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The necessity of a detailed analysis and prediction of the operating parameters and distribution of radioactive
aerosols (RA) in the Shelter Object (SO), the New Safe Confinement (NSC) and the environment of the Chernobyl NPP
over the 100-year life of the NSC during the extraction of radioactive waste (RW) from the SO is being justified. For
this, a computer CFD (Computational Fluid Dynamic) model has been developed that allows the analysis, prediction and
control of the thermogasdynamic, humidity and radiation states of the NSC. The issues of ensuring the adequacy of the
model to the various NSC states during long-term operation on the basis of modern technologies of the so-called self-
learning “Digital Twin” (Digital Twin) and CFD monitoring of especially important and dangerous objects, especially
nuclear, are being considered.

INTRODUCTION e —

The object of the study is the New Safe oy H— r
Confinement (NSC), built during the span of 5 years %@% {
s

and pulled over the Shelter Object (SO) of the : o=
Chernobyl NPP in November 2016 (Fig. 1). It is a Sl
protective structure, it also includes the equipment for '
the extraction of radioactive materials (RW) from the
destroyed Chernobyl nuclear power unit 4 containing
nuclear fuel, the conversion of this power unit into an
environmentally friendly system and ensuring the safety
of personnel, the public and the environment. The NSC
is made of steel structures in the form of an Arch
covering the Shelter Object and the technological
building, where most life support and control systems
are installed [1]. To ensure environmental protection
and guarantee long-term corrosion resistance, the
structural part of the Arch (see Fig.1,a) is sheathed
inside and outside with two metal shells, — external 2
and internal 3.

The space between the shells of the Arch is called
the annular space, and the volume between the inner
shell and the structures under the Arch is called the
main volume. Ventilation systems are installed in the
annular space and the main volume, they should provide
the required humidity mode (in order to minimize
corrosion of the metal structures of the annular space)
and prevent aerosol emissions that may occur in the
main volume of the Arch during the dismantling of the
OS structures from entering the environment.

The NSC must prevent the leakage of radioactive
materials from the destroyed reactor No. 4 into the
environment during its dismantling. The dimensions of
the NSC Arch are: height about 109 m, length about
164 m, width about 260 m. The air volumes of the Fig. 1. Scheme of the Shelter Object and the New Safe
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annular space, main volume and SO under the NSC are Confinement in cross-section (a), longitudinal (b)
about 1.0 million m* each, and the total weight of the sections and photo after sliding the NSC onto the
Arch is about 33 thousand tons. OS (¢). In Fig. a: 1- steel structures and annular space

of the NSC Arch; 2 — outer shell; 3 — inner shell;
4 — Shelter object and the destroyed reactor;
5 — main volume of the NSC; 6 — machine hall
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One of the important engineering systems of the
NSC is the ventilation system, which first of all must
provide the required relative humidity mode (not more
than 40 %) and the level of excess of air pressure
(50...75 Pa) in the annular space of the NSC's Arch, as
well as ventilation and maintaining a weak vacuum in
main volume under various meteorological conditions.
The need to maintain a low level of relative humidity in
the annular space of the NSC is dictated by the
requirement of minimal corrosion of metal structures
located in the annular space to ensure a 100-year
resource of the NSC.

An important fact of the influence of climatic
conditions (temperature, humidity, as well as the speed
and direction of the streamlined outside air) on the
thermohumid and radiation state of the NSC should be
noted, since the outer and inner shells, as well as the
numerous gaps between the NSC and building
structures, are not completely airtight there are leaks
that will increase over time. The arrows in Fig. 1,b show
an example of the movement of air flows when the wind
is Western, where 1 is the direction of air inlet into the
NSC through the gaps of the Western wall, 2 is the
direction of air outflow from the NSC through the gaps
of the Eastern wall, and the humid air flows around the
NSC can partially pump or suck air from different parts
of the annular space depending on the pressure
distribution on the outer shell of the NSC due to
external air flow around in different directions and wind
force.

Since the humidity mode of the air volumes of the
NSC's Arch is dependent directly on the temperature
and gas-dynamic conditions in these volumes, for a
detailed analysis of the operability of the NSC
ventilation system, it is necessary to develop an
instrument capable of performing such analysis.

A three-dimensional CFD (Computational Fluid
Dynamic) computer simulation of the above physical
processes in the NSC under various climatic conditions
and engineering equipment failures was chosen as a
needed instrument.

The aim of the work is a brief description and
illustration  of the  developed model  of
thermogasdynamic, humidity and radiation states of the
NSC and ensuring its adequacy based on the technology
of self-learning “digital twins” and CFD monitoring of
the NSC's state, which will be in operation for a 100-
year period during the extraction of radioactive waste
from the OS.

1. CFD-MODEL OF THE SO AND NSC

In large volumes of the NSC, the distribution of
temperature, humidity and RA fields will be
significantly uneven and unsteady due to the following
complex and interrelated physical processes that the
model must take into account:

— radiation-convective interaction of the outer
surfaces of the Arch with the environment and the
surfaces of the inner shell with the surfaces of the
structures of the annular space and the building
structures of the SO, as well as the transfer of RA in the
main volume of the NSC and out of it;

— external flow around the NSC with ambient air,
which leads to the occurrence of complex pressure
distributions on the outer shell of the NSC;

— intake of air and moisture from the environment
through leaks in the shells and the gaps between the
vertical walls of the NSC's Arch and the building
structures of the SO;

— heat and mass flows from the annular space to the
main volume and sources of internal heat generation in
the SO and NSC;

— injection and removal of air to / from the main
volume by the inlet and exhaust ventilation systems,
which lead to air exchange of the NSC with the
environment and the outflow of the RA;

— heat transfer from and to the main volume of the
NSC from the ground surface and the foundations on
which the NSC is located;

— the heat exchange of massive metal structures of
the NSC's Arch, the massive concrete structures of the
SO, the soil and foundation on which the NSC is located
between each other when considering the influence of
climatic conditions during daily, monthly and annual
cycles.

b

Fig. 2. Parts of the geometric (a) and mesh models
of the NSC, SO, soil and foundations (b)

A three-dimensional transient CFD-model, which
includes all the geometric parts of the NSC's Arch, the
objects under it, — the SO, soil and foundations (Fig. 2),
and takes into account all the associated physical
processes discussed above, was developed in the
ANSYS CFD software environment. The computational
mesh of the model ranged from 1 to 10 million control
volumes, depending on the type of task.

2. MODELING OF THE NSC's STATE

The model of thermogasdynamic and humidity
processes in the air volumes of the NSC's Arch, all
building structures of the SO, the foundations and soils



under them was developed and described in [2] and was
used for a detailed analysis of the distribution of
temperatures and humidity in the annular space and
main volume of the NSC and the SO under various
climatic conditions in steady-state and transient modes,
as well as predicting the heat-moisture state of the SO
and the NSC in the event of failure of various parts of
ventilation equipment and the distribution of RA inside
and outside of the NSC.

Presented below are brief descriptions and
illustrations of the solution to the main problems of the
NSC's state, necessary for its long-term operation. To
simulate each of the problems, a short list of input
information is given with a list of parameters that are
not well-known, that depend on time and climatic
conditions, and therefore should be specified by
identifying with measurement data at individual points
of the NSC.

2.1. HEAT AND HUMIDITY STATE OF THE NSC

Fig. 3 shows an example of a distribution of
temperatures and humidity in the annular space and
main volume of the NSC and SO in the stationary mode
in the summer at an ambient temperature of 30 °C,
relative humidity of 100% and no wind.

The figures show the uneven nature of the
distribution of temperatures and humidity in the annular
space with lower temperatures and correspondingly high
humidity values in the corners of the NSC's Arch. The
model allows to consider the non-stationary modes of
the volumetric distribution of the temperature field
under the NSC in the hourly, weekly, and annual cycles,
which is important for the analysis of convective air
flows that carry RA from the SO to the main volume of
the NSC and outside of it (see also Fig. 4,b, Figs. 5 and
6). The main size of the transferred RA is 5 um.

Fig. 3. Distribution of temperatures (a) and humidity (b)
in the annular space and main volume
of SO and NSC

The input information for performing such analysis
is the climatic data, the operation parameters of
ventilation units and drying machines, the heat
generation in the SO and NSC, as well as the volumes,
densities, heat capacities and humidity- and air
permeability of individual parts of the SO. The last
characteristics should be clarified by identification with
the temperature and humidity measurements at
individual points of the SO and NSC. An important
subtask of this type of tasks is predicting the humidity
state of the annular space of the NSC in case of failure
of the ventilation equipment.

2.2. GAS-DYNAMIC STATE OF THE NSC

As it was mentioned above, the SO contains a large
amount of nuclear fuel, solid and liquid radioactive
waste (RW) and RA, which must be constantly
monitored and taken appropriate measures of to reduce
the impact on personnel and the environment of the
NSC. Although the NSC to some extent isolates the SO,
reducing the amount of RA emissions into the
environment, but the release of RA from the SO
continues to the internal airspace (the main volume) of
the NSC itself, where the NSC and SO personnel work.
The main driving force of the RA exit from the SO, as
noted above, is the non-stationary thermogasdynamic
processes inside the SO and the NSC, namely, thermal
convection and air movement due to temperature
differences between the separate zones and the NSC
(see Fig. 4,a), in particular areas where there are fuel-
containing masses (FCM). Such temperature differences
inside the SO depend on the time of year, the activity of
the personnel in the SO, the thermal state of the NSC
and others.

On the other hand, the RA from the NSC partially
enters the environment since the NSC structure and the
gaps between the vertical walls of the NSC and the
concrete building structures under them are not airtight.
The level of RA output from the NSC directly depends
on the direction and speed of the wind; therefore, the
external flow around the NSC is also modeled using the
CFD model shown in Fig. 4,b. The largest air outflow
with the RA takes place through the gaps between the
vertical walls of the NSC and the building concrete
structures, marked with yellow lines in Fig. 4,b.

These leakages of the NSC can be characterized by
the total size of the areas of air leaks between the parts
of the NSC and the NSC with the environment. Thus,
according to the design at the end of the service (after
100 years), leakages through the outer shell of the NSC
(see Fig. 1,b, Table 1) should increase by about 5 times
compared with the beginning of the service, and the real
value determined by special tests using the developed in
2018-2020 model, they have already shown to be 6.5
times bigger reaching 1.7 m? (Table 1). For the Western
and Eastern gaps (see Fig. 1,b) they are approximately 5
and 2 times bigger than the designed gaps.

It is the Western and Eastern gaps that let air flow
from the NSC into the environment along with
radioactive aerosols (RA). The flow rates of this air
together with the RA substantially depend on the
direction and speed of the wind that flows around the
NSC from the outside.



Fig. 4. Airflow lines inside the NSC over the SO (a) (the
NSC’s Arch is not visible, example of the winter season)
and outside the NSC (b)

Dimensions of designed and actual areas of air leaks
between the NSC and the environment

Design estimations, m? A=Y
Leak model
points Start of End of Start of
operation operation operation
Outer shell 0.26 1.2 1.7
Inner shell 0.24 11 6.05
Western 0.6 0.6 3.1
gap
Eastern 18 18 3.9
gap

The air outflow with the RA through the gaps
between the vertical walls of the NSC and the concrete
building structures occurs due to the wind flowing
around the NSC and the formation of an uneven
distribution of pressure on the outer shell, walls and
gaps of the NSC, which values are positive in the
Western wall and gap and negative in the Eastern wall
and gap values when the wind is Western (and vice
versa), and can reach hundreds of Pascals. Preliminary
calculations showed that the air flow through these gaps
with a negative pressure value can reach 30% of the
main volume's exhaust ventilation flow rate that goes
through filters. Based on this, the possibility of

analyzing and predicting the distribution of radioactive
aerosols (RA) not only inside but also outside the NSC
into the environment when dismantling the existing SO
and extracting radioactive materials is an urgent and
important task, the solution of which allows to quantify
(monitor) RA emissions into the environment
depending on their concentration level inside the NSC,
as well as the direction and speed of the wind.

It should be noted that this gas-dynamic part of the
model makes it possible to determine such control
modes of ventilation units which give minimal air
outflow from the NSC.

The input information for performing such an
analysis is also the climatic data and operation
parameters of ventilation units, and the values of the
areas of air leakage between the NSC and the
environment (Table) should be periodically checked and
refined by the model by identifying the pressure and its
differences with the environment from the measurement
data in the annular space and main volume of the NSC.

2.3 RADIATION STATE OF THE NSC

The model allows to perform the analysis and
prediction of the distribution of RA inside and outside
the NSC during the extraction of FCM from the SO,
which is the most important during the operation of the
NSC. Since such work has not yet been carried out, we
will show the possibility of the model in the following
typical scenario with a more detailed description. To
estimate the radiation state of the internal space of the
NSC with significant emissions of RA, a transient
calculation was carried out using a model of the state of
the SO and the NSC during the works on the extraction
and loading of RW in the central hall of the SO
(Fig. 5,a). The calculations are based on the initial data
and the results obtained by the authors of [3], in which
they carry out a similar estimation based on the
analytical solution of the differential equation for the
balance of the amount of RA in the main volume (MV)
of the NSC. A significant difference between the
calculations using the three-dimensional CFD model is
the ability to obtain a distribution of local RA
concentrations, while the authors' approach [3] allows to
calculate only the average concentrations in the entire
main volume of the NSC.

Modeling was carried out under the conditions of the
dismantled roof of the SO and the operation of the inlet
and exhaust ventilation of the NSC, which corresponds
to the operating conditions of the NSC. The emission of
RA occurs during the loading of RW into the container.
Work is carried out in 2 shifts per day. For one shift, 2 h
is spent on loading of RW into a container,
accompanied by the release of RA, after which it is
transported. Then the second container with RW is
loaded also within 2 h, after which the work shift ends.
Every day, this cycle repeats.
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Fig. 5. The scenario of RA outflow from the central hall
of the SO (a), the dependence of the average volume
concentration of RA on time (b), obtained in [3] and the
CFD model, and the volume distribution of RA in the
main volume of NSC after 6 (c) and 12 h ( d) from the
start of work

In the CFD models of the NSC and SO, emission
occurs locally in the obstruction zone of the reactor hall
of the SO (see Fig. 5,a,c,d). The released dust does not
evenly spread throughout the internal volume of the
NSC and, ultimately, is removed by exhaust ventilation
from the OO. The emission rate of RA in the models
was taken to be 0.316 kg/h, estimated on the basis of
such data: container volume — 3m? specific RW

emission K =0.169 kg/t, specific RA activity
A =1-10° Bqg/kg, emission value E = 3.16-10" Bg/h. The
air exchange of the NSC's MV, and, consequently, the
speed of the RA withdrawing during the operation of the
NSC is determined by the exhaust ventilation flow rate
and the MV value. To get closer to the initial data [3] in
the CFD model, the exhaust ventilation flow rate was
used, which provided an air exchange rate of
1.4 volumes/day.

An essential assumption of work [3] was not to take
into account the spatial location of the RA source, the
ventilation system pipes and the general geometric
configuration of the NSC's MV, and, therefore, the
inhomogeneous distribution of the RA concentration
over the space, as well as dust settling on horizontal
surfaces under the NSC, were not taken into account. In
CFD models, such assumptions were absent.

The obtained time dependence of the RA
concentration in the NSC’s MV obtained by both
models is shown in (see Fig. 5,b).

Fig.5,c,d also show the distribution of
concentrations at times of maximum concentration (6 h
from the start of the shift), as well as 12 h after the start
of the shift. It can be seen from the comparison results
that the average volume concentration of RA obtained
as a result of CFD modeling are close to the results of
[3], however, the results of CFD modeling are lower due
to the neglect of dust precipitation in calculations [3].

As noted above, the great advantage of CFD
modeling is the ability to quantify the distribution of RA
concentration levels in the airspace of the NSC. So for
this example, it can be seen that local concentrations of
RA near the place of loading of RW into containers at
certain points in time can reach ~ 2.6 kBg/m®, which
significantly exceeds the permissible value of
200 Bg/m? for personnel, and even less at the entrance
to the lock chamber for containers transporting.

Analysis of RA movement in the main volume of the
NSC and possible emissions into the environment
through leaks between the vertical walls of the NSC and
the SO’s buildings, in addition to the removal of RW, is
also important during the dismantling of unstable
structures of the SO and therefore one of the main tasks
of the NSC is to constantly analyze the level of RA in
the main volume of the NSC and outside of it, it's
impact on personnel who will work there during the
dismantling of blockages and removal of FCM and
FCW from the SO during the entire life of the NSC. For
this, the model allows us to represent the distribution of
RA concentrations of different levels simultaneously in
the form of isosurfaces both inside and outside the NSC
(Fig. 6).

Thus, it can be stated that the radiation state of the
NSC is best described by the CFD model described
above, which makes it possible to obtain the distribution
of RA values in the entire volume of the NSC as part of
the NSC’s state monitoring system, which also makes it
possible to predict reaching of critical RA values and
take the necessary measures for personnel protection.



Fig. 6. Distribution of RA concentration (Bg/m®) inside
and outside the NSC in the form of isosurfaces of
different levels

The input information for performing such an
analysis is the measured values of RA concentrations at
individual points in the central hall of the SO and the
main volume of the NSC, with which the model should
identify the intensity of the RA source, as well as
reconstruct and predict the volume field of the RA
inside and outside the NSC.

3. CFD-MODEL-DIGITAL TWIN
OF THE NSC

For the effective application of the considered model
of the NSC's state, it is necessary to ensure its adequacy
to the real state of the NSC. When considering
individual subtasks to be solved with the help of the
model, the parameters of the model were indicated (total
10-15), which must be identified by the received data of
the NSC’s state. Such state measurements are taken at
various points of the NSC with different frequencies
during its life. According to this data, the model should
constantly adapt (self-learn) in automatic mode, what is
the most important and difficult to implement. For such
learning, the model must be in constant or periodic
interactive communication with the serviced object, take
into account changes in it, and be prepared to predict
and, if necessary, manage its state.

To meet such requirements, the concept of so-called
“digital twins” has now appeared in the methodology
for modeling various objects (and processes, including
technological) with related software. We will consider
the existing definitions, methodology, software
implementation of the “digital twins” concept.

In [4], Digital Twin is defined as a software
analogue of a physical device that simulates internal
processes, technical characteristics, and behavior of a
real object under the influence of interference and the
environment. In fact, this is a set of mathematical
models and submodels [5] that describe the state of an
object and all its elements. In the general case, a digital
twin includes: a geometric model of an object, a set of
calculated data of parts, assemblies, and the object as a
whole, mathematical models that describe all physical
processes occurring in an object, information about
technological processes of manufacturing and assembly
of individual elements, some data on object tests, for
example, readings of sensors with which calculated data
can be confirmed, a product life cycle management

system that links all of the above objects into a single
structure.

A positive feature of the digital twin is its interaction
with sensors of a real object. The information that
comes from real sensors is compared with the
calculations of a digital twin, which allows refinement
of the model parameters. This is useful both at the stage
of creating a digital twin and at the stage of its
operation, since the parameters of a real object can
change over time and they need to be promptly updated
in the developed model of a real object to ensure its
adequacy.

The relevant approach to connecting a digital twin
with a real object is cloud services, which, in general,
makes the digital twin an important participant in the so-
called Industrial Internet of Things (I110T).

Software is also being developed for creating digital
twins of various objects, which also include means of
validation and interactive integration with a real object.

Some examples of such programs are given below.

1. ANSYS Twin Builder software [6] allows you to
create, verify and deploy digital twins based on
simulation within a single workflow with IloT data,
which allows you to switch to reduced-order models
(ROM) from 3D models, perform multivariate
calculations to accelerate preliminary analysis and
optimization, then go back to the 3D model with the
import of the results of reduced-order models for more
detailed tuning and optimization of parameters, as well
as the use of a number of popular 10T platforms for the
integration of digital counterparts with serviced objects.

2. Altair HyperWorks software [7], created to
simulate an object as a digital twin using a cloud
platform with 10T Carriots technology for managing a
digital twin and linking data with the concept,
development and verification of the design stage of the
product-object and transmitting the data back to the user
to make important decisions, such as equipment
maintenance planning, which allows you to combine
these two software products.

3. ThingWorx 8 software [8] created to simulate and
optimize a digital twin with an emphasis on optimizing
the life cycle (resource) and communication with a real
object (industrial 10T data), as well as the ability to
integrate with ANSYS Simplorer (Twin Builder) for
simulation with reduced order models (ROMs) derived
from 3D models that are also compatible with
ThingWorx 8.

Summarizing the above about digital twins and its
capabilities and comparing them with the developed and
described model of the state of the NSC, we can say that
this CFD model is essentially created as a digital twin of
the NSC of the ChNPP. There are several reasons for
saying so. First of all, the NSC is an important
technogenic object, which should ensure the radiation
safety of the Chernobyl NPP and the environment.
Secondly, the service life of the NSC should be at least
100 years - the time required to turn the destroyed 4th
power unit into an environmentally safe system. It
seems to us that for such a long-term service of the
NSC, the CFD-model-digital twin of its state should be
included in the NSC"s monitoring system, the scheme of
which is presented below.



4. MONITORING OF THE NSC’s STATE

The following requirements can be formulated for
such a system for monitoring the state of the NSC:

1. The existence of a CFD model of the object,
which describes the state of the object in detail.

2. The interaction of the CFD model with the
measured parameters of the object.

3. The existence of a procedure for identifying
model characteristics according to measurements at
individual points of the NSC.

4. The use of a CFD model of an object for
predicting the state of an object, for example, predicting
possible emergency situations.

5. The work of the CFD-model in automatic mode in
“real” time.

Fig. 7 shows the proposed scheme for the interaction
between the components of the radiation situation
monitoring system of the NSC and SO with each other
as well as with the NSC. Such monitoring is called
CFD-monitoring by the authors, since it is based on the
use of CFD models.

As can be seen from the figure, monitoring
materially consists of 2 parts — software and hardware.

For its functioning, in addition to these two parts,
only data exchange (via the Internet) between the NSC
and the  monitoring  system is  required.

| CFD-monitoring components

‘ Climate data acquisition |

Receiving measurement data from
different places of the NSC and SO

SOFTWARE FOR:

1. Climate data acquisition

2. Receiving measurement data from
different places of the NSC and SO
3. NSC and SO state CFD-
modeling

4. NSC and SO CFD-model
parameter identification

3. Interraction and synchronisation
of monitoring's components

Transfer of the current and prediction of the
possible state of the NSC and the 50. Solving
the problems of the analysis of the
consequences of engineering equipment failure

COMPONENTS AND THE INTERACTION SCHEME OF CFD-MONITORING WITH THE NSC AND S50
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Internet,
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-Contours of temperature
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Fig. 7. Scheme of interaction between the components of the radiation state of the NSC
and SO monitoring system with each other and via the Internet

Thereby, the developed model can be included in the
system of constantly operating monitoring of the NSC
and SO as the so-called “digital twin of the NSC”,
which allows analyzing and predicting of its state and
clarifying operational parameters during various
standard and emergency situations throughout the life of
the NSC.

The use of the NSC ChNPP's digital twin will
significantly facilitate the successful implementation of
the project to transform the Chernobyl Shelter Object
into an environmentally safe system [9].

CONCLUSIONS

A computer CFD model of the thermogasdynamic,
humidity, and radiation state of the NSC has been
developed, which allows detailed analysis and
prediction of the operational parameters and radiation
state of the NSC and the environment near the site of the
Chernobyl NPP over a 100-year period of operation of
the NSC during RW extraction from the SO.

To ensure the adequacy of the model to various NSC
states during long-term operation, it should possess the
properties of the so-called “digital twins” and should be
the basis of the developed CFD monitoring of the
NSC's state, which in turn should be included in the
existing integrated NSC and OS control system [10].

The novelty of the work is to set out the possibilities
and analyze the requirements for the developed CFD
model of the radiation state of the NSC as a digital twin
to ensure its operability as part of the NFC CFD
monitoring.

The work was carried out with financial and
informational support from the VINCI Construction
Grands Projets / Bouygues Travaux Publics
NOVARKA consortium, the Chernobyl NPP, the
National Academy of Sciences of Ukraine and the
NATO science program “Science for Peace and
Security”.
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CFD-MOJIEJIb KAK IN®POBOM IBOMHUK PAJJMAIITMOHHOI'O COCTOSIHUSI HOBOI'O
BE3OINACHOI'O KOH®AMHMEHTA YEPHOBBLJIBCKOM ADC

ILTI. Kpykoeckui, E.B. /[aowouwxko, B.O. I'apun, O.B. Tpugonos, 10.10. Kabanos

OO0O0CHOBBIBaeTCSl HEOOXOIMMOCTD JIETAILHOTO aHAIM3a U MPOTHO3MPOBaHMUs pabovYHX MapamMeTpoB U pacipeaeieH s
pamnoakTuBHBIX a’dpo3oneir (PA) B OOwexte «YkpwiTHe» (OVY), HOBOM Oe3zomacHoMm KoH(paitamenTte (HBK) u
okpyxatomeir cpene YepHoObuibckolt ADC Ha mpoTsokeHmn 100-metHel skcruryaranmu HBK npu m3BneueHwnn
pamnoakTuBHEIX 0TX0A0B (PAO) m3 OY. s storo pa3paborana kommbioTepHass CFD (Computational Fluid Dynamic)
MOJIeNb, TIO3BOJISIONIAas MPOBEJCHHE aHAJIM3a, MPOTHO3MPOBAHMS W  YNPABIECHUS TEPMOTa30JHHAMHUYECKOTO,
BJIXXHOCTHOTO ¥ paananuonHoro coctossHuii HBK. PaccmarpuBatoTest Bompocs! obecrieueHns aieKBaTHOCTH MOJAEIH
pasnuuHbIM cocTostHusM HBK mpu jumTenbHON SKCIUTyaTallii HA OCHOBE COBPEMEHHON TEXHOJIOTHH TaK Ha3bIBa€MbIX
camooOyuaronuxcs U poBbix ABoitHUKOB (Digital Twin) u CFD-MoHUTOpHHTa 0C000 BaXKHBIX M OMACHBIX 0OBEKTOB,
0COOEHHO SAECPHBIX.

CFD-MOJIEJIB SIK IIM®POBUMH JIBINHUK PANIAIIIMHOI'O CTAHY HOBOT'O BE3IIEYHOI'O
KOH®AMHMEHTA YOPHOBMJIbCHKOI AEC

ILI. Kpykoecokuii, €.B. /Iaowwxo, B.O. I'apin, O.B. Tpugonos, I0.10. Kabanos

OOrpyHTOBY€ETBCSI HEOOXINHICTH [ETaNBbHOTO aHaji3y Ta MPOTHO3YBAaHHSI poOOYMX MapaMmeTpiB i po3momiry
pamioakTuBHHX aepo3oniB (PA) B OG'exti «Ykpurrs» (OY), HOBoMy Oe3nmeunomy koHpaitamenti (HBK) i
HaBKOJIMIIHBEOMY cepenoBuini YopHoOmiscekoi AEC mporsrom 100-piunoi excruryaranii HBK mpum noGysanHi
panioaktuBauX BigxoaiB (PAB) 3 OVY. Ins mporo pospobneHa xomm'rorepHa CFD (Computational Fluid Dynamic)
MOJIeIb, IO JIO3BOJISIE MPOBEIEHHS aHali3y, MPOTHO3YBAHHS Ta YIPABIIHHS TEPMOTa30MHAMIYHOTO, BOJIOTICHOTO i
pamianiitnoro craniB HBK. PosrmsmaroTbcss mutaHHs 3a0e3medeHHs ajeKBaTHOCTI Mojeni pisHuM crtanamMm HBK mpu
TpHBaIii eKcIulyaralii Ha OCHOBI CydacHOi TEXHOJIOTIT TaKk 3BaHMX caMOHaB4aroumxcs 1udposux asidHukiB (Digital
Twin) i CFD-MoHiTOpHHTY 0COOIMBO BaXKJIMBUX 1 HEOE3MEUHUX 00'€KTIB, OCOOJIMBO SIICPHUX.
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