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ABSTRACT 
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The object of research is design power unit with a VVER reactor with an electric 

power of 870 MW 

Purpose of work is to design a nuclear power plant with a VVER-type reactor with 

an electrical power of 870 MW 
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the turbine condenser. 
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Introduction  

In the upcoming years, cheap and plentiful power will be key to the modern 

world. In countries where alternative energy sources are insufficient, the use of nuclear 

energy for power generation is essential. Pressure is placed on traditional sources of 

electricity, such as coal, oil, and gas, as a result of the population's rising quality of 

living and continuous increases in industry. 

The world's growing need will soon exceed the capacity of these sources. The 

most remarkable facts of nuclear power are the maximum amount of energy that a small 

quantity of active materials is able to produce. The total energy released after the fission 

of 1 kilogram of uranium is comparable to 3100 tons of coal or 1700 tons of oil. around 

four hundred of nuclear power plants is operated around the worldwide. The use of 

nuclear power is not just backed up by proof but it is also less expensive than power 

produced by traditional sources. 

 A simple Definition for the facility is plant that transforms atomic energy into 

useful power is a nuclear power plant. Reactor heat is typically applied to operate a 

turbine, which then drive an electric generator. an overview about Nuclear Plant, it is 

one of types of facilities which produce electricity as thermal plants but the difference 

is the way of generate the heat to generate steam in nuclear plants in uses nuclear 

reactions and this occur in nuclear reactor, and the fuel of this reactor is uranium 

dioxide, these atoms split when it is hit by a thermal neutron then large amount of heat 

is released as a result of fission reactions. nuclear facilities shut down their reactors. 

During the process of replacing the spent fuel with a fresh. Some of the main 

equipments of the facility is nuclear reactor, main circulating pump, Heat Exchanger, 

Feed pump, Condenser, Turbine and Generator. Nuclear plants have several advantages 

compared to the other power plants so it needs less area and more Suitable for high 

needs and good performance, Severe weather has no impact on power plants, and the 

need of water is not high and the most important that it is a Source of energy without 

carbon releases. The VVER series of reactors has developed to be the nuclear power 

industry's centerpiece in Russia and one of the greatest examples of a popular high-tech 

product globally. VVER is still developing working toward achieve so many main 

goals. This means more effective use of fuel, improved economic parameters and, of 

course, improve safety. The VVER use light water as a moderator and coolant.  

The VVER and other PWR sorts vary from each other in a few critical ways both 

in terms of the materials included and the design. the taking after are a 

few characteristics of the VVER like Use of horizontal steam generators, Use of 

hexagonal fuel assemblies and Use of high-capacity pressurizer. 
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 Description of the primary components 

Reactor and internals 

Reactors are vertical, pressurized vessels that contain in-core instrumentation 

detectors, a core barrel with a baffle, protective tube units, fuel assemblies. VVER 

reactor vessel design is based on the following principles: 

▪ verified manufacturing techniques and structural components; 

▪ full in-shop production of the vessel including testing; 

▪ the ability to carry ships by rail and water; 

▪ the ability of periodic in-service verification of vessel. 

 

Figure 1.1-Reactor 

The reactor vessel is made up of several forged shells that have been welded 

together, an elliptical bottom head, and solid ring sealing gaskets to keep out water. 

Each of the vessel's two nozzle shells has four nozzles that are attached to the 

reactor coolant system's main coolant pipeline. 

Heat-resistant alloy steel is used to construct the reactor vessel, grade 

15Х2НМФА. The selection of welding materials and reactor vessel steel was made 

after a mechanical properties analysis. 
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The core barrel is a cylindrical, weld-together shell with a supporting bottom and 

a flange that rests on the vessel shoulder. 

A displacer and a protective screen are provided by the core baffle, which is 

positioned in the core barrel at the core level and situated at a structural gap from the 

FA periphery row. 

The force of the elastic element inserted between the PTU shoulder presses the 

PTU against the core barrel flange once it has been put on top. To space the FAs and 

prevent them from rising, a solid support system is created by the perforated PTU shell, 

plates, and protective tubes. The internals are made of corrosion-resistant steels of 

austenitic grade. 

Main coolant pipeline (MCP) 

The main coolant pipeline connects the reactor, steam generators and main 

coolant pump sets between themselves forming a circulation system. 

MCP consists of four circulation loops, each loop has two sections of tubes. A 

section between a reactor outlet nozzle and steam generator inlet collector is a ²hot² leg. 

A section between steam generator outlet collector and RCP set inlet (suction) nozzle 

and between RCP set outlet (discharge) nozzle and reactor inlet nozzle is a ²cold² leg. 

Reactor coolant pump 

vertical centrifugal one-stage pump set that contains a hydraulic casing, internals, 

electric motor, top and bottom spacers. supports and auxiliary systems. The electric 

motor is of vertical asynchronous double-speed type. To prevent the reverse rotation of 

the rotor. 

Basic characteristics of the reactor coolant system 

The reactor coolant system involves: water-cooled water-moderated power 

reactor and four circulation loops consisting of steam generators, reactor coolant pumps 

and pipelines as well as the pressuring system connected to one of circulation loops. 

The reactor coolant system is a barrier to the release of radioactive substances 

from the core into the secondary circuit system and the containment volume 

Steam generator 

The "Horizontal steam generator" concept, which related to heat exchange 

technology, can be applied to nuclear power plant steam producing facilities. 
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A horizontal steam generator's vessel is a massive, thick-walled vessel. It has a 

bottom, two side shells, and a middle shell. Welding is used to join every component 

to the other components.  

Horizontal steam generators are preferred in the Russian nuclear sector. In 

Russia, steam generator tubes are constructed of steel of such 08H18N10T type. 

Heat-exchanger of horizontal type with submerged heat exchanging surface. 

The steam generator vessel is designed to house the internals. The steam generator 

vessel consists of forged shells, stamped elliptic bottoms and forged nozzles connected 

by welding. Vessel design provides easy access to examine the internals on the 

secondary side. 

The design of VVER-870 uses Ordinary water under pressure serves as both the coolant 

and the moderator in a four-circuit nuclear steam producing vessel arrangement with a 

thermal neutron reactor. There are four cooling loops in the design. 

 

Figure 1.2-steam generator 
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 Passive safety systems in modern nuclear reactors 

Passive nuclear safety is a design approach for safety features, implemented in 

a nuclear reactor, that does not require any active intervention on the part of the operator 

or electrical/electronic feedback in order to bring the reactor to a safe shutdown state, 

in the event of a particular type of emergency (usually overheating resulting from a loss 

of coolant or loss of coolant flow). Such design features tend to rely on the engineering 

of components such that their predicted behavior would slow down, rather than 

accelerate the deterioration of the reactor state.  

They typically take advantage of natural forces or phenomena such as gravity, 

buoyancy, pressure differences, conduction or natural heat convection to accomplish 

safety functions without requiring an active power source. Many older common reactor 

designs use passive safety systems to a limited extent, rather, relying on active 

safety systems such as diesel-powered motors. Some newer reactor designs feature 

more passive systems.  

The motivation being that they are highly reliable and reduce the cost associated 

with the installation and maintenance of systems that would otherwise require multiple 

trains of equipment and redundant safety class power supplies in order to achieve the 

same level of reliability. However, weak driving forces that power many passive safety 

features can pose significant challenges to effectiveness of a passive system, 

particularly in the short-term following an accident. 

Definition of passive safety system according to IAEA as (the system which is 

composed entirely of passive components and structures another definition as a system 

which uses active components in a very limited way to initiate subsequent passive 

operation) Due to the wide range of systems which may meet this definition. 

Passivity 

Passive means are used to deal with “design extension conditions” and “beyond 

design basis accidents” (passive SG cooling system, passive containment cooling 

system) and provide back up for active safety systems. 

Passive safety systems in VVERs 

The overall safety systems of the VVER-reactors include the emergency core 

cooling systems, reactor shutdown systems and the decay heat removal systems from 

the core and the containment to assure the heat removal and hence assure the core 

coolability. In the next sections these systems are described and discussed. 

The VVER was designed to meet Russian safety requirements with consideration 

of both IAEA recommendations and European utility requirements. The strategy for 

management of design basis accidents utilizes both active and passive safety systems, 

while the strategy for beyond design basis accidents is mainly based on the use of 
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passive safety systems. The following paragraphs describe some of the included passive 

safety systems. 

Quick boron injection system  

The fast boron infusion framework is extraordinarily saved for utilize in past pl

an premise mischance administration where a scram did not, or fizzled to happen. The 

main idea of this system is to put the reactor core in a subcritical state by the injection 

of high concentration boric acid solution into the primary coolant loop. The fast boron 

injection system consists of 4 independent channels, each include of a tank filled with 

boric acid and connect to the primary-coolant loop and isolated from the system with 

valves. The flow of boric acid through these valves is initiated by a pressure-differential 

across the valves. 

Core flooding system  

The core flooding system is planning to provide a passive supply of boron 

solution into the reactor core to simultaneously remove decay heat and maintain the 

core at a subcritical state. It is planned to operate within the occasion a primary system 

leak during a station blackout (including the loss of diesel generators) and function for 

as long as possible, (at least 24 hours). 

Passive heat removal system 

The VVER-1000 system is planned to preserve heat evacuation from the reactor 

core during accidents with total loss of AC sources of electric power when either the 

primary loop is sealed or while leaks occur in the primary or secondary loops. The 

decay heat removal system content of 4 independent natural circulation loops, one for 

each coolant loop. Each steam generator has piping to the carry and distribute steam 

into the two heat exchangers. The steam is condensed in the heat exchangers and is 

back the SG. 

The new Russian reactor design, which is currently unique among PWRs, 

employs both conventional active systems and cutting-edge passive technologies that 

do not require external power to conduct safety system operations. The passive filter 

system and the passive heat removal system are examined in particular. 

▪ First stage of hydro-accumulators (HA-1). 
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Figure 2.1-First stage of hydro-accumulators (HA-1) 

▪ Second stage of Hydro-accumulators (HA-2). 

 
Figure 2.2-Second stage of Hydro-accumulators (HA-2) 

▪ Third stage of Hydro-accumulators (HA-3) 

 

Figure 2.3- Third stage of Hydro-accumulators (HA-3) 
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Safety systems related with the Secondary system 

▪ Passive Heat Removal System through Steam Generators (PHRS-SG).  

Containment Safety Systems:  

▪ Passive Containment Heat Removal System 

▪ passive Autocatalytic Recombiners (PAR). 

 

Figure 2.4-Passive Containment Heat Removal System 

The plant is equipped with a passive heat removal system (PHRS) and a system 

of water tanks (hydraulic accumulators) in a first and second stage to ensure emergency 

heat removal from the core by passive safety measures. (HA-1 and HA-2). 

The functioning of the passive heat removal system alone will be adequate to 

cool the reactor if a loss of all AC power sources at the site results in an active safety 

system failure. If this failure is unaccompanied by a loss of coolant from the reactor 

circulation circuit. The PHRS can operate in these circumstances for an infinite amount 

of time due to the usage of air as the ultimate heat sink. 

The first stage's operational water tanks will supply enough reactor cooling to fill 

the reactor vessel in the event of a primary coolant leak and the failure of active safety 

devices. Long-term heat removal from the core requires the use of the second-stage 

tanks and the PHRS. In this instance, the primary circuit steam from the reactor is 

condensed by the PHRS using steam generators (SG). As a result, the condensate from 

the steam generator is added to the water in the second-stage tanks and returned to the 

primary circuit. 

Passive system design 

The following is a description of the major design elements of the passive safety 

systems. The image below shows a basic schematic and the layout of a VVER plant's 

passive safety measures. 
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Figure 2.5-A basic diagram of passive safety systems in a VVER plant 

In the event of a maximum two-side coolant loss in the primary circuit, the 

second stage water tanks (hydraulic accumulators) are designed to inject boric acid into 

the core for at least 24 hours (stored concentration: 16g/kg). When the primary circuit 

loses coolant and the reactor's pressure drops to 1.5 MPa, the system is activated. 

Together with the water tanks from the first stage and PHRS, the second stage water 

tanks are utilized to cool the core in the event that the primary circuit's leak tightness is 

lost. 

For this, the second stage water tank system features the following: 

▪ progressive profiling of the water flow that is injected into the core as the amount of 

water in the tanks gets lower. According to flow profiling, residual heat is reduced. 

▪ 960 m3 of coolant are stored in water tanks overall. 

▪ In the event of the greatest coolant loss in the main circulation pipeline, the coolant 

inventory was chosen to ensure reactor make-up with coolant for 24 hours. 

Four water tank sets make up the system. Two tanks are included in each set, and 

the drain lines allow for coolant flow profiling. The hydrostatic pressure causes coolant 

from HA-2 to flow into the reactor. The second stage tanks (HA-2) are connected to the 

pipes that link the first stage tanks (HA-1) to the reactor on the side of the drain line. In 

close proximity to the SG headers, the cold legs of the main circulation pipes are linked 

to the top portion of the HA-2 tanks through specific check valves. If the circuit pressure 

drops to 1.5 MPa, special check valves are programmed to open. 
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First water tanks of the first stage start up in abnormal circumstances involving 

coolant loss from the primary circuit (at around 5.9 MPa), and second-stage tanks 

subsequently enter the picture. (at < 1.5 MPa). 

PHRS (passive heat removal system) 

In the event of an accident that goes beyond the scope of the design and results 

in the loss of all AC power sources, the passive heat removal system is intended to 

provide for the long-term removal of residual heat from the reactor. When the primary 

circuit's coolant is lost, the system uses the second-stage water tanks to remove any 

remaining heat. 

Four separate trains make up the system, one for each steam generator. Two heat 

exchangers/condensers, steam condensate pipelines with valves, air ducts with air 

shutters, and a controller are all included in each train. 

Each SG's pipeline feeds steam to the heat exchanger in the PHRS. The ambient 

air in the heat exchangers causes steam to condense. The containment building's 

atmosphere is used to supply the air. The air enters a ring header that circles the 

confinement building due to natural draft. After that, individual air ducts deliver air to 

heat exchanger modules. In the heat exchanger modules, steam condenses into air, 

which then enters the draft shafts and exits through a shared header with a deflector. 

The system's heat exchangers are warmed to the secondary circuit temperature 

while it is in standby, preventing thermal cycling upon PHRS initiation and supplying 

the best dynamics for PHRS to begin operating at its rated capacity. Each PHRS heat 

exchanger module has closed gate valves that open in response to a loss-of-power signal 

upstream and downstream. The valves prevent heat loss at the unit while the system is 

in standby and safeguard the equipment from an air shock wave. 

A controller with two drives—one active and one passive—is located between 

the heat exchanger module and the gate valve. 

According to changes in steam pressure in the steam generator, the passive drive, 

which consists of a bellows spring unit, activates the opening or closing of shutters. 

When the controller is operating on-load, the shutters are typically open. In order to 

keep steam pressure close to nominal levels, the shutters begin to close if the SG steam 

pressure drops below 5.8 MPa. 

In beyond-design-basis catastrophes where there is a loss of all AC sources at the 

site but no primary circuit coolant leakage, the passive PHRS shutter controller drive 

regulates the process of heat removal from the reactor.  

(PFS) Passive filtering system 

The VVER design has a cross-connected passive system architecture. The 

employment of a passive filtering system (PFS) to filter leakages from the inner 
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containment shell into the inter-containment cavity is a logical progression from 

including the PHRS system in NPP design. The thermal energy of air traveling through 

PHRS heat exchangers and condensers is used by PFS to operate. 

The PFS system exploits the area between the containment's outer and inner 

shells to collect leaks from the inner shell. The system includes vent pipes for the 

filtering facility and heat-exchanging tubes for heat exchange. The heat-exchanging 

channels have intake valves and are connected to the filter at their outlet and the inter-

containment cavity at their inlet. The PHRS system's hot air ducts contain the heat-

exchanging channels, which warm and dry the steam-gas leakages that are directed into 

the filter. 

The passive filtering mechanism functions in the manner described below. The 

valves linking the inter-containment cavity to the heat exchanger channels and the gate 

valves are closed during normal operation, allowing a regular ventilation system to cool 

the cavity. Due to leaks in the air line caused by the insufficient leak tightness of the 

PHRS gate valves, there is a modest flow of warm air in the draft shafts. Air heats up 

PFS components as it passes through the PHRS heat exchangers, keeping the system 

constantly operational when the PFS valve opens. 

In the event of emergency reactor leaks, the inner containment shell's pressure 

rises, causing radioactive leaks from the inner shell to appear in the inter-containment 

cavity. If the regular ventilation system is operating, this cavity serves as a 

decompression chamber and is where the leaks are directed to reach the filter. 

The inter-containment cavity would be depressurized by the PFS if the 

conventional ventilation system fails. 

Passive hydrogen recombiners 

The RVK-type passive catalytic recombiners of hydrogen are used in the VVER 

design, and their effective flame-free functioning has been supported for bulk hydrogen 

concentrations ranging from 0.45% to 16%. Over the containment, there are 160 passive 

catalytic burners installed. In order to protect the plant from hydrogen explosions in 

design-basis and beyond-design-basis accidents, the average bulk hydrogen 

concentration in the containment should not be higher than 6%. 

Conclusion 

Performance parameters of the passive safety systems utilized in VVER design 

were selected based on computational simulation of various design-basis and beyond-

design-basis accidents, and were validated by simulating the performance of the 

systems on large-scale test rigs. 
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 Design NPP with [WWER] Type Reactor 

The target of this assignment is to find (work out) calculation of process to 

calculate relative rate of flow for each part and determine steam flow at the turbine 

and verify of efficiency of turbine installation and efficiency power plant and to 

choose of suitable equipment for the water -steam circuit. 

The project to design NPP with WWER according to initial data: 
Table 3.1-Initial Data 

3.1 Calculation of main condensate 

Main condensate temperature at deaerator inlet 

tmc = td − ∆td ; 

Where: 

▪ td Deaerator temperature;  
▪ ∆td Deference temperature; ∆td = 12 ÷ 15 ℃; 

▪ Assumption ∆td = 15 ℃ . 
td = f(pd) = f(0.60) = 158.8 ℃ ; 

tmc = td − ∆td = 160.1 − 15 = 143.8 ℃ . 
Temperature Main condensate after seal coolers and ejector TCse 

tcse = tc + ∆tcse ; 
Where: 

▪ tc Temperature in condenser ; 

▪ ∆tcseis and it between ∆tcse = 3 ÷ 5℃  , assume ∆tcse = 5 ; 

Ne МW 870 Electrical power 

p0, MPa 6.5 Initial pressure 

t0, С 280.9 Initial temperature 

x0 1 Initial steam quality 

pc, kPa 4 Condenser Pressure  

Superheater 2 Superheater stages  

tfw, ℃ 210 Feedwater temperature  

pd , MPa 0.6 Deaerator Pressure  

n HPH 2 Number of HPH 

n LPH 4 Number of LPH 
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tc = 𝑓(𝑝𝑐) = 𝑓(0.004) = 29 ℃; 

tcse = tc + ∆tcse = 29 + 5 = 34 ℃; 

hcse = 𝑓(tcse) = 𝑓(34) = 143
kJ

kg
; 

3.2 Calculation for low-pressure heaters 

LP Heater’s rises in Temperature ∆tLPH = 25 ÷ 35 ; 

 ∆𝐭𝐋𝐏𝐇 = 28℃ ; 

∆tLPH =
tmc − tcse

nLPH
 ; 

nLPH =
tmc − tcse

∆tLPH
=

143.8 − 34

28
= 3.9 ≈ 4 ; 

LPH’s Real temperature rises: 

∆tLPH =
tmc − tcse

nLPH
=

143.8 − 34

4
= 27.5 ℃ . 

Closed type: 

 
Figure 3.1-closed type reheater. 

tsj = tHj + θLPH;  pHj = f(tsj) ; 

θ = (1 ÷ 2) is subcooled temperature in reheater, assumption 2℃ ; 
tHj = tHj+1 + ∆tLPH; pexj = (1.02 ÷ 1.05)pHj; assume (1.03).  

First RFWH (closed) 

tH6 = tcse + ∆tLPH = 34 + 27.5 = 61.4  ℃ ; 
ts6 = tH6 + θLPH → pH6 = f(ts6) = f(63.4) = 0.023 MPa; 

pex6 = (1.03)pH6 = 1.03 ∙ 0.023 = 0.024 MPa . 

Second RFWH (closed) 

tH5 = tH6 + ∆tLPH = 61.4 + 27.5 = 88.9℃; 
ts5 = tH5 + θLPH → pH5 = f(ts5) = f(90.9) = 0.072;  

pex5 = (1.03)pH5 = 1.03 ∙ 0.072 = 0.074 MPa. 

Third RFWH (closed) 

tH4 = tH5 + ∆tLPH = 88.9 + 27.5 = 116.4℃ ; 
ts4 = tH4 + θLPH = 116.4 + 2 = 118.4℃ ; 
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pH4 = f(ts4) = f(118.4) = 0.188 MPa ;  
pex4 = (1.03)pH4 = 1.03 ∙ 0.188 = 0.194 MPa . 

Fourth RFWH (closed) 

tH3 = tH4 + ∆tLPH = 116.4 + 27.5 = 143.8 ℃ ; 
ts3 = tH3 + θLPH = 143.8 + 2 = 145.8℃ ; 

pH3 = f(ts3) = f(145.8) = 0.425 MPa ; 
pex3 = (1.03)pH3 = 1.03 ∙ 0.458 = 0.438 MPa . 

Deaerator 

td = tH3 + ∆td = 143.8 + 15 = 158.8 ℃; 
pexD = 1.03 ∙ 0.6 = 0.618 MPa. 

Table 3.2-Low pressure heater parameters. 

NO tHj,℃ tsj,℃ pHj, MPa pexj, MPa 

3 143.8 145.8 0.425 0.438 

4 116.4 118.4 0.188 0.194 

5 88.9 90.9 0.072 0.074 

6 61.4 63.4 0.023 0.024 

(cse) 34 - - - 

3.3 Pressure of Condensate pump  

▪ pcp1 = 4 … 5 bar; (0.5 MPa);  

▪ pcp2 = (1.1 … 1.4)pd , assumption 1.3 pd; 

pcp2 = 1.3(pd) = 1.3(0.60) = 0.780 MPa. 

3.4 High pressure (feedwater) RH 

Temperature of feed water pump  𝐭𝐟𝐰𝐩 

tfwp = f(pfwp, hfwp);  

Where: 

▪ pfwp feed water’s pressure; pfwp = (1.2 … 1.3) p0, assumption 3; 

▪ hfwp feed water’s enthalpy; hfwp = hd
′ + ∆hfwp . 

Pressure of feed water 

pfwp = 1.3 ∙ p0 = 1.3 ∙ 6.5 = 8.45 MPa .  

Enthalpy of feed water 

hfwp = hd
′ + ∆hfwp . 

Where:  

▪ hd
′ water in deaerator enthalpy; 

hd
′ = f(pd) = f(0.60) = 671

 kj
kg⁄ ; 

∆hfwp = v(pfwp − pd). 

 Where: 
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▪ ( v ) specific volume; 

v = f(pd) = f(0.60) = 0.0011   m3

kg⁄  ; 

                      ∆hfwp = v(pfwp − pd) = 0.0011(8.45 − 0.60) = 8.64
 kj

kg⁄  ; 

hfwp = hd
′ + ∆hfwp = 671 + 8.64 = 679  

 kj
kg⁄  ; 

tfwp = f(pfwp, hfwp) = 𝑓(8.45, 679) = 159.8℃ . 

HPH Temperature’s rises ∆tHPH = 25 … 35 ; Assumption ∆tHPH = 30℃; 

∆tHPH =
tfw − tfwp

zHPH
 ; 

tfwp = 210 ℃ , according to the optimal value of feedwater temperature. 

 
 

Figure 3.2-Determination of optimal value of temp. feedwater 

zHPH =
tfw − tfwp

∆tHPH
=

210 − 159.8

30
= 1.7 ≈ 2 ; 

Heater’s Real temperature rises  

∆tHPH =
tfw − tfwp

zHPH
=

210 − 159.8

2
= 25.1 ℃ . 

 

Closed type: 

 
Figure 3.3-closed type reheater. 

ts = tH + θHPH; pH = f(ts); 
Where: 

▪ θHPH = (3 … 5) subcooled temperature in HPH, θHPH =4 ℃ ; 
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tHj = tHj+1 + ∆tHPH; pexj = (1.02 ÷ 1.05)pHj; assume (1.03); 

First high-pressure heater (Closed) 

tH2 = tfwp + ∆tLPH = 159.8 + 25.1 = 184.9 ℃ ; 

ts2 = tH2 + θHPH = 184.9 + 4 = 188.9 ℃ → pH2 = f(ts2) = f(188.9)

= 1.224 MPa ; 

pex2 = (1.03)pH2 = 1.03 ∙ 1.224 = 1.261 MPa. 

Second high-pressure heater (Closed) 

tH1 = tH2 + ∆tHPH = 184.9 + 25.1 = 210 ℃; 
ts1 = tH1 + θHPH = 210 + 4 = 214℃ → pH1 = f(ts1) = f(214) = 2.064 MPa; 

pex1 = (1.03) ∙ pH1 = 1.03 ∙ 2.064 = 2.126 MPa. 
Table 3.3- parameters of HPH 

NO tHj , ℃ tsj, ℃ pHj , MPa pexj , MPa 

1=fw 210 214 2.064 2.126 

2 184.9 188.9 1.224 1.261 

Tfwp 159.8 − − − 

3.5 Calculations of Parameters at the turbine entry 

Steam pressure is lower before the HPC's nozzles than it is before the turbine. 

Throttle valve keeps enthalpy constant however make pressure losses 3…5 % of p0 

p0′ = p0(0,95 ÷ 0,97) =  p0 (0.95) =  6.5 ∙ (0.95) =  6.175 MPa. 
Steam parameters at 𝟎′(𝐚𝐟𝐭𝐞𝐫 stop valve) 

Table 3.4- parameters after throttle valve 

 

3.6 Calculation of processes in Turbine 

For HPC  

take (absolute) internal efficiency of HPC equal  η0i
 HPC = 0.83 ; 

Isentropic process 1st extraction where p1 = pex1 = 2.126 MPa; 

s0′ = s1t = 5.88 
kJ

(kg℃)⁄ ; 

h1t = f(p1, s0′) = f(2.126 , 5.88 ) = 2585
 kj

kg⁄ ; 

H01
HPC = h0 − h1t = 2779 − 2585 = 194

 kj
kg⁄  ; 
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Hi1
HPC = H0

HPC ∙ η0i
 HPC = 194 ∙ 0.83 = 161

 kj
kg⁄ ; 

h1 = h0 − Hi
HPC = 2779 − 161 = 2618 

 kj
kg ⁄ . 

Isentropic process 2nd extraction where p2 = pex2 = 1.261 MPa, from Table 3.3; 

s0′ = s2t = 5.88 
kJ

(kg℃)⁄ ; 

h2t = f(p2, s0′) = f(1.261,5.88 ) = 2495
 kj

kg⁄  ;  

H0
HPC = h0 − h2t = 2779 − 2495 = 284; 

Hi2
HPC = H0

HPC ∙ η0i
 HPC = 284 ∙ 0.83 = 236  

 kj
kg⁄  ; 

h2 = h0 − Hi2
HPC = 2779 − 236 = 2543 

 kj
kg ⁄ . 

Steam quality Exhaust from HPC is, xHPC = f(P2, h2) = f(1.261,2543 ) = 0.877 . 

which is allowable. 

Superheating system Properties (S, SH1, SH2) 

Separation system 

ps = p2 = 1.261 MPa ; 
losses in Pressure in separator about 6 %; 

ps′ = (1 − 0.06) ∙ ps = (1 − 0.06) ∙ 1.261 = 1.185 MPa . 

Enthalpy after separation hs′′  ; 

hs′′ = f(ps′ , x = 1) = f(1.185 , x = 1) = 2783 
 kj

kg ⁄  . 

Superheating parameters 

Double-stage reheater 

 
Figure 3.4-superheating system. 

▪ losses in Pressure of superheater pSH almost 95% of ps′ ; 
pSH = (0.95) ∙ ps′ = (0.95) ∙ 1.185 = 1.126 MPa ; 

▪ ∆tR =  15 ÷ 20°C for the 1st stage, ∆tR = 15 °C ; 
▪ ∆tR =  10 ÷ 15°C for the 2nd stage, ∆tR = 13 °C ; 
▪ Where 1st stage is heated from extraction from HPC and 2nd stage is heated 

from fresh steam.  

 

Sh1                            
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tSh1 = t1 − ∆tR = 214 − 15 = 199 ℃; 
Enthalpy of steam after first superheater hSH1

 ; 

hR1 = f(pSH, tSh1) = f(1.126 ,199) = 2818 
 kj

kg⁄  ; 

Enthalpy at the drain first superheater h′SH1
  ; 

h′SH1
 = f(t1) = f(210) = 898 

 kj
kg⁄  ; 

Sh2 

tSh2 = to − ∆tR = 280.9 − 13 = 267.9 ℃; 
Enthalpy of steam after second superheater hsh2

  ; 

hR2 = f(pSH, tsh2) = f(1.126,267.9) = 2978 
 kj

kg⁄  ;  

Enthalpy at the drain second superheater h′SH2
  ; 

h′SH2
 = f(t0) = f(280.9) = 1241 

 kj
kg⁄ ; 

For LPC (Low Pressure Cylinder) 

Parameters at the LPC entry. 

The steam pressure before the nozzles of the LPC is less than after superheater: 

Throttle valve which keeps enthalpy constant but make some pressure losses 3÷5% of 

p0; 

pSH′ = pSH(0,95 ÷ 0,97) =  pSH (0.95) =  1.126 (0.95) = 1.070 Mpa ; 
At LPC Exhaust 

pc′ = (1.03 ÷ 1.05)pc = 1.03 pc = 1.03 ∙ 0.004 = 0.00412 MPa; 
                                                                          Table 3.5-Steam parameters. 

 
with absolute internal efficiency  𝛈𝟎𝐢

 𝐋𝐏𝐂 = 𝟎. 𝟖𝟎; 

Isentropic process 3rd extraction where p3 = pex3 = 0.438 MPa , from Table 3.2; 

sSH′ = s3t = 6.965 
kJ

(kg℃)⁄ ; 

h3t = f(p3, sSH′) = f(0.438,6.965) = 2785 
 kj

kg⁄  ; 

H0
LPC = hSH′ − h3t = 2978 − 2785 = 193 

 kj
kg⁄  ; 

Hi3
LPC = H0

LPC ∙ η0i
 LPC = 193 ∙ 0.80 = 154 

 kj
kg⁄  ; 

h3 = hSH′ − Hi3
LPC = 2978 − 154 = 2824 

 kj
kg⁄  ; 
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Isentropic process 4rd extraction where p4 = pex4 = 0.194 MPa, from Table 3.2; 

sSH′ = s4t = 6.965kJ/(kg℃); 

h4t = f(p4, sSH′) = f(0.194,6.965) = 2638 
 kj

kg⁄  ; 

H0
LPC = hSH′ − h4t = 2978 − 2638 = 340  

 kj
kg⁄  ; 

Hi4
LPC = H0

LPC ∙ η0i
 LPC = 340 ∙ 0.80 = 272 

 kj
kg⁄  ; 

h4 = hSH′ − Hi4
LPC = 2978 − 272 = 2706 

 kj
kg⁄  ; 

Isentropic process 5th extraction where p5 = pex5 = 0.074 MPa, from Table 3.2; 

sSH′ = s5t = 6.965
kJ

(kg℃)⁄ ; 

h5t = f(p5, sSH′) = f(0.074,6.965) = 2483 
 kj

kg⁄  ; 

H0
LPC = hSH′ − h5t = 2978 − 2483 = 495 

 kj
kg⁄  ; 

Hi5
LPC = H0

LPC ∙ η0i
 LPC = 495 ∙ 0.80 = 396 

 kj
kg⁄  ; 

h5 = hSH′ − Hi5
LPC = 2978 − 396 = 2571 

 kj
kg⁄  ; 

Isentropic process 6th extraction where p6 = pex6 = 0.024 MPa, from Table 3.2; 
sSH′ = s6t = 6.965 kJ/(kg℃); 

h6t = f(p6, sSH′) = f(0.024,6.965) = 2320 
 kj

kg⁄  ; 

H0
LPC = hSH′ − h6t = 2978 − 2320 = 658  

 kj
kg⁄  ; 

Hi6
LPC = H0

LPC ∙ η0i
 LPC = 658 ∙ 0.80 = 527 kJ/kg; 

 kj
kg⁄  ; 

h6 = hSH′ − Hi6
LPC = 2978 − 527 = 2452 

 kj
kg⁄  ; 

Isentropic process D extraction where pD = pexD = 1.03 ∙ pd = 0.618 MPa; 
sSH′ = s6t = 6.965 kJ/(kg℃); 

h6t = f(p6, sSH′) = f(0.618,6.965 ) = 2856 
 kj

kg⁄  ; 

H0
LPC = hSH′ − h6t = 2978 − 2856 = 123  

 kj
kg⁄  ; 

Hi6
LPC = H0

LPC ∙ η0i
 LPC = 123 ∙ 0.80 = 98 kJ/kg;  

hD = hSH′ − Hi6
LPC = 2978 − 98 = 2880 

 kj
kg⁄  ; 

Isentropic process C’ point. 
sSH′ = sc′t = 6.965  kJ/(kg℃); 
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pc′ = (1.03 ÷ 1.05)pc = 1.03 ∙ pc = 1.03 ∙ 0.004 = 0.00412 MPa; 

hc′t = f(pc′ , sSH′) = f(0.00412 ,6.965 ) = 2102 
 kj

kg⁄  ; 

H0
LPC = hSH′ − hc′t = 2978 − 2102 = 877 

 kj
kg⁄  ; 

Hic
LPC = H0

LPC ∙ η0i
 LPC = 877 ∙ 0.80 = 701 

 kj
kg⁄  ; 

hc′ = hSH′ − Hic
LPC = 2978 − 701 = 2277 

 kj
kg⁄  ; 

Steam quality Exhaust from LPC xLPC = f(Pc′ , hc′) = f(0.00412 ,2277) = 0.885 ;  

3.7 Underproduction factor 

𝑦𝑖 =
𝐻𝑖 − 𝐻𝑗

𝐻𝑖
 ; 

0 ≤ 𝑦𝑗 ≤ 1. 

For turbine with steam separating and superheating system (HPC, LPC)  

▪ First for HPC 

Hj = h0 − hj ; 

H1 = h0 − h1 = 2779 − 2618 = 161  
 kj

kg⁄  ; 

H2 = h0 − h2 = 2779 − 2543 = 236
 kj

kg⁄  ; 

Hi
HPС = H2 = 236 

 kj
kg⁄  ; 

▪ For LPC 

Hj = (hsh2 − hj) + Hi
HPС ; 

HD = (hsh2 − hD) + Hi
HPС = (2978 − 2880) + 236 = 334 

 kj
kg⁄  ; 

H3 = (hsh2 − h3) + Hi
HPС = (2978 − 2824) + 236 = 390 

 kj
kg⁄  ; 

H4 = (hsh2 − h4) + Hi
HPС = (2978 − 2706) + 236 = 508 

 kj
kg⁄  ; 

H5 = (hsh2 − h5) + Hi
HPС = (2978 − 2582) + 236 = 632 

 kj
kg⁄  ; 

H6 = (hsh2 − h6) + Hi
HPС = (2978 − 2452) + 236 = 763 

 kj
kg⁄  ; 

Hc′ = (hsh2 − hc′) + Hi
HPС = (2978 − 2277) + 236 = 937 

 kj
kg⁄  ; 

Hi
total = 937

 kj
kg⁄  ; 

y0 =
Hi − H0

Hi
=

937 − 0

937
= 1; 

y1 = ysh1 =
Hi − H1

Hi
=

937 − 161

937
= 0.827; 
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y2 =
Hi − H2

Hi
=

937 − 236

937
= 0.748; 

yD =
Hi − HD

Hi
=

937 − 334

937
= 0.643; 

y3 =
Hi − H3

Hi
=

547

937
= 0.583; 

y4 =
Hi − H4

Hi
=

429

937
= 0.46; 

y5 =
Hi − H5

Hi
=

305

937
= 0.33; 

y6 =
Hi − H6

Hi
=

174

937
= 0.18; 

yc′ =
Hi − H6

Hi
=

0

937
= 0.
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Table of Parameters calculations 

Table 3.6-The Parameters 

 

No. Steam Extraсted  Heaters Steam in (drain) Heater water outlet  
Steam work 

Extracted 

in cylinder  

Underprod

uction 

factor 

p
j
 h

j
  t

j
 p

Hj
 t

sj
 h'

j
 p

wj
 t

wj
 h

wj
 H

j
 y

j
 

KPa kJ/kg °С  KPa °С kJ/kg KPa °С kJ/kg kJ/kg  

0 6500 2779 280.9 - - - - - - - - 

0' 6175 2779 277.5 - - - - - - - 1 

1 2127 2618 215.5 2065 214.0 916 8450 210.0 900 161 0.8279 

2 1261 2543 190.2 1225 188.9 803 8450 184.9 788 236 0.7483 

sep 1186 2783 187.4 1186 187.4 796 - - - - 0.7483 

sh1 2127 2618 215.5 - - 923 - - - - 0.8279 

sh2 6500 2779 280.9 - - 1241 - - - -  

D 618 2880 214.0 600 158.8 2756 600 158.8 671 334 0.6437 

3 438 2824 183.5 425 145.8 614 780 143.8 606 390 0.5837 

4 194 2706 119.8 189 118.4 497 780 116.4 489 508 0.4577 

5 75 2582 91.7 73 90.9 381 780 88.9 373 632 0.3257 

6 24 2452 64.1 23 63.4 266 780 61.4 258 763 0.1863 

C' 4.12 2277 29.5 - - - - - - 937 0 

C 4 2098 29.0 4 29.0 121 - - - -  
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Figure 3.5-NPP Scheme 
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Figure 3.6-h-s Diagram 
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3.8 Calculation of Relative steam flowrate 

Relative feed water flowrate αfw which goes to the SG unit is calculated according to 

the equations: 

αfw = αSG + αbd   ; 

 
Figure 3.7-SG and blowdown system 

Where:  

▪ αSG    SG’s relative rate steam flow; 

▪ αbd – is a relative blow-down flowrate and equal αbd = 0.005. 

Relative blow-down flowrate 

αbd = α′bd + α′′bd 

Where: 

▪ α′bd – is a relative blow-down water flowrate; 

▪ α′′bd – is a relative blow-down steam flowrate. 

Heat balance blow-down tank. 

αbd ∙ h0
′ = hbd

′ ∙ α′bd + hbd
′′ ∙ α′′bd  ; 

hbd
′′ = f(Ptank)  ; 

Ptank = (1.02 ÷ 1.08) ∙ Pd = 1.06 ∙ 0.6 = 0.636 MPa  ; 

Where:  

▪ Pd is pressure of deaerator. 

hbd
′′ = f(Ptank, saturation vapour) = 2759 

kJ
kg⁄   ; 

hbd
′ = f(Ptank, saturation water) = 680 

kJ
kg⁄   ; 

h0
′ = f(P0, saturation water) = 1241  

kJ
kg⁄   ;  

Material balance equation 

0.005 = α′bd + α′′bd   ; 

Heat balance equation 

(0.005 ∙ 1241) = 680 ∙ α′
bd + 2759 ∙ α′′

bd  ; 

     So, the after solve two equation we get. 
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α′bd = 0.00365  ; 

α′′
bd = 0.00134  ; 

Feedwater 

 
Figure 3.8-feedwater of SG 

αfw = αTU + αleak + αcs + αbld ; 
αTU = α0 + αSH2

  ; 
where: 

▪ αcs, is a relative flow-rate of steam out of turbine seals; 

▪ αcs = 0.0050.012; 
▪ αleak, is a relative flow-rate leakage, αleak 0.01; 

▪ αbld, is a relative flowrate blowdown, αbld = 0.005 ; 

αfw = α0 + αSH2 
 + αleak + αcs + αbld; 

αfw = 1 + αSH2
 + 0.01 + 0.005 + 0.005                    

Mixing point before steam generator (fw) 

 
Figure 3.9-mixing point before SG 

𝛼𝑓𝑤 = αSH2 + αd                                                

𝛼𝑓𝑤∙h𝑓𝑤

ηoph
= αSH2 ∙ h0

′ + αd ∙ hw1 ; 

𝛼𝑓𝑤∙ℎ𝑓𝑤

0.99
= αSH2 ∙ 1241 + αd ∙ 900                      

we get: 

ad

aSH2

a
fw
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αSH2 + αd = 1 + αSH2
 + 0.01 + 0.005 + 0.005; 

αd = 1 + 0.01 + 0.005 + 0.005 = 1.02 .                

Relative flowrate for the the high-pressure heat exchangers HPH & D 

RFWH 1 

 

Figure 3.10-1stHigh pressure RH 

αd ∙ (hw1 − hw2)

ηh
= α1 ∙ (h1 − hdr1) + αSH1 ∙ (h′

1 − hdr1); 

1.02 ∙ (900 − 788)

0.98
=  α1 ∙ (2618 − 916) + αSH1 ∙ (923 − 916). 

RFWH 2 

 
Figure 3.11-2nd High pressure RH 

Thermal balance: 

αd ∙ (hw2 − hfwp)

ηh
= α2(h2 − hdr2) + αd𝑟1 ∙ (hdr1 − hdr2); 

1.02 ∙ (788 − 679)

0.98
= α2(2543 − 803) + αd𝑟1 ∙ (916 − 803). 

High pressure cylinder extraction outlet. 

 
Figure 3.12-HPC of turbine installation 

αex
𝐻𝑃𝐶 = α0 − α1 − α2 − αSH1 ; 

aSH1

a1

a1+aSH1

ad

HPC

aSH1

aTU

a0

aHPC
ex

1 2

aSH2

a1 a2
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αex
𝐻𝑃𝐶 = 1 − α1 − α2 − αSH1; 

αex
𝐻𝑃𝐶 = 1 − α1 − α2 − αSH1 ; 

 
Figure 3.13-superheating equipment 

Separator 

αex
HPC = αs + αin

LP𝐶  ; 

αex
HPC ∙ h2 = αs ∙ hs

′ + αin
LP𝐶 ∙ hasp ; 

αex
HPC ∙ (2543) = αs ∙ (796) + αin

LPC ∙ (2783) . 

First Superheater  

αin
LP𝐶 ∙ ( hR1 − hasp) =

(αSH1 ∙ (h1 − h1
′ ))

ηsh
 ; 

αin
LP𝐶 ∙ ( 2818 − 2783) =

(αSH1 ∙ (2618 − 923))

0.98
. 

Second superheater  

αin
LP𝐶 ∙ (hR2 − hR1) =

(αSH2 ∙ (h0 − h0
′ ))

ηsh
 ; 

αin
LP𝐶 ∙ (2978 − 2818) =

(αSH2 ∙ (2779 − 1241))

0.98
 . 

Deaerator  

 

Figure 3.14-Dearator 

αd ⋅ ℎd
′ + α𝑐𝑒𝑗 ∙ hd

″

ηoph
= αDr ⋅ hDr + α′′

bd ⋅ h′′
bd
  

+ 𝛼𝑚𝑐 ∙ ℎ𝑚𝑐 + αd𝑟2 ⋅ hdr2 + αs ⋅ ℎs
′  ; 

SEP
SH1 SH2

aSH2aSH1

aLPC
in

aHPC
ex

aSH2aSH1as
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αs + αdr2 + αmc + α′′
bd + 𝛼𝐷𝑟 = αd + α𝑐𝑒𝑗  ; 

Where:  

▪ hd
′  , hd

″– are saturated water and steam enthalpy values by the deaerator’s pressure; 

▪ ηoph - is the coefficient, which is taken into consideration the open heater’s 

thermal loss, it is accepted equal 0,99. 

▪ αmc is the relative main condensate flowrate. 

1.02 ⋅ 671 + 0.002 ∙ 2756

0.99
= αDr ⋅ 2880 + 0.00134 ⋅ 2756 + 𝛼𝑚𝑐 ∙ 606 + 𝛼𝑑𝑟2 ⋅ 803  ; 

αs + αdr2 + αmc + 0.00134 + 𝛼𝐷𝑟 = 1.02 + 0.002 . 

Where: 

▪ αdr2 = 0.143; 

▪ αs = 0.103 ; 

By solving these two equations 

𝛼𝑚𝑐 = 0.762 ; 

𝛼𝐷𝑟 = 0.012. 

Relative flowrate for the the Low-pressure heat exchangers HPH 

RFWH 3 

  
Figure 3.15-3ed RH law pressure 

αmc ∙ (hw3 − hw4)

𝜂ℎ
= α3 ∙ (h3 − hdr3) + αbd

′ ∙ (hbd
′ − hdr3) ; 

αmc ∙ (606 − 489)

0.98
= α3 ∙ (2824 − 614) + 0.00365 ∙ (0.00365 − 614) ; 

α3 = 0.041 . 

RFWH 4 
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Figure 3.16-4th RH law pressure 

𝛼𝑚𝑐 ∙ (hw4 − hw5)

𝜂ℎ
= α4 ∙ (h4 − hdr4) + αd𝑟3 ∙ (hdr3 − hdr4); 

𝛼𝑚𝑐 ∙ (hw4 − hw5)

0.98
= α4 ∙ (2706 − 497) + αd𝑟3 ∙ (614 − 497); 

α4 = 0.038 . 

 

RFWH 5 

 
Figure 3.17-5th RH law pressure 

αm𝑐 ∙ (hw5 − h′w6)

ηh
= α5(h5 − hdr5) + αd𝑟4 ∙ (hdr4 − hdr5)  ; 

αm𝑐 ∙ (373 − h′w6)

ηh
= α5(2582 − 266) + αd𝑟4 ∙ (497 − 381)  ; 

α5 = 0.037. 

Mixing point between RFWH 5 and RFWH 6 

 
Figure 3.18-mixing point after 6th RH 
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αmc ∙ h′w6

ηoph
= 𝛼𝑐 ∙ hw6 + αdr6 ∙ hdr6 ; 

αmc = α𝑐 + 𝛼𝑑𝑟6 ; 

𝛼𝑚𝑐 ∙ h′w6

0.99
= αc ∙ 258 + α𝑑𝑟6 ∙ 266 . 

RFWH 6 

 
Figure 3.19-6th RH law pressure 

αc ∙ (hw6 − hc𝑠𝑒)

ηh
= α6(h6 − hdr6) + αd𝑟5 ∙ (hdr5 − hdr6) ; 

αc ∙ (258 − 143)

ηh
= α6(2452 − 266) + αd𝑟5 ∙ (381 − 266) ; 

α6 = 0.027. 

Low pressure cylinder extraction outlet. 

 
Figure 3.20-LPC of turbine installation 

αex
LPC = αin

LPC − αDr − α3 − α4 − α5 − α6 . 

Following the flow after the low-pressure cylinder outlet led us to equation of condenser  

Condenser 
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Figure 3.21-condencer. 

αc = αex
LP𝐶 + αcej + αleak + αcs  

Where:  

▪ αc is the relative steam flowrate to the condenser; 

▪ αleak is the relative additional water flow rate =0.01; 

▪ αout
lpc

 is a relative low-pressure turbine’s cylinder outlet steam flowrate; 

Table of relative flow rates 

After solve all equations we got the all value in next table. 

Table 3.7-Results relative flow rate. 

α1 0.068 αfw 1.097 

α2 0.06 αSG 1.09201 

α3 0.041 α𝑆𝐻1 0.015 

α4 0.038 α𝑆𝐻2 0.077 

α5 0.037 αout
Hpc

 0.857 

α6 0.027 αTU 1.077 

αDr 
0.012 αin

lpc
 0.753 

αdr1 
0.084 αout

lpc
 0.598 

αdr2 0.143 αmc 0.762 

αdr3 0.045 αbd
′  0.00365 

αdr4 0.083 αbd
′′  0.00134 

αdr5 0.12 αleak 0.01 

αdr6 0.147 αej 0.002 
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αs 0.103 αseal 0.005 

αc 0.615 αmixV 0.004 

αD 1.02 hmc  , kJ/kg 606 

hfw , kJ/kg 915 hw6
′    , kJ/kg 257 

Conclusion of part 2 

The content of the calculation part is Formation of thermal and material balance 

equations of each part of NPP and solve them together by equation system and get the 

value of relative flowrates. 

3.9 Determining steam flow to a turbine 

G0 =
Ne ∙ 103

Hi
total ∙ ηM ∙ ηg ∙ (1 − ∑(αj ∙ yj) − αs ∙ ys − αSH1 ∙ ySH1)

   ; 

Where:  

▪ ηm steam turbine’s installation mechanical efficiency; = 0.98 ; 

▪ ηg Generator’s efficiency = 0.99 ;  

▪ yj reproduction factor in extractions;   

▪ Ne electric power of NPP;  

▪ Hi
total is total internal heat drops in turbine, 

kJ
kg⁄ . 

Hi
total = 937 

kJ
kg⁄    ; 

Table 3.8-results 

 

Noj αj yj (αj ∙ yj) 

1 0.068 0.827921 0.056299 

2 0.06 0.748269 0.044896 

3 0.041 0.583677 0.023931 

4 0.038 0.457738 0.017394 

5 0.037 0.325715 0.012051 

6 0.027 0.186304 0.00503 

Dr 0.012 0.643656 0.007724 

S 0.103 0.7483 0.077072 

SH1 0.015 0.8279 0.012419 

∑(αj ∙ yj) 
  0.256816 
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G0 =
870 ∙ 103

937 ∙ 0.98 ∙ 0.99 ∙ (1 − 0.2568)
= 1287 kg/s  ; 

Power check 

Ne
′ = G0 ∙ [Hi

total ∙ αexl + ∑(αextj ∙ Hj)] ∙ ηM ∙ ηg; 

Ne
′ = 1287 ∙ [937 ∙ 0.598 + 133] ∙ 0.98 ∙ 0.99) = 868.8 MW; 

δNe = |
Ne − Ne

′

Ne
| ∙ 100 ; 

δNe = |
870 − 868.8

870
| ∙ 100 = 0.134% . 

Values of flowrate at the part of NPP 

Gi = G0 ∙ αi ,
kg

s
 ; 

Table 3.9-Values of flow rate at all the part of NPP 

G1 87.54 Gmc 980.9 

G2 77.24 Gout
Hpc

 1103.2 

G3 52.78 Gin
lpc

 969.3 

G4 48.92 Gfw 1412.2 

G5 47.63 GSG 1405.7 

G6 34.76 Gout
lpc

 769.8 

Gs 132.6 GTU 1386.4 

Gc 791.7 GSH1 19.3 

GD 1313.0 GSH2 99.1 

GDr 15.4 G′bd 4.7 

Gdr1 108.1 G′′bd 1.7 

Gdr2 184.1 Gleak 12.9 

Gdr3 57.9 GmixV 5.14 

Gdr4 106.8 Gej 2.57 

Gdr5 154.5 Gseal 6.44 

Gdr6 189.2 

3.10 Calculation of indicators of thermal efficiency 

Thermal loading of a steam generating unit 

QSG = G0 ∙ [αSG ∙ (h0 − hfw) + αbld ∙ (h′0 − hfw)]  ; 

Where: 
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▪ QSG in kW; 

▪ G0 is steam flow to a turbine; 

▪ h0, hfw, h′bd are enthalpies of steam at the turbine inlet, feed water at the steam 

generator inlet and blowdown water, kJ / kg; 

▪ αSG , αbd   the relative flow rates of steam from the steam generating unit and 

blowdown. 

QSG = 1287 ∙  [1.092 ∙ (2779 − 915) + 0.005 ∙  (1241 − 915)] = 2622 ∙ 103 kW  ; 

Thermal loading of turbine 𝐐𝐓 

QT = G0 ∙ [(αTU + αcs) ∙ (h0 − hfw) + αbd
′′ ∙ (hbd

′′ − hfw) + αbd
′ ∙ (hbd

′ − hfw) + 𝛼𝑚𝑤

∙ (ℎ𝑚𝑤 − ℎ𝑓𝑤)]  ; 

QT = 1287 ∙ [(1.077 + 0.005) ∙ (2779 − 915) + 0.00134 ∙ (2759 − 915)

+ 0.00365 ∙ (680 − 915) + 0.01 ∙ (209 − 915)] ∙ 10−3

= 2589 ∙ 103 kW  ; 

We choose makeup water temperature = 50°С, then ℎ𝑚𝑤 = 209 kJ/kg. 

Turbine Plant efficiency 

ηe =
Ne

QT
=

870

2589
= 0.336 = 33.6 %  ; 

Pipelines Efficiency  

ηpip2 =
QT

QSG
=

2589

2622
= 0.987  ; 

NPP Gross efficiency     

ηnpp
Gross = ηRS ∙ ηPiP1 ∙ ηSG ∙ ηPiP2 ∙ ηTU = 0.99 ∙ 0.995 ∙ 0.99 ∙ 0.987 ∙ 0.336

= 0.323 = 32.3 %  ; 

▪ ηRS is efficiency of reactor system. 

NPP Net efficiency 

ηnpp
net = ηnpp

Gross ∙ (1 − Kon) = 0.323 ∙ (1 − 0.05) = 0.307 = 30.7%    ; 

Where: 

▪ Kon specific flowrate consumption for the station’s own needs for two-circuit 

βsp = 0.05 ÷ 0.055.  
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I will assume = 0.05.  

Efficiency of a steam generating unit 

ηSGU = ηRS ∙ ηpip1 ∙ ηSG = 0.99 ∙ 0.99 ∙ 0.99 = 0.970 = 97.0 %   ; 

Here: 

▪ ηRS = 0.99 , is the efficiency of the reactor unit equipment; 
▪ ηSG = 0.985 … 0.99 , Steam generator’s Efficiency; 

▪ ηpip1 = 0.99 ∗ 0.995 ,Efficiency of pipelines of the primary circuit.   

Specific flow-rate of nuclear fuel (natural uranium) at NPP 

bnf =
1000

24 ⋅ B̄ ⋅ ηNb

⋅
xn − xo

xe − xo
  ; 

bnf =
1000

24 ⋅ 35 ∙ 103 ∙ 0.323
⋅

0.037 − 0.0025

0.0071 − 0.0025
= 0.0275 g/(kW · h)  ; 

Here: 

▪ bnf is measured in g/(MW · h);  

▪ B̄ - fuel burn-up, accepted for WWER nuclear power plants B̄ = (30. . .40) ⋅ 103 

MW·day/t; 

▪ xn, xe, xo are uranium-235 content in fresh, natural uranium and in the dump of 

enrichment production. Accept: xn = 3.5. . .4 % for WWER NPP; xe = 0.71 %; 

xo = 0.25 %. 

Specific flow rate of degraded fuel for the electrical supply at nuclear power 

plants (block) 

bNdf =
0.0537

ηNb
=

0.0537

0.323
∙ 10−6 = 0.1659 ∙ 10−6  

kg
kW ∙ h

⁄   ; 

3.11 Choice of equipment for the second circuit 

Pumps 

Feed water pump 

A volumetric flowrate V, m3/h. 

VFWP = 1.05 ∙
3600 ∙ Gd

ρ
= 1.05 ∙

3600 ∙ (1313)

908.5
= 5203 

 m3

h
;  

Where:  

▪ G mass flow rate kg/s; 
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▪ ρ density 
kg

m3
; 

▪ A head H  

H =
∆p

ρg
=

7672 ∙ 103 

908.5 ∙ 9.8
= 861.6 m ; 

▪ ∆p is a difference pressure in Pa. 

∆p = pfwp − (pd + ρg∆h);` 

∆h = the height of deaerator ≈ 14÷24 m, assume 20 m. 

∆p = 8450 − [(600) + (908.5 ∙ 9.8 ∙ 20 ∙ 10−3)] = 7672 kPa . 

Condensate pumps  

▪ A volumetric flow rate V, m3/h. 

VCPi =
3600 ∙ Gc  

ρ
 ; 

Where:  

▪ Gc is mass flow rate condenser kg/s; 

▪ A head H  

H =
∆p

ρg
 ; 

▪ ∆p is a difference pressure in Pa; 

First condensate pump CP1 

∆p = pcp1 − pc = 500 − 4 = 496kPa ; 

H =
∆p

ρg
=

496 ∙ 103 

995.9 ∙ 9.8
= 50.8 m ; 

VCP1 =
3600 ∙ Gc

ρ
=

3600 ∙ (791.7)

995.9
= 2861 

m3

h
. 

Second condensate pump CP2 

∆p = pcp2 − pcp1 = 780 − 500 = 280 kPa ; 

H =
∆p

ρg
=

280 ∙ 103 

915.28 ∙ 9.8
= 31.2 m ; 

VCP2 =
3600 ∙ Gc

ρ
=

3600 ∙ 791.7

915.28
= 3114

 m3

h
. 

The drain pump DP 

▪ A volumetric flow rate V, m3/h ; 
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VDP =
3600(Gdr6)

ρ
 ; 

VDP =
3600 ∙ (189.2)

981.3
= 690

m3

h
 . 

▪ A head H. 

H =
∆p

ρg
 ; 

Where: 

▪ ∆p is a difference pressure in Pa. 

∆p = pw6 − pdr6 ; 

∆p = 780 − 23 = 757 kPa ; 

H =
757 ∙ 103 

981.3 ∙ 9.8
= 78.7 m. 

Table 3.10-Characteristic of pumps in NPP and choose 

The regenerative heaters 

Evaluate heat transfer Area F m2. 

F =
Q

kΔt̅
 ; 

Where:  

▪ Q heater’s heat load;  

▪ K is heat-transfer coeff. 3500 ÷ 4000
kW

m2K
, assume 4000

kW

m2K
 ;   

Q = G∆h ; 
▪ ∆h Enthalpy’s deference between outlet and inlet kg/Kj; 

▪ G mass flowrate of water; 

▪ Logarithmic-temperature difference Δt̅℃ ; 

PUMPS 
Head H, 

m 

Volumetric 

flow rate 

V, m3/h 
C

h
o
o
se

 p
u
m

p
 

Type 

V, 
m3

/h 

H,m No. Operating 

R
es

er
v

e

er
ee

 

Feed water 861.6 5203 
ПЭА 

1650-80 
1650 910 5 4 

1
 

First main 

condensate 
50.8 2861 

КсВ 1600-

90 
1600 90 3 2 

Second main 

condensate 
31.2 3114 

КсВ 1600-

90 
1600 90 3 2 

Drain  78.7 690 
КсД 230-

115/3 
230 115 4 3 
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Figure 3.22-- t-Q diagram for regenerative feedwater heater 

Δt̅ =
∆tbig − ∆tsmall

ln (
∆tbig

∆tsmall
)

 ; 

Where:  

▪ ∆tbig = ts − tw
in ;  

▪ ∆tsmall = ts − tw
out . 

RFWH 6 ‘’closed’’ 

∆h = hw6 − hcse = 258 − 143 = 115 
kj

kg⁄ ; 

Q = Gc ∙ ∆h = 791.7 ∙ 115 =90.8 MW ; 

∆tbig = ts6 − tcse = 63.4 − 34 = 29.5 ℃ ; 

∆tsmall = ts6 − tw6 = 63.4 − 61.4 = 2℃ ; 

Δt̅ =
∆tbig − ∆tsmall

ln (
∆tbig

∆tsmall
)

=
29.5 − 2

ln (
29.5

2
)

= 10.2℃ ; 

F =
Q

kΔt̅
=

90.8 ∙ 106

4000 ∙ 10.2
= 2225 m2 . 

RFWH 5 ‘’closed ‘’ 

∆h = hw5 − h′w6 = 373 − 257 = 116 
kj

kg⁄ ; 

Q = 𝐺𝑚𝑐 ∙ ∆h = 980.9 ∙ 116 = 113.6 MW ; 

∆tbig = ts5 − tw6 = 90.9 − 61.4 = 29.5  ℃ ; 

∆tsmall = ts5 − tw5 = 90.9 − 88.9 = 2  ℃ ; 

Δt̅ =
∆tbig − ∆tsmall

ln (
∆tbig

∆tsmall
)

=
29.5 − 2

ln (
29.5

2
)

= 10.2 ℃ ; 
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F =
Q

kΔt̅
=

113.6 ∙ 106

4000 ∙ 10.2
= 2783 m2 . 

RFWH 4 ‘’closed’’ 

∆h = hw4 − hw5 = 489 − 373 = 116 
kj

kg⁄ ; 

Q = Gmc ∙ ∆h = 980.9 ∙ 116 = 113.6 MW ; 

∆tbig = ts4 − tw5 = 118.4 − 88.9 = 29.5  ℃ ; 

∆tsmall = ts4 − tw4 = 118.4 − 116.4 = 2 ℃ ; 

Δt̅ =
∆tbig − ∆tsmall

ln (
∆tbig

∆tsmall
)

=
29.5 − 2

ln (
29.5

2
)

= 10.2℃ ; 

F =
Q

kΔt̅
=

113.6 ∙ 106

4000 ∙ 10.2
= 2783 m2 . 

RGFW 3 ‘’closed ‘’ 

∆h = hw3 − hw4 = 606 − 489 = 117 
kj

kg⁄ ; 

Q = Gmc ∙ ∆h = 980.9 ∙ 117 = 114.9MW ; 

∆tbig = ts3 − tw4 = 145.8 − 116.4 = 29.5 ℃ ; 

∆tsmall = ts3 − tw3 = 145.8 − 143.8 = 2℃ ; 

Δt̅ =
∆tbig − ∆tsmall

ln (
∆tbig

∆tsmall
)

=
29.5 − 2

ln (
29.5

2
)

= 10.2 ℃ ; 

F =
Q

kΔt̅
=

114.9 ∙ 106

4000 ∙ 10.2
= 2813 m2 . 

For RGFW 2 ‘’HPH’’ 

∆h = hw2 − hfwp = 788 − 679 = 109 
kj

kg⁄ ; 

Q = Gd ∙ ∆h = 1313 ∙ 109 = 143.4 MW ; 

∆tbig = ts2 − tfwp = 188.9 − 159.8 = 29.1 ℃ ; 

∆tsmall = ts2 − tw2 = 188.9 − 184.9 = 4℃ ; 

Δt̅ =
∆tbig − ∆tsmall

ln (
∆tbig

∆tsmall
)

=
29.1 − 4

ln (
29.1

4
)

= 12.7 ℃ ; 

F =
Q

kΔt̅
=

143.4 ∙ 106

4000 ∙ 12.7
= 2835 m2. 

For RGFW 1 ‘’HPH’’ 

∆h = hw1 − hw2 = 900 − 788 = 112 
kj

kg⁄ ; 
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Q = Gd ∙ ∆h = 1313 ∙ 112 = 146.5 MW ; 

∆tbig = ts1 − tw2 = 214 − 184.9 = 29.1 ℃ ; 

∆tsmall = ts1 − tw1 = 214 − 210 = 4 ℃ ; 

Δt̅ =
∆tbig − ∆tsmall

ln (
∆tbig

∆tsmall
)

=
29.1 − 4

ln (
29.1

4
)

= 12.7 ℃ ; 

F =
Q

kΔt̅
=

146.5 ∙ 106

4000 ∙ 12.7
= 2896  m2 . 

 

Table 3.11-Characteristic of closed RGFW in NPP 

 

 

 

 

 

 

 

 

 

Table 3.12-Characteristic of chosen RGFW in NPP 

 
 

 

 

 

RFWH 

NO 

∆h, 
kJ/kg 

G 

kg/s 
Q,MW 

Δt̅, 
℃ 

F,m2 

6 LPH 115 791.7 90.8 10.2 2225 

5 LPH 116 980.9 113.6 10.2 2783 

4 LPH 116 980.9 113.6 10.2 2783 

3 LPH 117 980.9 114.9 10.2 2813 

2 HPH 109 1313 143.4 12.7 2835 

1 HPH 112 1313 146.5 12.7 2896 
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Deaerator 

A volumetric flow-rate V, m3/h. 

VD =
3600(Gd)

ρ
; 

Gd = 1313 
kg

s
 ; 

VD =
3600 ∙ 1313

908.5
= 5202

m3

h
. 

Deaerator’s volume  

v =
Gdτk

ρ
 . 

where:  

▪ τ How long it takes to fill a deaerator with water ≈ 5 mins ; 
▪ k Deaerator coeff. storage = 1.15 ;  

v =
1313 ∙ (5 ∙ 60) ∙ 1.15

908.5
= 498.6 m3. 

Table 3.13-Characteristic of deaerator. 

Deaerator 

size 

Nominal 

productivity, 

kg / s 

Working 

pressure, 

MPa 

Deaerator 

сolumn 

size 

Number 

of 

columns 

Geometric 

volume 

(capacity) 

of the 

storage 

tank, m³ 

Useful 

volume 

(capacity) 

of the 

storage 

tank, m³ 

Deaerator 

length, m 

 

Deaerator 

height, m 

ДП-6400 1805,5 0.87 КДП-

6400-А-

4; 

vertical 

4 400 250 36.0 7.0 
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 Design calculation of the turbine condenser 

Finding a condenser's geometrical dimensions and operational qualities is 

the goal of calculation. 

Nuclear power plants' strong modern steam turbines often include several 

double-flow low-pressure cylinders. Each cylinder's steam is sent to a different 

condenser. Therefore, you must first ascertain the turbine's total quantity of exhaust 

steam outputs. 

The condenser of a steam turbine plant must provide pressure 𝑝𝑐 behind the 

turbine with the following initial parameters: inlet cooling water temperature tw1, 

steam flow to the condenser  

The material and dimensions 𝑑𝑜𝑢𝑡x𝛿𝑤𝑎𝑙𝑙 of the tubes and the number Z of 

passages for the cooling water are known. 

 
Figure 4.1- Schematic diagram of the condensing unit: 

1 — condenser; 2 — circulation pump; 3 — hotwell (standpipe); 4 — condensate pump; 5 — 

air pump (ejector); 

A — supply of the working fluid (steam or water) to the ejector; B — steam from the turbine; 

C — into the regeneration system; D and E - inlet and outlet of cooling water; F - line for 

removing the vapor-air mixture from the condenser 

4.1 Calculation of the Number of Flows in the LPC 

 Maximum power of a single-flow turbine, MW 

Ni
max =

m1

2 ∙ 10−3 ∙ π
∙ kunl ∙ Hi ∙

[σ] ∙ c2

ρmat ∙ n2 ∙ v2
 ; 

Ni
max =

1.1

2 ∙ 10−3 ∙ π
∙ 2.3 ∙ 937 ∙

[450] ∙ 257

7800 ∙ 252 ∙ 29.9
= 298.6 MW ; 

where:  

▪ m1 = 1.1 … 1.3  is coeff. takes into consideration power generation by 

steam streams of regenerative bleed-offs, assumption 1.1; 
▪ kunl = 2.3 … 2.4 is unloading coeff. which depends on the geometric 

characteristics of the blades of the last stage of the turbine; assumption it 

2.3; 

▪ Hi is extracted steam work in turbine, 937 
kJ

kg⁄ ; 

▪ [σ] is allowable tensile stress for the material of the blades. For stainless 

steel [σ] = 450 MPa; 
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▪ ρmat = 7800
 kg 

m³
⁄  Stainless steel density of the blade material;  

▪ n is rotor's rotation frequency, 25  rev
s⁄ ; 

▪ v2 = f(pc′ , hc′) specific volume of steam at turbine’s outlet of the last stage 

of the,   m³
kg⁄ ; 

v2 = f(0.00412 , 2277) = 29.9   m³
kg⁄ . 

▪ c2 steam’s output speed, m/s. according to the permitted power loss at the 

output speed; 

 Steam’s output speed  

∆hos =
c2

2

2000
 ; 

c2 = √∆hos ∙ 2000 = √33 ∙ 2000 = c2 = 257  m
s⁄  ; 

▪ ∆hos = 20 ÷ 35 
kJ

kg⁄  , assume it 33
kJ

kg ⁄ . 

 Number of Flows of Spent Steam going to the Condenser 

i =
Ne

ηm · ηg · Ni
max   ; 

i =
870

0.98 ∙  0.99 ∙ 298.6
= 3.1 = 4. 

ncon =
i

2
=

4

2
= 2 

For that I will take (Two) condensers; 

where: 

▪ Ni
max maximum power of a single-flow turbine, 298.6 MW; 

▪ Ne turbine’s total electric power, 870 MW; 
▪ ηm turbine’s mechanical efficiency of the unit, 0.98; 
▪ ηg Generator efficiency, 0.99. 

 Exhaust steam flow per condenser 

Gc1 =
2 ⋅ Gc

i
 ; 

Gc1 =
2 ⋅ 791.7

4
= 395.9 

kg
s⁄   

where: 

▪ Gc = 791.7 
kg

s⁄  ,is total exhaust steam flow; 
▪ i = 4 is Number of flows of spent steam going to the condenser. 

 Initial data for the calculation of the condenser 
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Table 4.1-Initial data 

Notes: 

▪ density for cooling water  ρw =  1000  
kg

m3⁄ ; 

▪ average heat-capacity for cooling water cw =  4.19 
kJ

kg⁄ ; 

▪ The factor that accounts for the contamination of pipes is equal to 𝑎0 =
 0.65. . .0.85, 𝑎0 = 0.80. 

4.2 Determining the characteristics of a condenser 

 Flow rate of cooling water per condenser 

W1 = m ⋅ Gc1 ; 

W1 = 60 ⋅ 395.9 = 23751
kg

s⁄ ; 
where: 

▪ m = (40 … 70) is cooling ratio for double way condensers (z = 2),
kg

s⁄ . 

 The number of heat transfer tubes 

ntube =
4 ⋅ W1 ⋅ z

π ⋅ din
2 ⋅ ρw ⋅ ww

 ; 

ntube =
4 ⋅ 23751 ⋅ 2

π ⋅ (0.026)2 ⋅ 1000 ⋅ 2
= 44757 pcs ; 

where: 

▪ z is number of tube-side passes for cooling water; 
din = dout − (2 ⋅ δwall) ; 

din = 28 − (2 ⋅ 1) = 26 mm.  
▪ dinn is the inner diameter of the tubes; 
▪ ww is speed of water in tubes, m

s⁄ . 

 Cooling water heating in the condenser, ºC 

Δtw =
r

сw ⋅ m
 ; 
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∆tw =
2156

4.19 ⋅ 56
= 8.6 ℃ . 

where: 

r = h″ − h′ = 2277 − 121 = 2156 
kJ

kg⁄  ; 

h″ = f(pc) = 2277 
kJ

kg⁄  ; 

h′ = f(pc) = 121 
kJ

kg⁄  . 

▪ r is latent-heat vaporization under pressure 𝑝𝑐, kJ/kg; 

▪ cw = 4.19  is heat-capacity of (cooling water), 
kJ

(kg C)⁄ . 

 Temperature of the cooling water at the condenser outlet, ºC 

tw2 = tw1 + Δtw ; 
tw2 = 13 + 8.6 = 21.6 ℃ . 

 The Heat power that is transferred to the cooling water in the 

condenser, kW 

Qw1 = W1 ⋅ сw ⋅ Δtw ; 
Qw1 = 23751 ⋅ 4.19 ⋅ 8.6 = 853292 kW. 

 Average temp. difference, ºC 

Δtavr =
Δtw

ln (
ts − tw1
ts − tw2

)
 ; 

∆tavr =
8.6

ln (
29 − 13

29 − 21.6
)

= 11.1 ℃ . 

where: 

▪ ts = f(pc) = 29 ℃, is saturation temp. at condenser pressure pc. 

 Specific-vapor load of the condenser 𝒅𝒄. Initially set in the range of 40 

... 60 
𝒌𝒈

(𝒎² ·  𝒉)
⁄  , have to check 

dc =  44  
kg

(m² ·  h)
⁄ ; 

The overall heat transfer coeff. is calculated using one of two expressions. tw1 =
18 ℃. So, we will use the following expression: 

If  tw1 ≤ 35 ℃ 

k = 4070 ⋅ a ⋅ (
1,1 ⋅ ww

dinn
0,25 )

x

⋅ [1 −
0,52 − 0,002 ⋅ dc ⋅ √a

1000
⋅ (35 − tw1)2]  

⋅ [1 −
z − 2

10
⋅ (1 −

tw1

35
)] ⋅ Фd ; 

k = 4070 ⋅ 0.68 ⋅ (
1.1 ⋅ 2

260,25
)

0.301

⋅ [1 −
0.52 − 0.002 ⋅ 44 ⋅ √0.68

1000
⋅ (22)2]

⋅ [1 −
2 − 2

10
⋅ (1 −

13

35
)] ⋅ 1 = 2154 W

(m² · ℃)⁄ ; 
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where: 

▪ k - in W
(m² · ℃)⁄ ; 

x = 0.12 ⋅ a ⋅ (1 + 0.15 ⋅ tw1) = 0.12 ⋅ 0.68 ⋅ (1 + 0.15 ⋅ 18) = 0.301 ; 
a = a0 ⋅ am = 0.80 ∙ 0.85 = 0.68 ; 

▪ x  is coeff. pollution of tubes and tube material; 

▪ a0 = 0.65 … 0.85 is coeff. tube contamination; 

Assume it 0.80 ; 
▪ am is correction factor the tube material, For stainless steel =0.85 ; 
▪ dinn tubes inner diameter of the = 26 mm ; 
▪ ww tubes speed of water 2 m

s⁄ ; 
▪ tw1 is the temperature of the cooling water at the inlet to the condenser, 

13 C ; 
▪ z =  2 number of tube-side passes for cooling water; 
▪ Фd =  1 When designing condensers. 

 Heat transfer surface area, m² 

F =
Qw

k ⋅ Δtavr
 ; 

F =
853292 ⋅ 103

2154 ⋅ 8.6
= 35584 m2. 

 The length of the heat-transfer tubes 

L =
F

ntube ⋅ π ⋅ dout
 ; 

L =
35584

44757 ⋅ π ⋅ 0.028
= 9.87 m < 16 m; 

Where:  

▪ dout = 0.028 m, tubes outer diameter; 

 calculated value of the specific steam load of the condenser 

dc
calk =

3600 ⋅ Gc1

F
 ; 

dc
calk =

3600 ⋅ 395.8

35584
= 40.05 

kg
(m² · h)

⁄ . 

 𝐓𝐡𝐞 𝐨𝐛𝐭𝐚𝐢𝐧𝐞𝐝 𝐯𝐚𝐥𝐮𝐞 𝒅𝒄
𝒄𝒂𝒍𝒌 compared with the specified in 

paragraph 

|
dc

calk − dc

dc
calk

| ∙ 100 = |
44 − 40.05

40.05
| ∙ 100 = 0.4 % . 

▪ The calculated value dc
calk compared by the specified dc.   

▪  If there (more than 2%) error, it is necessary to assign dc = dc
calk and repeat 

the calculation, 
Table 4.2-Summrize results and check error 

dc,
kg

(m² · h)⁄  44 40.05 
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 Mass of condenser tubes 

Mtube = ntube ⋅ L ⋅
π ⋅ (dout

2 − dinn
2 )

4
⋅ ρmat , kg ; 

Mtube = 44757 ⋅ 9.08 ⋅
π ⋅ (0,0282 − 0,0262)

4
⋅ 7800 = 268766 kg . 

where: 

▪ L, dout and dinn are in m; 
▪ ρmat pipe material density, kg/m³. for stainless steel tubes ρmat =

7800
kg

m³
⁄ ;  

 Cost of condenser tubes 

Ctube =
Mtube ⋅ cmat

106
, M R ; 

Ctube =
268766 ⋅ 355

106
= 95 M R . 

where: 

▪ cmat is cost of one kg of tube, rub/kg. for stainless steel tubes cmat =

 350 … 400 rub
kg⁄ ;  

▪ Cost of the condenser 

Ccond = Kc ⋅ Ctube, M R; 
Ccond = Kc ⋅ Ctube = 1.75 ⋅ 95 = 167 M R. 

where: 

▪ Kc = 1.75 … 2 is coeff. empirical. 

4.3 Hydraulic calculation of the condenser 

 Pressure losses in the condenser along the cooling water path 

Determine the pressure loss that occurs while cooling water moves through 

a condenser by doing a hydraulic calculation on it. 

k, W
(m² · ℃)⁄  2154.7 2146.0 

F, m² 35584 35727 

L, m 9.04 9.08 

dc
calk, kg / (m² · h) 40.05 - 

ERROR % 9.87 0.40 
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Figure 4.2- the condenser  

A two-way condenser with straight tubes has the following hydraulic resistance 

representation: 

∆pΣ = ∆ploc + ∆pfr = 7000 + 25841 = 32841 Pa ; 
where: 

▪ Δploc losses of local-pressure; 
▪ Δpfr friction-losses in condenser tubes; 
▪ Δpwch.in is local-hydraulic-resistance at the water inlet to the tubes from the 

water chamber; 
▪ Δpwch.out local-hydraulic-resistance at the water outlet from the pipes to the 

water chamber; 
▪ Δpturn local-hydraulic-resistance from turning the water in the water 

chamber; 
calculation of losses local pressure: 

∆ploc = ξloc ⋅
ρw ⋅ ww

2

2
 , pa ; 

where: 

∆ploc = 2 ⋅ ∆pwch.in + 2 ⋅ ∆pwch.out + ∆pturn ; 

∆ploc = (2 ⋅ ξin + 2 ⋅ ξout + ξturn) ⋅
ρw ⋅ ww

2

2
 ; 

∆ploc = ((2 ⋅ 0.5) + (2 ⋅ 1) + 0.5) ⋅ (
1000 ⋅ 22

2
) = 7000 Pa . 

Table 4.3- values coef. of local resistance 

Type of local resistance Coefficient value ξ loc 
Inlet to the tubes from the water-chamber 0.5 

Outlet from the pipes to the water-chamber 1 
Turning the water in the water-chamber 0.5 

Δpfr = ξfr ⋅
2 ⋅ L

dh
⋅

ρw ⋅ ww
2

2
 , pa; 

∆pfr = 0.037 ⋅
2 ⋅ 9.08

0.026
⋅

1000 ⋅ 22

2
= 32841 Pa. 

where: 

▪ L tubes length heat transfer, 9.08 m; 
▪ dh = dinn = 0,026 is characteristic-size, m ; 
▪ ξfr = 0,035 … 0,037 is coefficient of friction. 0.037. 
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 Pump’s Power of the condenser 

Np = ΔpΣ ⋅
W

ρw ⋅ ηp ⋅ 1000
 , kW ; 

Np = 26836 ⋅
23751

1000 ⋅ 0.86 ⋅ 1000
= 907 kW. 

where: 

▪ ΔpΣ is total hydraulic-resistance; 

▪ ηp = 0.86 … 0.88 pump’s efficiency. 

▪ Electric power consumption for the circulation pump drive 

Ep = Np ⋅ τrp , (kW ∙ h) ; 

Ep = 907 ⋅ 7000 = 6348862 (kW ∙ h) . 

where: 

▪ τrp = 6500 … 7000 h, is number of hours of use of rated power. 

 The cost of electricity for pumping water through the condenser 

Cel =
Ep ⋅ Tel

106⁄ , M R ; 

Cel =
6348862 ⋅ 16

106
= 102 M R . 

where: 

▪ Tel = 14 … 16 
rub

(kW·h)
, tariff electricity for NPP. 

4.4 Design calculation of the turbine condenser Variant 2 

 Initial data of calculation of the second variant 

Table 4.4-Initial data condenser NO. 2 

Determining the characteristics of a condenser 

 Flow rate of cooling water per condenser 

W1 = m ⋅ Gc1 ; 

W1 = 60 ⋅ 395.9 = 23751 
kg

s⁄  . 
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 The number of heat transfer tubes, pieces 

ntube =
4 ⋅ W1 ⋅ z

π ⋅ dinn
2 ⋅ ρw ⋅ ww

 ; 

ntube =
4 ⋅ 23751 ⋅ 2

π ⋅ (24 ∙ 10−3)2 ⋅ 1000 ⋅ 2
= 52528 pcs . 

dinn = dout − (2 ⋅ δwall) ; 
dinn = 28 − (2 ⋅ 2) = 24 mm . 

 Cooling water heating in the condenser, ºC 

Δtw =
r

сw ⋅ m
 ; 

∆tw =
2156 

4.19 ⋅ 60
= 8.6 ℃ ; 

r = hc
″ − hc

′ = 2277 − 121 = 2156 
kJ

kg⁄  ; 

hc
″ = 2277 

kJ
kg⁄ ; 

hc
′ = f(pc) = 121 

kJ
kg⁄  . 

 Temperature of the cooling water at the condenser outlet, ºC 

tw2 = tw1 + Δtw ; 
tw2 = 13 + 8.6 = 21.6 ℃ . 

 The Heat power that is transferred to the cooling water in the 

condenser 

Qw2 = W1 ⋅ сw ⋅ Δtw ; 
Qw2 = 23751 ⋅ 4.19 ⋅ 8.6 = 853292 kW . 

 The average temperature difference, ºC 

Δtavr =
Δtw

ln (
ts − tw1
ts − tw2

)
 ; 

∆tavr =
8.6

ln (
29 − 13

29 − 21.6
)

= 11.1 ℃ ; 

where: 

▪ ts = f(pc) = 29 ℃. 

 Specific vapor load of the condenser 𝒅𝒄. Initially set in the range of 40 

... 60 kg / (m² · h), and then must be checked 

dc =  44  
kg

(m² ·  h)
⁄ ; 

The overall heat transfer coefficient (ВТИ formula) is calculated using one of 

two expressions 

tw1 = 18 C. So,  

If  tw1 ≤ 35 ℃ 
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k = 4070 ⋅ a ⋅ (
1,1 ⋅ ww

dinn
0,25 )

x

⋅ [1 −
0,52 − 0,002 ⋅ dc ⋅ √a

1000
⋅ (35 − tw1)2] ⋅

⋅ [1 −
z − 2

10
⋅ (1 −

tw1

35
)] ⋅ Фd ; 

k = 4070 ⋅ 0.68 ⋅ (
1,1 ⋅ 2

240,25
)

0.301

⋅ [1 −
0,52 − 0,002 ⋅ 44 ⋅ √0,68

1000
⋅ (22)2] [1 −

2 − 2

10
⋅ (1 −

13

35
)] ⋅ 1

= 2165  W
(m² · ℃)⁄ ; 

where: 

▪ k - in W
(m² · ℃)⁄ ; 

x = 0.12 ⋅ a ⋅ (1 + 0.15 ⋅ tw1) = 0.12 ⋅ 0.68 ⋅ (1 + 0.15 ⋅ 18) = 0.301 ; 
▪ dinn is the inner diameter of the tubes = 24 mm ; 

Heat transfer surface area, m² 

F =
Qw2

k ⋅ Δtavr
 ; 

F =
853292 ⋅ 103

2165 ⋅ 11.1
= 35413 m2. 

The length of the heat transfer tubes, m 

L =
F

ntube ⋅ π ⋅ dout
 ; 

L =
35413

52528 ⋅ π ⋅ 0,028
= 7.67 m < 16 m . 

The calculated value of the specific steam load of the condenser, 
𝒌𝒈

(𝒎² · 𝒉)
⁄  

dc
calk =

3600 ⋅ Gc1

F
 ; 

dc
calk =

3600 ⋅ 395.9

35413
= 40.24

kg
(m² · h)

⁄ . 

The obtained value 𝒅𝒄
𝒄𝒂𝒍𝒌 must be compared with the specified in paragraph 

|
dc

calk − dc

dc
calk

| . 100 = |
40.24 − 44

40.24
| . 100 = 0.38 %  . 

Table 4.5-Summrize results and check error. 

dc,
kg

(m² · h)⁄  44 40.24 

k, W
(m² · ℃)⁄  2165.1 2156.8 

F, m² 35413 35549 
L, m 7.67 7.70 

dc
calk, kg / (m² · h) 40.24 - 

ERROR % 9.34 0.38 



 
65 

 Mass of condenser tubes 

Mtube = ntube ⋅ L ⋅
π ⋅ (dout

2 − dinn
2 )

4
⋅ ρmat , kg ; 

Mtube = 52528 ⋅ 7.7 ⋅
π ⋅ (0,0282 − 0,0242)

4
⋅ 7800 = 515030 kg . 

 Cost of condenser tubes 

Ctube = Mtube ⋅ cmat 106⁄ , M R ; 

Ctube =
515030 ⋅ 355

106
= 183 M R . 

 Cost of the condenser 

Ccond = Kc ⋅ Ctube, M R ; 
Ccond = Kc ⋅ Ctube = 1.75 ⋅ 183 = 320 M R . 

 Hydraulic calculation of the condenser 

∆pΣ = Δploc + Δpfr ; 
∆pΣ = 7000 + 23734 = 30734 Pa. 

Calculation of local pressure losses  

Δploc = ξloc ⋅
ρw ⋅ ww

2

2
⁄  , pa ; 

∆ploc = 2 ⋅ ∆pwch.in + 2 ⋅ ∆pwch.out + ∆pturn 

∆ploc = (2 ⋅ ξin + 2 ⋅ ξout + ξturn) ⋅
ρw ⋅ ww

2

2
⁄  

∆ploc = ((2 ⋅ 0,5) + (2 ⋅ 1) + 0,5) ⋅
(1000 ⋅ 22

2)
⁄ = 7000 Pa ; 

Δpfr = ξfr ⋅ (2 ⋅ L dh)⁄ ⋅ (
ρw ⋅ ww

2

2
) , pa ; 

∆pfr = 0,037 ⋅ ( 2 ⋅ 7.7 0,024⁄ ) ⋅ ( 1000 ⋅ 22

2⁄ ) = 23734 Pa . 

 Power of the pump for pumping water through the condenser 

Np = ΔpΣ ⋅ (W
ρw ⋅ ηp ⋅ 1000⁄ ) , kW ; 

Np = 30734 ⋅ (23751
1000 ⋅ 0,86 ⋅ 1000⁄ ) = 849 kW. 

 Electric power consumption for the circulation pump drive 

Ep = Np ⋅ τrp , (kW ∙ h) ; 

Ep = 849 ⋅ 7000 = 5941517 (kW ∙ h). 

 The cost of electricity for pumping water through the condenser 

Cel =
Ep ⋅ Tel

106
, M R ; 

Cel =
5941517 ⋅ 16

106
= 95 M R ; 

Table 4.6-Results of variant calculations of the condenser 

Parameter            Options 

Option 1 Option 2 

dout =  28 mm 

δwall = 1 mm 

dout = 28 mm 

δwall = 2 mm 
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Gc1, kg/s 395.9 395.9 

pc , kPa 4 4 

Tube material Stainless steel Stainless steel 

ntube , pcs 44757 52528 

F , m2 35727 35549 

𝑙tubes , m 9.08 7.7 

W1, kg/s 23751 23751 

Mtubes, kg 268766 515030 

Ctube, M R 95 183 

Ccond, M R 167 320 

Np, kW 907 849 

Ep, kW·h 6348862 5941517 

Cel, M R 102 95 

 Design Calculation of a Saturated Steam Generator 

5.1 Thermal Calculation of the SG of Saturated Vapor 

Table 5.1-Initial data 

 

P2 = 1.06 ∙ P0 = 1.06 ∙ 6.5 = 6.89 MPa ; 
ts2 = f(P2) = f(6.89) = 284.8 ℃ ; 

t1
′′ = ts2 + ∆tEV

min = 284.7 + 15 = 299.7 ℃ ; 

∆tEV
min = 10 … 15 ℃ ; 
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t1
′ = t1

′′ + ∆tR = 299.7 + 30 = 329.7 ℃ ; 
∆tR = 30 ℃ ; 

ts1 = t1
′ + δtb = 329.7 + 21 = 350.7 ℃ ; 

δtb = 15 … 25 ℃ ; 
P1 = f(ts1) = f(350.7) = 16.56 MPa . 

.  

Figure 5.1-SG without ec 

 Coolant-Flowrate 

QSg = G1(h1inl − h1out)  ; 

G1 =
Qsg

(h1inl − h1out)
=

655.5 ∙ 103

(1512 − 1335)
= 2703 

kg
s⁄  . 

h1inl = f(p1,  t1
′ ) = f(16.56, 329.7) = 1512 

kJ
kg⁄  ; 

h1out = f(p1, t1
″) = f(16.56,299.7) = 1335 

kJ
kg⁄ . 

 Steam Flow-Rate 

𝐺𝑆𝐺 = 1405.7 
kg

s⁄  ; 

D2 =
𝐺𝑆𝐺

𝑍𝑙𝑜𝑜𝑝
=

1405.7

4
= 351.4 

kg
s⁄ . 

where: 

▪ D2 steam generator steam flow-rate, 
kg

s⁄ ; 

▪ 𝐺𝑆𝐺  turbine installation steam flow-rate, 
kg

s⁄ ; 

▪ Dbd = (
αbd

100
) ⋅ D2 is flow-rate of blow-down water; 

Dbd =  (
0,5

100
) ⋅ 351.4  =  1.75 

kg
s⁄ . 

 Flowrate FeedWater. 

Dfw = D2 + Dbd   kg/s  ; 

Dfw = 351.4 + 1.75 = 353.1 
kg

s⁄ . 
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 Building a tQ Diagram. 

 

Figure 5.2- SG tQ Diagram  

 Choice of Tube of collectors Material. 

I will concentrate prototype. 

▪ 08Х18Н10Т heat transfer surface tubes; 

▪ 10ГН2МФА the heat carrier collector, 08Х18Н10Т clad on the side. 

 Calculation of the Wall Thickness of the Tubes of the Heat Transfer 

Surface of the Steam Generator. 

 

Figure 5.3-Cross-Section of Heating Surface 

To calculate the nominal wall thickness of tubes, use the formula: 

δtube =
pcalc ∙ dout

2 ∙ φ ∙ [σ] + pcalc
⁄ + c ; 

where: 

▪ dout tube outer diameter, mm. 

▪ φ = 1 is coefficient of strength (load factor); 
▪ pcalc = 0,9 ⋅ 1,25 ⋅ p1  (design) pressure, MPa  

▪ pcalc = 0.9 ⋅ 1.25 ⋅ (16.56) = 18.63 Mpa; 
▪  

ttube.max = 0,5 ∙ (t1
′ + ts) = 0,5 ⋅ (329.7 + 284.8) = 307.2℃ . 

▪ 16 mm horizontal WWER SG (diameter of the tubes); 

▪ [𝜎] is nominal stress design, MPa. 

δtube − c =
pcalc ∙ dout

2 ∙ φ ∙ [σ] + pcalc
⁄ = 18.63 ∙ 16

2 ∙ 1 ∙ [91] + 18.63⁄

= 1.48 mm ; 

δtube =
pcalc ∙ dout

2 ∙ φ ∙ [σ] + pcalc
⁄ + c = 1.48 + 0,294 = 1.78 ≈ 1.8 mm. 
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 Calculate Nominal Stress Design 

This stress design is defined as the minimum of two value 

[σ] = min {
σsl

nsl
; 

σ0,2

n0,2
} ; 

where: relevant safety factors 

▪ nsl  =  2.6 ; 
▪ n0,2  =  1.5 ;  
From Initial Data 

▪ t1.max = t1
′ = 329.7 ℃ ; 

▪ t2.max = ts = 284.8 ℃ ; 

ttube.max =
329.7 + 284.8

2
= 307.2 ℃; 

08H18N10T Russia produces steam generator tubes using type steel. 
Table 5.2-Melting point of metals 

, °С 100 150 200 250 300 350 

, MPa 412 392 392 373 363 353 

, MPa 177 167 157 147 137 132 

at a temperature of 307.2 ℃, Choose data: 

▪ σsl =  363 MPa; 
▪ σ0.2 =  137 Mpa; 

σsl

nsl
=

363

2.6
= 140  MPa;     ,  

σ0,2

n0,2
=

137

1.5
= 91  MPa; 

Then I will Compare the calculated values. 

Nominal voltage tolerance is equal to a lower value [σ] = 91 MPa; 
▪ σsl is shakedown limit of material design; 

tcalk = ttube.max, Mpa; 
▪ σ0,2 is yield point of the material the design  

tcalk = ttube.max, Mpa; 
C1 = 0,185 ; 

C2 = 0 ; 
C3 = 0 ; 

C4 = 0,0065 ; 
C = C1 + C2 + C3 + C4 ; 

C = 0.185 + 0,1093 = 0,294. 
Table 5.3-Permissible deviations 

 
▪ It is taken largest of the two values calculated by the formulas: 
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[δtube − C] ≤ 0,75 ⋅ 10−2 ⋅ a = 0,75 ⋅ 10−2 ⋅ (0.15) = 1.125 ⋅ 10−3; 

C4 = (δtube − C) ⋅ [
1.5 ⋅ (

a
100

) − 2 ⋅ (
δtube − C

dout
)

1.5 ⋅ (
a

100
) − (

δtube − C
dout

)
] ; 

if  [δtube − C] > 0.75 ⋅ 10−2 ⋅ a 

C4 = (δtube − C) ⋅ [1 − 2 ⋅ (1 −
b

100
) ⋅

2 ⋅ (
Rb

dout
) + 1

4 ⋅ (
Rb

dout
) + 1

] ; 

C4 = 1.521 ⋅ [1 − 2 ⋅ (1 −
20

100
) ⋅

2 ⋅ (
48
16

) + 1

4 ⋅ (
48
16

) + 1
] = 0.1093 . 

where: 

▪ Rb = (1,9 . . . 3,5) ⋅ dout= 2,1 ⋅ dout = 3 ⋅ 16 = 48 mm; 

▪ a  is ovality of the tube in the bent section, %; 
▪ b  is relative decrease in wall thickness in the stretched part of the bent 

section, %;  
accepted   

▪ a = 5 … 15 % = 15% ; 
▪ b = 10 … 30 % = 20 %. 

din = dout − (2 ⋅ δtube) = 16 − (2 ⋅ 1.8) = 12.40 mm. 

 Determining the Number of Tubes 

Ntube =
G1

ρavr ⋅ w ⋅ f1tube
=

3703.4

696.26 ⋅ 5 ⋅ (1,2 ⋅ 10−4)
= 8813 pcs ; 

where: 

▪ G1 is coolant flow, 
kg

s⁄ ; 
▪ ρavr = f(p1,  t1avr) is the average density of the coolant;  

ρavr = f(16.56, 314.7) = 696.26 
kg

 m3⁄ ; 

t1av =
329.7 + 299.7

2
= 314.7 ℃ . 

                                          w = 5 m
s⁄  ; 

f1tube =
π ⋅ din

2

4
=

π ⋅ 12,402

4
= 124.01 mm2 = 1,2 ∙ 10−4  m2. 

▪ f1tube is cross-section area of one tube, m². 

 Calculation of Heat Transfer in a Steam Generator 

Determination of average temperature head in a steam generator 

∆tavr =
∆thig − ∆tlow

ln (
∆thig

∆tlow
)

=
44.9 − 14.9

ln (
44.9
14.9

)
= 27.2 ℃ ; 

where: 

▪ ∆thig = t1
′ − ts is highest temperature head; 
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∆thig =  329.7 –  284.8 =  44.9 ℃ ; 

▪ ∆tlow = t1
″ − tsis lowest temperature head. 

∆tlow =  299.7 –  284.8 =  14.9 ℃ . 
Determination of the heat transfer coefficient from the coolant to the tube 

walls 

α1avr = 0,021 ⋅ (
λ1avr

din
) ⋅ (Reavr)0,8 ⋅ (Pravr)0,43 ; 

α1avr = 0,021 ∙ (
0,5332

12,40 ∙ 10−3
) ∙ (519263)0,8 ∙ (0.91)0,43 

α1avr = 32388  W
(m2 ∙ ℃)⁄  . 

ν1avr = f(p1, t1avr) = f(16.56,314.7) = 1.194 ∙ 10−7  m
2

s⁄  ; 

λ1avr =  f (16.56, 314.7) = 0.5332 W
(m · ℃)⁄ ; 

Pravr =  f (16.56,314.7) = 0.91 ; 

Reavr =
w ⋅  din

ν1avr
=

5 ∙ 12.40 ∙  10−3

1,194 ∙  10−7
= 519263 ; 

 Determination of the heat transfer coefficient from the walls of the 

tubes to the working fluid 

qin = 3 ⋅ 105  W m2⁄ ; 

α2in =
10,45

3,3 − 0,0113 ⋅ (ts − 100)
⋅ qin

0,7 (W
m2⁄ ). 

ttube.in = ts + 0,3 ⋅ (t1
′ − ts), ℃; 

λwal.in = 14,48 + 0,0156 ⋅ ttube.in, W
(m · ℃)⁄ ; 

▪ Calculate the heat transfer coefficient 

kin = [
1

α1avr
+

δtube

λtube.in
+ 2 ⋅ Rox +

1

α2
]

−1

, W
(m2 ∙ ℃)⁄ ; 

Calculate the heat flow: 

qin
′ = Kin ∙ (t1

′ − ts),W
m²

⁄ ; 

make comparison of heat flow qin
′  with the one set earlier qin. 

Table 5.4-Results heat transfer coefficient  

First iteration Second iteration 

 

 

 

 

Inlet 

qin , W/m² 3 ∙ 105 277479 

α2in , W/(m² · ℃) 58819.7 55692.9 

ttube
in  , ℃ 298.3 298.3 

λwal
in  , W/(m · ℃) 

19.1 19.1 

kin , W/(m² · ℃) 

6174.4 6138.3 

qin
′  , W/m² 277479 275854 
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qin
′ /qin 

0.92 0.99 

qout = 6 ∙ 104   W
m²

⁄ ; 

α2out = 10.45
3,3 − 0.0113 ⋅  (ts − 100)⁄ ⋅ qout

0,7, W
(m² · ℃)⁄ ; 

 

ttube.in = ts + 0,3 ⋅ (t1
′ − ts), ℃; 

λwal.in = 14,48 + 0,0156 ⋅ ttube.in, W
(m · ℃)⁄ ; 

▪ heat transfer coefficient 

kout = [
1

α1avr
+

δtube

λtube.in
+ 2 ⋅ Rox +

1

α2
]

−1

, W
(m² · ℃)⁄ ; 

▪ heat flow 

qout
′ = kout ∙ (t1

′′ − ts) , W
m²

⁄ . 

Table 5.5-Results heat transfer coefficient. 

First iteration Second iteration 

 

 

 

 

Outlet 

qout , W/m² 6 ∙ 104 75414 

α2out , W/(m² · ℃) 19065 22375 

ttube
out  , ℃ 289.3 289.3 

λwal
out  , W/(m · ℃) 19 19 

kout , W/(m² · ℃) 
5047.9 5253.6 

qout
′  , W/m² 75414 78488 

qout
′ /qout 1.25 1.04 

 Calculation of the average overall heat transfer coefficient 

For this, the values of kin and kout are compared. 

If |
kin−kout

kout
| ≤ 0.25, then kavr = 0,5 ⋅ (kin + kout); 

|
kin − kout

kout
| = |

6138.3 − 5253.6

5253.6
| = 0,16 . 

So that, I will calculate with this formula 

kavr = 0.5 ⋅ (kin + kout) = 0.5 ⋅ (6138.3 + 5253.6) = 5696 W/(m² · ℃) ; 

  Area of the heat exchange surface 

F =
ksf ⋅ Qsg

kavr ⋅ ∆tavr
=

1.1 ∙ 655.5 ∙ 103

(5696 ∙ 10−3) ∙ 27.2
= 4647 m2; 

where: 

▪ ksf = 1,05 … 1,10 is the safety factor for taking into account deposits and 

plugged tubes, and we assumed it by ksf = 1.1 ; 

▪ kavr  is the average heat transfer coefficient, kW
(m2 ∙ ℃)⁄ ; 
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▪ Qsg is thermal power of the steam generator,  kW; 

▪ ∆tavr is average temperature head in the steam generator, C. 

  Calculate the average length of one tube of the steam generator 

lavr =
F

π ⋅ davr ⋅ Ntube
=

4647 

π ∙ (14.28 ∙ 10−3) ∙ 8813 
= 11.83 m ; 

davr = 0.5 ⋅ (dout + din) = din + δtube 

davr = 0,5 ∙ (16 + 12,40) = 14.20 mm = 0,0142 m ; 
▪ Ntube total number of tubes  = 8813 pcs ; 

5.2 Design Calculation Saturated Horizontal SG with U-Shaped Tubes 

 Calculation of the Wall Thickness of the Collector, m 

 
1

min 12

in

calk col
coll

calk

p D

p


 


=

  −
; 

δc =
18.63 ∙ 0.9

2 ∙ 0.36 ∙ (215) − 18.63
= 0,123 m ; 

where: 

▪ p1calk = 0.9 ⋅ 1.25 ⋅ p1avr ≈ 0.9 ⋅ 1.25 ⋅ p1 is the rated pressure, MPa; 

P1 calc = 0.9 ∙ 1.25 ∙ 16.56 = 18.63 MPa; 

Dcol
in = 0,90 m ; 

▪ [σ] = 215 MPa is nominal stress design for steel 10ГН2МФА; 
▪ φmin is minimum coefficient of strength. Let’s accept the smallest value. 

φ1 =
s1 − dtube

out

s1
  and  φ2 =

2 ⋅ (s2 − dtube
out )

s2
 ; 

φ1 =
s1 − dtube

out

s1
=

0,025 − (16 ∙ 10−3)

0,025
= 0,36 ; 

φ2 =
2 ∙ (s2 − dtube

out )

s2
=

2 ∙ (0,025 − (16 ∙ 10−3))

0,025
= 0,72 ; 

So    φ1 < φ2, then then. φmin < φ1 

φmin = 0,36 ; 

 Outer Diameter of the Collector, m. 

Dcol
out = Dcol

in + 2 ⋅ δcoll ; 

Dcol
out = 0.90 + 2 ∙ 0.123 = 1,15 m. 

 Step s2 on to the Outer Diameter, m 

s2out = s2 ⋅
Dcol

out

Dcol
in

 ; 

s2out = 0.025 ⋅ (
1.15

0.90
) = 0.0318 m. 
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Figure 5.4-Fragment wall of collector. 

 The length of the arc along the Collector Occupied by Tubes of the 

Upper Row, m 

Lc1 = π ⋅ Dcol
out ; 

Lc1 = π ⋅ 1.15 = 3.599 m. 

 Number of Tubes in the Upper Row, pcs 

Ntube1 =
Lc1

s2out
 ; 

Ntube1 =
3.599

0.0318
= 113 pcs . 

 The Maximum Width of the Tube Bundle at the Level of the Upper-

Row of Tubes, m 

Bbund
max = Ntube1 ∙ S2b + 3 ∙ Bcor; 

S2b = 0.030 𝑚; 
Bbund

max = 113 ∙ 0.030 + 3 ∙ 0.5 = 3.84 m . 
where Bcor = (0,15. . .0,2) Assumption 0.15 m. 

 Width of the Heat Exchange Tube Bundle Package, m 
max 3

2

bund cor
pack

B B
B

− 
= ; 

Bpack =
3.84 − (3 ∙ 0.15)

2
= 1.7 m . 

 Distance between the axis of collector, m 

Bdac = 2 ⋅ Bpack + 2 ⋅ Bcor  ; 

Bdac = (2 ∙ 1.7) + (2 ∙ 0,15) = 3.69 m  

 Width of Submerged Perforated Plate, m 

Bpp = (1,05. . .1,1) ⋅ Bbund
max ; 

Bpp = 1.05 ∙ (3.84) = 4.03 m . 

 SG Vessel Width at Level Perforated Plate, m 

Bves.in = Bpp + 2 ⋅ Bgap; 

Bgap = 0.25 𝑚; 

Bves.in = 4.03 + (2 ∙ 0.25) = 4.53 m . 
where: 
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▪ Bgap = (0,25. . .0,3 ) m 

 Height of the location of the submerged perforated plate relative to 

the horizontal axis of the SG vessel, m 

hpp = h0 + h1 − hwl; 

hpp = 0.2 + 0.2 − 0.1 = 0.3 m . 

where: 

▪ h0 = (0,2. . .0,35) is height of the arrangement of the upper row of tubes 

relative to the horizontal axis of the SG; h0 = 0.2 m ; 

▪ h1 = (0,2. . .0,35) is the height of the location of the weight level of water 

above the upper row of tubes; h1 = 0.2 m; 
▪ hwl = 0.05 … 0.1 m is height of the weight level above the submerged 

perforated plate. hwl = 0.1 m. 

 The Distance of the Lower Row of Pipes of the Heat Exchange 

Surface from the Lower Generatrix of the Steam Generator Vessel 

▪ hdlr = 0,08 − 0,120 m  

hdlr = 0.12 m. 

 Internal Diameter of the Steam Generator Vessel, m 

Dves.in = √4 ⋅ hpp
2 + Bves.pp

2 ; 

Dves.in = √4 ⋅ 3 + 4,532 = 4.57 m. 

 Area of the Evaporation Surface, m² 

𝐹𝑒𝑠 = 𝐵𝑝𝑝 ⋅ (𝑙𝑡𝑢𝑏𝑒 + 𝐷𝑐𝑜𝑙
𝑜𝑢𝑡) 

𝐹𝑒𝑠 = 4.03 ⋅ (11.82 + 1.15) = 52.3 m2. 

 Superficial Steam Velocity, 𝒎 𝒔⁄  

wo
″ =

D2

Fes ⋅ ρ2
″  ; 

wo
″ =

D2

Fes ⋅ ρ2
″ =

351.4

52.3 ∙ 35.88
= 0.187 m

s⁄  . 

where: 

▪ ρ2
″ of the working fluid, 

kg
m³

⁄ ; 

ρ2
″ = f(p2) = f(6.89) = 35.88 

kg
m³

⁄ . 

 The True Volumetric Vapor Content in the Water Layer above the 

Submerged Perforated Plate, m 

φbub =
w0

″

w0
″ + (0.65 − 0.039 ⋅ p2)

; 

φbub =
0.187

0.187 + (0.65 − 0.039 ∙ 6.89)
= 0.329 m. 

 Actual (real) Water Level above the Submerged Perforated Plate, m 

hreal =
hwl

(1 − φbub)
 ; 
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hreal =
0.1

(1 − 0,329)
= 0.149 m. 

 Height of Steam Volume, m 

ℎ𝑠𝑣 =
𝐷𝑣𝑒𝑠.𝑖𝑛

2
− (ℎ𝑝𝑝 + ℎ𝑟𝑒𝑎𝑙 + ℎ𝑠𝑟𝑝) ; 

ℎ𝑠𝑣 =
4.57

2
− (0.3 + 0.149 + 0.4) = 1.43 𝑚 . 

Where: 

▪ ℎ𝑠𝑟𝑝 = 0,35. . .0,4 ; is vertical distance from the steam-receiving perforated 

plate to the inner surface of the SG vessel, m; 

hsv = 1.82 ≫ 0.4 m              so            hsv ≫ 0.4 m. 

 

Figure 5.5- Cross section of horizontal VVER SG 

1 is vessel; 2 is steam-receiving perforated plate; 3 is submerged perforated plate; 

4 are heat exchange tubes  
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 Characteristics of steam outlet nozzles 
 

 

Figure 5.6-Exterior (a) and Cross section (b) of a horizontal steam generator:  

The inner diameter of the steam outlet nozzles 

dnoz.in can be determined from the following continuity equation 

Nnoz ⋅
π ⋅ dnoz.in

2

4
⋅ wnoz =

D2

ρ″
; 

dnoz.in = √
4 ∙ D2

π ∙ ρ″ ∙ Nnoz ∙ wnoz
 ; 

dnoz.in = √
4 ∙ 351.4

π ∙ 35.88 ∙ 10 ∙ 30
= 0,203 m. 

where: 

▪ Nnoz = (8. . .10), Nnoz=10 pc. is number of steam outlet nozzles; 

▪ wnoz = 30. . .40 , wnoz= 30 m s⁄ .  is steam speed in steam outlet nozzles; 

ρ2
″ =  f (6.89) =35.88 

kg
m³

⁄ . 

 Characteristics of the feed pipe 

The inner diameter of the feed dfw.in can be determined from the following 

continuity equation. 

π ⋅ dfw.in
2

4
⋅ wfw =

Dfw

ρfw
; 

π ⋅ dfw.in
2

4
 ∙ 5 =

353.18

856.7
; 

dfw.in = 0,324 m. 
where: 

▪ wfw = (4. . .5) wfw = 5 m/s  is feed water speed in feed pipe; 

▪ Dfw = D2 + Dbd is mass flow of feed water, 
kg

s⁄ ; 

Dfw = 351.43 + 1.75 = 353.18 
kg

s⁄ ; 
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▪ ρfw = f(p2, tfw) = f (6.89, 210) =  856.7 
kg

m³
⁄  is density of feed water, 

kg
m³

⁄ . 

5.3 Mechanical Calculation Saturated Horizontal SG with U-Shaped Tubes 

The mechanical calculation's goals are to figure out the wall thickness of the 

major components of the steam generator and their static strengths. In a horizontal 

steam generator, a substantial volume of heat transfer from the wall to the working 

fluid takes place at boiling conditions. The computation process is interactive as a 

result, and it includes the following steps: 

  

 
Figure 5.7- Longitudinal section of a horizontal steam generator: 

 Calculation of the Wall Thickness of the Side Shell 

The following formula should be used to calculate the nominal wall 

thickness of the side shell (vss). 

δvss =
pcalc ⋅ Dves,in

2 ⋅ φ ⋅ [σ] − pcalc
⁄ + C ; 

δvss − c =
7.75 ∙  4.57

2 ∙ 1 ∙ (181.15) − 7,75
= 0,1 m = 100 mm. 

δvss = 100 mm. 
where: 

▪ 𝛗 is coefficient of strength. φ = 1; 
▪ pcalc = 0.9 ⋅ 1.25 ⋅ p2 (design) pressure; 
▪ [σ] nominal stress-design, MPa. 

[σ] = min {
σsl

nsl
; 

σ0.2

n0.2
} ; 

Where: 

▪ nsl = 2,6 and σ0,2 = 1,5 are relevant safety factors; 

▪ σ0,2 is yield point of the tube's material at the design temperature tcalk = ts, 

MPa; 
From initial data  

▪ tcalk = ts= 284.8 ºC; 
From (table 2.6), select 

σsl= 471MPa             σ0,2= 304 MPa; 
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σsl

nsl
=

471

2,6
= 181.15  MPa      

σ0,2

n0,2
=

304

1,5
= 202,67 MPa; 

Table 5.6-Mechanical properties of steel 10ГН2МФА 

 

Calculation of the Wall Thickness of the Central Shell 

The following formula should be used to calculate the nominal wall thickness of 

the central shell (vсs). 

δvcs =
pcalc ⋅ Dves.in

2 ⋅ φ ⋅ [σ] − pcalc
⁄ + C ; 

δvcs =
7.75 ⋅ 4.57

2 ⋅ 0.75 ⋅ [181.15] − 7.75
+ 0 = 0.134 m. 

 

 

Fig. 2.8- calculation of the strength coefficient 

Four large-diameter holes in the center of the shell allow coolant collectors to pass 

through. Therefore, the coefficient φ = min{φ1, φ2,  φ3} 

φ1 =
2 ⋅ Laxc − Dcol

out

2 ⋅ Laxc
=

2 ∙ 2.29 − 1.15

2 ∙ 2.29
= 0.75 ; 

φ2 =
2 ⋅ (2 ⋅ Bdac − Dcol

out)

2 ⋅ Bdac
=

2 ∙ (2 ∙ 3.69 − 1.15)

2 ∙ 3.69
= 1.69 ; 

φ3 =

1 −
Dcol

out

Laxc
⋅

1

√1 + m2

√1 − 0,75 ⋅ (
m2

1 + m2)
2

=

1 −
1.15
2.29

⋅
1

√1 + 1.612

√1 − 0.75 ⋅ (
1.612

1 + 1.612)
2

= 0,94 ; 

φ2 > φ3 > φ1; 
because of  φ1 is minimum so we used it. 

where: 

▪ δvcs is in m; 

m =
Bdac

Laxc
=

3.69

2.29
= 1.61 m ; 
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▪ Laxc ≈ 2 ⋅ Dcol
outis axial distance, m; 

Laxc = 2 ⋅ 1.15 = 2.29 m; 

 Calculation of the Thickness of Bottom 

δbot =
pcalk ⋅ Dves.in

4 ⋅ φ ⋅ [σ]
⋅

Dves.in

2 ⋅ h
; 

δbot =
7.75 ⋅ 4.57

4 ⋅ 1 ⋅ [181.15]
⋅

4.57

2 ⋅ 1.017
= 0.136 m. 

h

Dves.in
≥ 0.2 

h

4.57
≥ 0.2; 

h = 0.2 ∙ 5.09 = 0.915 m. 
• φ = 1 is coefficient of strength; 

5.4 Hydraulic Calculation of the Steam Generator 

SG hydraulic calculations serve to ascertain the pressure losses that occur as 

the coolant travels through it. Main circulation tubes link the reactor and the steam 

generator. The hot circulation pipeline is where the coolant enters the intake 

collector. In the output collector, the coolant is collected after passing through the 

heat exchange tubes and being dispersed across them. The coolant travels to the cold 

circulation pipeline from the output collector. 

 

Figure 5.8- Flow coolant circulation in horizontal SG  

Hydraulic resistance of the horizontal SG along the coolant: 

ΔpΣ = Δpcol.in + Δpcol.out + Δptube; 
Where: 

▪ Δpcol.in and  Δpcol.out are hydraulic resistances of the input and output 

collectors;  

Δpi = Δpfr.i + Δploc.i + Δpcpd.i + Δpacc.i; 

Δpfr = ξfr ⋅
L

dh
⋅

ρavr ⋅ w2

2
 ; 

▪ ρavr = f(p1, t1avr) Average density of the coolant in the SG, 
kg

m³
⁄ . 

ρavr = f(p1, t1avr) = 696.25 
kg

m³
⁄ ; 

W is the characteristic velocity of the coolant, m s⁄ ; 
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wcol =
4 ∙ Gcol

ρavr ∙ π ∙ (Dcol
in )

2  ; 

ξfris coefficient of friction; 

ξfr = 0.11 ⋅ [(
Δ

dh
) + (

68

Re
)]

0.25

; 

▪ 𝛥is absolute surface roughness, m. For collectors made of perlite steel; 
▪ Δcol ≤  0.1 · 10−3  m; for tubes made of austenitic steel Δtube ≤ 0.05 ·

10−3 m; 

▪ Re =
w⋅dh

νavr
 is Reynolds number. 

▪ νavr = f(p1, t1avr) average kinematic viscosity of the coolant in the SG. 

 For the plot lifting movement of the coolant in the inlet collector. 

 

∆pfr = ξfr ∙
L

dh
∙

ρin ∙ w2

2
 ; 

Dcol
in = 0,9 m ; 

ρin = f(p1, t′1) ,
kg

m3⁄ ; 

ρin = f(16.56,329.7) = 656.3 
kg

m3⁄ ; 

wcol.in =
4 ∙ Gcol

ρin  ∙  π ∙  (Dcol
in )

2  , m
s⁄ ; 

wcol.in =
4 ∙ 3703.3

656.3 ∙  π ∙  (0.9)2
= 8.87 m

s⁄ ; 

dh = Dcol
in = 0.9 m  ; 

L ≈
Dves.in

2
, m ; 

L ≈
4.57

2
= 2.28 m ; 

νin = f(p1, t′1) , m2

s⁄ ; 

νin = f(16.56,329.7) = 1.17 ∙ 10−7 m2

s⁄ ; 

Re =
wcol.in ∙ dh

ν
; 

Re =
8.87 ∙ 0.9

1.17 ∙ 10−7
= 68263407 ; 

ξfr.col = 0.11 [(∆
dh

⁄ ) + (68
Re⁄ )]

0,25
 ; 

ξfr.col = 0.11[(0.0001
0.9⁄ ) + (68

68263407 ⁄ )]
0,25

= 0.0113 ; 

∆pfr = ξfr ∙
L

dh
∙

ρin ∙ wcol.in
2

2
  ; 

∆pfr = 0.0113 ∙
2.28

0.9
∙

656.3 ∙ 8.872

2
= 0.743 . 
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 For the plot movement of the coolant in heat exchange tubes 

∆pfr = ξfr ∙
L

dh
∙

ρavr ∙ w2

2
 ; 

Dcol
in = 0.9 m ; 

ρavr = f(p1, t1avr) ,
kg

m3⁄  ; 

wtube = 5  m
s⁄ ; 

dh = din = 12.40 mm ; 
L = lavr = 11.8 m ; 

νavr = f(p1, t1avr) , m2

s⁄ ; 

Re =
wtube ∙ dh

ν
; 

ξfr.col = 0.11 [(∆
dh

⁄ ) + (68
Re⁄ )]

0,25
  ; 

∆pfr = ξfr ∙
L

dh
∙

ρavr ∙ wtube
2

2
, pa . 

 Downward movement of the coolant in the output collector 

∆pfr = ξfr ∙
L

dh
∙

ρout ∙ w2

2
 ; 

Dcol
in = 0.9 m ; 

ρout = f(p1, t′′1) ,
kg

m3⁄  ; 

wcol.out =
4 ∙ Gcol

ρout ∙ π ∙ (Dcol
in )

2 , m
s⁄  ; 

dh = Dcol
in = 0.9 m  ; 

L ≈
Dves.in

2
, m ; 

νout = f(p1, t′′1), m2

s⁄ ; 

Re =
wcol ∙ dh

ν
; 

ξfr.col = 0.11 [(∆
dh

⁄ ) + (68
Re⁄ )]

0,25
  ; 

∆pfr = ξfr ∙
L

dh
∙

ρout ∙ wcol.out
2

2
. 

 calculation of local pressure losses 

Δploc = ξloc ⋅
ρavr ⋅ w2

2
; 

Table 5.7-The values of the coefficient of local resistance 
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 For the Plot Inlet of the Coolant to the Tubes from the Collector 

(Point  

∆ploc = ξloc.in ∙
ρavr ∙ wcol

2

2
, Pa . 

 For the plot Output of the coolant from the tubes to the collector  

∆ploc = ξloc.out ∙
ρavr ∙ wcol

2

2
, Pa. 

 Table 5.8- result 

 
Then: 

∆ptotal = 276110 + 13055 = 289165 Pa. 
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Table.2.9- results of hydraulic calculation of the horizontal steam generator 
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5.5  Calculation of Separation in a Horizontal Saturated Steam Generator 

 

evaporation surface

Aspp

 
Figure 5.9- calculation separation 

 
 

Basic data for the calculation: 

▪ D2 is mass flow of working fluid (steam);  D2 = 351.4  
kg

s⁄ ;  

▪ p2= 6.89 MPa is working medium pressure; 
▪ w0

″ = 0.172 m/s; is superficial steam velocity. Determination of the Area Steam-

Receiving Perforated Plate 

Fspp = Aspp ⋅ lavr = 2.4 ∙ 11.8 = 28.48 m2 . 

where: 

▪ Aspp = 2 ⋅ √(
Dves.in

2
)

2
− (hspp)

2
  is width of the steam-receiving perforated 

plate; 

Aspp = 2 ⋅ √(
4.57

2
)

2

− (1.943)2 = 2.4 m²; 

hspp = (0,8. . .0,85) ⋅
Dves.in

2
; 

hspp = (0,85) ⋅
4.57

2
= 1.943 m. 
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 Distance (height) from the Evaporation Surface to Steam-Receiving 

Perforated Plate 

Hs = hspp − hpp − hreal = 1.943 − 0.3 − 0.149 = 1.49 m; 

where: 

▪ hpp = 0.3 m;  

▪ hreal = 0,149 m ; 

 Steam Velocity before Steam-Receiving Perforated Plate 

wspp
″ =

D2

ρ″ ⋅ Fspp
=

351.4

35.88 ⋅ 28.48
= 0.34 m/s; 

where: 

▪ ρ″ = f(p2) =  35.88 
kg

m³
⁄ , is vapor density at saturation at pressure. 

 Determining the Critical Height of the Steam Volume 

Hsv
cr = 0.087 ⋅ [w0

″ ⋅ F(p)]1,3; 
Hsv

cr = 0.087 ⋅ [0.187 ⋅ 12.26]1,3 = 0.256 m; 

F(p) = 3.45 ⋅ 103 ⋅ [
ρ″ ⋅ (ρ′)2

(ρ′ − ρ″)6
]

0,25

; 

F(p) = 3.45 ⋅ 103 ⋅ [
35.88 ∙  (741.6)2

(741.6 − 35.88)6
]

0,25

= 12.26 ; 

where: 

▪ ρ″ = f(p2) = 35.88 
kg

m³
⁄  is vapor density at saturation at pressure; 

▪ ρ′ = f(p2) = 741.6  
kg

m3⁄ is water density at saturation at pressure. 

 Steam moisture at the top of the steam volume 

Hs > Hsv
cr, then 

Y = M ⋅ 10−4 ⋅
(w0

″)2,76

Hs
2,3 ; 

Y = 26.68 ⋅ 10−4 ⋅ (
(0.187)2,76

1.492,3
) = 1.039 ⋅ 10−5 % ; 

M = 2,05 − (3,049 ⋅ p2) + (0,9614 ⋅ p2
2); 

M = 2,05 − (3,049 ⋅ 6.89) + (0,9614 ⋅ 6.892) = 26.68 ; 

5.6 Calculation of Thermal Insulation of the Steam Generator 

To minimize heat loss to the environment while the power unit is operating, 

the steam generator has thermal insulation. Thermal insulation is also required to 

safeguard people from burns when they come into touch with hot surfaces. 

Use MTP-as brand mats composed of ultra-thin glass fiber as a thermal 

insulator for the NPP steam generator. 
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Figure 5.10- Design of single-layer thermal-insulation with a coating layer 

▪ for insulated surfaces located in closed rooms 45 C; 

δins =
λins ⋅ (tsur − tins)

αout ⋅ (tins − tamb)
; 

δins =
0.0689 ⋅ (284.7 − 45)

7 ⋅ (45 − 24)
= 0.112 m. 

Where: 

▪ δinsis the thickness of the insulation layer, m; 
▪ dins is outer diameter of insulation, m; 

▪ dout = Dves.out = Dves.in + (2 ∙ δvss) = 4.57 + (2 ∙ 0.1) = 4.77 m; 
▪ is diameter of the external insulated object, m; 
▪ δvss = 0.1 m is the central shell's wall thickness of the steam generator 

vessel, m; 
▪ tsur = ts= 284.7 °С is surface temperature of the insulated object, °С; 
▪ in practical calculations, an equal temperature of the medium (coolant); 

▪ tamb = 20. . .25 °С,  

▪ αout = 6 . . . 10 W
(m2 ∙ k)⁄  ; 

▪ αout is the coefficient of heat transfer from the insulation surface to the 

surrounding air; 

▪ λins is coefficient of thermal conductivity of the insulation layer, W (m · K)⁄ . 

It determined by the formula: 

λins = 0.0002 ⋅ tins
avr + 0.036 ; 

λins = 0,0002 ∙ (164.8 + 0.036) = 0.0689 W
(m · K)⁄ ; 

▪ tins
avr = 0,5 ⋅ (tsur + tins) is average temperature of the insulation layer, C ; 

tins
avr = 0,5 ∙ (284.7 + 45) = 164.8 ℃ . 

 Calculation of WWER Reactor 

Initial data 

Prototype - heterogeneous thermal reactor: WWER- 870         
Table 6.1-Initial data of WWER-870 reactor 
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Thermal power 2676 MW 

Specific power intensity of the core 105 MW / m³ 

Fuel material UO2 

Fuel enrichment (by 235U) 4.5 %. 

Moderate water 

Coolant water 

Coolant parameters 

pressure of the coolant at the inlet to the core 16.56 MPa 

the temperature of the coolant at the inlet of the core 299.7 ºС 

the temperature of the coolant at the outlet of the core. 329.7 ºС 

Characteristics of fuel assembly:  

The initial data missing for the calculation should be taken according to the 

characteristics of the prototype. 
Table 6.2-Main characteristics of FA. 

№ Feature name. unit Denomination  Prototype  WWER 

1 Type of FA  Triangular 

2 The size of the key. mm hsk need to calculate 

4 Lattice (grid) pitch (absolute). 

mm 

s 12.75 

5 Pitch-to-diameter ratio 

(relative pitch (spacing)) 

s

dclad
 need to calculate 

6 Total number of rods. pc. nr 331 

7 - number of fuel rods. pc. nfuel need to calculate 

8 - number of control rods. pc. ncr 12…18 

9 - number of central tubes. pc. nc.tube 1 

10 Outer diameter of the central 

tube. mm 
dc.tube 13.3 

11 The outer diameter of the tube 

for the control rod. mm 

dcr.tube 12.6 

12 Type of fuel element  rod 

13 The outer diameter of the fuel 

cladding. mm 

dclad 9.1 

14 The thickness of the cladding. 

mm 

δclad 0.65 

15 Thickness of the gas gap 

between the cladding and 

pellets of the fuel element. mm 

δgg 0.1 

16 Outer diameter of fuel pellets 

(tablets). mm 
dfp need to calculate 

17 Diameter of the hole in the 

fuel pellet. mm 

d0 1.4 

18 Material of the fuel cladding  Zr+1% Nb 

19 Material of the fuel pellets  UO2 

20 Gas inside the fuel rod  helium 
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6.1 Thermal Calculation of Reactor 

 Geometric Dimensions of The Fuel Assembly 

The size of the key 
Table 6.3-number of rods on main diagonal FA 𝑛𝑑𝑖𝑔 

Total number of rods. pc. ndig. pc 

331 21 

length of the main diagonal FA, mm 

ℎ𝑑𝑖𝑔 = 𝑛𝑑𝑖𝑔 ⋅ 𝑠 ; 
ℎ𝑑𝑖𝑔 = 21 ∙ 12.75 = 267.75 mm . 

The size of the key, m 

hsk =
√3

2
⋅ ℎ𝑑𝑖𝑔 + 𝑠 ; 

ℎ𝑠𝑘 =
√3

2
∙ 267.75 + 12.75 = 244.62 mm . 

Pitch-to-diameter ratio (relative pitch (spacing)) 

𝑠𝑟𝑒𝑙 =
𝑠

𝑑𝑐𝑙𝑎𝑑
 ; 

𝑠𝑟𝑒𝑙 =
12.75

9.1
= 1.401 . 

Number of fuel rods, pc 

nfuel= 𝑛𝑟-𝑛𝑐𝑟-𝑛𝑐.𝑡𝑢𝑏𝑒 ; 
𝑛𝑓𝑢𝑒𝑙 = 331 − 12 − 1 = 318 . 

Outer diameter of fuel pellets (tablets), mm  

dfp = dclad-2δclad-2δgg ;  

dfp = 9.1 − 2 ∙ 0.65 − 2 ∙ 0.1 = 7.6 mm. 

 Cell area, m2 Triangular fuel assembly 

fca = 6 ⋅ √
1

3
⋅ (

hsk

2
)

2

 ; 

fca = 6 ∙ √
1

3
∙ (

244.62 ∙ 10−3

2
)

2

= 0.0518 m . 

 Cell flow section (clear area) of a fuel assembly, m² 

fcol1 = fca −
π

4
⋅ (nfuel ⋅ dclad

2 + ncr ⋅ dcr.tube
2 + nc.tube ⋅ dc.tube

2 ) . 

Where: 

▪ nfuel is number of fuel rods. pc; 
▪ ncr is - number of control rods. pc; 
▪ nc.tube is number of central tubes. pc; 
▪ dclad is the outer diameter of the fuel cladding. m; 
▪ dcr.tube is the outer diameter of the tube for the control rod. m; 
▪ dc.tube is outer diameter of the central tube. m. 
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fcol1 = 0.0518 −
π

4
(318 ∙ (9.1 ∙ 10−3)2 + 12 ∙ (12.6 ∙ 10−3)2 + 1

∙ (13.3 ∙ 10−3)2); 
fcol1 = 0.029 m. 

 Geometric dimensions of the core 

The volume of the reactor core. m³ 

Vcore =
Qr

qv
 .  

Where: 

▪ Qr is thermal power of reactor, MW; 

▪ qv - is volumetric heat release in the core, MW/m³; 

Vcore =
2676

105
= 25.48 m3.  

 Coolant saturation temperature 𝐭𝐬𝟏 as a function of pressure 𝐩𝐜𝐨𝐥 

ts1 = f(pcol) = 350.1 ℃ . 

 Outlet temperature °С  

tout = 329.7 ℃ . 

 Inlet temperature °С  

tin = 299.7 ℃ . 

 Coolant flow through the reactor (from the heat balance equation) 

kg/s  

Qr = G1 ⋅ (hout − hin) . 
Where:  

▪ Qr in kW; 

▪ hin = f(pcol. tin) and hout = f(pcol. tout) are enthalpy of coolant at the 

reactor inlet and outlet. kJ / kg;  

hout = (16.56 .329.7) = 1512 
kj

kg
 ; 

hin(16.56 . 299.7 ) = 1335 
kj

kg 
 ; 

G1 =
2676 ∙ 103

(1512 − 1335)
= 15.11 ∙ 103  

kg

s
 . 

 Cross-sectional area of reactor core for coolant passage (from 

continuity equation) m² 

Fcsa ⋅ wcol =
G1

ρ̄col
 . 

Where: 

▪ wcol is the average velocity of the coolant in the reactor core. m/s;  

▪ ρ̄col is the average density of the coolant in the reactor. kg / m3. Find the 

pressure pcol and the average temperature t̄col of the coolant. 

Fcsa =
15.11 ∙ 103 

5 ∙ 696.2
= 4.34 m2 . 
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 The number of fuel assemblies 

Where: 

▪ fcol1 is cell flow section (clear area) of a fuel assembly, m². 

 

nfa =
Fcsa

fcol1
 ; 

nfa =
4.34

0.029
= 147 . 

 
Figure 6.1- An image of the FA configuration in the VVER reactor. 

 Cross-sectional area of the core, m²; 

Fcore = 1.05 ⋅ nfa ⋅ fca . 
Where:  

▪ fca is cell area, m²; 

Fcore = 1.05 ∙ 147 ∙ 0.0518 = 8 m2 . 
 Diameter of the core (from geometric equality), m 

Score =
π⋅D0

2

4
=Fcore = 1.05 ⋅ nfa ⋅ fca ; 

8 =
π ∙ D0

2

4
  ; 

D0
2 =

8 ∙ 4

π
  ; 

D0 = 3.19 m . 
 Height of cylindrical core, m 

H0 = (0.9. . .1.1) ⋅ D0 ; 
H0 = 1 ∙ 3.19 = 3.19 m . 

 Effective height of the core 

Heff = H0 + 2 ⋅ δeff ;  
Heff = 3.19 + 2 ∙ 0.1 = 3.39 m . 

 Control calculation of the core volume 

Vcore
con =

π⋅D0
2

4
⋅ H0 ;  

Vcore
con =

π ∙ (3.19)2

4
∙ 3.19 = 25.55 m3 . 
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 Check Relative error should be less than 3%; 

δ = |
Vcore

con − Vcore

Vcore
| ≤ 0.03 ; 

δ = |
25.55 − 25.48

25.48
| ∙ 100 = 0.26 % . 

 Calculation of fuel rod with maximum power 

The distribution of coolant parameters along the height of the fuel rod 

 
Figure 6.2-The distribution of coolant parameters along the height of the fuel rod. 

 The average linear heat flux �̄�𝐥 by 1 m fuel element, kW/m (fuel) 

q̄l =
103 ⋅ Qr

H0 ⋅ nfa ⋅ nfuel
 ; 

ql̅ =
103 ∙ 2676

3.19 ∙ 147 ∙ 318
= 17.9 kw

m⁄  . 

 Axial nuclear peaking factor 

kz =
π⋅H0

2⋅Heff⋅ sin(
π⋅H0

2⋅Heff
)
 ;  

kz =
π ∙ 3.19

2 ∙ 3.39 ∙ sin(
π
2

∙
3.19
3.39

)
= 1.48 . 

▪ Radial nuclear peaking factor, kr = 1.3 . 
 Linear heat flux in the central plane of the reactor for fuel rod with 

maximum power. kW/m (fuel); 

qi0 = q̄l ⋅ kr ⋅ kz ; 

ql0 = 17.9 ∙ 1.48 ∙ 1.3 = 34.5 kw
m⁄   .  

 The flow rate of the coolant per fuel rod with maximum power kg/s; 

gм =
G1

nfa ⋅ nfuel
 ; 

gM =
15.11 ∙ 103

147 ∙ 318
= 0.323 

kg

s
 . 

The reactor core (fuel rods) is divided by height into 6 sections and at the 

boundaries of the sections (7 points in total) determine the linear heat flux kW/m; 

ql(z) = ql0
⋅ cos (

π ⋅ z

Heff
) . 
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z is the value of the coordinate height. m. Varies in the range from to z = −
H0

2
   to z =

+
H0

2
 ; 

Z =

3.19
2
6

= 0.266 . 

Table 6.4-Distribution of linear thermal flux 

 

 

 

 

 
Graph 6.1- Distribution of linear thermal flux. 

Thermal power of the fuel element from the entrance to the reactor core to each 

coordinate value Z 

Qfuel(z) = ∫ ql(z) ⋅ dz =
ql0 ⋅ Heff

π
⋅ [sin (

π ⋅ z

Heff
) + sin (

π ⋅ H0

2 ⋅ Heff
)]

z

−
H0
2

 . 

Table 6.5-Distribution of thermal capacity 

-2.00

-1.50

-1.00

-0.50

0.00

0.50

1.00

1.50

2.00

0.00 10.00 20.00 30.00 40.00

Z,
 m

qlo (z) KW/m

Distribution of linear thermal flux

NO Z, m ql0(z), KW/m 

1 -1.60 3.22 

2 -1.33 11.52 

3 -1.06 19.12 

4 -0.80 25.57 

5 -0.53 30.47 

6 -0.27 33.54 

7 0.00 34.58 

8 0.27 33.54 

9 0.53 30.47 

10 0.80 25.57 

11 1.06 19.12 

12 1.33 11.52 

13 1.60 3.22 

NO Z, m Qfuel(z). kW 

1 -1.60 0.00 

2 -1.33 1.97 
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Graph 6.2- Thermal capacity of the channel section 

Coolant enthalpy 𝐡(𝐳) for each value of the coordinate 𝐳 from the equation of 

heat balance 

QFA(z) = Gcool ⋅ [h(z) − hin] ; 

[h(z)] =
QFA(z)

Gcool
+ hin . 

Table 6.6-Enthalpy of the coolant at each(z) 

0.00

10.00

20.00

30.00

40.00

50.00

60.00

70.00

80.00

-2.00 -1.50 -1.00 -0.50 0.00 0.50 1.00 1.50 2.00

𝑄
fu

el
 (

z)
kW

Z, m

Thermal capacity of the channel section

3 -1.06 6.07 

4 -0.80 12.04 

5 -0.53 19.54 

6 -0.27 28.10 

7 0.00 37.20 

8 0.27 46.31 

9 0.53 54.87 

10 0.80 62.36 

11 1.06 68.34 

12 1.33 72.44 

13 1.60 74.41 

NO Z, m 
h(z).

kJ

kg
 

1 -1.60 1335 

2 -1.33 1341 

3 -1.06 1354 

4 -0.80 1372 

5 -0.53 1396 

6 -0.27 1422 

7 0.00 1450 

8 0.27 1478 

9 0.53 1505 

10 0.80 1528 
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Graph 6.3- Coolant enthalpy Dist. 

The relative enthalpy of the coolant for each value of the coordinate 

x(z) =
h(z) − h′

h″ − h′
 ; 

h′′ =  f(pin. x = 1) = 2580.8 kj/kg ; 
h′ = f(pin. x = 0) =1649.67 kj/kg . 

h″. h′ are enthalpies of steam and water at saturation point under pressurepcol
in . 

Table 6.7-Relative enthalpy of the coolant at each (z). 

1300

1350

1400

1450

1500

1550

1600

-2.00 -1.50 -1.00 -0.50 0.00 0.50 1.00 1.50 2.00

h
(z

)
𝑘

J/
𝑘
𝑔

Z, m

Coolant enthalpy  Dist.

11 1.06 1547 

12 1.33 1559 

13 1.60 1565 

NO Z, m 
h(z).

kj

kg
 

x(z) 

1 -1.60 1335 -0.38 

2 -1.33 1341 -0.37 

3 -1.06 1354 -0.36 

4 -0.80 1372 -0.34 

5 -0.53 1396 -0.31 

6 -0.27 1422 -0.28 

7 0.00 1450 -0.25 

8 0.27 1478 -0.22 

9 0.53 1505 -0.19 

10 0.80 1528 -0.16 

11 1.06 1547 -0.14 

12 1.33 1559 -0.13 

13 1.60 1565 -0.12 
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Graph 6.4- relative enthalpy Dist. 

Coolant temperature 𝐭(𝐳) for each coordinate value 𝐳 as a function of 

enthalpy 𝐡(𝐳) and pressure  

t(z) = f(pcol. h(z)) . 
Table 6.8-Coolant temperature. 

-0.40

-0.35

-0.30

-0.25

-0.20

-0.15

-0.10

-0.05

0.00

-2.00 -1.50 -1.00 -0.50 0.00 0.50 1.00 1.50 2.00

x(
z)

Z, m

relative enthalpy

NO Z, m h(z).
kj

kg
 t(z) . ℃ 

1 -1.60 1335 299.7 

2 -1.33 1341 300.8 

3 -1.06 1354 303.2 

4 -0.80 1372 306.5 

5 -0.53 1396 310.6 

6 -0.27 1422 315.2 

7 0.00 1450 319.9 

8 0.27 1478 324.5 

9 0.53 1505 328.6 

10 0.80 1528 332.1 

11 1.06 1547 334.8 

12 1.33 1559 336.6 

13 1.60 1565 337.4 
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Graph 6.5-Coolant temperature Dist. 

The heat flux density 𝐪𝐟(𝐳) for each value of the coordinates 𝐳 of the equation 

qf(z) ∙ dfr ∙ H0 ∙ nfr = ql(z) ∙ H0 ∙ nfr; 

qf(z) =
ql(z)

π ⋅ dfr
 ; 

▪ dclad  is the outer diameter of the fuel cladding. dfr = 9.1 mm 

Table 6.9-heat flux density 𝑞𝑓(𝑧). 

NO Z, m ql(z). KW/m qf(z). kW/m2 

1 -1.60 3.22 113 

2 -1.33 11.52 403 

3 -1.06 19.12 669 

4 -0.80 25.57 895 

5 -0.53 30.47 1066 

6 -0.27 33.54 1174 

7 0.00 34.58 1210 

8 0.27 33.54 1174 

9 0.53 30.47 1066 

10 0.80 25.57 895 

11 1.06 19.12 669 

12 1.33 11.52 403 

13 1.60 3.22 113 
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Graph 6.6- heat flux density Dist. 

The calculation results must be entered in the table 
Table 6.10-The results of calculations. 

 

 Critical heat flow and reserve before the heat exchange crisis in the 

central plane of the reactor (at z=0) 

Critical heat flow, MW/m² 

qcr = 0.795 ⋅ (1 − x)n ⋅ (ρw)m ⋅ (1 − 0.0185 ⋅ p) . 
Where: 

▪ ρ is coolant pressure. MPa; 
▪ x is relative enthalpy of the coolant; 
▪ (ρw)Is mass velocity. kg/(m²·s). Can be calculated from the parameters at 

the reactor inlet. 
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(ρw) = win ⋅ ρin  = 730.7 ∙ 5 = 3646 ;  
m = 0.311 ∙ (1 − x) − 0.127 ; 

m = 0.311 ∙ (1 − (−0.25)) − 0.127 = 0.26 ; 

n = 0.105 ∙ p − 0.5 ; 
n = 0.105 ∙ 16 − 0.5 = 1.23 . 

Critical heat flux ratio (calculate the safety factor) 

Kchf (z) =  
qcr(z)

qf(z)
. 

Table 6.11-The results of calculations. 

 
Graph 6.7- the safety factor along the height of the reactor core. 

 Temperature of fuel elements (cladding) in the central plane of the 

reactor (at z=0) 

 

-2.00

-1.50

-1.00

-0.50

0.00

0.50

1.00

1.50

2.00

0.00 20.00 40.00 60.00 80.00 100.00

Z,
 m

𝑘 𝑐ℎ𝑓 (𝑧)

safety factor

No Z, m qf(z). kW/m2 qcr(z) . MW/m2 kchf(z) 

1 -1.60 113 9.75 86.40 

2 -1.33 403 9.52 23.61 

3 -1.06 669 9.06 13.54 

4 -0.80 895 8.43 9.42 

5 -0.53 1066 7.70 7.22 

6 -0.27 1174 6.94 5.91 

7 0.00 1210 6.20 5.13 

8 0.27 1174 5.54 4.72 

9 0.53 1066 4.98 4.67 

10 0.80 895 4.54 5.07 

11 1.06 669 4.21 6.29 

12 1.33 403 3.99 9.91 

13 1.60 113 3.90 34.54 
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Figure 6.3-Fuel rods cross section of conventional traditional design. 

 Hydraulic diameter for infinite bundle array fuel rods 

for triangular fuel assembly: 

dh = dclad ⋅ (
2 ⋅ √3 ⋅ srel

2

π
− 1) ; 

dh = 9.1 ∙ (
2 ∙ √3 ∙ (1.401)2

π
− 1) = 10.60 mm = 0.0106 m . 

Where: 

▪ srel =
s

dclad
  is relative pitch (spacing); 

▪ s is lattice (grid) pitch (absolute). m; 

▪ dclad is the outer diameter of the fuel cladding. m. 

 Thermophysical characteristics of the coolant in the central plane of 

the reactor 

▪ the Prandtl number Pr ; 
▪ kinematic viscosity  . m²/s; 
▪ thermal conductivity  . W/(m·K) ; 
▪ Define as a function of pressure pcol and temperature t (at z=0); 

from f(p0. t0 at z = 0) ; 
pr = 0.94 ; 

v = 1.19 ∙ 10−7 𝑚2/𝑠 ; 

= 0.52
W

m∙K
 . 
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Table 6.12-characteristics of the coolant. 

 
The velocity of the coolant for the fuel rod with maximum power, m/s; 

Where: 

▪ wcol is the average velocity of the coolant in the reactor core, m/s. 

If FA is jacketless. 

wcol
max = wcol ; 

wcol
max = wcol = 5 

m

s
 . 

The Reynolds Criterion 

Re =
wcol

maxh

ν
 . 

The Nusselt criterion for a bundle of fuel rods washed by a water coolant for 

square fuel assembly 

Nu = A1 ⋅ Re0.8 ⋅ Pr0.4 ; 

        here A1 = 0.0165 + 0.02 ⋅ (1 −
0.91

srel
2 ) ⋅ srel

0.15 ;  A1 = 0.0267  . 

Heat transfer coefficient, W/(m²·K); 

α =
Nu ∙ 

dh
 . 

Table 6.13-Heat transfer properties. 

NO Z, m Re(z) Nu(z) α(z). W/(m² · K) 

1 -1.60 434394 814 43173 

2 -1.33 435107 817 43138 

3 -1.06 436899 822 43076 

4 -0.80 439069 829 42973 

5 -0.53 441628 839 42841 

6 -0.27 444590 851 42710 
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The temperature of the outer surface of the cladding of a fuel rod, ºC; 

tclad
out = t +

ql0

π ∙ dclad ∙ α
 . 

Where: 

▪ ql0 is linear heat flux in the central plane of the reactor for fuel rod with 

maximum power. W/m (fuel); 
▪ dclad is the outer diameter of the fuel cladding. M; 

Important! The maximum temperature of the outer surface of the fuel cladding tclad
out  

should not exceed the maximum for zirconium alloys in the water coolant (360 ... 

365 ° С). 
Table 6.14-The results of outer temperature of cladding over the values of z. 

The temperature of the inner surface of the cladding of a fuel rod, ºC; 

tclad
in = tclad

out +
0.94 ⋅ ql0

π ⋅ d̄clad

⋅
δclad

λclad
 . 

Where: 

▪ d̄clad = dclad − δclad is average cladding diameter. m; 

d̄clad = dclad − δclad = 9.1 − 0.65 = 8.45 mm = 0.00845 m. 
λclad is thermal conductivity of the cladding material. W/(m·K). Determine by fig 8. 

7 0.00 447214 865 42571 

8 0.27 449869 881 42459 

9 0.53 452170 897 42387 

10 0.80 454106 913 42362 

11 1.06 455666 927 42376 

12 1.33 456451 937 42393 

13 1.60 456844 942 42420 

No. Z, m ql0,
Kw

m
  α, W/(m² · K) tclad

out , ℃ 

1 -1.60 3.22 43173 302.3 

2 -1.33 11.52 43138 310.2 

3 -1.06 19.12 43076 318.7 

4 -0.80 25.57 42973 327.3 

5 -0.53 30.47 42841 335.5 

6 -0.27 33.54 42710 342.7 

7 0.00 34.58 42571 348.3 

8 0.27 33.54 42459 352.1 

9 0.53 30.47 42387 353.8 

10 0.80 25.57 42362 353.2 

11 1.06 19.12 42376 350.6 

12 1.33 11.52 42393 346.1 

13 1.60 3.22 42420 340.1 
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Graph 6.8- The dependence of thermal conductivity of zirconium alloy on temperature. 

Table 6.15-The results of inner temperature of cladding over the values of z 

Temperature of the outer surface of the fuel pellets, ºC; 

tfp
out = tclad

in (z) +
0.94 ⋅ ql0

π ⋅ d̄gg ⋅ αgg

 ; 

Where: 

▪ αgg is conductivity of the gas gap (contact layer cladding-fuel pellets), 

W/(m²·K). 

Determined according to (graph 9).  

d̄gg = dclad
in − δgg is average gas gap diameter, m; 

d̄gg = dclad
in − δgg=7.6 − 0.1 = 7.5 mm . 

No. Z, m ql0 .
Kw

m
 α. W/(m² · K) tclad

out . ℃ tclad
in . ℃ 

1 -1.60 3.22 43173 302.3 306.2 

2 -1.33 11.52 43138 310.2 324.0 

3 -1.06 19.12 43076 318.7 341.6 

4 -0.80 25.57 42973 327.3 357.9 

5 -0.53 30.47 42841 335.5 372.0 

6 -0.27 33.54 42710 342.7 382.8 

7 0.00 34.58 42571 348.3 389.7 

8 0.27 33.54 42459 352.1 392.3 

9 0.53 30.47 42387 353.8 390.2 

10 0.80 25.57 42362 353.2 383.8 

11 1.06 19.12 42376 350.6 373.4 

12 1.33 11.52 42393 346.1 359.8 

13 1.60 3.22 42420 340.1 343.9 
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Graph 6.9- The dependence of the conductivity of the contact layer of the cladding- fuel 

pellets on the ratio of the thickness of the gas gap to the internal diameter of the shell. 

Because  
δgg

dcl
in = 1.3 % , we will take    αgg = 4500

W

(m2∙k)
. 

 

Table 6.16-The results of temperature of surface of fuel pellet over the values of z. 

No. Z, m ql0.
Kw

m
 α. W/(m² · K) tclad 

in . ℃ tfp
out. ℃ 

1 -1.60 3.22 43173 306.2 334.8 

2 -1.33 11.52 43138 324.0 426.1 

3 -1.06 19.12 43076 341.6 511.2 

4 -0.80 25.57 42973 357.9 584.7 

5 -0.53 30.47 42841 372.0 642.2 

6 -0.27 33.54 42710 382.8 680.3 

7 0.00 34.58 42571 389.7 696.5 

8 0.27 33.54 42459 392.3 689.7 

9 0.53 30.47 42387 390.2 660.5 

10 0.80 25.57 42362 383.8 610.6 

11 1.06 19.12 42376 373.4 543.0 

12 1.33 11.52 42393 359.8 462.0 

13 1.60 3.22 42420 343.9 372.5 

Temperature in the center of the fuel pellets or on the surface of the central 

hole of the core 

t0 = tfp
out +

0.94 ⋅ ql0

4 ⋅ π ⋅ λfp
⋅ (1 −

2 ⋅ d0
2

dfp
2 − d0

2 ⋅ ln
dfp

d0
) ; 

λfp = 0.942 ⋅ 10−10 ⋅ (T̅fp)
3

+
5500

(500 + T̅fp)
 ; 

T̅fp = tfp
out + 273.15 = 691.9 + 273.15 = 952.75 K; 

▪ calculate the coefficient λfp and temperature t0 ; 

▪ specify the average temperature of the fuel pellets; 
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▪ The iterative calculation ends when the temperature value t0 in this step 

differs from the corresponding value t0 in the previous step by less than3 %; 

▪ Important! The maximum temperature of the fuel core shall not exceed the 

maximum permissible temperature for ceramic fuel (2600 °C). 

Iteration(n) =
1393 − 1380.7

1393
∙ 100 = 0.9 %  . 

Table 6.17-The results of the maximum temperature of fuel pellet over the values of z. 

 
Graph 6.10- The Distribution of  𝑡(𝑧). 𝑡𝑐𝑙

𝑖𝑛  and  𝑡𝑐𝑙
𝑜𝑢𝑡  along the height of the reactor core. 
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-1.00
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Z,
 m

T_clad_in T_clad_out T_coolant

No. Z t0. ℃ tfP . ℃ λfp 

1 -1.60 378 630 4.892 

2 -1.33 602 787 4.320 

3 -1.06 836 945 3.886 

4 -0.80 1055 1090 3.581 

5 -0.53 1235 1207 3.388 

6 -0.27 1354 1284 3.282 

7 0.00 1399 1315 3.245 

8 0.27 1366 1295 3.268 

9 0.53 1259 1228 3.357 

10 0.80 1088 1119 3.528 

11 1.06 874 980 3.804 

12 1.33 643 825 4.203 

13 1.60 417 668 4.737 
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Graph 6.11- The Distribution of  𝑡0 and 𝑡𝑓𝑝 along the height of the reactor core. 

6.2 Hydraulic calculation of the reactor 

 

 
Figure 6.4- Coolant circulation diagram in a VVER reactor 

 The diameter of the pipes for inlet and outlet of the coolant 𝐝𝐩𝐢𝐩.𝐢𝐧 . 

     We define from the continuity equation 

π ⋅ dpip.in
2

4
⋅ wpip ⋅ 2 ⋅ nloop =

G1

ρavr
 ; 
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dpip.in
 = √

G1 ∙ 4

ρavr ⋅ wpip ⋅ 2 ⋅ nloop ∙ π
= √

15.11 ∙ 103  ∙ 4

696.2 ⋅ 10 ⋅ 2 ⋅ 4 ∙ π
= 0.5879 m. 

Where: 

▪ G1 is the mass flow rate of the coolant. kg/s; 

▪ wpip=10…12 m/s is coolant velocity in pipes for inlet and outlet of the 

coolant; 

▪ nloop is number of loops; 

▪ ρavr = f(pcol.  tavr) is the average density of the coolant. 

 The inner diameter of the reactor vessel 𝐃𝐯𝐞𝐬.𝐢𝐧.  
We define from the continuity equation 

 

π ⋅ (Dves.in
2 − Dpit

2 )

4
⋅ wgap =

G1

ρin
 ; 

Dves.in
 = √

G1 ∙ 4

π ⋅ ρin ⋅ wgap
+ Dpit

2 = √
215.11 ∙ 103 ∙ 4

π ⋅ 729.1 ⋅ 6
+ 3.672 = 4.228 m . 

Where: 

▪ ( ) 01,1...1,15pitD D=   -the outer diameter of the reactor pit (core barrel); 

𝐷𝑝𝑖𝑡 = 1.15 ⋅ 3.19 = 3.67 m. 

▪ wgap=6…8 m/s is coolant velocity in the gap reactor vessel - reactor pit. 

▪ ( ),in col inf p t =  

We are checking. The diameter Dves.in should be equal to 

Dves.in = (1.1. . .1.2) ⋅ Dpit = 1.1515 ∙ 3.67 = 4.228 m. 

 Inner diameter of protective tube block shell 𝐃𝐩𝐭𝐛.𝐢𝐧 

( ). 01,0...1,05ptb inD D=   

Dptb.in = 1.04 ⋅ D0 = 1.04 ⋅ 3.19 = 3.32 m . 

 The speed of the coolant in the protective tube block 𝐰𝐩𝐭𝐛 

we define from continuity equation: 

(
π ⋅ Dptb.in

2

4
− npt ⋅

π ⋅ dpt.out
2

4
) ⋅ wptb =

G1

ρout
 ; 

wptb =
G1

ρout ∙ (
π ⋅ Dptb.in

2

4
− npt ⋅

π ⋅ dpt.out
2

4
)

=
15.11 ∙ 103

656.3 ∙ (
π ⋅ 3.32 2

4
− 910 ⋅

π ⋅ 0.1152

4 )

= 2.98 
m

s
 . 

where: 

▪ npt = nfa.cr is number of protective tubes; 

▪ nfa.cr is number of fuel assemblies having control rods. Can be adopted 

according to the prototype; 91 for WWER-1000); 
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▪ dpt.out is outer diameter of protective tube (115 mm for WWER-1000). 

ξfr = 0.11 ⋅ ((
Δ

dh
) + (

68

Re
)

0.25

)   where Δ is 0.00002; 

  Δpfr = ξfr ⋅
H

dh
⋅

ρ ⋅ w2

2
 ; 

Δploc = ξloc ⋅
ρ ⋅ w2

2
   . 

For gap between the core barrel and vessel 

dh
gap

= Dves.in − Dpit; 

dh
gap

= 4.228 − 3.67 = 0.557 m ; 

Hgap ≈ H0 = 3.19 m ; 

v = vin = 1.221 ∙ 10−7 m2/𝑠; 

Regap =
wgap ∙ dh

gap

vin
=

6 ∙ 0.557

1.221 ∙ 10−7
= 2.737 ∙ 107 . 

For fuel assembly  

dh
fa = dclad ⋅ (

2 ⋅ √3 ⋅ srel
2

π
− 1) ; 

dh
fa = 9.1 ∙ 10−3 ⋅ (

2 ⋅ √3 ⋅ 1.4012

π
− 1) = 0.0106 m; 

Hfa ≈ 1.1 ⋅ H0 = 1.1 ∙ 3.19 = 3.512 m ; 
v = vavg = 1.188 ∙ 10−7 m2/𝑠 ; 

ReFA =
wcool ∙ dh

fa

vavg
=

5 ⋅ 0.0106

1.188 ∙ 10−7
= 446.3 ∙ 103 ; 

For the protective tube block 

dh
PTb =

(
π
4

) ∙ ((Dves.in
2) − (npt ∙ dpt.out

 2))

π ∙ (Dves.in + (npt ∙ dpt.out
 ))

 ; 

dh
PTb =

(
π
4

) ∙ ((4.2282) − (91 ∙ 0.1152))

π ∙ (4.228 + (91 ∙ 0.115))
= 0.283 m ; 

HPTB ≈ 1.5 ⋅ H0 ; 
HPTB = 1.5 ⋅ 3.19 = 4.78 m ; 
v = vout = 1.171 ∙ 10−7m2/𝑠 ; 

RePTB =
wPTB∙dh

PTb

vout
 ; 

RePTB =
2.98 ∙ 0.283

1.171 ∙ 10−7
= 7.299 ∙ 106.  

Table 6.18-results for 𝛥𝑃𝑓𝑟and 𝛥𝑃𝑙𝑜𝑐. 

 Movement of coolant ξfr ΔPfr. Pa 

1 gap between the core barrel and vessel 0.00866 651 
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6.3  Strength calculation of a reactor (reactor vessel) 

    The purpose of strength calculation of reactor is calculated the inner diameter of 

the reactor vessel Dves .in .The thickness of the reactor vessel and the thickness of 

the vessel bottom.  

 
 

Figure 6.5- Longitudinal section of a 

WWER reactor 

Figure 6.6- WWER reactor vessel 

 the inner dimeter of the reactor vessel 𝐃𝐯𝐞𝐬.𝐢𝐧  

π ⋅ (Dves.in
2 − Dpit

2 )

4
⋅ wgap =

G1

ρin
 . 

Where: 

▪ Dpit = (1.1. . .1.15) ⋅ D0 -the outer diameter of the reactor pit (reactor   shaft. 

core barrel). 
Dpit = 1.15 ∙ 3.19 = 3.67 m ; 

Dves.in = 4.228 m . 
 The thickness of the reactor vessel. 

sves =
pdes ⋅ Dves.in

2 ⋅ φ ⋅ [σ] − pdes
 . 

2 in fuel assembly 0.02337 67347 
3 in the protective tube block 0.01040 513 
  ξloc ΔPloc. Pa 

4 through inlet pipes (nozzle) 0.75 27342 

5 
through the perforated bottom of core 

barrel 
0.5 6562 

6 inlet to fuel assemblies 1.5 18799 
7 outlet of fuel assembly 0.4 43747 
8 through the perforated shell of PTU 0.5 1552 
9 through the perforated shell of core barrel  0.5 1463 
10 through outlet pipes (nozzle) 1 32816 

  ∑ ∆P 200794  
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Where: 

▪ pdes = 1.25 ⋅ 0.9 ⋅ pcool is design pressure, MPa; 

pdes = 1.25 ⋅ 0.9 ⋅ 16.56 = 18.63 MPa . 
▪ φ = 1 is joint efficiency (load factor); 

Calculate nominal stress design  

[σ] = min {
σsl

nsl
; 

σ0.2

n0.2
} . 

Where: 

▪ nsl=2.6 and n0.2=1.5 are relevant safety factors; 

▪ σsl= RT
m is shakedown limit of steel 15Х2НМФА from Table 1 for average 

temperature; 
▪ σsl =  Rm

T  = 500 MPa ; 
▪ σ0.2= RT

p0.2 MPa is yield point of steel 15Х2НМФА from Table for average 

temperature. 

▪ σ0.2 =  R0.2
T  = 402 MPa ; 

Table 6.19-Mechanical properties of steels for reactor vessels 

Steel grade Characteristic 
Temperature, °C 

100 150 200 250 300 350 

15Х2НМФА 
T

mR , MPa 529 519 510 500 500 491 

15Х2НМФА-А 0.2

T

pR , MPa 421 412 402 402 402 395 

[σ] = min {
500

2.6
= 192.3; 

402

1.5
= 268} ; 

sves =
18.63 ⋅ 4.228

2 ⋅ 1 ⋅ [192.3] − 18.63
= 0.215 m . 

 The thickness of the vessel bottom 

 
Figure 6.7- To bottom calculation 

sbot =
pdes ⋅ Dves.in

4 ⋅ φ ⋅ [σ] − pdes
⋅

Dves.in

2 ⋅ Hcpb
 . 

Where: 

▪ Hcpb = (0.2. . .0.5) ⋅ Dves.in is height of the elliptical part of the bottom. 

Hcpb = 0.2 ⋅ 4.228 = 0.84 m ; 

sbot =
18.63 ⋅ 4.228

4 ⋅ 1 ⋅ 192.3 − 18.63
⋅

4.228

2 ⋅ 0.84
= 262 m .  

 Reactor vessel outer diameter 

Dves.out = Dves.in + 2 ⋅ sves + 2 ⋅ spl; 

Where:    

▪ spl= 0.007…0.009 m is thickness of anti-corrosion platin. 

Dves.out = 4.228 + 2 ⋅ 0.215 + 2 ⋅ 0.009 = 4.677 m. 
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 Financial management, resource efficiency and resource 

saving 

The purpose of this section discusses the issues of competitiveness, resource 

efficiency and resource saving, as well as financial costs regarding the object of 

study of Master's thesis. Competitiveness analysis is carried out for this purpose. 

SWOT analysis helps to identify strengths, weaknesses, opportunities and threats 

associated with the project, and give an idea of working with them in each particular 

case. For the development of the project requires funds that go to the salaries of 

project participants and the necessary equipment, a complete list is given in the 

relevant section. The calculation of the resource efficiency indicator helps to make 

a final assessment of the technical decision on individual criteria and in general. 

7.1 Competitiveness analysis of technical solutions 

  In order to find sources of financing for the project, it is necessary, first, to 

determine the commercial value of the work. Analysis of competitive technical 

solutions in terms of resource efficiency and resource saving allows to evaluate the 

comparative effectiveness of scientific development. This analysis is advisable to 

carry out using an evaluation card. 

First of all, it is necessary to analyze possible technical solutions and choose 

the best one based on the considered technical and economic criteria. 

Evaluation map analysis presented in Table 1. The position of your research 

and competitors is evaluated for each indicator by you on a five-point scale, where 

1 is the weakest position and 5 is the strongest. The weights of indicators determined 

by you in the amount should be 1. Analysis of competitive technical solutions is 

determined by the formula: 

▪ С - 𝐶 = ∑ 𝑊𝑖 ⋅ 𝑃𝑖 , the competitiveness of research or a competitor; 

▪ Wi– criterion weight; 

▪ Pi – point of i-th criteria. 

With the help of this study, the scientific project was updated to enhance the 

designs and increase its success. The advantages and disadvantages of the 

comparison structures required to be assessed in order to analyze this alteration. 

Utilizing all relevant data on market developments (Table 1). 
Table 6.20-The results of calculations of the competitive structures of the condenser 

 Design options 

Condenser (Option 1) Condenser (Option 2) 

dout = 28 mm ; δwall = 1 mm dout = 28 mm ;  δwall = 2 mm 

Ccond , million RUB 167 320 

Cel , million RUB 102 95 

Notes:  

• Ccond is cost of the condenser; 
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• Cel is the cost of electricity for pumping water through the condenser. 

A steam turbine condenser (the study's subject) uses two different kinds of 

heat exchange tubes. As a result, data on two choices for the condenser's design with 

various heat exchange tube sizes will be used to compare them. Leningrad Metal 

Plant produces condensers for NPP turbines. 

The analysis is carried out using a scorecard. The scorecard is shown in Table 5.2 

Table 6.21-Evaluation card for comparison of competitive technical solutions 

Analysis conclusion  

where 

▪ Pi –is point of i-th criteria. 

▪ Pf - is worked before optimization 

▪ Pi1 work after optimization 

The findings indicate that option 1's competitiveness was 2,95 while option 

2's was 3,22. In terms of technical and economic indicators of resource 

efficiency, the researched scientific advancement (condenser design), which 

employs tubes with dout = 28 mm; δwall = 2 mm, is competitive and more 

reliable. 

7.2 SWOT analysis 

Complex analysis solution with the greatest competitiveness is carried out with 

the method of the SWOT analysis: Strengths, Weaknesses, Opportunities and 

Threats. The analysis has several stages. The first stage consists of describing the 

strengths and weaknesses of the project, identifying opportunities and threats to the 

Items to assess  

Value of 

criteria  

 

Points Competitiveness 

Pf Pi𝑙 Cf Ci𝑙 

Technical criteria for evaluating resource efficiency 

1. Energy efficiency 0,23 3 4 0.69 0.69 

2. Dimensions and weight 0,12 3 3 0.36 0.36 

3. safety 0,05 3 4 0.2 0.2 

4. Lifetime 0,15 4 3 0.6 0.6 

5. Reliability 0,2 2 4 0.8 0.8 

Economic performance indicators 

1. Price 0,2 4 2 0.6 0.4 

2. Maintenance 0,02 3 4 0.06 0.08 

3. The competitiveness of the product 0,03 3 3 0.09 0.09 

Total 1 − − 2.95 3.22 
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project that have emerged or may appear in its external environment. The second 

stage consists of identifying the compatibility of the strengths and weaknesses of the 

project with the external environmental conditions. This compatibility or 

incompatibility should help to identify what strategic changes are needed.  
Table 6.22-SWOT analysis 

 

Strengths: 

S1. reliable design of 

condenser 

S2. Not complex for 

manufacturing  

S3. Low maintenance and 

repair costs 

Weaknesses: 

W1. Accidental leakage of of tubes 

of heat exchange surface 

W2. large area of the building 

where the equipment is located 

W3. External water source and 

purification systems 

Opportunities: 

O1. More reliable and 

operation high 

efficiency. 

O2. No need to get 

special material for 

exchange surface. 

O3. Decrease the 

overall costs of the 

facility  

1) Development and improve 

of equipment industry in 

nuclear power plants 

2) Efficiency is the criteria for 

using the material and their 

ease of maintenance. 

3) Reducing the dimensions of 

equipment and reducing the 

mass will improve 

operating costs and reduce 

CO2 emissions."  

1) Air inlet filters should be 

installed on condenser air 

intakes to prevent particulate 

matter from entering the 

system and causing damage. 

2) The working environment 

must be suitable to the 

application to maintain normal 

functioning of the machine. 

3) Condenser systems must be 

inspected and serviced 

annually to maintain their 

performance.  
Threats: 

T1. Chemical spills or 

leaks from condenser 

T2. Damaging of tubes 

due to disasters    

T3. Breakdown of the 

exchange surfaces 

1) Chemical spills and leaks 

cause large amounts of 

damage to the systems' 

cooling coils and other 

parts of the system. 

2) Tubes tend to corrode over 

time as they are exposed to 

water and temperature 

changes 

3) May breakdown due to 

large sizes and lack of 

proper maintenance 

1) Environmental safety must not 

be neglected because of the 

external factors such as high 

temperature or humidity. 

2) Need of large equipment to 

occur purification of water 

occurring in the building where 

such equipment exists 

(inadequate water supply) 

3) Properly maintain the machine 

and keep it running smoothly 

by making sure there are no 

cracks in its casing. 

7.3 Project Initiation 

The initiation process group consists of processes that are performed to 

define a new project or a new phase of an existing one. In the initiation processes, 

the initial purpose and content are determined and the initial financial resources are 

fixed. The internal and external stakeholders of the project who will interact and 

influence the overall result of the research project are determined. 
Table 6.23-Stakeholders of the project 

Project stakeholders Stakeholder expectations 

Tomsk polytechnic university, Design, 

Operation and Engineering of Nuclear 

Power Plants. 

To get condenser High efficiency 
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Table 6.24-Purpose and results of the project 

Purpose of project: 

Save energy costs for running circulation pumps, and boost 

condenser usage efficiency. Provide reliable condensers for 

nuclear power plants turbine installations. 

Expected results of the 

project: 

According to the calculations and analysis the expectation to 

get high efficiency of NPP by reducing energy consumption. 

Criteria for acceptance 

of the project result: 

The main thing to reduce the losses of energy in turbine 

installation is to design condenser with more reliable 

parameters to get high efficiency. 

Requirements for the 

project result: 

Calculate carefully the initial parameters for equipment. 

Design equipment with high efficiency 

Complete the project on exact time 

Stability of technological equipment 

The organizational structure of the project 

It is necessary to solve some questions: who will be part of the working group 

of this project, determine the role of each participant in this project, and prescribe 

the functions of the participants and their number of labor hours in the project. 
Table 6.25-Structure of the project 

№  Participant Role in the 

project 
Functions Labor time, hours 

1 Shahin. Y. R. 
Project 

Executor 

Work on project 

Development 
462 

2 Gubin. V.E 
Project 

Manager 

Coordination of work 

activities and assistance in 

project implementation 

42 

Total  504 

So, the time spent for the Work 

▪ for my Supervisor (Project Manager) 21 ∙ 2 = 42 hours;  

▪ for me as an Engineer (Project Executor)  77 ∙ 6 = 462 hours. 

Project limitations 

Project limitations are all factors that can be as a restriction on the degree of freedom 

of the project team members. 
Table 6.26-Project limitations 

Factors Limitations / Assumptions 

3.1. Project's budget 300 000 RUB 

3.1.1. Source of financing Rosatom scholarship 

3.2. Project timeline: 1 AUG 2022 – 20 JAN 2023 

3.2.1. Date of approval of plan of project 1 AUG 2022 

3.2.2. Completion date 30 DEC 2022 
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Project Schedule 

As part of planning a science project, you need to build a project timeline and a Gantt 

Chart. 
Table 6.27-Project Schedule 

 Job title 

Duration, 

working 

days 

Start 

date 

Date of 

completio

n 

Participan

T 

1 
Drawing up the technical 

assignment 
7 1 AUG 9 AUG SV 

2 Literature review 13 
15 

AUG 
31 AUG ENG 

3 Selection of the research field 5 6 SEP 12 SEP SV 

4 Calendar planning 4 15 SEP 20 SEP SV 

5 Description of the design object 12 22 SEP 7 OCT ENG 

6 
Statement of the design 

problem 
11 10 OCT 24 OCT ENG 

7 
Development of the calculation 

model 
10 26 OCT 10 NOV ENG 

8 
Variational calculations of the 

object 
4 

10 

NOV 
15 NOV ENG 

9 
Evaluation of calculation 

results 
5 

15 

NOV 
21 NOV SV 

10 
Comparative calculations of 

economic efficiency object 
6 

23 

NOV 
30 NOV ENG 

11 Choosing the optimal design 10 2 DEC 15 DEC ENG 

12 Drawing up a final report 11 16 DEC 30 DEC ENG 

A Gantt chart, or harmonogram, is a type of bar chart that illustrates a project 

schedule. This chart lists the tasks to be performed on the vertical axis, and time 

intervals on the horizontal axis. The width of the horizontal bars in the graph shows 

the duration of each activity.  
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Table 6.28-Duration of the project 

№ Activities  Participants 
Тc, 

Days  

Duration of the project 

Aug Sep Oct Nov Dec 

1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 

1 Drawing up the technical assignment Supervisor 10                              

2 Literature review Engineer 20                               

3 Selection of the research field Supervisor 10                               

4 Calendar planning Supervisor 10                               

5 Description of the design object Engineer 20                               

6 Statement of the design problem Engineer 20                               

7 Development of the calculation model Engineer 10                               

8 Variational calculations of the object Engineer 10                               

9 Evaluation of calculation results Supervisor 10                               

10 Comparative calculations of economic  Engineer 10                               

11 Choosing the optimal design Engineer 10                               

12 Drawing up a final report Engineer 10                               

Engineer   Supervisor    
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7.4 Scientific and technical research budget 

The amount of costs associated with the implementation of this work is the basis 

for the formation of the project budget. This budget will be presented as the lower limit 

of project costs when forming a contract with the customer. 

To form the final cost value, all calculated costs for individual items related to 

the manager and the student are summed. 

In the process of budgeting, the following grouping of costs by items is used: 

- Material costs of scientific and technical research; 

- costs of special equipment for scientific work (Depreciation of equipment used for 

design); 

- basic salary; 

- additional salary; 

- labor tax; 

- overhead. 
Table 6.29-Material costs 

Name Unit of measurement Number 
Price per unit, 

RUB 

Material costs, 

RUB 

Paper Pack 1 250 250 

Pens Unit 4 70 280 

Pencils Unit 1 100 100 

Ruler Unit 1 50 50 

Printing Page 350 2 700 

Folder Unit 4 10 40 

Stapler Unit 1 120 120 

Staples Pack 1 50 50 

Total 1 590 

Costs of special equipment 

This point includes the costs associated with the acquirement of special equipment 

(instruments, stands, devices and mechanisms) necessary to carry out work on a 

specific topic. 

Table 6.30-Costs of special equipment (+software) 

№ 

 

equipment identification Quantity 

of equipment 

Price per 

unit, rub. 

Total cost of equipment, 

rub. 

1 Laptop 1 28 000 28 000 

2 
Microsoft-Windows 10-

Professional x64 
1 4 500 4 500 

3 AutoCAD 2023 1 2000 2000 

4 
Microsoft-Office 2021-

Home 
1 3000 3000 

Total, RUB 37 500 
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Basic salary 

This point includes the basic salary of participants directly involved in the 

implementation of work on this research. The value of salary costs is determined based 

on the labor intensity of the work performed and the current salary system 

The basic salary (Sb) is calculated according to the formula: 
𝑆𝑏 = 𝑆𝑑 ∙ 𝑇𝑤 ; 

where    

▪ Sb – basic salary per participant; 

▪ Тw – the duration of the work performed by the scientific and technical worker, 

working days; 

▪ Sd - the average daily salary of an participant, rub. 

▪ The average daily salary is calculated by the formula: 

𝑆𝑑 =
𝑆𝑚 ∙ 𝑀

𝐹𝑣 
; 

where 

▪ Sm – monthly salary of an participant, rub.; 

▪ М – the number of months of work without leave during the year: 

▪ at holiday in 48 days, M = 11.2 months, 6 day per week; 

▪ Fv– valid annual fund of working time of scientific and technical personnel (251 

days). 

Monthly salary is calculated by formula: 

𝑆𝑚𝑜𝑛𝑡ℎ = 𝑆𝑏𝑎𝑠𝑒 ⋅ (𝑘𝑝𝑟𝑒𝑚𝑖𝑢𝑚 + 𝑘𝑏𝑜𝑛𝑢𝑠) ⋅ 𝑘𝑟𝑒𝑔; 

where  

▪ Sbase – base salary, rubles; 

▪ kpremium – premium rate;  

▪ kbonus – bonus rate; 

▪ kreg – regional rate. 
Table 6.31-Calculation of the base salaries 

Performers 
Sbase, 

rubles 
kpremium kbonus kreg 

Smonth, 

rub. 

Wd, 

rub. 

Тр, 

work days 

Wbase, 

rub. 

Project Executor 19 200 

0 1.05 1.3 

26 208 1 169 77 90 013 

Project Manager 37 500 51 187.5 2 284 21 47 964 

Additional salary 

This point includes the amount of payments stipulated by the legislation on 

labor, for example, payment of regular and additional holidays; payment of time 

associated with state and public duties; payment for work experience, etc. 

Additional salaries are calculated on the basis of 10-15% of the base salary of 

workers: 

𝑊𝑎𝑑𝑑 = 𝑘extra ⋅ 𝑊𝑏𝑎𝑠𝑒; 
𝑊𝑎𝑑𝑑,𝐸𝑛𝑔 = 0.1 ⋅ 90 013 = 9 001.3 rub ; 
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𝑊𝑎𝑑𝑑,𝑆𝑉 = 0.1 ⋅ 47 964 = 4796.4 rub. 
where  

▪ Wadd – additional salary, rubles; 

▪ kextra – additional salary coefficient (10%);  

▪ Wbase – base salary, rubles. 

Labor tax 

Tax to extra-budgetary funds are compulsory according to the norms 

established by the legislation of the Russian Federation to the state social insurance 

(SIF), pension fund (PF) and medical insurance (FCMIF) from the costs of workers. 

Payment to extra-budgetary funds is determined of the formula:  

𝑃𝑠𝑜𝑐𝑖𝑎𝑙 = 𝑘𝑏 ⋅ (𝑊𝑏𝑎𝑠𝑒 + 𝑊𝑎𝑑𝑑); 
where   

▪ kb – coefficient of deductions for labor tax. 

In accordance with the Federal law of July 24, 2009 No. 212-FL, the amount of 

insurance contributions is set at 30%. Institutions conducting educational and scientific 

activities have rate - 27.1%. 
Table 6.32-Labor tax 

 Project leader Engineer 

Coefficient of deductions, % 27.1 

Salary (basic and additional), rubles 52 760.4 99 014.3 

Labor tax, rubles 14 298 26 832.8 

Overhead costs 

Overhead costs include other management and maintenance costs that can be 

allocated directly to the project. In addition, this includes expenses for the maintenance, 

operation and repair of equipment, production tools and equipment, buildings, 

structures, etc. 

Overhead costs account from 30% to 90% of the amount of base and additional 

salary of employees.. 

Overhead is calculated according to the formula: 

Сov = 𝑘𝑜𝑣 ⋅ (𝑊base + 𝑊𝑎𝑑𝑑); 

Where 

▪ kov – overhead rate 

Table 6.33-Overhead 

 Project leader Engineer 

Overhead rate,% 55 

Salary, rubles 52 760.4 99 014.3 

Overhead, rubles 29 018.2 54 457.8 

Other direct costs 

Energy costs for equipment are calculated by the formula: 

С = 𝑃𝑒𝑙 ⋅ Р ⋅ 𝐹𝑒𝑞 
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Where 
elP  − power rates (5.8 rubles per 1 kWh); 

Р  − Power of equipment, kW; 

eqF  − Equipment usage time, hours 

• For Engineer 𝐶 = 𝑃𝑒𝑙 ∙ 𝑃 ∙ 𝐹𝑒𝑞 = 5.8 ∙ 0.3 ∙ 462 = 803 𝑟𝑢𝑏. 

• For supervisor 𝐶 = 𝑃𝑒𝑙 ∙ 𝑃 ∙ 𝐹𝑒𝑞 = 5.8 ∙ 0.3 ∙ 42 = 73 𝑟𝑢𝑏. 

Formation of budget costs 

The calculated cost of research is the basis for budgeting project costs. 

Determining the budget for the scientific research is given in the table 15. 
Table 6.34-Items expenses grouping 

Name Cost, rubles 

1. Material costs 1 590 

2. special equipment 37 500 

3. Basic salary, SV 47 964 

4. Additional salary, SV 4 796.4 

5. Basic salary, Eng 90 013 

6. Additional salary, Eng 9 001.3 

7. Labor tax, SV 26 832.8 

8. Labor tax, Eng 14 298 

9. Overhead, SV 29 018.2 

10. Overhead, Eng 54 457.8 

Total planned costs 310 675.1 

 

Conclusion 

Thus, in this section was developed stages for design and create competitive 

development that meet the requirements in the field of resource efficiency and resource 

saving. 

These stages includes: 

- development of a common economic project idea, formation of a project 

concept; 

- organization of work on a research project; 

- identification of possible research alternatives; 

- research planning; 

- assessing the commercial potential and prospects of scientific research 

from the standpoint of resource efficiency and resource saving; 

- determination of resource (resource saving), financial, budget, social and 

economic efficiency of the project. 
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 Social Responsibility 

8.1 Legal and organizational issues of occupational safety 

The projected work area, law norms of labor legislation. 

Nuclear power plant atomic control plant security may be a complex field related to the 

security, wellbeing and well-being of individuals at work. It tells the methodology and 

strategies in put to guarantee the wellbeing and security of representatives inside the 

work environment. Atomic control plant security incorporates the mindfulness of 

workers with respect to fundamental security information, work environment dangers, 

danger related risks, usage of danger avoidance, execution of hone of fundamental safer 

methods, strategies, forms and security culture within the work environment. It 

moreover incorporates security rules and directions generally outlined on the premise 

of current government arrangements. Each organization builds up a number of security 

rules and controls for its workers. Security preparing and instruction are given to 

workers on a normal premise with. the point of teaching them and upgrading them with 

the most recent security measures. NPP safety is approximately putting an conclusion 

to representative wounds and ailments within the working environment.[7]  

GOST 12.2.003-91 Occupational safety standards system. Industrial equipment. 

General safety requirements.[8] 

GENERAL PROVISIONS 

▪ Production equipment must ensure the safety of workers during installation 

(dismantling), commissioning and operation, both in the case of autonomous use 

and as part of technological complexes, subject to the requirements (conditions, 

rules) provided for by the operational documentation  

▪ The safety of the design of production equipment is ensured by: 

1) the choice of operating principles and design solutions, energy sources and 

characteristics of energy carriers, parameters of work processes, control system and its 

elements; 

2) minimization of consumed and accumulated energy during the operation of the 

equipment; 

3) the choice of components and materials for the manufacture of structures, as 

well as those used during operation; 

4) the choice of manufacturing processes; 

5) the use of built-in protective equipment for workers, as well as information tools 

that warn of the occurrence of dangerous (including fire and explosion hazard) 

situations; 
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▪ Safety requirements for production equipment of specific groups, types, models 

(brands) are established on the basis of the requirements of this standard, taking into 

account: 

1) features of the purpose, performance and operating conditions; 

2) test results, as well as analysis of hazardous situations (including fire and 

explosion hazards) that occurred during the operation of similar equipment; 

▪ Each technological complex and autonomously used production equipment must be 

completed with operational documentation containing requirements (rules) that 

prevent the occurrence of dangerous situations during installation (dismantling), 

commissioning and operation.  

▪ Production equipment must meet safety requirements during the entire period of 

operation, provided that the consumer fulfills the requirements established in the 

operational documentation. 

GENERAL SAFETY REQUIREMENTS 

▪ Requirements for the design and its individual parts 

Materials of construction of production equipment should not have a dangerous 

and harmful effect on the human body in all specified modes of operation and envisaged 

operating conditions, as well as create fire and explosion hazard situations. 

The design of production equipment must exclude, in all intended modes of 

operation, loads on parts and assembly units that can cause damage that poses a danger 

to workers. 

▪ Job Requirements 

The design of the workplace, its dimensions and the mutual arrangement of 

elements (controls, information display tools, auxiliary equipment, etc.) must ensure 

safety when using production equipment for its intended purpose, maintenance, repair 

and cleaning, and also meet ergonomic requirements. 

The dimensions of the workplace and the placement of its elements should ensure 

the performance of work operations in comfortable working positions and not impede 

the movements of the worker. 

When designing a workplace, it should be possible to perform work operations 

in a sitting position or when alternating sitting and standing positions, if the 

performance of operations does not require constant movement of the worker. 

▪ Control system requirements 

The control system must ensure its reliable and safe operation in all envisaged 

operating modes of production equipment and under all external influences stipulated 



 123 

by the operating conditions. The control system must exclude the creation of dangerous 

situations due to a violation by the worker (workers) of the sequence of control actions. 

▪ Requirements for protective equipment included in the design and signaling 

devices 

The design of protective equipment should provide the ability to control the 

fulfillment of their purpose before and (or) during the operation of production 

equipment. 

Protective equipment must fulfill its purpose continuously during the operation 

of production equipment or when a dangerous situation arises. 

The action of protective equipment should not be terminated before the end of 

the action of the corresponding dangerous or harmful production factor. 

The failure of one of the means of protection or its element should not lead to the 

termination of the normal functioning of other means of protection. 

▪ Design requirements that contribute to safety during installation, 

transportation, storage and repair 

If it is necessary to use lifting equipment during installation, transportation, 

storage and repair on production equipment and its individual parts, places for 

connecting lifting equipment and the mass to be lifted must be indicated. 

The points of connection of lifting means must be chosen taking into account the 

center of gravity of the equipment (its parts) so as to exclude the possibility of damage 

to the equipment during lifting and moving and provide a convenient and safe approach 

to them. 

The design of production equipment and its parts must ensure the possibility of 

their reliable fastening on a vehicle or in a packaging container. 

Assembly units of production equipment, which can spontaneously move during 

loading (unloading), transportation and storage, must have devices for fixing them in a 

certain position.[8] 

Federal Law of November 21, 1995 N 170-FZ On the Use of Atomic Energy [9] 

General Provisions.  

▪ Article 1. Legislative, Legal and Other Acts of the Russian Federation in the Sphere 

of the Use of Atomic Energy Relations arising in the use of atomic energy for 

peaceful and defence purposes shall be regulated by the present Federal Law, other 

law and other legal acts of the Russian Federation. The activities associated with the 

development, manufacture, testing, operation and utilization of nuclear weapons and 

nuclear power installations of a military nature shall be carried out on the basis of 

other federal laws and shall not be in the sphere of the validity of this Federal Law. 
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▪ Article 2. Principles and Tasks of the Legal Regulation in the Sphere of Atomic 

Energy Use The basic principles of the legal regulation of the use of atomic energy 

include: - safety during the use of atomic energy and protection of individuals, 

population at large and the environment against radiation danger; - access to 

information on the use of atomic energy, if this information does not contain state 

secrets; - the participation of individuals, profit-making and non-profit organizations 

(hereinafter referred to as organizations) and other legal entities in the discussion of 

state policy, drafts of federal laws and other legal acts of the Russian Federation, 

and also in the practical activity in the sphere of the use of atomic energy. 

▪ Article 3. The Objects of the Application of this Federal Law The objects of the 

application of this Federal Law are as follows: nuclear installations mean structures 

and complexes with nuclear reactors, including atomic power stations, ships and 

other crafts, spacecrafts and flying vehicles, other transportation and transportable 

facilities; structures and complexes with industrial, experimental and research 

nuclear reactors, critical and subcritical nuclear beds; structures, complexes, proving 

grounds, plants and devices with nuclear charges for peaceful uses; other structures 

containing nuclear materials, complexes and plants for the production, use, 

processing and transportation of nuclear fuel and nuclear materials; 

nuclear materials: denote the materials containing or capable of reproducing 

fissionable nuclear substances. 

radioactive substances: denote the substances with ionizing irradiation that do 

not belong to nuclear materials. 

radioactive waste: denotes nuclear materials and radioactive substances whose 

further use is not envisaged. The inclusion of said objects in the listed categories 

shall be determined by the organization that uses them and fixed in a relevant 

document in the order, prescribed by the federal executive bodies in the sphere of 

state safety regulation in the use of atomic energy (hereinafter referred to as state 

safety regulation bodies). 

▪ Article 4. The Types of Activity in the Sphere of Atomic Energy Use The present 

Federal Law shall extend to the following types of activity in the sphere of atomic 

energy use: the siting, designing, building, operating and the withdrawal from 

operation of nuclear installations, radiation sources and storage points; the 

development, production, testing, transportation, storage, utilization and use of 

nuclear charges for peaceful uses, and the handling with them; the handling with 

nuclear materials and radioactive substances during the prospecting and extracting 

mineral resources that contain these materials and substances and during the 
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production, use, processing, transportation and storage of nuclear materials and 

radioactive substances; the provision of safety during the use of atomic energy; 

▪ Article 5. Ownership of Nuclear Materials, Nuclear Installations, Storage Points, 

Radiation Sources and Radioactive Substances Nuclear materials may be in federal 

ownership or in the ownership of legal entities. A list of nuclear materials which 

may be solely in federal ownership shall be endorsed by the President of the Russian 

Federation. A list of Russian legal entities (that is, of legal entities established in 

compliance with the legislation of the Russian Federation), which may have nuclear 

materials in ownership, shall be endorsed by the President of the Russian Federation. 

The Rights of Organizations, Including Public Associations and Individuals in 

the Use of Atomic Energy 

▪ Article 1. The Rights of Organizations, Including Public Associations, and 

Individuals to Get Information about the Use of Atomic Energy Organizations, 

including public associations, and individuals shall have the right to request and 

receive in the statutory manner and within their jurisdiction from the corresponding 

executive bodies and organizations information about the safety of nuclear 

installations, radiation sources and storage points, planned for building, designing, 

operating and withdrawing from operation, except for information comprising state 

secrets. 

▪ Article 2. The Rights of Organizations, Including Public Associations, and 

Individuals to Take Part in the Formation of Policies in the Sphere of Using Nuclear 

Energy Organizations, including public associations and individuals shall have the 

right to take part in the discussion of the drafts of legislative acts and programmes 

on the use of atomic energy and also in the discussion of the questions concerning 

the siting, designing, building, operating and withdrawing from operation of nuclear 

installations, radiation sources and storage points. 

➢ State Management of Atomic Energy Use  

▪ Article 1. State Administration Bodies in Charge of Atomic Energy Use The state 

management of the atomic energy use shall be implemented by the federal executive 

bodies and the State Atomic Power Corporation Rosatom (hereinafter also referred 

to as the bodies managing the atomic energy use) in the order prescribed by this 

Federal Law, other federal laws and other normative legal acts of the Russian 

Federation. 

State Regulation of Safety in the Use of Atomic Energy  

▪ Article 1. State Regulation of Safety in the Use of Atomic Energy The state 

regulation the safe use of atomic energy shall provide for the activity of the 
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appropriate federal executive bodies and the State Atomic Power Corporation 

Rosatom to organize the drafting, approval and enforcement of norms and rules in 

the sphere of the use of atomic energy. These bodies shall to issue permits (licenses) 

for the right to use atomic energy, supervise safety, carry on the expert examination 

and inspection, and exercise control over the development and realization of 

measures on the protection of the workers of the facilities using atomic energy and 

of the population and the environment in case of accidents during the use of atomic 

energy.  

Features of the labor legislation in relation to the specific conditions of the 

project. 

Employment at nuclear plants may include obligations and benefits related to 

issues by the following state or company: forms, regulations, and rates of wages for 

workers, engineers, and managers; disbursement of interest and compensation 

working and leisure hours, including matters relating to the granting and duration of 

leave. 

The procedure for informing employees of the implementation of the collective 

agreement; The obligation to refrain from a strike if the relevant terms and conditions 

of the agreement are observed [10] 

Basic Objectives of NPP Safety 

The basic objectives of NPP safety are as follows:  

▪ Preservation of and assistance for employees’ or workers’ health and well-being  

▪ Enhancing workability of employees by ensuring a safe and congenial work 

environment  

▪ Growth of the organization that remains free from prospective hazards and 

mishaps  

▪ Encouraging a favorable social climate in the organization that motivates the 

employees to work efficiently towards organizational progress and prosperity 

▪ Secure the health and safety of workers and workplace by eliminating or 

minimizing risks  

▪ Achieve higher productivity among the employees by providing a safe and secure 

environment  

▪ Focus on employees safety and health arising from chemicals and hazardous 

elements. [11]  

8.2 Occupational safety. 

Occupational safety is understood as a system of organizational measures and 

technical means that prevent or reduce the possibility of exposure of workers to 
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dangerous harmful production factors arising at nuclear power plants during work 

activity. 

In our work, it is essential to distinguish perilous and hurtful components that 

will emerge when working with a data framework. Subsequent selection is carried out 

using GOST 12.0.003–2015 "Hazardous and harmful production factors. 

Classification". The results of the selection are shown in the table below.[6] 

Occupational safety and health (OSH are a multidisciplinary field concerned with 

the safety, health, and welfare of people at work. It is commonly referred to as 

occupational health and safety (OHS), occupational health or workplace health and 

safety (WHS). 

The main purpose of occupational safety 

The goal of occupational safety and health (OSH) programs is to foster a safe and 

healthy work environment. OSH may also protect co-workers, family members, 

employers, customers, and many others who might be affected by the workplace 

environment. [12] 

The main focus in occupational health is on three different objectives: 

▪ the maintenance and promotion of workers’ health and working capacity; 

▪ the improvement of working environment and work to become conducive to safety 

and health and 

▪ development of work organizations and working cultures in a direction that supports 

health and safety at work and in doing so also promotes a positive social climate and 

smooth operation and may enhance the productivity of the undertakings.[12] 

Analysis of harmful and dangerous factors that can be created. 

All dangers in nuclear plants are divided into several categories, the basis of their 

classification lies in determining their effect on certain organs of the human body, as 

well as the method of affecting them 

Table 8.1-Potential hazardous and harmful production factors 

Factors 

Stages of work 

Legislation documents 
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Increased pressure of 

vapors or gases in vessels 
+   

GOST 12.2.003-91 

Occupational safety standards 

https://www.peoplehum.com/blog/psychological-safety-for-the-win-jeff-smith-interview/
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system. Industrial equipment. 

General safety requirements 

Increased level of noise; 

 
+ +  

SP 51.13330.2011 Noise 

protection. 

Increased level of 

vibration; 

 

+ +  
GOST 12.1.012-90 Vibrational 

safety. General requirements; 

Sharp edges, burrs on 

equipment, tools.  

 

+ + + 

GOST 12.2.003-91 

Occupational safety standards 

system. Industrial equipment. 

General safety requirements 

Increased levels of 

electromagnetic radiation. 

 

  + 

SanPiN 2.2.4.1329-03 

Requirements for protection of 

personnel from the impact of 

impulse electromagnetic fields 

Increased voltage in an 

electrical circuit, the 

closure of which can pass 

through the human body. 

 + + 

GOST 12.1.019-2017 Electrical 

safety. General requirements 

and nomenclature of types of 

protection; 

➢ Increased pressure of vapors or gases in vessels 

Dangerous gases and confined spaces are a dangerous mix. It can take only a few 

seconds for workers to succumb to a hazardous atmosphere, if vapor pressure exceeds 

the thermodynamic equilibrium value, condensation occurs in presence of nucleation 

sites. This principle is indigenous in cloud chambers, where ionized particles form 

condensation tracks when passing through. 

Source equipment 

In the nuclear power plants, we have a lot of equipments that can occurs increase 

of steam pressure on it such as the vessel of steam generator and the heat exchange 

tubes, also on the condenser we must keep the pressure in the lowest value to get more 

efficiency. 

Ways to improve we fix a pressure gauges and valves in the tubes and vessels. 

Factors impact vapor pressure 

Vapor pressure is the pressure caused by the evaporation of liquids. Three common 

factors that influence vapor press are surface area, intermolecular forces and 

temperature. The vapor pressure of a molecule differs at different temperatures. [13] 

To minimize the impact 

▪ Ventilation needed 

▪ Use of mechanical devices that withstand pressure. 
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➢ Increased level of noise 

Continual exposure to noise can cause stress, anxiety, depression, high blood 

pressure, heart disease, and many other health problems. Some people are at higher risk 

for hearing loss, including those who: are exposed to loud sounds at home and in the 

community. 

Source equipment 

For industrial and energy enterprises with a maximum linear dimension up to 300 

m inclusive - equivalent sound power levels   and maximum sound power levels   in 

eight octave frequency bands with geometric mean frequencies of 63-8000 Hz and 

radiation directivity factor in the direction of the calculated point (1 if the directivity 

factor is unknown). It is allowed to represent noise characteristics in terms of equivalent 

corrected sound power levels, dBA, and maximum corrected sound power levels, dBA. 

Harmful effects of noise in the workplace 

Loud noise can create physical and psychological stress, reduce productivity, 

interfere with communication and concentration, and contribute to workplace accidents 

and injuries by making it difficult to hear warning signals. 

Direct Effects 

There’s an immediate effect on the acoustic nerves and, as a result, the rest of the 

nervous system. A fluid-filled inner-ear organ called the cochlea converts sound 

vibrations into electrical impulses that go directly to the brain. Constant noise, 

especially when it’s loud, can overload and compromise that nerve-based connection, 

leading to hearing loss.  

Norms 

Normalized parameters of constant noise at design points are sound pressure 

levels, dB, in octave frequency bands with geometric mean frequencies of 31.5, 63, 

125, 250, 500, 1000, 2000, 4000 and 8000 Hz. Sound levels may be used for 

approximate calculations., dBA. 

Normalized parameters of non-constant (intermittent, fluctuating in time) noise 

are equivalent sound pressure levels, dB, in octave frequency bands with geometric 

mean frequencies of 31.5, 63, 125, 250, 500, 1000, 2000, 4000 and 8000 Hz and 

maximum sound levels, dB and equivalent, dBA.[14] 

Control of noise emissions 

Most often it is the 'path of noise' that is controlled by use of acoustic 

enclosures, barrier walls, duct silencers and other similar noise control treatments.[15] 

➢ Increased level of vibration 
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Vibration can cause changes in tendons, muscles, bones and joints, and can affect 

the nervous system. Collectively, these effects are known as Hand-Arm Vibration 

Syndrome (HAVS). Workers affected by HAVS commonly report: attacks of whitening 

(blanching) of one or more fingers when exposed to cold. 

Source Equipment 

In Power plants the equipments which might cause vibration such as the turbine 

blade when it damaged and the main pumps in the circulation pipelines and the shaft of 

electric generator  

When two or more rotating machines are connected: 

▪ Unbalance. 

▪ Resonance. 

▪ Loose parts. 

▪ Bearing damage. 

▪ Damaged or worn-out gears. 

Vibration - Health Effects 

Vibration induced health conditions progress slowly. In the beginning it usually 

starts as a pain. As the vibration exposure continues, the pain may develop into an injury 

or disease. Pain is the first health condition that is noticed and should be addressed in 

order to stop the injury. 

Vibration can cause changes in tendons, muscles, bones and joints, and can affect the 

nervous system. Collectively, these effects are known as Hand-Arm Vibration 

Syndrome (HAVS). Workers affected by HAVS commonly report: 

▪ attacks of whitening (blanching) of one or more fingers when exposed to cold 

▪ tingling and loss of sensation in the fingers 

▪ loss of light touch 

▪ pain and cold sensations between periodic white finger attacks 

▪ loss of grip strength 

▪ bone cysts in fingers and wrists [16] 

Vibration Control  

▪ Vibration control should be carried out: 

at workplaces in the production process - to assess the vibration safety of labor; 

when monitoring the quality of machines and the technical condition of operated 

machines and equipment - to assess their vibration safety. 

▪ Vibration measuring equipment must comply with the requirements of GOST 

12.4.012 and have a valid verification certificate. 

▪ Vibration control is carried out at points for which sanitary and technical standards 

are established in the directions of the coordinate axes established by this standard. 

https://docs.cntd.ru/document/1200000250
https://docs.cntd.ru/document/1200000250
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▪ The method and device for mounting the vibration transducer should not affect the 

nature of the controlled vibration and introduce errors into the measurements. The 

preferred mounting for the vibration transducer is a threaded stud.[17] 

Minimize the effect of vibrations 

The following precautions help to reduce whole-body vibration exposure: 

1. Limit the time spent by workers on a vibrating surface. 

2. Mechanically isolate the vibrating source or surface to reduce exposure. 

3. Ensure that equipment is well maintained to avoid excessive vibration. 

4. Install vibration damping seats. [18] 

➢ Sharp edges, burrs on equipment, tools  

Although many processes can be used for deburring, not all of them are equally 

efficient or applicable to any given case. The 5 most common ways of removing burrs 

and edges are vibratory finishing, barrel tumbling, manual deburring, thermal energy 

deburring, and electromechanical deburring.[19] 

▪ Manual deburring: A skilled craftsperson can remove burrs by hand using 

specialized manual deburring tools. Manual deburring is flexible and cost-effective, 

but it requires a significant investment of time, making it unsuitable for finishing a 

large quantity of parts. 

▪ Thermal energy method: Also known as the thermal deburring, this method uses a 

combustive reaction to burn away burrs in a sealed chamber. Thermal deburring can 

quickly target burrs on multiple surfaces and many pieces at once. 

▪ Electromechanical deburring: Metal burrs can be dissolved using an electrical 

current combined with a salt or glycol solution. Electromechanical deburring is 

useful for small, precision pieces that require deburring in hard-to-reach places. 

Source Equipment 

In power industry there are a lot of metal constructions which sharp edges might 

happen. 

Burrs are most commonly created by machining operations, such as grinding, drilling, 

milling, engraving or turning. It may be present in the form of a fine wire on the edge 

of a freshly sharpened tool or as a raised portion of a surface; this type of burr is 

commonly formed when a hammer strikes a surface. 

Ways to improve  

Rough edges are imperfections known as burrs, and the process of removing 

them is called deburring. 

Burrs are caused from operations such as machining, shearing sheet metals, and 

trimming forgings and castings. They can be reduced or eliminated by not using dull 
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tools, removing them manually with files/scrapers, and mechanically by using wire 

brushes, abrasive belts, electropolishing, abrasive blasting, and so on. 

➢ Electromagnetic fields 

Electromagnetic field, a property of space caused by the motion of an electric 

charge. A stationary charge will produce only an electric field in the surrounding space. 

If the charge is moving, a magnetic field is also produced. An electric field can be 

produced also by a changing magnetic field. 

Source Equipment 

At power stations, turbines turn their rotors to produce electricity by 

electromagnetic induction. 

Also, we have some other equipments which might cause electromagnetic field 

for example Motors, generators and Transformers. 

An electromagnetic field, is generated when charged particles, such as electrons, 

are accelerated. All electrically charged particles are surrounded by electric fields. 

Charged particles in motion produce magnetic fields. 

To minimize the impact 

Traditionally, magnetism is activated in an electromagnet by passing a current through 

a coil around a magnetic material. This coil generates a magnetic field. The new 

method uses a capacitor, a device used to generate an electric field, to control the 

magnetism of a magnetic material. 

Typical materials used for electromagnetic shielding include sheet metal, metal screen, 

and metal foam. Common sheet metals for shielding include copper, brass, nickel, 

silver, steel, and tin. [20] 

➢ Increased voltage in an electrical circuit [21] 

Electric current is able to create severe burns in the body. The reason is hidden 

in the power dissipation across the body´s electrical resistance. Shock can cause: 

cardiac arrest, burns to tissues and organs, muscle spasms, serious effects to the nervous 

system and other unexpected consequences. 

Source Equipment 

A step-up transformer increases the voltage of the current as it leaves the power 

plant. After the voltage has been increased, less current travels through the high-voltage 

power lines. This reduces the amount of power that is lost due to resistance of the power 

lines. 

To minimize the impact 

▪ Providing insulating materials and providing insulating clothing. 
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8.3 Environmental safety. 

Environmental impact of nuclear power 

The environmental impact of nuclear energy results from the nuclear fuel cycle, 

operation, and the effects of nuclear accidents. However, there is the potential for a 

"catastrophic hazard" in the event of a containment failure, which can occur in nuclear 

reactors by heating smelting fuels and releasing large amounts of fission products into 

the environment. It is of three types, including atmosphere, hydrosphere, and 

lithosphere.[22] 

▪ Atmosphere affect 

Emissions from ventilation systems and the radioactive wastes, spent (used) reactor 

fuel. 

▪ Hydrosphere affect 

During the cooling process, the water becomes contaminated with radionuclides and 

must be filtered to remove as many radionuclides as possible. 

▪ Lithosphere affect 

nuclear waste can cause changes in the availability of elements such as nitrogen, carbon 

and sulfur. 

Radioactive waste 

Radioactive waste includes any material that is either intrinsically radioactive, or 

has been contaminated by radioactivity, and that is deemed to have no further use. 

Government policy dictates whether certain materials – such as used nuclear fuel and 

plutonium – are categorized as waste. 

Types of Radioactive Waste 

The main consideration for defining and categorizing waste is long term safety 

of disposal. Waste is classified according to its potential hazard and this determines the 

containment and isolation required. Within the nuclear energy sector, a rough 

categorization divides nuclear waste into low level, intermediate level and high level 

wastes. This categorization varies slightly from country to country, but in principle the 

main criteria for determining the type of waste are derived from radioactive content and 

half-life, i.e. the time taken for the waste to lose half of its radioactivity. 

▪ Low and intermediate level wastes arise mainly from routine facility maintenance 

and operations.  

▪ Low level waste can be contaminated clothing such as protective shoe covers, floor 

sweepings, paper and plastic. Intermediate level waste can be, for example, reactor 

water treatment residues and filters used for purifying a reactor’s cooling water. The 

radioactivity ranges from just above nature’s background level to more elevated 

radioactivity in certain cases  
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▪ High level waste consists mostly of spent fuel from reactors. Some countries also 

reprocess spent fuel, which gives rise to additional types of high-level waste. All of 

this high level waste and spent fuel, when declared as waste, poses a sufficiently 

high enough radiological risk that a high degree of isolation from the biosphere is 

required for a long period of time. [23] 

Radioactive Waste Disposal 

The world has over half a century’s knowledge and experience on how to deal 

with nuclear waste. Good practices developed over the years are being used throughout 

the whole cycle of electricity production to help ensure the safety of people and the 

environment from possible effects of harmful radiation.  

Disposal of low and intermediate level radioactive wastes is already implemented 

in several countries. Usually these facilities are at, or near, the surface, but some 

intermediate level waste that contains long lived radioactivity requires disposal at 

greater depths, of the order of tens of meters to a few hundred meters  

High level radioactive waste is presently temporarily stored in storage facilities. 

Several options are being examined and research for implementing disposal is being 

conducted in many countries with nuclear power. In every option, deep geological 

disposal is the preferred final end point. 

In the nuclear energy sector, good waste management, resulting in safe disposal, 

also considers financial implications. The objective is to have enough funds to execute 

activities (waste disposal, decommissioning, human resources, etc.) required once 

electricity production of a facility has ceased.[23] 

Power plant emission 

Radioactive gases and effluents 

Most commercial nuclear power plants release gaseous and liquid radiological 

effluents into the environment as a byproduct of the Chemical Volume Control System. 

Civilians living within 50 miles (80 km) of a nuclear power plant typically 

receive about 0.1 μSv per year. For comparison, the average person living at or above 

sea level receives at least 260 μSv from cosmic radiation.  

All reactors are to have a containment building. The walls of containment 

buildings are several feet thick and made of concrete and therefore can stop the release 

of any radiation emitted by the reactor into the environment. If a person is to worry 

about an energy source that releases large amounts of radiation into the environment, 

they should worry about coal-fired plants. 

Waste heat 

As with all thermoelectric plants, nuclear power plants need cooling systems. 

The most common systems for thermal power plants, including nuclear, are: 

https://en.wikipedia.org/wiki/Sievert
https://en.wikipedia.org/wiki/Cosmic_radiation


 135 

▪ Once-through cooling, in which water is drawn from a large body, passes through 

the cooling system, and then flows back into the water body. 

▪ Cooling pond, in which water is drawn from a pond dedicated to the purpose, 

passes through the cooling system, then returns to the pond.  

▪ Cooling towers, in which water recirculates through the cooling system until it 

evaporates from the tower. 

Nuclear plants exchange 60 to 70% of their thermal energy by cycling with a body 

of water or by evaporating water through a cooling tower. This thermal efficiency is 

somewhat lower than that of coal-fired power plants, thus creating more waste heat. 

8.4 Emergency safety. 

The NPP emergency planning procedures on protection of personnel and 

population in the event of an accident at the NPP considering radiological consequences 

of accidents shall be developed and made available. Plans shall be elaborated on the 

basis of NPP design characteristics and parameters, criteria for decision making relating 

to arrangements on protection of population in case of an accident at the NPP taking 

into account economic, natural and other site-specific features and extent of actual 

hazard of occurrence of the emergency situation. 

The emergency plan on protection of population to be elaborated in the 

established order by competent bodies in case of an accident shall suggests co-

ordination of actions to be undertaken within the site and in the whole territory by civil 

defense and emergency control bodies, local self-control bodies as well as ministries 

and departments involved in implementation of measures on protection of population 

and mitigation of accident consequences. [24] 

Fire safety assessments and operational experience gained from events in 

nuclear energy Factories have shown that fires and explosions have a high potential to 

severely affect safety  from NPP. Since a fire can occur at any time in the plant, the fire 

protection of the nuclear power plant is important  Throughout its life, that is, from the 

design stage to operation and even decommissioning. 

Fire safety in national nuclear plants is addressed in IAEA safety standards 

publications covering design and safe operation of nuclear power plants. [11] Other 

IAEA public publications provide more details guidelines for fire safety assessment and 

for fire safety reviews. In this it documents the analysis of the aforementioned fire 

experience as an essential tool to meet the following objectives: 

▪ To conduct a safety review of the procedures in place at the operating stations 

(operational safety objective). 

▪ To conduct a periodic safety review of fire safety issues in design and operation. 

▪ To support probabilistic fire risk analysis of new and existing plants targeting 

▪ Better identify aspects of fire safety and prioritize safety improvement tasks. 
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To achieve these goals, a broad track record of experience derives from fire 

events in surrounding plants the world is strongly encouraged to create a reliable 

database that will enable fire safety experts to make recommendations for current and 

future factories and can be used for statistics purposes. Events must be collected and 

analyzed by fire safety experts to derive them recommendations for current and future 

plants. [25] 

In this regard, the international atomic energy agency has begun a systematic 

process of collecting data on events in this framework the objectives of this task are: to 

collect and evaluate. Operational experience on fires and explosions in factories in a 

systematic way to obtain information necessary for a comprehensive safety analysis; to 

use lessons learned from past events. For operational feedback; and successfully 

applied in plants to avoid, or at least, reduce the frequency of events.[26] 
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Conclusion 

The calculations show a design for a nuclear power plant with four loops of a 

horizontal steam generator and 870 MW of electric power. In the thermal part of 

calculation of NPP the main goal is to determine what relative flow rate calculations 

for each part and determine steam flow at the turbine and verify of efficiency of turbine 

installation and efficiency power plant and to choose of suitable equipment for the water 

-steam circuit. VVER-870 with saturated steam turbine with low speed that was divided 

into high pressure part and two low-pressure which drives an electrical generator. The 

following parameters were used to create the design: 
Table 9.1-The main parameters and features of NPP 

Electrical power Ne МW 870 

Initial pressure p0, MPa 6.5 

Pressure of condenser pc, kPa 4 

Pressure of deaerator pd , MPa 0.6 

Stage of reheat Nstage Double 

Through the Calculation I find out number of LPH it will be 4 LPH, and calculate 

the real temperature rises after each heater it would be ∆tLPH = 27.5 ℃. 

Using the optimal value of feedwater temperature tfwp = 210 ℃,  I find out 

number of high-pressure heaters it will be 2 HPH, and the Real temperature rises after 

each heater ∆tHPH = 25.1 ℃.  

After getting the values of relative flowrates I determined steam flow to a 

turbine G0 = 1287 kg/s ; the find Values of flow rate at all the part of NPP. 

Table 9.2 -The main results of Calculation of indicators of thermal efficiency 

SG Thermal capacity  QSG, kW 2622 ∙ 103 

Thermal loading of turbine QT, kW 2589 ∙ 103 

Turbine Plant efficiency ηe, % 33.6 

NPP Gross efficiency ηnpp
Gross, % 32.3 

Calculation of processes in Turbine 

 for Low Pressure Cylinder I calculated the Isentropic process of extractions from 

LPC with absolute internal efficiency  η0i
 LPC = 0.80. 

So, I find out that the Exhaust steam quality from LPC,xLPC = 0.885 ;  

For High Pressure Cylinder the Isentropic process of extractions from LPC with 

absolute internal efficiency  η0i
 HPC = 0.83.  
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A condenser's efficiency and cost were established for two different condenser 

alternatives, which were then compared. In order to choose the condenser with wall 

thickness 2 mm. 

For Steam Generator According to project calculation based on the type of 

horizontal steam generator. One of the basic and essential components of equipment 

in the NPP is the steam generator.  

The "Horizontal steam generator" concept, which related to heat exchange 

technology, can be applied to nuclear power plant steam producing facilities. 

A horizontal steam generator's vessel is a massive, thick-walled vessel. It has a 

bottom, two side shells, and a middle shell. Welding is used to join every component 

to the other components.[26] 

Horizontal steam generators are preferred in the Russian nuclear sector. In 

Russia, steam generator tubes are constructed of steel of such 08H18N10T type. 

The calculation of the thermal part of the SG To evaluate the primary dimensions 

of the heat exchange surface, a steam generator's thermal calculation is performed. 

As the Calculation of mechanical part of Horizontal SG of Saturated Vapor with 

U-Shaped Tubes, the results of mechanical analysis are to evaluate static strength and 

the wall thickness of these components.  

Table 9.3-The Final results calculation of SG. 

Thermal Power of reactor.  QR, MW 2676 

Number of loops 𝑍𝑙𝑜𝑜𝑝 4 

Mass flow rate of steam.  D2,
kg

s⁄  351.4 

Coolant flow G1,
kg

s⁄  2703  

The inlet pressure of Coolant to SG P1, MPa 16.56 

Feed water temperature.  tfw, °С 210 

Number of SG tubes  Ntube, pcs 8813 

 So, the summarize of the calculations show a design for a nuclear power plant 

VVER with 4 loops of a horizontal steam generator and an electric power of 870 MW. 

Through cancelations of the work, I find that all results are in the acceptable rang 

according to the standards, The efficiency of NPP is 32.3%. 
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APPENDICE-A 

1. ФЮРА.311115.001. T3 Turbine installation. 

2. ФЮРА.693410.002.BO Horizontal Steam Generator. 

3. ФЮРА.693100.003.BO Nuclear reactor. 

4. ФЮРА.693450.004.BO Condenser. 

 


