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This work demonstrates the results of full-scale numerical experiments of a hybrid thorium-containing
fuel plant operating in a state close to critical due to a controlled source of D—T neutrons. The proposed
facility represented a level of generated power (~10—100 MW;) in a small pilot. In this work, the
simulation of the D—T neutron plasma source operation in conjunction with the facility blanket was
performed. The fission of fuel nuclei and the formation of spatial-energy release were studied in this
simulation, in pulsed and stationary modes of the facility operation. The optimization results of neutronic
and fluid dynamics studies to level the emerging offsets of the radial energy formed in the volume of the
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D—T neutrons
Neutronic and thermohydraulic studies

which a blanket with nuclear fuel covers thermonuclear plasma
torus. The facility includes one subsystem containing ?H and >H
isotopes for the fusion process and another that represents a
blanket loaded with isotopic composition fuel characteristic of

1. Introduction

The current state of research in nuclear and thermonuclear
energy, and building power plant areas necessitates the further

development of nuclear energy as a hybrid system [1—-21]. With
this aim, in February 2022, at the open scientific seminar Controlled
Fusion and Plasma Technologies, State Corporation Rosatom,
announced innovative nuclear systems using tokamak-based
sources of thermonuclear neutrons [10].

One example of such facilities is a detailed project for the
tokamak with reactor technologies designed in Russia [10], in

Abbreviations: HGTRU, High-temperature gas-cooled thorium reactor unit; PSN,
Plasma source neutron; HTGR, High-temperature gas-cooled reactor; HTTR, High-
temperature engineering test reactor; PCSM, power control-based subcriticality
monitoring; WG, Weapons-grade; IAEA, International Atomic Energy Agency.
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Research Tomsk Polytechnic University, 634050, Tomsk, Russian Federation.
E-mail address: bedenko@tpu.ru (S.V. Bedenko).

https://doi.org/10.1016/j.net.2023.03.032

typical fission reactors. Korea Superconducting Tokamak Advanced
Research (KSTAR) is another similar facility developed in Korea
Institute of Fusion Energy (https://www.kfe.re.kr/eng/index) where
a 30-s plasma confinement at 100 million °C (on November 2021
[20]) has been achieved. The second one is The Experimental
Advanced Superconducting Tokamak (EAST) (on January 2022 [21])
which belongs to Institute of Plasma Physics Chinese Academy Of
Sciences (http://english.ipp.cas.cn). This facility kept the 70 million
°C heated plasma for 1056 s.

Another project of a hybrid reactor is a volume loaded with fuel
for nuclear fission reactors receiving additional neutrons from
outside that are produced in (p, n) reactions [1,2,15,16,21]. Imple-
menting such a hybrid power plant with external neutron fluxes
emerging from the tokamak plasma or from a target irradiated by
the proton beam from a high energy accelerator is acceptable for
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practice only with its tens of Gigawatts of power. This power level
determines the possibility of such a power station in the distant
future [3,5]. On the other hand, nuclear power plants with less
power can be designed, which will be more reliable in the near
future. This work aims to develop the facility for a power level of
about 60 MW, using the positive features of hybrid power plants.
Creating a pilot facility with mentioned moderate power level is
possible in the next 15—20 years. In this case, it opens up the
possibility for practice application of the energy hybrid power
plants in an acceptable, relatively short time. Therefore, it has been
decided to study the development of small types to have the
prospect of entering the field of using energy in the near future
[7-9,13,17].

The facility modeled in the present study is a hybrid reactor with
a core (i.e., blanket) consisting of prismatic graphite-block assem-
blies and an additional extended plasma source of D—T neutrons
(PSN) with a linear configuration (see Fig. 1 [9] and Table 1).

The transfer of additionally generated neutrons to the entire
hybrid system working in subcritical operation mode (kegr = 0.95,
with the corresponding neutron amplification value of 20) can in-
crease the nuclear safety level. It should be noted that safe opera-
tion will depend largely on the reliable operation of the PSN and its
structural elements (i.e., the reliability of superconducting mag-
nets, mirror coils, injectors, cooling system, etc.). One should be
taken that any PSN malfunction will lead to a fast decay of plasma
parameters, including the rate of thermonuclear reactions, which
result in the fade-out of the neutron source in case of failure.

Earlier studies [7,17] showed that when a neutron flux with an
intensity of 2.56 x 10" n.s~! enters the multiplying blanket region
in the PSN facility, the neutron flux will increase to ~10° n.s™%. In
the repetitively pulsed mode of the PSN operation, its flux forms an
offset of the energy release field and, consequently, a temperature
field gradient. This requires a separate study of the temporal dy-
namics behavior of the fission process of fuel nuclei.

In this research, the optimization of thermophysical character-
istics is presented, and the discussions are presented on the fluid
dynamics modeling to level the resulting offsets of the radial and
axial energy release components formed in the blanket volume due
to the pulsed mode of the PSN operation.

These computational studies will make it possible to begin the
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creation and organization of reliable operation of a subcritical fa-
cility, which enables conducting experiments to study the proper-
ties of fuel and materials, and the possibility of their application in
hybrid and thermonuclear systems. If the pilot experiments are
successful, the fusion—fission plant under study can be integrated
into the existing small generation fleet and the energy system of
the future thermonuclear power industry.

Studies on increasing the PSN brightness and modeling its
operating modes were conducted using the DOL [17] and PRIZMA
[22] programs. Neutronic, thermophysical optimization and ther-
mohydraulic calculations were carried out using verified Serpent
2.1.31 [23] and Siemens Simcenter FIOEFD 2020.2 [24] software
codes. The developed models and results, as well as various aspects
of the solutions obtained earlier, are demonstrated and discussed in
the next sections.

2. Materials and methods

This section describes the models and methods of three calcu-
lation steps. In the first step, the magnetic field was calculated
using the DOL code and the optimal D—T configuration of the
source and the spatial-energy distribution of neutrons were ob-
tained. The second step analyzes the stationery and pulse—periodic
operation of the PSN in conjunction with the blanket. The
computational analysis was performed using the DOL and PRIZMA
programs. The obtained results and data sets were used as input
parameters for specifying the source D—T and calculating the en-
ergy release peak values using the Serpent 2.1.31 code. In the third
step, using Siemens Simcenter FIOEFD 2020.2. The cooling condi-
tions of the blanket and PSN are studied.

2.1. Neutronic blanket model

In the proposed fusion—fission reactor, the blanket part of the
facility is based on the active-zone concept of a multi-purpose
high-temperature gas-cooled low-power reactor unit (HGTRU)
[8,18,19] with a near-axial region modified under the PSN [13]. The
modified core (see Figs. 1 and 2a and b, and Table 1) is a blanket
composed of prismatic graphite fuel containing dispersive fuel in
the channels and fuel-free blocks.

Chamber section for
thermonuclear neutron
generation in the fuel

assembly

Nuclear reactor fuel
assembly

Neutron
protection

Four absorbers of the

atom beam part

passing through the

plasma

Fig. 1. The conceptual design of a hybrid fusion—fission reactor facility.
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Table 1
Technical specifications of the blanket and PSN.
Specification Value
Thermal power (MW,) 60
Coolant pressure (MPa) 10
Blanket parameters
Height (m) 3
Fuel section height (m) 24
Width (m) 2.762
Number of fuel blocks in core (pcs) 216
Mass of heavy metals (kg) 290.77
Fuel block parameters
Width (m) 0.208
Height (m) 0.8
Number of channels for fuel (pcs) 76
Number of channels for coolant (pcs) 7
The diameter of channels for fuel (m) 10.17 x 103
The diameter of channels for coolant (m) 24 x 1073
Fuel compact parameters
Height (m) 20 x 1073
Diameter (m) 10.17 x 1073
SiC coating thickness (pum) 300
Volume fraction of the dispersed phase (not-profiled blanket) 0.17
Atomic fraction “&Pu/Th (%) 50/50
Wepy isotopes (%) 239py (94)
240py (5
241py (1)
PSN parameters
Length of the plasma column in the neutron-producing section (m) 3
Outer diameter of the solenoid inside the subcritical assembly (m) 0.6
Inner diameter of the vacuum chamber in the neutron-producing section (m) 0.35
Magnetic field in the neutron-producing section (T) 2.0-2.5
Length of a plasma column with sloshing ions (m) 12
Magnetic field in the section for neutral beam injection (T) 0.7-1.0
Magnetic field in the mirror plug (T) 15
Particle energy of the injected beams (keV) 40
Total power of beam injection (MW) 70
Total neutron yield from plasma (n.s~') 5.64 x 10'7

The dispersed fuel is a homogeneous—heterogeneous structure
of microscopic bistructural isotropic fuel particles encapsulated
inside a graphite fuel compact (see Fig. 2b). Fuel particles include a
kernel] (Weapons-grade(we)py; and thorium dioxides) and two layers of
functional coatings—PyC and Ti3SiC,. Helium, traditional for this
reactor type, is used as a coolant, and graphite is used as the main
structural material of the blanket and moderator.

Interest in the design of the HGTRU blanket [8,18,19] is due to
the following features of the core, which are also characteristic of
typical HTGRs [25—29].

e High rates of inherent safety;

e Thermal stability of micro-encapsulated fuel, functional coat-
ings, and core structural materials;

e Inert and non-activated coolant;

e The possibility of generating high-potential heat, which makes
enables using a power unit of this type not only for generating
electricity but also for pyrochemical processing of chemical
industries.

In addition, the structural features of the encapsulated fuel
enable achieving very high burn-up at enrichment of up to 20%, i.e.,
the border of the “HEU” category according to the IAEA classifica-
tion [30] is not crossed, which, subject to IAEA safeguards, has a
positive effect on both efficiency and economy facility.

The work analyzes the facility's operation with a (WPu—"2'Th)
O,—blanket (see Table 1). The main reason for considering the
possibility of using “8Pu [31] (**°Pu (47%), 2*°Pu (2.5%), 24'Pu
(0.5%)), and ™'Th (50%) is the economic attractiveness of this
composition for Russian and several other regions. Thorium has a
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minimal price since natural thorium consists of a single isotope and
does not require complex isotope separation technology. The re-
serves of thorium on the planet exceed the reserves of uranium by
4—5 times. Thorium deposits are more accessible (for example, in
the Siberian region in Russia, near Tomsk and Novokuznetsk) than
uranium. At the same time, it is also important that thorium and
plutonium have already been accumulated in large quantities in
Russia and in the world.

Using additional PSN neutrons improves the inherent safety of
the reactor and the possibility of irradiating special targets with
neutrons with an energy of 14.1 MeV, which enables using fuel of
any isotopic composition and effectively burn-up “&Pu and minor
actinides.

Given these and other well-known advantages of thorium
compositions [32], as well as the positive aspects of subcritical
nuclear facilities, an HGTRU [8,18] with a modified para-axial region
under the PSN is an attractive solution for the future energy.

2.2. Plasma-physical model of PSN

The PSN (see Fig. 2¢)[13] is a plasma-extended vacuum chamber
with a linear configuration (axially symmetrical plasma trap), in
which the magnetic field maintains the required high-temperature
plasma. This area is limited by magnetic mirrors, which are located
at the coordinates y; = —5 m and y,; = 10 m, as seen in Fig. 3. This
area of the vacuum chamber can be conditionally divided into two
parts. The first one is designed to accommodate atomic beam in-
jectors where the magnetic field induction of the chamber is
practically independent of the y-coordinate in its value range
of -18 m<y<22m.
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Fig. 2. The schematic view of the solution design for a hybrid fusion—fission reactor facility: (a) The 3D model of the facility (1—4 are numbers of rows with fuel and non-fuel blocks,
(b) Fuel compact and micro-encapsulated fuel; (c) The PSN 3D model (dimensions are given in centimeters).
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Fig. 3. Magnetic field induction B(y) as a function of the y-coordinate along the setup
axis.

The second chamber part (see coordinates 4 m <y < 7 m) was
located inside the subcritical blanket. The primary D—T neutrons
were generated in this 3-m part of the chamber. The magnetic field
was slowly built up here, providing an almost uniform neutron
production profile.

The generation of thermonuclear neutrons in PSN was simu-
lated using the computer code DOL [17]. The DOL code is based on
three main components of the model. The first of them is a solver of
the non-stationary Fokker—Planck kinetic equation. It can be used
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to simulate the dynamics of the distribution function of high energy
fast sloshing ions in a magnetic trap. The second component is the
solver of non-stationary particles and energy balance equations for
the background plasma. This plasma includes warm ions and
electrons with temperatures below 1 keV. It is assumed that this
plasma has a temperature much lower than the average energy of
fast sloshing ions and has a Maxwellian distribution function. The
third component is the solver of the stationary kinetic equation for
the neutral gas distribution function in a magnetic trap. It allows
one to calculate the interaction between plasma and neutral beams,
which are created by a system of injectors. These neutral beams
provide heating of the plasma.

Having taken into consideration of the plasma parameters re-
ported in Ref. [17] (the optimal design variant v5 according to
Ref. [17] was obtained for a configuration with the following pa-
rameters: Pjpj = 30 MW and Ejyj = 70 keV), the generation process
of primary D—T neutrons was performed with new initial param-
eters (design variant v6).

In the present work, the optimum v6 design is achieved through
suppressing longitudinal losses by multiple-mirror sections at a
total injection power Pj,; of 40 MW and an energy of injected atoms
Einj of 70 keV (see the v6 design variant in Table 2), resulting in a
total neutron yield of 5.64 x 107 n.s~.

In this configuration, the radius of the plasma column in the 3-m
blanket part was fixed at a distance of 10 cm. In contrast to variant
v5, the shape of the D—T source was almost cylindrical.

The longitudinal profile of the neutron yield Yy(y) for the
optimal variant v6 is the facility in Fig. 4. This optimal Yy(y) was
used in calculations to find the energy distribution of the neutron
flux density ¢fusion(E) (see Fig. 5) coming from the PSN to the
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Table 2
Parameters of the optimal configuration of the D—T source for the calculation un-
dertaken in v6 (the parameters for deuterium and tritium are separated by a slash).

Calculation variant v6

Plasma isotope composition 50% D + 50% T

Plasma radius in central plane (cm) 20
Axial losses suppression provided by multimirror sections 4
Injection power (MW) 40
Injection energy (keV) 70
Gas feed rate (eq. A) 3.2/3.2
Temperature of electrons (keV) 0.77
Temperature of ions (keV) 0.72/0.70
Fast ion density in the blanket (10'* cm~3) 5.5/7.5
Warm ion density in the blanket (10> cm~3) 1.8/2.3
Maximum relative pressure f 0.22
Captured part of injection power 0.95/0.98
Classical to gas-dynamic confinement times ratio 0.95/1.06
Neutron yield in the blanket (n.s~') 2.55 x 10"
Total neutron yield from plasma (n.s™') 5.64 x 107
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Fig. 4. The longitudinal profile of the neutron yield Y,(y) versus the distance from the
plasma column.
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Fig. 5. Energy distribution of neutron flux density PSN.

blanket part of the facility. Spatial (see Fig. 4) and energy (see Fig. 5)
distribution of neutrons were input data sets for 3D neutronic and
thermophysical calculations.
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It should be noted that the plasma column was formed in a
repetitively pulsed regime in the PSN—blanket configuration of this
study. Basically, the wave of the nuclear fissions occurs in
(Y8Pu—"3Th)0, fuel and then propagates from the axial region over
the entire multiplying part in a time correlation with the operating
PSN.

The simulation of the PSN operation in conjunction with the
facility blanket was carried out with the PRIZMA code. However,
some necessary subroutines were provided by the team in FSUE
“RFNC—VNIITF named after Academ. E.I. Zababakhin” [22]. The
simulation used the estimated pointwise nuclear data converted
from the ENDF-B/VIL1 library [33], as well as additional data for
neutron scattering in graphite from the ENDF-B/VILO library. In
each calculation, 10° histories were played, ensuring the accuracy of
the desired solution equal to 0.01%.

The simulation model (see Fig. 6a and b) used in simulations
with the PRIZMA code involved an axially symmetric 3D configu-
ration with four regions of different properties, which were sepa-
rated by circles with radii of 30, 41.03, 89.8, and 122.4 cm.

The inner axial region of the model (yellow circle in the center in
Fig. 6b) contained a pulse—periodic source of D—T neutrons, and
the outer region (gray ring) contained a graphite reflector. Between
these areas, a fuel blanket consisting of 50 layers of equal volume
were used, which were filled with homogenized (“8Pu—"2'Th)0,
fuel (brown ring in Fig. 6b) and a layer of graphite without fuel
blocks (gray ring in Fig. 6b, adjacent to D—T neutrons).

The performed calculations of the spatiotemporal parameters of
PSN for various emission modes showed that when the duration of
the thermonuclear combustion pulse and the duty cycle were 1 ms
and 2, respectively, the observed peak in the fission rate
(fissiones~lesource™!) in the impulse became less noticeable and
almost negated. In the first layer of fuel blocks adjacent to the PSN,
the influence of the pulse—periodic mode was visible (see Fig. 7a,
layer 5 was included in the computational region of the second row
of fuel blocks). In turn, there was no non-stationarity at the pe-
riphery of the fuel part (see Fig. 7b, layer 50 was included in the
computational region of the fourth (peripheral) row of fuel blocks).

It should be noted that the asymptotic state (steady-state) was
observed in the time interval from 0.1 to 1 s. In a second state, the
total number of fissions in the blanket increased to 20 (per one
neutron from the PSN to the blanket). This value did not change
further, providing blanket heating at a constant rate. Thus, the fa-
cility must be started with a warm blanket to exclude the
destructive effect of the PSN pulse mode on the fuel blocks at the
startup moment.

Computational analysis of the balance of fission neutrons (see in
Fig. 8 for energy ofssion(E) and spatial ¢gssion(R) distributions)
generated in the blanket 1 s after the PSN startup (i.e., when the
asymptote is reached) showed that their spectrum ¢gssion(E) (see
Fig. 8a) contained 28.12% neutrons with energies from O to 0.5 eV
(blue line in Figs. 8b and 51.05% of neutrons with energies from
0.5 eV to 100 keV (green line in Figs. 8b) and 20.84% (red line in
Fig. 8b) with energies from 100 keV up to 20 MeV. Thus, the
(“8Pu—"3Th)0,—blanket powered by additional D—T neutrons PSN
was a fusion—fission system with an epithermal neutron spectrum,
i.e., with a spectrum characteristic of breeder systems. The
dependence of the neutron flux density ¢gssion(R) on the radius (for
layers from 1 to 50) for three energy groups is illustrated in Fig. 8b.

After analyzing the obtained results, it was decided to consider
the pulsed neutrons as a quasi-stationary source and use a reactor
simulation program code based on the Serpent 2.1.31 (JENDL-4.0)
[33] Monte Carlo method for optimization purposes. In each
calculation, 107 histories were played, making it possible to ensure
the desired solution's accuracy equaled 0.1%.
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Fig. 6. (a) The cross-section of the original configuration and (b) the equivalent simulation 3D model.
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Fig. 8. (a) Energy and (b) spatial neutron flux density distribution in the facility blanket.

2.3. Thermohydraulic blanket model

Thermohydraulic modeling was performed by the finite
element method in the conjugate formulation: both heat transfer
due to heat conduction and convective heat transfer were consid-
ered. The blanket configuration is shown in Fig. 2a. We used the
standard FIoEFD mesh generator from the Siemens Simcenter
FIoEFD 2020.2 program code [24] to construct the mesh model.
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According to the optimization results in the previous step, the en-
ergy release was assumed to be the same in all fuel blocks. For the
1/12 blanket model, the thermal power in the calculations was
assumed to be 5000 kW,.

A series of optimization parametric calculations were carried
out for effective cooling of the blanket and PSN. In the calculations,
the coolant parameters (temperature, pressure, and velocity) were
the variable parameters, and the target ones were the temperature
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extremes of the PSN materials and the blanket. The thermophysical
properties of helium, structural materials and fuel, and the built-in
FIoEFD library and research results [34] were used to choose the
helium parameters. The calculation results for the main operating
parameters (fuel and graphite temperatures; coolant temperature,
pressure, and helium velocity) of the blanket were compared with
similar experimental and calculated parameters of the HTTR
reference facility [25—27].

3. Results and discussion

This section presents the results of conjugate neutronic, ther-
mophysical, and thermohydraulic calculations. This aims to deter-
mine the temperature mode for blanket cooling by a helium flow,
construct temperature fields, search for temperature extremes, and
estimate offsets of the energy release field in the blanket volume.

3.1. Results of neutronic and thermophysical simulation

Thermophysical optimization (see Fig. 9a and b) of the blanket
was performed according to the energy release profile along the
radius by changing the Pu fraction content. Fuel blocks of rows 2—4
(see specifiers 1—4 in Fig. 2a) were loaded with fuel where the
volume fractions of the dispersed phase were wpf = 7%, 9%, 13%, 17%,
21%, and 31%.

Considering the loading shown in Fig. 9b, the uniformity of the
radial power release profile was improved, and the power output
peaks were reduced by 19% compared to the unshaped blanket part
(see Fig. 9a) and by 7% compared with the results obtained earlier in
Ref. [9].

a b

Fig. 9. (a) Cartogram of loading of non-profiled and (b) profiled multiplying part (rows
2—4) of the facility blanket.
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3.2. Results of thermohydraulic simulation

The thermohydraulic simulation results (see Fig. 10) for the left
1/12th part of the sector used in the calculation model) confirmed
that the temperature of both the first fuel-free and the second row
of the fuel blocks were reduced to the values required for the
normal PSN operation. The most energy-intensive region of the
blanket was located in the third row at the height of 2.64 m. Here,
the maximum fuel and graphite temperature reached 1335 °C,
which did not change significantly in the azimuthal direction. In
addition, an almost uniform temperature profile was found for the
third and fourth rows of blocks (see Fig. 10b).

Fig. 11 shows the temperature fields on the surface of channels
with coolant. Here, the maximum temperature of helium will reach
987.80 °C. At the blanket outlet (i.e., at the level of 2.7 m, see the
2700 Solid Max/Fluid level in Fig. 11), the average helium temper-
ature of the third row with the maximum temperature load was

Surface 5: Maximum ,
Temperature (Fluid) | 987.80 °C

993.71
930.73
867,74
804.75 ‘
741.77
678.78
615.79
552.81
489.82
426.83
Temperature
Fluid [°C]

Y

A

z X

Fig. 11. The temperature field on the surface of coolant channels for the 1/12 blanket
model.

1336.55
1235.47
1134.39
1033.31
932.23
831.15
730.07
628.99
527.91
426.83
Temperature [°C]

Temperature | 1334.94 °C

Temperature| 437.89 °C

2684

Fig. 10. (a) The model 1/12 blanket and (b) cartogram (1/6 blanket) of the load and the blanket temperature profile in the cross-section with the maximum temperature.
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Parameters 2

\ Pressure 9995760.41 Pa
Outlet 45.57 m/
speed (Y) AL
Outlet
temperature| 713.45 °C
(fluid)
Mass Flow 0.6545 kg/s

Y

1—>X

‘  Parameters1
Pressure 1.00E+7 Pa
Inlet
speed (Y) 30.00 m/s
Inlet

/ | temperature| 426.00 °C
(fluid)
Mass Flow 0.6545 kg/s

a
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2700 Solid Max

Temp. [ 975.7 °C

Temperature [°C]

1245.94
1154.85
1063.76
97268 /.
881.59 /.
790.50 /.
699.42
608.33
517.24
426.15

b

Fig. 12. (a) The column model of the third row (1/72 blanket) and (b) the temperature field of materials in the cross-section at the height of 2.7 m.

731.5 °C (see Fig. 12b, 2700 Fluid). This result was obtained for the
model shown in Fig. 12a, and the boundary conditions given in
Table 3.

Thus, considering an additional option allowing using the pro-
duced high-temperature heat to produce hydrogen by the steam
reforming method, blanket cooling conditions were studied.

It should be noted that the operating temperatures of dispersed
(“&Pu—"3'Th)0,—fuel and the graphite should not exceed 1250 °C
and 1300 °C, respectively [25,29,35]. However, Fig. 10 shows that
the allowable limits for fuel and graphite exceeded 6.3% and 2.6%,
respectively. The boundary conditions (see Table 3) selected based
on the results of a series of variant simulations, with the observed
local excess of permissible limits, enabled obtaining the helium
temperature required for pyrochemical stages of chemical
production.

The obtained results showed satisfactory agreement between
the main operational parameters (fuel and graphite temperature;
coolant temperature, pressure, and helium velocity) of the setup
blanket with similar experimental and calculated parameters of the
reference HTTR [25—27], and other types of HTGRs [25,29,35].

The intensity of the local energy generated from the third row
can be reduced, for example, by changing the flow area configu-
ration of the channels for helium, while using the same flow area
for the first, second, and fourth rows of the blocks. Using local
resistance, for example, the so-called flow-measuring washers or
heat transfer intensifiers, is another option that does not require a
new set of neutronics and thermophysical calculations.

Generating electricity for decentralized regions is the main goal

Table 3

The main thermohydraulic parameters of the blanket.
Parameter Value
Thermal power 1/12 of the blanket model (kW) 5000
Thermal power 1/72 of the blanket model (kW) 833.33
Pressure (Pa) 1.00E + 7
Inlet temperature (°C) 426.00
Outlet temperature (°C) 713.45
Inlet speed (m.s~") 30.00
Outlet speed (m.s~!) 45,57
Mass flow (kg.s™") 0.6545

of the project. However, ongoing research may enable its use in
many other applications, such as water desalination and hydrogen
production, nuclear fuel breeding, and radioactive waste decon-
tamination. Thus, if successful, integrating such a plant into the
fleet of existing reactors will allow the energy of the future to
become more sustainable and, in a sense, renewable.

4. Conclusions

In the present study the operation simulation of the PSN in
conjunction with the facility blanket was performed. The data sets
obtained from modeling were used to study the stationary and
pulse-periodic operation of the PSN. During the simulation, the
fission processes of fuel nuclei and the formation of spatial-energy
release were studied both in pulsed and stationary operation
modes of the facility. The obtained results enabled considering the
pulsed source as a quasi-stationary source and performing ther-
mophysical optimization in neutronic studies using the Serpent
code. The obtained data showed that reducing the resulting offsets
of the radial field of energy release in the volume of the multiplying
part of the facility was possible.

A series of optimization fluid dynamics calculations were car-
ried out for efficient blanket and PSN cooling, in which the coolant
parameters were the variable parameters, and the temperature
extremes of the PSN and blanket materials were the target ones.
Blanket cooling studies were done with an additional option that
allowed using the produced high-temperature heat to produce
hydrogen.

The research results enabled proceeding to the preliminary safe
design of a subcritical pilot plant for experimental research of an
applied and fundamental nature. This will help to better study the
fusion process and the operation of various reactor elements under
hard neutron irradiation conditions, which would significantly
accelerate the development of thermonuclear energy. The results
will also help improve the criticality control methods in coupled
systems of the “pulsed neutron source—subcritical fuel assembly”
type.

Further work is related to developing a procedure for online
monitoring of the subcriticality level of the facility under study
using the power control-based subcriticality monitoring method.
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Research is also underway to develop a model for improved plasma
production and confinement to maximize the fusion neutrons
yield. In the course of these works, the multimirror section pa-
rameters to suppress the longitudinal plasma losses through
magnetic mirrors will be determined. In future projects, particular
attention will be given to justifying the effectiveness and safety of
technical solutions for radiation protection against PSN-generated
neutrons.
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