Calculation of working fluid mass flow rate through all points 
This subchapter focuses on the determination of fluid mass flow rates throughout the secondary 

circuit. Starting with calculation of pressure differential in feedwater and condenser pumps, 

continuing with mass balance equations for separator, superheaters, heat exchangers and deaerator, 

from which steam and water mass flow rates are found. 

2.3.1. Pressure differential in pumps 
Main condensate and feedwater move through the regeneration system under the pressure head 

created by the condensate and feed pumps.  The head created by the feed pump can be determined 

by the formula : 

ΔPfv = P0 + ΔPsp + ΔPsh + ΔPfwp + ΔPcfwv + ΔPHPHE + ΔPgeod − PD                                         (27) 

∆Рsp– Hydraulic resistance of steam pipeline,  

ΔP𝑠𝑠p = P0 ⋅ (0,03 ÷ 0,05)                                                                                                             (28) 

∆Рsg – hydraulic resistance of the steam generator on the working body side. As a rough estimate 

of ∆Рsg for calculating the pressure head of the feed pump, it can be taken as equal to 0.07-0.09 

MPa 

∆Рfwp – Hydraulic resistance of feedwater pipeline from last HPHE to SG.  

ΔPfwp = 0,2 ÷ 0,3MPa  

∆Рcfwv – resistance of control feed pump valve, ∆Рcfwv ≈ 1 MPa 

∆РHPHE – pressure drop in the HPHE system. In calculation, one can use the factory data on the 
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HPHE resistances, as well as use a rough estimate of this value 

Δ𝑃𝑃𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 ≈ 0,25 ⋅ 𝑛𝑛HPHE, MPa                                                                                                   (29) 

∆Рgeod – geodetic head, determined by the difference in heights of steam generator and deaerator 

installation sites; ∆Рgoed ≈ 0,01∆Н, MPa ([∆Н] – m of water column) 

РD – Deaerator pressure, MPa 

The condensate pump head at the single-lift pump installation scheme in the main condensate path 

is determined by the formula : 

ΔPcp = PD + ΔPLPHE + ΔPdc + ΔPej + ΔPgc + ΔPdu + ΔPcon + ΔPclcv + ΔPgeod                       (30) 

РD – Deaerator pressure, MPa 

∆РHPHE – pressure drop in the LPHE system. In calculation, one can use the factory data on the 

LPHE resistances, as well as use a rough estimate of this value 

ΔPLPHE ≈ 0,15 ⋅ nLPHE, MPa                                                                                                      (31) 

∆Рdc – pressure drop in the remote drainage coolers. In calculations of schematic diagrams it is 

possible to estimate approximately by the formula  

ΔPdc ≈ 0,05 ⋅ ndc, MPa                                                                                                              (32) 

∆Рej – pressure drop in ejector cooling system 

ΔPej ≈ (0,05 ÷ 0,07) ⋅ nej,, MPa                                                                                               (33) 

∆Рgc – pressure drop in generator cooling system  

∆Рgc ≈ 0,1÷0,2 MPa 

∆Рdu – hydraulic resistance of the desalting unit  

∆Рdu ≈ 0,3÷0,5 MPa 

∆Рclcv – hydraulic resistance of condenser level control valve.  

∆Рclcv≈ 0,2÷0,4 MPa 

∆Рcon – hydraulic resistance of connecting main condensate pipeline 

 ∆Рcon ≈ 0,1÷0,2 MPa 
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∆Рgeod – geodetic head, determined by the difference in heights of condensate pump and deaerator 

installation sites; ∆Рgoed ≈ 0,01∆Н, MPa ([∆Н] – m of water column) 

If the installation of condensate pumps of the first and second elevations is planned, then each of 

them has its own design equations for determining the required head. The starting point for 

calculating the head of the first-lift pump is the required pressure at the second-lift pump inlet 

The head of drainage pumps is calculated by the pressure difference between the points of drainage 

pumping, taking into account the hydraulic resistance of the pipelines  

ΔPdp = Pmix + ΔPcpp + ΔPrcv − Phs                                                                                           (34) 

Рmix – pressure in mixing chamber of drainage and main condensate 

∆Рrcv – hydraulic resistance of condensate pipeline, 0.05 MPa 

∆Рrcv – hydraulic pressure of drainage control valve 

Рhs – pressure of heating steam in LPHE-i, from which drainage is pumped 

The values of drain pump heads obtained are necessary to determine the condensate enthalpy 

increase in the pumps. Increase in enthalpy of water in pumps (in kJ/kg) is determined by the 

formula for each pump 

Δhp = ΔPp ⋅ Vp103/𝜂𝜂p                                                                                                                (35) 

Where ∆Рp– pressure head of a pump, MPa 

Vp – average specific volume of the pumped medium in m3/kg, determined by temperature and 

average pressure of the medium in the pump  (Vp ≈ 0,001 m3/kg) 

η – thermal efficiency of a pump 

(ηFWP ≈ 0,8 ÷ 0,82, ηCP ≈ ηDP ≈ 0,76 ÷ 0,78). 

2.3.2. Separator and superheaters 
Steam flow  to TU is set as qm, which is routed to HPC and SH2, thus we can set: 

qm = 𝑞𝑞𝑚𝑚0 + 𝑞𝑞𝑚𝑚𝐵𝐵𝐿𝐿2                                                                                                                       (36) 

Nominal steam flow to HPC – 𝑞𝑞𝑚𝑚0  

Losses in the flow of steam through pipelines are taken as follows : 

Losses in secondary circuit: 𝑞𝑞𝑚𝑚𝐿𝐿𝐵𝐵=0.005 qm 
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Sealing losses: 𝑞𝑞𝑚𝑚
𝐵𝐵𝑒𝑒𝑆𝑆𝑆𝑆𝑖𝑖𝐿𝐿𝑆𝑆=0.012qm 

Ejector losses: 𝑞𝑞𝑚𝑚
𝐿𝐿𝐸𝐸=0.003qm 

Thus steam flow from SG:  

𝑞𝑞𝑚𝑚𝐵𝐵𝑆𝑆 = qm + 𝑞𝑞𝑚𝑚𝐿𝐿𝐵𝐵 + 𝑞𝑞𝑚𝑚
𝐵𝐵𝑒𝑒𝑆𝑆𝑆𝑆𝑖𝑖𝐿𝐿𝑆𝑆 + 𝑞𝑞𝑚𝑚

𝐿𝐿𝐸𝐸                                                                                           (37) 

 

The blowdowns in SG consists of 𝑞𝑞𝑚𝑚𝐵𝐵𝐷𝐷 = 0.005𝑞𝑞𝑚𝑚𝐵𝐵𝑆𝑆 and the feedwater flow rate is defined as the 

sum of the flow rate in SG and blowdowns. 

𝑞𝑞𝑚𝑚𝐹𝐹𝐹𝐹 = 𝑞𝑞𝑚𝑚𝐵𝐵𝑆𝑆 + 𝑞𝑞𝑚𝑚𝐵𝐵𝐷𝐷

𝑞𝑞𝑚𝑚𝐹𝐹𝐹𝐹 = 1,0251(𝑞𝑞𝑚𝑚0 + 𝑞𝑞𝑚𝑚𝐵𝐵𝐿𝐿2) 

For following calculations, assuming steam flow from HPC as Y. 

 

Figure 9. Turbine HPC, Separator, Superheaters and IPC 

Parameters of steam before and after separator were found previously. Thus it is mandatory to find 

separator condensate parameters. Via median pressure enthalpy, temperature and entropy can be 

found. 

 

Figure 11. Separator scheme 
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Median pressure in separator: 

pMP = 0.5(pAS + pBS)                                                                                                                  (38) 

Enthalpy of separator condensate: 

hMP = h′ = f(pMP) 

To find separator condensate flow rate, a thermal-mass balance equation: 

YhBS = (Y − 𝑞𝑞𝑚𝑚𝐵𝐵  )hAS + 𝑞𝑞𝑚𝑚𝐵𝐵 hMP                                                                                                              (39)

𝑞𝑞𝑚𝑚𝐵𝐵 =
Y(hBS − hAS)
(hMP − hAS)                                                                                                                                    (40)

 

As for first stage of superheater, first parameters of heating steam must be found. 

 

Figure 12. 1st stage of superheater scheme 

 

Heating steam parameters at entry point: 

Δppp = 0.01%
PSH1EN = 𝑝𝑝𝑒𝑒𝑒𝑒7�1 − Δppp�                                                                                                                             (41)
𝑥𝑥𝐵𝐵𝐿𝐿1𝐿𝐿𝐸𝐸 = 𝑥𝑥𝑒𝑒𝑒𝑒7
ℎ𝐵𝐵𝐿𝐿1𝐿𝐿𝐸𝐸 = f�PSH1EN , xSH1EN �

 

Condensate parameters at SH1 exit point: 

ℎ𝐵𝐵𝐿𝐿1𝐿𝐿𝐸𝐸 = h′ = f�PSH1EN �
𝑇𝑇𝐵𝐵𝐿𝐿1𝐿𝐿𝐸𝐸 = Ts = f�PSH1EN �

 

Working steam parameters after SH1: 

ΔpSH1 = 0.03% 
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PSH1 = pS(1 − ΔpSH1)                                                                                                                           (42)
ΔT = 10∘C
TSH1 = TSH1EX − ΔT                                                                                                                                   (43)
hSH1 = f(PSH1, TSH1)

 

Thermal-mass balance equation: 

(Y − 𝑞𝑞𝑚𝑚𝐵𝐵 )(hSH1 − hS) = 𝑞𝑞𝑚𝑚𝐵𝐵𝐿𝐿1�hSH1EN − hSH1EX )                                                                                   (44)

𝑞𝑞𝑚𝑚𝐵𝐵𝐿𝐿1 =
(Y − 𝑞𝑞𝑚𝑚𝐵𝐵 )(hSH1 − hS)

(hSH1EN − hSH1EX )
                                                                                                             (45)

 

As for second stage of superheater, first parameters of heating steam must be found. 

 

Figure 13. 2nd stage of superheater scheme 

Heating steam parameters at SH2 entry 

ΔpppSG = 0.04%
ΔpppSH = 0.02%
PSH2EN = P0�1 − ΔpPPSG − ΔpppSH�                                                                                                      (46)
ℎ𝐵𝐵𝐿𝐿2𝐿𝐿𝐸𝐸 = h0

 

Condensate parameters at SH2 exit point 

hSH2EX = h′ = f�PSH2EN � 

Operational steam parameters at SH2 exit point were found previously. Thus determining heating 

steam flow through SH2 via thermal-mass balance equation. 

(Y − 𝑞𝑞𝑚𝑚𝐵𝐵 )(hSH2 − hSH1) = DSH2
EN �hSH2EN − hSH2EX �                                                                                (47)

𝑞𝑞𝑚𝑚𝐵𝐵𝐿𝐿2 =
(Y − 𝑞𝑞𝑚𝑚𝐵𝐵 )(hSH2 − hSH1)

(hSH2EN − hSH2EX )
                                                                                                           (48)
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2.3.3. High pressure heat exchangers 
High pressure heat exchanger 7 

Enthalpy of steam from extraction point is found previously as hex7, enthalpy of drainage from 

SH2 to HPHE7: 

hSH2HPHE7 = hSH2EX . 𝜂𝜂                                                                                                                      (49) 

Parameters of drainage from HPHE7: 

𝑇𝑇𝑖𝑖𝑑𝑑𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿7 = Ts = f(pHPHE6)
hHPHE7 = f(pHPHE7,𝑇𝑇𝑖𝑖𝑑𝑑𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿7)

 

To determine enthalpy difference for HPHE7 specific heat capacity Cp and temperature 

differential are used. Next step is writing down thermal-mass balance equation. 

 

Figure 14. High pressure heat exchanger 7 scheme 

𝑞𝑞𝑚𝑚𝐿𝐿𝐸𝐸7 ⋅ hex7 + 𝑞𝑞𝑚𝑚𝐵𝐵𝐿𝐿2 ⋅ hSH2HPHE7 = 𝑞𝑞𝑚𝑚𝐹𝐹𝐹𝐹cpΔT + (𝑞𝑞𝑚𝑚𝐵𝐵𝐿𝐿2 + 𝑞𝑞𝑚𝑚𝐿𝐿𝐸𝐸7)hHPHE7                                                 (50)

𝑞𝑞𝑚𝑚𝐿𝐿𝐸𝐸7 =
�𝑞𝑞𝑚𝑚𝐹𝐹𝐹𝐹cpΔT − 𝑞𝑞𝑚𝑚𝐵𝐵𝐿𝐿2 ⋅ �hSH2HPHE7 − hHPHE7��

(hex7 − hHPHE7)                                                                                (51)
 

High pressure heat exchanger 6 

Enthalpy of steam from extraction point is found previously as hex6, enthalpy of drainage from 

SH1 to HPHE6: 

hSH1HPHE6 = hSH1EX . 𝜂𝜂                                                                                                                            (52) 

Parameters of drainage from HPHE7: 

𝑇𝑇𝑖𝑖𝑑𝑑𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿6 = Ts = f(pHPHE5)
hHPHE6 = f(pHPHE6,𝑇𝑇𝑖𝑖𝑑𝑑𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿6)

 

To determine enthalpy difference for HPHE6 specific heat capacity Cp and temperature 

differential are used. Next step is writing down thermal-mass balance equation. 
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Figure 15. High pressure heat exchanger 7 and high pressure heat exchanger 6 scheme 

𝑞𝑞𝑚𝑚𝐿𝐿𝐸𝐸6hex6 + 𝑞𝑞𝑚𝑚𝐵𝐵𝐿𝐿1hSH1HPHE6 + (𝑞𝑞𝑚𝑚𝐵𝐵𝐿𝐿2 + 𝑞𝑞𝑚𝑚𝐿𝐿𝐸𝐸7)hHPHE7 = 𝑞𝑞𝑚𝑚𝐹𝐹𝐹𝐹cpΔt                                                (53)
+(𝑞𝑞𝑚𝑚𝐿𝐿𝐸𝐸6 + 𝑞𝑞𝑚𝑚𝐵𝐵𝐿𝐿1 + 𝑞𝑞𝑚𝑚𝐵𝐵𝐿𝐿2 + 𝑞𝑞𝑚𝑚𝐿𝐿𝐸𝐸7)hHPHE6

𝑞𝑞𝑚𝑚𝐿𝐿𝐸𝐸6 =
� 𝑞𝑞𝑚𝑚𝐹𝐹𝐹𝐹cpΔT + 𝑞𝑞𝑚𝑚𝐵𝐵𝐿𝐿1(hSH1HPHE6 − hHPHE6� + (𝑞𝑞𝑚𝑚𝐵𝐵𝐿𝐿2 + 𝑞𝑞𝑚𝑚𝐿𝐿𝐸𝐸7) ⋅ (hHPHE7 − hHPHE6)�

(hex6 − hHPHE6)           (54)
 

 

High pressure heat exchanger 5 

Enthalpy of steam from extraction point is found previously as hex5, enthalpy of drainage from S 

to HPHE5: 

hSH1HPHE6 = hSH1EX . 𝜂𝜂   (55) 

Parameters of drainage from HPHE7, temperature differential for drainage is 10°С 

TdrHPHE5 = TS − 10 = f(pHPHE5) − 10                                                                                                     (56)
hHPHE5 = f�pHPHE5, TdrHPHE5�

 

To determine enthalpy difference for HPHE5 specific heat capacity Cp and temperature 

differential are used. Next step is writing down thermal-mass balance equation. 

 

Figure 16. High pressure heat exchanger 7, high pressure heat exchanger 6 and high pressure heat 

exchanger 5 scheme 
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𝑞𝑞𝑚𝑚𝐿𝐿𝐸𝐸5 ⋅ (hex5 − hHPHE5) + 𝑞𝑞𝑚𝑚 
𝐵𝐵 (hSHPHE5 − hHPHE5� + (𝑞𝑞𝑚𝑚𝐿𝐿𝐸𝐸6 + 𝑞𝑞𝑚𝑚𝐵𝐵𝐿𝐿1 + 𝑞𝑞𝑚𝑚𝐵𝐵𝐿𝐿2 + 𝑞𝑞𝑚𝑚𝐿𝐿𝐸𝐸7)(hHPHE6−hHPHE5)

= 𝑞𝑞𝑚𝑚𝐹𝐹𝐹𝐹cpΔT                                                                                                                                                          (57)

𝑞𝑞𝑚𝑚𝐿𝐿𝐸𝐸5 =
𝑞𝑞𝑚𝑚𝐹𝐹𝐹𝐹cpΔt − 𝑞𝑞𝑚𝑚𝐵𝐵 �hSHPHE5 − hHPHE5� − (𝑞𝑞𝑚𝑚𝐿𝐿𝐸𝐸6 + 𝑞𝑞𝑚𝑚𝐵𝐵𝐿𝐿1 + 𝑞𝑞𝑚𝑚𝐵𝐵𝐿𝐿2 + 𝑞𝑞𝑚𝑚𝐿𝐿𝐸𝐸7)(hHPHE6−hHPHE5)

(hex5−hHPHE5)   (58)
 

2.3.4. Deaerator 
Enthalpy of deaerator ejection 

ℎ𝐿𝐿𝐸𝐸𝐷𝐷 ≈ h′′D = f(pD) 

Enthalpy of deaerator condensate 

ℎ𝑚𝑚𝐷𝐷 = hD′ = f(pD) 

Enthalpy of heating steam to deaerator 

ℎℎ𝑠𝑠𝐷𝐷 = hex5 

The enthalpy of the main condensate at a pressure higher of 0.2 MPa than deaerator pressure and 

with deaerator temperature 

hmc = f(pD + 0.2, TD) 

The amount of steam of the 3rd extraction at the deaerator inlet is determined on the basis of the 

joint solution of the equations of thermal and mass balance of the deaerator.  

Deaerator ejection flow rate 

𝑞𝑞𝑚𝑚𝐿𝐿𝐸𝐸
𝐷𝐷 = 0.005 ∗ 𝑞𝑞𝑚𝑚𝐹𝐹𝐹𝐹                                                                                                                                 (59)   

 

Figure 17. Deaerator scheme 
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𝑞𝑞𝑚𝑚𝐷𝐷ℎℎ𝑠𝑠𝐷𝐷 + (𝑞𝑞𝑚𝑚𝐿𝐿𝐸𝐸6 + 𝑞𝑞𝑚𝑚𝐵𝐵𝐿𝐿1 + 𝑞𝑞𝑚𝑚𝐵𝐵𝐿𝐿2 + 𝑞𝑞𝑚𝑚𝐿𝐿𝐸𝐸7 + 𝑞𝑞𝑚𝑚𝐿𝐿𝐸𝐸5 + 𝑞𝑞𝑚𝑚𝐵𝐵 )hHPHE5 + 𝑞𝑞𝑚𝑚𝑀𝑀𝐼𝐼 ⋅ hmc = 𝑞𝑞𝑚𝑚𝐹𝐹𝐹𝐹ℎ𝑚𝑚𝐷𝐷 + 𝑞𝑞𝑚𝑚𝐿𝐿𝐸𝐸
𝐷𝐷 ℎ𝐿𝐿𝐸𝐸𝐷𝐷       (60)

𝑞𝑞𝑚𝑚𝐷𝐷 =
�𝑞𝑞𝑚𝑚𝐹𝐹𝐹𝐹�ℎ𝑚𝑚𝐷𝐷 + 0.005ℎ𝐿𝐿𝐸𝐸𝐷𝐷 − hmc� + (𝑞𝑞𝑚𝑚𝐿𝐿𝐸𝐸6 + 𝑞𝑞𝑚𝑚𝐵𝐵𝐿𝐿1 + 𝑞𝑞𝑚𝑚𝐵𝐵𝐿𝐿2 + 𝑞𝑞𝑚𝑚𝐿𝐿𝐸𝐸7 + 𝑞𝑞𝑚𝑚𝐿𝐿𝐸𝐸5 + 𝑞𝑞𝑚𝑚𝐵𝐵 )(hmc−hHPHE5)�

(ℎℎ𝑠𝑠𝐷𝐷 − hmc) (61)
    

Now all acquitted T-M balance equation are brought into equation system to calculate steam flow 

from HPC “Y” and every fluid flow rate from previous T-M equations. 

�𝑞𝑞𝑚𝑚
𝑀𝑀𝐼𝐼 = 1.005𝑞𝑞𝑚𝑚𝐹𝐹𝐹𝐹 − 𝑞𝑞𝑚𝑚𝐿𝐿𝐸𝐸7 − 𝑞𝑞𝑚𝑚𝐵𝐵𝐿𝐿1 − 𝑞𝑞𝑚𝑚𝐵𝐵𝐿𝐿2 − 𝑞𝑞𝑚𝑚𝐿𝐿𝐸𝐸6 − 𝑞𝑞𝑚𝑚𝐿𝐿𝐸𝐸5 − 𝑞𝑞𝑚𝑚𝐵𝐵 − 𝑞𝑞𝑚𝑚𝐷𝐷

𝑞𝑞𝑚𝑚𝑀𝑀𝐼𝐼 = Y − 𝑞𝑞𝑚𝑚𝐵𝐵
                                        (62) 

2.3.5. Low pressure heat exchangers 
Low pressure heat exchanger 4 

Enthalpy of steam from extraction point is found previously as hex4 

Parameters of drainage from LPHE4: 

𝑇𝑇𝑖𝑖𝑑𝑑𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿4 = Ts = f(pLPHE4)
hLPHE4 = f(pLPHE4,𝑇𝑇𝑖𝑖𝑑𝑑𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿4)

 

To determine enthalpy difference for LPHE4 specific heat capacity Cp and temperature differential 

are used. Next step is writing down thermal-mass balance equation. 

 

Figure 18. Low pressure heat exchanger 4 scheme 

𝑞𝑞𝑚𝑚𝐿𝐿𝐸𝐸4(hex4 − hLPHE4) = 𝑞𝑞𝑚𝑚𝑀𝑀𝐼𝐼 ⋅ cpΔT                                                                                                          (62)

𝑞𝑞𝑚𝑚𝐿𝐿𝐸𝐸4 = 𝑞𝑞𝑚𝑚𝑀𝑀𝐼𝐼 ⋅
cpΔT

(hex4 − hLPHE4)                                                                                                                   (63)
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Low pressure heat exchanger 3 

Enthalpy of steam from extraction point is found previously as hex3 

Parameters of drainage from LPHE3 

𝑇𝑇𝑖𝑖𝑑𝑑𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿3 = Ts = f(pLPHE3)
hLPHE3 = f(pLPHE3,𝑇𝑇𝑖𝑖𝑑𝑑𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿3)

 

To determine enthalpy difference for LPHE3 specific heat capacity Cp and temperature differential 

are used. Next step is writing down thermal-mass balance equation. 

 

Figure 19. Low pressure heat exchanger 4 and low pressure heat exchanger 3 scheme 

𝑞𝑞𝑚𝑚𝐿𝐿𝐸𝐸3 ⋅ hex3 + 𝑞𝑞𝑚𝑚𝐿𝐿𝐸𝐸4hLPHE4 − (𝑞𝑞𝑚𝑚𝐿𝐿𝐸𝐸4 + 𝑞𝑞𝑚𝑚𝐿𝐿𝐸𝐸3)hLPHE3 = (𝑞𝑞𝑚𝑚𝑀𝑀𝐼𝐼 − 𝑞𝑞𝑚𝑚𝐿𝐿𝐸𝐸4 − 𝑞𝑞𝑚𝑚𝐿𝐿𝐸𝐸3)cpΔT                            (64)

𝑞𝑞𝑚𝑚𝐿𝐿𝐸𝐸3 =
𝑞𝑞𝑚𝑚𝑀𝑀𝐼𝐼 ⋅ cpΔT − 𝑞𝑞𝑚𝑚𝐿𝐿𝐸𝐸4�hLPHE4−hLPHE3 + cpΔT�

�hex3 − hLPHE3 + cpΔT�
                                                                               (65)

 

Low pressure heat exchanger 2 

Enthalpy of steam from extraction point is found previously as hex2 

Parameters of drainage from LPHE2: 

𝑇𝑇𝑖𝑖𝑑𝑑𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿2 = Ts = f(pLPHE2)
hLPHE2 = f(pLPHE2,𝑇𝑇𝑖𝑖𝑑𝑑𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿2)

 

To determine enthalpy difference for LPHE2 specific heat capacity Cp and temperature differential 

are used. Next step is writing down thermal-mass balance equation. 
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Figure 20. Low pressure heat exchanger 2 scheme 

𝑞𝑞𝑚𝑚𝐿𝐿𝐸𝐸2(hex2 − hLPHE2) = 𝑞𝑞𝑚𝑚𝑀𝑀𝐼𝐼 ⋅ cpΔT                                                                                                                (66)

𝑞𝑞𝑚𝑚𝐿𝐿𝐸𝐸2 = 𝑞𝑞𝑚𝑚𝑀𝑀𝐼𝐼 ⋅
cpΔT

(hex2 − hLPHE2)                                                                                                                         (67)
 

Low pressure heat exchanger 1 

Enthalpy of steam from extraction point is found previously as hex1 

Parameters of drainage from LPHE1 

𝑇𝑇𝑖𝑖𝑑𝑑𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿1 = Ts = f(pLPHE1)
hLPHE1 = f(pLPHE1,𝑇𝑇𝑖𝑖𝑑𝑑𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿1)

 

To determine enthalpy difference for LPHE1 specific heat capacity Cp and temperature differential 

are used. Next step is writing down thermal-mass balance equation. 

 

Figure 21. Low pressure heat exchanger 2 and low pressure heat exchanger 1 scheme 

𝑞𝑞𝑚𝑚𝐿𝐿𝐸𝐸1 ⋅ hex1 + 𝑞𝑞𝑚𝑚𝐿𝐿𝐸𝐸2hLPHE2 − (𝑞𝑞𝑚𝑚𝐿𝐿𝐸𝐸2 + 𝑞𝑞𝑚𝑚𝐿𝐿𝐸𝐸1)hLPHE1 =                                                                              (68)
(𝑞𝑞𝑚𝑚𝑀𝑀𝐼𝐼 − 𝑞𝑞𝑚𝑚𝐿𝐿𝐸𝐸4 − 𝑞𝑞𝑚𝑚𝐿𝐿𝐸𝐸3 − 𝑞𝑞𝑚𝑚𝐿𝐿𝐸𝐸2 − 𝑞𝑞𝑚𝑚𝐿𝐿𝐸𝐸1)cpΔT

𝑞𝑞𝑚𝑚𝐿𝐿𝐸𝐸1 =
(𝑞𝑞𝑚𝑚𝑀𝑀𝐼𝐼 − 𝑞𝑞𝑚𝑚𝐿𝐿𝐸𝐸4 − 𝑞𝑞𝑚𝑚𝐿𝐿𝐸𝐸3)cpΔt − 𝑞𝑞𝑚𝑚𝐿𝐿𝐸𝐸2�hLPHE2−hLPHE1 + cpΔT�

�hex1 − hLPHE1 + cpΔT�
                                                  (69)   
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Main condensate flow rate 

 𝑞𝑞𝑚𝑚𝐼𝐼 = 𝑞𝑞𝑚𝑚𝑀𝑀𝐼𝐼 − 𝑞𝑞𝑚𝑚𝐿𝐿𝐸𝐸4 − 𝑞𝑞𝑚𝑚𝐿𝐿𝐸𝐸3 − 𝑞𝑞𝑚𝑚𝐿𝐿𝐸𝐸2 − 𝑞𝑞𝑚𝑚𝐿𝐿𝐸𝐸1                                                                                       (70) 

Steam flow rate to IPC and DT 

𝑞𝑞𝑚𝑚𝐼𝐼𝐿𝐿𝐼𝐼 = (Y − 𝑞𝑞𝑚𝑚𝐵𝐵 ) − 𝑞𝑞𝑚𝑚𝐷𝐷𝐷𝐷                                                                                                                            (71)
𝑞𝑞𝑚𝑚𝐷𝐷𝐷𝐷 = WDT ⋅

𝛽𝛽
�hSH2−ℎ𝑐𝑐𝐷𝐷𝐷𝐷�

                                                                                                                            (72)  

2.4.  Energy parameters of turbine 
Internal turbine power 

First calculating steam flow through sections: 

𝑞𝑞𝑚𝑚𝑠𝑠𝑒𝑒𝑚𝑚1 = 𝑞𝑞𝑚𝑚0 − 𝑞𝑞𝑚𝑚𝐵𝐵𝐿𝐿2 − 𝑞𝑞𝑚𝑚𝐼𝐼𝐶𝐶𝐿𝐿

𝑞𝑞𝑚𝑚𝑠𝑠𝑒𝑒𝑚𝑚2 = 𝑞𝑞𝑚𝑚𝑠𝑠𝑒𝑒𝑚𝑚1 − 𝑞𝑞𝑚𝑚𝐵𝐵𝐿𝐿1 − 𝑞𝑞𝑚𝑚𝐿𝐿𝐸𝐸7

𝑞𝑞𝑚𝑚𝑠𝑠𝑒𝑒𝑚𝑚3 = 𝑞𝑞𝑚𝑚𝑠𝑠𝑒𝑒𝑚𝑚2 − 𝑞𝑞𝑚𝑚𝐿𝐿𝐸𝐸6

𝑞𝑞𝑚𝑚𝑠𝑠𝑒𝑒𝑚𝑚4 = 𝑞𝑞𝑚𝑚𝑠𝑠𝑒𝑒𝑚𝑚3 − 𝑞𝑞𝑚𝑚𝐿𝐿𝐸𝐸5 − 𝑞𝑞𝑚𝑚𝐷𝐷𝐷𝐷 − 𝑞𝑞𝑚𝑚𝐵𝐵 − −𝑞𝑞𝑚𝑚𝐵𝐵𝐿𝐿

𝑞𝑞𝑚𝑚𝑠𝑠𝑒𝑒𝑚𝑚5 = 𝑞𝑞𝑚𝑚𝑠𝑠𝑒𝑒𝑚𝑚4 − 𝑞𝑞𝑚𝑚𝐿𝐿𝐸𝐸4

𝑞𝑞𝑚𝑚𝑠𝑠𝑒𝑒𝑚𝑚6 = 𝑞𝑞𝑚𝑚𝑠𝑠𝑒𝑒𝑚𝑚5 − 𝑞𝑞𝑚𝑚𝐸𝐸𝐿𝐿2 − 𝑞𝑞𝑚𝑚𝐸𝐸𝐿𝐿3 − 𝑞𝑞𝑚𝑚𝐿𝐿𝐸𝐸3 − 𝑞𝑞𝑚𝑚𝐵𝐵𝐿𝐿

𝑞𝑞𝑚𝑚𝑠𝑠𝑒𝑒𝑚𝑚7 = 𝑞𝑞𝑚𝑚𝑠𝑠𝑒𝑒𝑚𝑚6 − 𝑞𝑞𝑚𝑚𝐸𝐸𝐿𝐿1 − 𝑞𝑞𝑚𝑚𝐿𝐿𝐸𝐸2

𝑞𝑞𝑚𝑚𝑠𝑠𝑒𝑒𝑚𝑚8 = 𝑞𝑞𝑚𝑚𝑠𝑠𝑒𝑒𝑚𝑚7 − 𝑞𝑞𝑚𝑚𝐿𝐿𝐸𝐸1

                                                                                       (73) 

Then enthalpy drop through each section 

Δhsec1 = h0 − hex7
Δhsec2 = hex7−hex6
Δhsec3 = hex6 − hex5
Δhsec4 = hSH2 − hex4
Δhsec5 = hex4 − hex3
Δhsec6 = hex3 − hex2
Δhsec7 = hex2 − hex1
Δhsec8 = hex1 − hc

                                                                                                                               (74) 

Internal turbine power: 

Wj = Σ�𝑞𝑞𝑚𝑚
𝑠𝑠𝑒𝑒𝑚𝑚𝐸𝐸Δh𝑠𝑠𝑒𝑒𝑚𝑚

𝐸𝐸 �                                                                                                                   (75) 

Efficiency of generator and mechanical efficiency of turbogenerator  

𝜂𝜂mech = 0.99
𝜂𝜂g = 0.988  

Power at generator outlet 

Ne.calc = Wi ⋅ 𝜂𝜂mech ⋅ 𝜂𝜂g                                                                                                             (76) 
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Guaranteed power 

Ne = 0.98Ne.calc                                                                                                                                        (77) 

Efficieny of all electrodrives of pumps 

𝜂𝜂ED = 0.86 

Power usage for pumps (Condensate and drainage) 

NCP1 = ΔhCP1 ⋅ 𝑞𝑞𝑚𝑚𝐼𝐼 /𝜂𝜂ED
NCP2 = ΔhCP2 ⋅ 𝑞𝑞𝑚𝑚𝐼𝐼 /𝜂𝜂ED
NDP1 = ΔhDP1 ⋅ 𝑞𝑞𝑚𝑚𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿1𝑖𝑖𝑑𝑑/𝜂𝜂ED
NDP2 = ΔhDP2 ⋅ 𝑞𝑞𝑚𝑚𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿3𝑖𝑖𝑑𝑑/𝜂𝜂ED

                                                                                                 (78) 

Total self power usage: 

NSPU = ΣNi                                                                                                                               (79) 

Thermal efficiency parameters: 

Heat consumption by the turbine unit for electricity generation: 

Without heat exchanger after SG 

Q = 𝑞𝑞𝑚𝑚0 (h0 − hfw) + 𝑞𝑞𝑚𝑚𝐵𝐵𝐿𝐿2�hSH2EN − hSH2EX �                                                                                (80) 

With heat exchanger after SG 

Q = 𝑞𝑞𝑚𝑚0 (h0 − hfw) + 𝑞𝑞𝑚𝑚𝐵𝐵𝐿𝐿2�hSH2EN − hSH2EX � + 𝑞𝑞𝑚𝑚0 (h0′ − h0)                                                     (81) 

Specific heat consumption 

q = Q∗3.600/(Ne + NDT)                                                                                                         (82) 

Gross electric efficiency 

𝜂𝜂g = (Ne + NDT)/Q                                                                                                                  (83) 

Net electric efficiency 

𝜂𝜂n = (Ne − NSPU)/Q                                                                                                                (84) 
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3. RESULTS 

3.1. Without heat exchanger 
This subchapter contains table with thermal steam parameters for the case without additonal heat 

exchanger after steam generator at main points of turbine: temperature, pressure and vapor 

fraction. Next  table presents  calculated energy parameters of secondary circuit and turbine unit 

as a whole. Furher subsection contains  enthalpy (Y axis) – entropy (X axis) diagrams for all power 

modes .
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Table 2. Parameters of steam expansion in turbine without additional heat exchanger after steam generator 

 

Point Parameter Unit Load level, β 

  1,0 0,9 0,8 0,7 

 Pressure MPa 6.019 5.417 4.815 4.213 

1st stage of HPC, 0 Temperature °C 275.79 269 261.6 253.45 

 Vapor fraction % 99.5 99.5 99.5 99.5 

 Pressure MPa 2.509 2.258 2.007 1.756 

Extraction 7 Temperature °C 224.15 218.6 212.56 205.9 

 Vapor fraction % 91.66 92.077 92.559 93.009 

 Pressure MPa 1.815 1.633 1.452 1.27 

Extraction 6 Temperature °C 207.53 202.36 196.76 190.54 

 Vapor fraction % 89.727 90.238 90.778 91.258 
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 Pressure MPa 1.278 1.15 1.022 0.895 

Extraction 5 Temperature °C 190.83 186.05 180.83 175.12 

 Vapor fraction % 88.047 88.593 89.148 89.69 

 

 

 Pressure MPa 1.252 1.127 1.002 0.877 

Before separator Temperature °C 189.89 185.15 179.97 174.26 

 Vapor fraction % 88.047 88.953 89.148 89.69 

 Pressure MPa 1.227 1.105 0.982 0.859 

After separator Temperature °C 188.97 184.27 179.1 173.39 

 Vapor fraction % 99 99 99 99 

 Pressure MPa 1.191 1.072 0.952 0.833 

After SH1 Temperature °C 197.62 194.27 187.76 182.1 

 Vapor fraction % 100 100 100 100 

 Pressure MPa 1.155 1.039 0.924 0.808 

After SH2 Temperature °C 251.24 246.55 241.48 235.83 

 Vapor fraction % 100 100 100 100 
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 Pressure MPa 1.132 1.019 0.905 0.792 

1st stage of IPC Temperature °C 250.77 246.17 241.01 235.53 

 Vapor fraction % 100 100 100 100 

 Pressure MPa 0.631 0.568 0.505 0.442 

Extraction 4 Temperature °C 194.59 190.26 185.85 180.92 

 Vapor fraction % 100 100 100 100 

 Pressure MPa 0.276 0.248 0.221 0.193 

Extraction 3 Temperature °C 130.7 127.15 123.4 119.09 

 Vapor fraction % 99.46 99.476 99.497 99.505 

 Pressure MPa 0.27 0.243 0.216 0.189 

1st stage of LPC Temperature °C 129.97 126.48 122.66 118.43 

 Vapor fraction % 99. 46 99.476  99.497 99.505 
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 Pressure MPa 0.103 0.093 0.082 0.072 

Extraction 2 Temperature °C 100.43 97.59 94.151 90.675 

 Vapor fraction % 95.5 95.592 95.631 95.676 

 Pressure MPa 0.032 0.029 0.026 0.022 

Extraction 1 Temperature °C 70.6 68.318 65.843 62.133 

 Vapor fraction % 91.6 91.72 91.842 91.911 

 Pressure MPa 0.0045 0.0045 0.0045 0.0045 

Condenser Temperature °C 31.013 31.013 31.013 31.013 

 Vapor fraction % 87.212 87.748 88.123 88.531 
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Table 3. Energy and thermal efficiency parameters of calculation without additional heat 

exchanger after steam generator

Parameter Unit Load level, β 

 1,0 0,9 0,8 0,7 

Internal power, W MW 1178 1019 897 774 

Electric power, N MW 1129 977 860 742 

Heat consumption, Q MJ/h 3307005 2985735 2652525 2318205 

Specific heat 

consumption, q 

MJ/(kW*h) 10.437 10.889 10.985 11.125 

Gross electric efficiency % 34.492 33.061 32.772 32.359 

Net electric efficiency % 33.866 32.443 32.157 31.748 
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3.1.1. H-S diagram  

 
Figure 22. H-S diagram, 0.9 load level without HE after SG 

 
Figure 23. H-S diagram, 0.8 load level without HE after SG 
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Figure 24. H-S diagram, 0.7 load level without HE after SG 

 
Figure 25. H-S diagram, 0.7-1.0 load level without HE after SG 
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3.1.2. Summary 
 

From Tables and Figures  can be made several conclusions: with decrease in load vapor fraction 

steadily increases throughout  all cylinders of turbine, which is beneficial for the lifetime of all 

turbine machinery and pipelines. However, es expected, total power and efficiency instead 

decreases, which can be attributed  to lower volume of working fluid, lower temperatures and 

pressures as well as deviation from optimal load. Another important factor to look at is specific 

heat consumption, which increases in reverse with load change. 

Finally, changes in power can be easily explained   by looking at figures with H-S diagram 

comparison, decreasing load causes enthalpy drop to decrease, thus reducing enthalpy drop 

accordingly.
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3.2. With heat exchanger 
This subchapter contains table with thermal steam parameters for the case with additonal heat 

exchanger after steam generator at main points of turbine: temperature, pressure and vapor 

fraction. Next  table presents  calculated energy parameters of secondary circuit and turbine unit 

as a whole. Furher subsection contains  enthalpy (Y axis) – entropy (X axis) diagrams for all power 

modes .
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3.2.1. Tables 
Table 4. Parameters of steam expansion in turbine with additional heat exchanger after steam generator 

 

Point Parameter Unit Load level, β 

  1,0 0,9 0,8 0,7 

 Pressure MPa 6.019 5.201 4.623 4.045 

1st stage of HPC, 0 Temperature °C 275.79 312.6 312.84 313.09 

 Vapor fraction % 99.5 100 100 100 

 Pressure MPa 2.509 2.258 2.007 1.756 

Extraction 7 Temperature °C 224.15 223.3 223.62 223.92 

 Vapor fraction % 91.66 100 100 100 

 Pressure MPa 1.815 1.633 1.452 1.27 

Extraction 6 Temperature °C 207.53 202.36 196.76 193.49 

 Vapor fraction % 89.727 98.319 99.435 100 
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 Pressure MPa 1.278 1.15 1.022 0.895 

Extraction 5 Temperature °C 190.83 186.05 180.35 175.12 

 Vapor fraction % 88.047 96.322 97.338 98.335 

 Pressure MPa 1.252 1.127 1.002 0.877 

Before separator Temperature °C 189.89 185.15 179.97 174.26 

 Vapor fraction % 88.047 96.322 97.338 98.335 

 Pressure MPa 1.227 1.105 0.982 0.859 

After separator Temperature °C 188.97 184.27 179.1 173.59 

 Vapor fraction % 99 99 99 99 

 Pressure MPa 1.191 1.072 0.952 0.833 

After SH1 Temperature °C 197.62 194.27 187.76 182.1 

 Vapor fraction % 100 100 100 100 

 Pressure MPa 1.155 1.039 0.924 0.808 

After SH2 Temperature °C 251.24 286.55 281.55 275.83 

 Vapor fraction % 100 100 100 100 
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 Pressure MPa 1.132 1.109 0.905 0.792 

1st stage of IPC Temperature °C 250.77 285.95 281.15 275.82 

 Vapor fraction % 100 100 100 100 

 Pressure MPa 0.631 0.568 0.505 0.442 

Extraction 4 Temperature °C 194.59 226.38 225.61 217.18 

 Vapor fraction % 100 100 100 100 

 Pressure MPa 0.276 0.248 0.221 0.193 

Extraction 3 Temperature °C 130.7 153.78 153.57 146.26 

 Vapor fraction % 99.46 100 100 100 

 Pressure MPa 0.27 0.243 0.216 0.189 

1st stage of LPC Temperature °C 129.97 153.46 153.44 146.1 

 Vapor fraction % 99. 46 100 100 100 
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 Pressure MPa 0.103 0.093 0.082 0.072 

Extraction 2 Temperature °C 100.43 97.59 94.151 90.675 

 Vapor fraction % 95.5 98.376 98.668 98.438 

 Pressure MPa 0.032 0.029 0.026 0.022 

Extraction 1 Temperature °C 70.6 68.318 65.843 62.133 

 Vapor fraction % 91.6 94.24 94.663 94.31 

 Pressure MPa 0.0045 0.0045 0.0045 0.0045 

Condenser Temperature °C 31.013 31.013 31.013 31.013 

 Vapor fraction % 87.212 89.972 90.463 90.755 
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Table 5. Energy and thermal efficiency parameters of calculation with additional heat exchanger 

after steam generator 

 

 

 

 

 

 

 

 

 

 

 

Parameter Unit Load level, β 

 1,0 0,9 0,8 0,7 

Internal power, W MW 1178 1160 1026 887 

Electric power, N MW 1129 1112 983 850 

Heat consumption, Q MJ/h 3307005 3377369 3017640 2636901 

Specific heat 

consumption, q 

MJ/(kW*h) 10.437 10.834 10.943 11.067 

Gross electric efficiency % 34.492 33.229 32.897 32.53 

Net electric efficiency % 33.866 32.654 32.33 31.968 
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3.2.2. H-S diagram 

 
Figure 26. H-S diagram, 0.9 load level with HE after SG 

 
Figure 27. H-S diagram, 0.8 load level without HE after SG 
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Figure 28. H-S diagram, 0.7 load level with HE after SG 

 
Figure 29. H-S diagram, 0.7-1.0 load level with HE after SG 
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3.2.3. Summary 
As with the case without heat exchanger, vapor fraction increases throughout all cylinders of 

turbine, and of course, total power and efficiency instead decreases. The main distinction between 

calculation model with HE and without HE is initial jump of enthalpy, which is provided by extra 

heat from primary circuit via HE. This dramatically increases base temperature of steam (260-

275°C) to (312-314°C), that not only increases enthalpy, but also superheats the steam. As for 

probability of danger for turbine insides due to increase in temperature, K-1000-60/1500 HPC is 

made of chromium molybdenum steel, which can withstand temperature up to 530°C, thus such 

increase in temperature as in this case will not cause any long-lasting problems. 

 

Moreover, this superheated also provides extra heat at SH2, which further improves quality and 

parameters of steam in IPC and LPC accordingly.  Another major thing is, that vapor fraction 

throughout the turbine almost does not decrease below 90%, which is extremely beneficial for 

turbine machinery reliability. 
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4. COMPARISON 

4.1. Energy parameters  
This subchapter contains diagrams for all calculated energy parameters: Internal turbine power, 

Electrical power,Guaranteed electrical power, Heat consumption, Specific heat consumption, 

gross electrical efficiency and net electrical efficiency. The diagrams are plotted in accordance 

with points at specific power modes. 

 
Figure 30. Internal turbine power comparison 

 
Figure 31. Electrical power comparison 
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Figure 32. Guaranteed electrical power comparison 

 
Figure 33. Heat consumption comparison 
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Figure 34. Specific heat consumption comparison 

 
Figure 35. Gross electrical efficiency 
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Figure 36. Net electrical efficiency  
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4.2. Thermal parameters 
This subchapter contains diagrams of steam vapor fraction throughout the turbine for both cases 

in accordance with specific points throughout the turbine. 

 
Figure 37. Vapor fraction, 0.9 load level  

 
Figure 38. Vapor fraction, 0.8 load level  
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Figure 39.  Vapor fraction, 0.7 load level  
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4.3. Summary 
Regarding energy parameters, installation of additional heat exchanger provides up to 100 extra 

MW of guaranteed electrical power, which is expected as additional HE provides a sizable boost 

to internal turbine power. Although heat consumption also increases for WHE-setup, it is still 

favourable, because specific heat consumption for WHE-setup is somewhat lower than WOHE-

setup.  

 

One the main benefits of sliding pressure mode with partial load operation is decrease in power 

usage systems including condensate, feedwater and drainage pumps, thus electrical efficiency is 

always more than, with throttling (constant pressure). In this case WHE-setup causes electrical 

efficiency to increase even more, since turbine unit provides much energy, but consumes the same 

amount as with WOHE-setup. 

 

As for thermal parameters, one of the most important in this work is vapor fraction. Lower vapor 

fraction values cause more erosion and corrosion (Otakar J. 2008), it is also proven, that decrease 

in vapor fraction values correlates with decrease in efficiency of turbine (Jonas, O. 1995), thus 

keeping steam closer to higher vapor fraction values is advisable. Erosion is mainly dangerous for 

last stages of LPC and WHE-setup showed satisfactory results: an average of additional 2.2% 

difference in comparison with WOHE-setup results. That bring WHE vapor fraction values to 

average of 90%, which is beneficial for lifetime (Trunov, N. B. et al. 2011) and reliability of 

turbine unit.

63 
 



 

5. IMPACT ON OTHER OPERATIONAL PARAMETERS 
However  the last concern to address regarding installation of HE, is geometry and physical size 

of HE itself and possible reconstruction of separator and superheaters. 

To implement WHE setup, first its size should be taken in account. If it’s and it’s pipelines’ size 

does not exceed available space in containment building, then implementing such a method won’t 

be a massive problem to solve. However, it still brings a potential problem as a branch of primary 

circuit is a possible dangerous place for LOCA. 

 

Based on calculation results, installation of additional heat exchanger showed possible redundancy 

of separator stage. This fact is supported by decrease of separator condensate mass flow rate: 

• from 147 kg/s to 33 kg/s at 0.9 power mode 

• from 123 kg/s to 20 kg/s at 0.8 power mode 

• from 102 kg/s to 7 kg/s at 0.7 power mode. 

 

However, having said that, SH2 with WHE-setup suffers more thermal stress due to higher 

temperature and needs more surface to operate, thus possible ideas of reconstruction could be 

implemented in further research.
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6. CONCLUSION 
The objective of this thesis was to test and undertand a new and advanced deisgn of schematic 

diagram of secondary circuit, which includes installation of additional heat exchanger after steam 

generator. Main principle lies in usage of primary circuit for superheating steam during part load 

operation in sliding pressure mode.  

 

The benchmark for experimental data is NPP with VVER-1000 with turbine unit K-1000-60/1500. 

Utilizing standard methods schematic diagram calculations, several datasets for load level 0.7-1.0 

were prepared both for WOHE and WHE setup. 

 

The results have shown great potential, as electrical efficiency went up an average of 0.5%, 

electrical power values increased with an average of 100MW. In addition to that, average increase 

of 2% in vapor fraction provides potential benefit for reliability and lifetime of turbine machinery. 

However, this work is still not enough for practical implementation yet, as more geometrical 

design calculation must be made to test compatibility with existing design. 
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