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BASIC BASES OF CALCULATIONS AND OPTIMIZATION OF NPP POWER UNIT
EQUIPMENT PARAMETERS METHODS OF MATHEMATICAL MODELLING

The materials of the article consider the optimization of certain parameters and characteristics of the equipment of NPP power units, which
are closely related to the processes of their design and construction. Modern NPP power units are complex technical systems. They include a
set of interconnected equipment for different technological purposes, which ensures the performance of power units of a complex function of
electricity production and heat of the specified quality and according to a given load schedule. Complete mathematical models of the
functional state of steam turbine power units are characterized by a large number of nonlinear connections and contain implicit functions.
This complicates their widespread use to solve problems of systematic analysis of the quality of operation of power units. The aim of the
work is to analyze the basic theoretical foundations, methods and approaches to the calculation and optimization of the parameters of the
equipment of NPP power units by methods of mathematical modeling. The solution of the problem of optimization of NPP power unit
parameters includes the following stages: selection of optimality criteria (objective functions); development of a system of interconnected
mathematical models in accordance with the required hierarchical level of optimization research; selection of computational methods and
optimization algorithms. Taking into account the above methodological provisions and approaches increases the efficiency of mathematical
modeling to solve problems of calculations and optimization of NPP power unit parameters.
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O. B. E®IMOB, b. C. NIIBPYEHKO, JI. I. TOTIOHHUK, T. A. T'APKYLIIA, T. O. ECHIIEHKO,

A. B. MOTOBIIBHIK

BA30BI OCHOBH PO3PAXYHKIB TA ONITUMI3AIIIl TAPAMETPIB YCTATKYBAHHS
EHEPT'OBJIOKIB AEC METOJAMH MATEMATHYHOI'O MOJAEJTFOBAHHS

VY MaTepianax cTaTTi po3rIsIHYTI 0Aa30Bi OCHOBH PO3pPaxyHKIB Ta ONTHUMI3allisi OKPEMHX MapaMeTpiB i XapaKTepPUCTHK YCTATKyBaHH: €HEPro-
6noxiB AEC, sIki TiCHO HOB’sI3aHi 3 IIponecaMH iX HPOeKTyBaHHA i KoHCTpytoBaHHS. CydacHi eneproomoku AEC € cximagHuMu TeXHIYHUMEI
cucteMaMu. BoHU BKITIOUarOTh 10 ceOe Oe3nidy B3a€MOMOB'SI3aHOTO MiXK COOOK YCTaTKYBaHHS Pi3HOTO TEXHOJOTIYHOTO MPU3HAYEHHS, 110
3a0e3nedye BUKOHAHHS €HEproOIoKaMy CKIaJHOI (PYHKIIT BUPOOHHUITBA €IEKTPHYHOI EHEprii Ta TEIUIOTH BCTAHOBJICHOI SIKOCTI 1 32 3a1aHUM
rpadikom HaBaHTaxeHHS. [loBHI MaTemaTwuHi Mozeni (YHKIIOHATBHOTO CTaHy HapoTypOiHHHMX eHeproOinokiB AEC XapakTepusyroThCs
BEJIMKOIO KUIBKICTIO HENIHIMHUX 3B S3KiB 1 MICTATh HesiBHI QyHKLII. L{e ycknaaHIOe METOM Ta IPHHIMITY iX MATEeMaTUYHOTO MOJICIFOBAHHS 1
00YMOBIIIOE 3aCTOCYBAHHSI CIICLiaIbHUX NPHHIIUIIIB Ta MiXOIB.
Kurouosi ciioBa: ycratkyBanHs eHepro0iokiB AEC, MaTeMaTH4HEe MOJETIOBAHHS, ONITUMI3allisi HapaMeTpiB.
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BA3OBBIE OCHOBBI PACYETOB U OIITUMU3ALIMU IIAPAMETPOB OBOPY/IOBAHHUSA
9HEPI'OBJIOKOB A9C METOJAMHN MATEMATHYECKOI'O MOJAEJIUPOBAHUSA

B marepuanax craTbi pacCMOTPEHbI 0a30BbIC OCHOBBI PACUETOB M ONTHUMH3ALMU OTAEIBHBIX apaMeTPOB M XapaKTEPUCTUK 00OpYIOBaHUS
9Hepro61okoB ADC, KOTOpbIe TECHO CBS3aHBI C IPOLECCAMH HX IPOCKTHPOBAHMS U KOHCTpyHpoBaHHs. CoBpeMeHHbIe dHeproomokun ADC
SBIISIOTCS CIIOKHBIMU TEXHHYECKUMH cucTeMaMu. OHM BKIIFOHAIOT B ce0sl MHOXECTBO B3aMMOCBSI3aHHOTO MEXIy COOOK 000pyHOBaHMS
Pa3HOTrO TEXHOJOTMYECKOTO Ha3HAYEHHUs, KOTOPOe 00ECIeYnBACT BBITOIHEHHS SHEProOIOKaMH CIIOKHOH (QYHKIMHM MPOM3BOJCTBA 3JICKTPH-
YEeCKOIl HEprHH H TEIUIOTHI, YCTAHOBICHHOIO KauecTBa U 3a 3aJaHHBIM TpadukxoM Harpy3ku. IlomHble MaTemMaTHuecKkne MOAeIN (HYHKIIHO-
HAJILHOTO COCTOSIHMSI NMapoTypOMHHBIX 3Heproonokos ADC, XapakTepH3yroTcs OONBIINM KOJMYECTBOM HEIIMHEHHBIX CBS3eH M COzepiKaT
HesIBHbIE (PyHKIMU. DTO YCIIOXKHSAET METO/BI M HPHHIMIIBI X MaTEMaTHYECKOTO MOJICIMPOBAHHS H 00YCIOBINBAET IPHMEHEHHUE CIICHalb-
HBIX IPUHIHAIIOB U MOAXOO0B.
Kurouesle cioBa: o6opynoBanus sueproonokos ADC, MaTeMaTHYeCKOE MOJICIMPOBAHNE, ONITUMHU3AIIUS TapaMEeTPOB.

Introduction

Modern NPP power units are complex technical
systems. They include a set of interconnected equip-
ment for different technological purposes, which en-
sures that power units perform a complex function of
electricity production and heat of the specified quality
and according to a given load schedule. Such systems
are characterized by multiparametricity, complex
structural and functional relationship of parameters,
the presence of restrictions on the change of parame-
ters and relationships, functioning under the influence
of random factors, a variety of physicochemical pro-
cesses occurring in them. In this regard, complete

mathematical models of the functional state of steam
turbine power units are characterized by a large num-
ber of nonlinear (in many cases transcendental) con-
nections and contain implicit functions [1, 2]. This
complicates their widespread use to solve problems of
system analysis of the quality of operation of power
units.

The goal of the work

Optimization of individual parameters and char-
acteristics of NPP power unit equipment is closely
related to the processes of their design and construc-
tion. The initial data for the first preliminary optimiza-
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tion calculations in the design process are structural
developments of the equipment. The results of prelim-
inary optimization, taking into account the change of
the initial data in the allowable range of values, serve
as a basis for new optimization calculations of param-
eters and designs of equipment, taking into account
the specific conditions of its operation. Thus, the op-
timization of parameters and characteristics of the
equipment of NPP power units is a complex iterative
process, and each stage of optimization research dur-
ing the creation and improvement of equipment is
characterized by its methods and means.

The aim of the work is to analyze the basic theo-
retical foundations, methods and approaches to the
calculation and optimization of the parameters of the
equipment of NPP power units by methods of mathe-
matical modeling.

The general part

In the first stage of optimization, the amount of
information about the object being optimized is mini-
mal, and the original data have a significant error.
Therefore, it is often impossible to describe quite ac-
curately how the parameters are interrelated and how
they determine the type of objective function. In this
regard, at the first stage of optimization calculations,
the most effective analytical methods of optimization.

They allow you to clearly identify the impact of
the relationship between the original data, to obtain
with minimal time the general dependences to deter-
mine the optimal parameters for various combinations
of technical and economic factors.

In the following stages, the amount of infor-
mation about the object of optimization increases sig-
nificantly. New thermodynamic, constructive, regime
factors and necessary technical limitations are re-
vealed. Since these stages are directly related to the
creation of equipment, it is necessary to more accu-
rately and fully take into account all the factors that
determine the criterion of optimality, and this signifi-
cantly increases the number of parameters that are
optimized. At the same time, the relationship between
the parameters becomes more complex, and to obtain
an analytical solution is possible only with a signifi-
cant simplification (idealization) of real dependencies.

The following idealization methods are used in
the mathematical modeling of NPP power units:
division into simpler technological subsystems
(decomposition method); selection of the most
significant properties and influences on them in
parametric ~ form (macromodeling method);
linearization of nonlinear models in some area of
variable change (linearization method); bringing the
system with distributed parameters to the system with
concentrated parameters; neglect of the properties of
the dynamics of technological processes.

At the stages of final optimization research, the
most effective optimization method is the method of
simulation modeling, which allows to achieve the
required degree of accuracy in the description of the
object being optimized and use special mathematical
methods to find the optimum in solving multifactorial
and multicriteria problems [3-5].

For the effective implementation of tasks related
to the determination of optimal parameters and de-
signs of NPP power units with the help of mathemati-
cal modeling and well-developed methods of multifac-
tor optimization, it is necessary to meet a number of
requirements in their formulation. Practice shows that
it is impractical to optimize with one mathematical
(simulation) model the whole set of parameters that
characterize this power unit, because in this formula-
tion optimization problems are often mutually incor-
rect due to significant inconsistencies in the accuracy
of different source information, inequality of parame-
ters on the objective function, specific differences in
the mathematical description of different components
and elements of the power unit. To effectively opti-
mize the parameters of NPP power units, it is neces-
sary to create a system of interconnected mathematical
models, which include: a group of detailed mathemat-
ical models of individual units and equipment ele-
ments of power units; more generalized mathematical
models for the main equipment of power units are
built on their basis; complete mathematical model of
power units.

In accordance with the above, it is advisable to
optimize the parameters of NPP power units using a
system of mathematical models of the main equip-
ment: reactor, steam generator, turbine. The main
equipment, in turn, should be divided into characteris-
tic units. This partition allows rationally, taking into
account the specific features of the functional relation-
ships between the parameters of each node, to create
their mathematical models and optimize both individ-
ual nodes and the main equipment of NPP units by
sequential refinement.

The parameters of each node can be divided into
two groups: external parameters that determine the
relationship between nodes, and internal parameters
that characterize only this node, the values of which
depend mainly on external binding parameters.

If the number of external parameters for this
node is small, then the optimization of its internal
parameters can be performed in the area of their
expected optimum separately from other nodes with
fixed external parameters, and then taking into
account the optimal values of internal parameters to
optimize external parameters. Thus, the NPP steam
generator is connected to the turbine installation by
the following parameters: thermal power, pressures,
costs and temperatures of generated steam and feed
water. Since the number of these connecting
parameters is relatively small, the internal parameters
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of the steam generator, such as water velocity in the
tubes of the heat exchange surface, the length of the
tubes, their outer and inner diameters, etc., can be
optimized separately from the turbine. and feed water,
presented in the form of restrictions. At the same
value, separately from the steam generator, the
internal parameters of the turbine are optimized. Then
the parameters of the generated steam and feed water
connecting the steam generator and the turbine are
optimized using appropriate mathematical methods.

If the number of connecting parameters between
nodes is large, it is advisable to optimize these nodes
together in a single model. For example, it is
necessary together with the main thermal and
hydraulic parameters of the thermal scheme of NPP
power units with WWER reactors to optimize the
internal parameters of their systems of external
separation and intermediate superheating of steam,
because they are related to the separation pressure of
heated steam, flow rates, pressures and temperatures.
heating, and heated steam at the inlet and outlet of the
stages of the superheater, the loss of pressure of the
heated steam in the stages of the superheater and
others.

Thus, the solution of the problem of optimization
of NPP power unit parameters includes the following
stages: selection of optimality criteria (objective func-
tions); development of a system of interconnected
mathematical models in accordance with the required
hierarchical level of optimization research; selection
of computational methods and optimization algo-
rithms.

When optimizing the parameters of NPP power
units, it is very important to determine under which
given constraints it is advisable to optimize: at con-
stant electric power of the NPP unit or at constant
thermal capacity of the reactor of the NPP unit. If the
optimization is carried out at a given constant electric
power of the NPP, it is necessary to create a mathe-
matical model that describes the operation of all
equipment of the NPP, and take into account the con-
tinuous change in thermal power of the reactor.

In nuclear energy, for reasons of reliability and
economy, reactors are usually designed on the basis of
designs of standard fuel elements (fuel rods), which
have fixed geometric characteristics and a certain
thermal capacity. The total thermal capacity of the
reactor varies discretely by changing the number of
operating fuel rods, and, importantly, is not propor-
tional to their number. This unevenness is due to the
fact that the energy release in the core of the reactor
also depends on the geometric dimensions of the zone
itself. In this regard, it is very difficult to take into
account the continuous change of the thermal power
of the reactor in the process of optimizing the parame-
ters under the conditions of a given constant electric
power of the NPP power unit.

Therefore, it is advisable to optimize the parame-
ters of NPP units at a constant thermal capacity of the
reactor, and to bring the options to the same energy
effect by taking into account changes in the electric
capacity of the unit, i.e. the introduction of so-called
replacement electric power in the power system. In
this formulation, mathematical models of the follow-
ing equipment are required to solve the problems of
optimization of the main thermal and hydraulic pa-
rameters of NPP power units with water-cooled reac-
tors: reactor, steam generator, turbine, external separa-
tion and intermediate steam superheating system, re-
generation system and condenser system “water cool-
er’.

The depth of detail of the mathematical modeling
of this equipment should be based on the principle of
equal accuracy, i.e. in each model it is necessary to
take into account the parameters that have one order of
influence on the objective function.

Conclusions

Taking into account the above methodological
provisions and approaches increases the efficiency of
mathematical modeling to solve problems of calcula-
tions and optimization of NPP power unit parameters.
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