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(57) Abstract: The invention relates to the field of nuc-
lear engineering, and more particularly to designs for
removable neutron reflector blocks for heavy liquid
metal-cooled fast neutron reactors. The present fast
neutron reactor contains a core consisting of heavy li-
quid metal-cooled fuel rods, and neutron reflector
blocks, disposed around the core, which comprise a
steel casing with at least one inlet opening in the side
walls thereof above the core boundary, said inlet open-
ing being intended for diverting part of the coolant flow
from the space between the blocks into the casing, and
at least one vertical pipe mounted in the casing, through
which the diverted coolant flow, which has passed
through the upper and lower boundaries of the core,
enters the bottom part of the casing; also, on the outer
side of the casing, above the inlet opening, there is
mounted a throttling device for creating hydraulic res-
istance to the coolant flow in the space between the
blocks. The technical result is an increase in the operat-
ing safety and the performance of a fast neutron reactor
and a reduction in the heat exchange surface of the
steam generator.
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Ony01ukoBaHa:

—  C OMUEMOM O MENCOYHAPOOHOM noucke (cmamos 21.3)

N3o0peTenne oTHOCUTCA K OONACTH SICpPHOH OHEPIETHKH, a HMEHHO K KOHCTPYKIIHSIM BBICMHBIX OJOKOB
OTpakaTele HEHTPOHOB JUIT PEAKTOPOB Ha OBICTPBIX HEUTPOHAX € TOKEIBIM  KHIKOMETAUINICCKUM
TeIIoHOCUTeTIeM. PeakTop Ha OBICTPHIX HEHTPOHAX COJCPKUT aKTHBHYIO 30HY, COCTOANIYIO M3 TEILUIOBBLIICILIIONTHX
9NIEMEHTOB, OXJIAKTAEMBIX TDKEIBIM SKHIKOMETAIINICCKUM TEIUIOHOCHTEIEM, OJOKH OTpaXxkaTelsl HEHTPOHOB,
DACHONIOKEHHBIX BOKPYT aKTHBHOH 30HBI, BKIIIOUAIOIINE CTAIHHOH KOPIYC, B OOKOBBIX CTEHKAaxX KOTOPOTO BHIIIE
BEpXHEH I'PaHUIBI aKTHBHOM 30HBI BBIIIOJIHEHO, II0 MEHBIIEH Mepe OJHO BXOAHOE OTBEPCTHE I OTBEACHHS YacTH
IIOTOKa TEIUIOHOCHTENA M3 MEKOJIOYHOIO IMPOCTPAHCTBA BHYTPh KOPIyca, 110 MEHBIIECH Mepe OAHY BEPTHKAIHHYIO
TpyOKy, YCTAHOBICHHYIO B KOPILycE, 0 KOTOPOH OTBEICHHBIH IOTOK TCIIOHOCHUTEN, IPOXOT Yepe3 BEPXHIOID H
HIDKHIOIO TPaHHUIy aKTHBHOM 30HBL, IIOCTYIIAET B €0 HUXKHIOKW 4acTh, TAaKXKE HA BHEIIHEH CTOPOHE KOPILyca BBIIIE
BXOJHOTO OTBEPCTUA YCTAHOBICHO APOCCENBHOE YCTPOUCTBO AN CO3LAHUS THAPABIUYECKOTO COIPOTHBICHHA
HIOTOKY TEIUIOHOCHTES B MEXKOIOYHOM IIPOCTPAHCTBE. TeXHUUECKUH Pe3yIbTaT - IIOBHINICHNE OE30IIaCHOCTH pabOThI
peakTopa Ha OBICTPBIX HelTpoHax, noseieHue KIIJ] peakTtopa Ha OBICTPHIX HEHTPOHAX, CHUKCHHE TEIIIOOOMEHHON
IIOBEPXHOCTH B IIapOTEHEPATOPE.
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FAST NEUTRON REACTOR AND NEUTRON REFLECTOR BLOCK OF A FAST
NEUTRON REACTOR

Field of the Invention

The invention relates to the field of nuclear engineering, and more particularly to heavy

liquid metal-cooled fast neutron reactors containing removable neutron reflector blocks.

Prior Art

The prior art discloses heavy liquid metal-cooled fast neutron reactors containing
reflector blocks [see http://www.atomic-energy.ru/technology/36000], [Patent RU 2408094
published on 12/27/2012].

The following requirements are imposed on reflector blocks of heavy liquid
metal-cooled fast neutron reactors: protection of non-removable and non-reloadable shelis
of the reactor plant located outside of the reflector from neutron and gamma radiation;
minimizing the coolant flow through reflector blocks, as the volumetric energy release in
steel structures of the reflector is less than that in fuel rods by 2-3 times or more, and the
coolant flow for the reflector block cooling chills down the coolant coming from the fuel rod
part of the core by mixing with it; minimizing the content of structural materials in the reflector
blocks cross section to reduce parasitic neutron capture.

Currently, nuclear power. plants (NPP) with operating sodium-cooled fast neutron
reactors use the design wherein the reflector blocks consist of three parts: head section,
middle part, and a shank. Such reflector blocks are mounted to the reactor header supplying
coolant for block cooling with the shank. Sodium coolant in the blocks is throttled using
washers installed into the core space of the blocks, and sodium-washing coolant in the
space between the blocks is throttled outside the shank via barb connection, and at the top
of the casing using washers. All of the above throttling structures in the sodium coolant are
rather compact since the local sodium rate may be increased up to 8+10 m/s, and throttling

flow paths may be designed with a small cross-sectional area for the coolant.
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Implementation of the Invention

The task to be solved by the group of inventions is to design a fast neutron reactor
reflector block improving the thermohydraulics of the heavy liquid metal-cooled reactor plant
by providing for the upper and lower limits for the heavy liquid metal coolant in terms a
structure washing rate.

The technical result of the claimed group of inventions is an increase in the operating
safety of a fast neutron reactor based on the reduced temperature of fuel claddings reached
by means of the coolant temperature equalization along the core radius; an increase in the
performance of a fast neutron reactor based on the increased coolant medium mixing
temperature at the core outlet, i. e. the temperature of the coolant to have passed the fuel
rod part of the core, and the temperature of the coolant to have passed the reflector block,
reached by increasing the temperature of the coolant to have passed through the reflector
block.

The claimed technical result is achieved as a fast neutron reactor contains a core
consisting of heavy liquid metal-cooled fuel rods, and neutron reflector blocks disposed
around the core, which comprise a casing with at least one inlet opening in the side walls
thereof, the said inlet opening being intended for diverting part of the coolant flow from the
space between the blocks into the casing, at least one vertical pipe mounted in the casing,
through which the diverted coolant flow, passing through the upper and lower boundaries of
the core, enters the bottom part of the casing, and on the outer side of the casing, above the
inlet opening, and a throttling device is mounted for creating hydraulic resistance to the
coolant flow in the space between the blocks.

The claimed technical result is achieved as a neutron reflector block of a fast neutron
reactor comprises a casing with at least one inlet opening in the side walls thereof, the said
inlet opening being intended for diverting part of the coolant flow from the space between the
blocks into the casing, at least one vertical pipe mounted in the casing, through which the
diverted coolant flow enters the bottom part of the casing, and a throttling device mounted
on the outer side of the casing, above the inlet opening, for creating hydraulic resistance to

the coolant flow in the space between the blocks.
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The coolant passes between the reflector blocks and then through 30 openings in the
casing walis and through the vertical pipes, and flows between the lower (core inlet) and
upper (core outlet) boundaries of the core three times; thus, the coolant is heated three
times more due to absorption of radiation in the coolant itself, and due to consistent heating
along the coolant flow path in the cooling process of reflector block steel structures releasing
energy associated with ionizing radiation absorption. Therefore, instead of using throttling
devices with a high local coolant flow rate, the coolant flow is redirected to a longer flow
path, where a higher hydraulic resistance is achieved both by the coolant flow path turns
inside the reflector block casing and by friction losses along the longer flow path. At the
same time, the reflector block hydraulic resistance increases, and the reflector blocks and
fuel rods run in parallel in the hydraulic reactor plant primary circuit, i. €. the general
hydraulic differences in the core respond to the same. Hence, a greater coolant flow rate
will be directed to the fuel rod part of the core. This ensures equalization of the increasing
coolant temperature along the core radius.

Temperature equalization of the coolant flowing through the core and the reflector
blocks allows to reduce the maximum temperature of fuel cladding (hot-spot temperature) by
increasing the coolant flow entering the fuel rods of the core. This is one of the main limiting
factors in determination of the performance criteria for fuel claddings in the heavy liquid
metal-cooled fast neutron reactor.

Furthermore, in a specific embodiment of the invention, vertical pipes are connected to
the casing above the upper core boundary.

Furthermore, in a specific embodiment of the invention, the neutron reflector block
casing is made of martensite-ferrite structural steel.

Furthermore, in a specific embodiment of the invention, the neutron reflector block

further comprises a shank.

Disclosing Information

Fig. 1 — layout of the reactor core elements for triangular arrangement of fuel rods;

Fig. 2 — reflector block (longitudinal section),
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The fast neutron reactor with the elements layout shown in Figure 1 comprises a
core (1) consisting of fuel rods (2), with a heavy liquid metal coolant, primarily lead or
an eutectic of lead and bismuth. The core (1) has a lower boundary H1 (core inlet) and
an upper boundary Hz (core outlet). The neutron reflector blocks (3) are disposed
around the core (1). They are designed to reduce neutron leakage and return the same
to the core (1).

The neutron reflector block shown on Figure 2 comprises a steel casing (4) with
at least one inlet opening (5) in the side walls thereof, intended for diverting part of the
coolant flow (6) from the space between the blocks into the casing and into the return
header (57), at least one vertical pipe (7), through which the diverted coolant flow (6)
enters the bottom part of the casing (4), the said pipe being connected thereto through
the header (5') by means of welding. Vertical pipes (7) may be installed along the
longitudinal axis of the reflector block or may be twisted against its longitudinal axis. A
throttling device (8) is mounted on the outer side of the casing (4): at its top, in the
section from inlet opening (5) to the reflector block outlet. Its design shall provide for
an increase in the coolant flow from the space between the blocks into the casing (4)
by creating hydraulic resistance substantial for the diverted coolant flow in the vertical
section of the space between blocks, wherein the coolant rate in the throttling
device (8) shall not exceed 2+2.5 m/s in order to reduce erosion/corrosion on the
washed casing (4) walls. In a preferred embodiment, the throttling device (8)
comprises an overlay steel plate with one side welded to the casing (4) wall, the said
plate being graded or corrugated from the casing wall surface to improve the coolant
flow thereunder. The overlay plate is slotted in order to adjust the flow rate of the
coolant flowing under the overlay plate by setting the width and length of cuts. The
outer side of the overlay plate of one reflector block shall be in contact with or gapped
apart from the outer side of the overlay plate of the adjacent reflector block. To
increase the performance of the throttling device (8), overlay plates shall be placed
upon each casing (4) wall of the reflector block above the upper core boundary (Hz) to
cover all gaps between the reflector blocks. The reflector block casing (4) wall under
the overlay plate of the throttling device (8) may be tapered to increase the coolant
flow under the plate. The reflector block further includes a shank (9) to be mounted to
the reactor base. The preferred embodiment may have the reflector block casing (4)

made of

Date Regue/Date Received 2021-06-07
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of martensite-ferrite structural steel, as this class of steel is resistant to corrosion when used
in a heavy liquid metal coolant medium, and maintains good plastic properties under the
condition of high neutron irradiation. It is preferred to mount vertical pipes (7) in the
casing (4) above the upper boundary (H,) of the core (1) instead of mounting between the
lower (Hy) and upper (Hy) boundaries of the core (1), in order to reduce irradiation
embrittiement of welded joints at the pipe (7) connection points, as higher neutron fluxes
pass between Hy and H; of the core (1), and as the coolant flow path increases with the
openings upward offset along the casing of the reflector block. The reflector block casing (4)
may have a triangular, square, hexagonal or other optional form in the cross section,

depending on the arrangement of fuel rods (2) used.
Mode of Operation

Fuel assemblies with fuel rods (2) are loaded into the fast neutron reactor core (1). The
neutron reflector blocks (3) are disposed around the core (1) so that the inlet openings (5) in
the side walls of the casing (4) are located above the upper boundary (Hz) of the core (1).
Thus, the coolant flow (6) part passing through the upper boundary (Hz) of the core (1)
enters the reflector block casing (4) from the space between the blocks through the
openings (5) and the header (5", i.e. it turns 90° from the concurrent coolant flow between
the blocks from bottom to the top. Then, by turning another 90° the diverted flow (6) flows
downstream to the bottom part of the casing (4) through the vertical pipes (7), passing
through the upper boundary (H;) of the core (1). Then, the coolant flow (6) turns 180° and
flows upstream in the casing (4), again passing through the lower (H+) and upper (Hz) of the
core (1) until it leaves the reflector block casing (4).

Thus, the proposed hydraulic circuit of the diverted coolant flow (6) in the reflector
block casing (4) allows to increase heating of the coolant passing through the reflector block
and equalization of the coolant heating temperature along the core (1) radius in the mixing
zone: i. e. where coolant flows to have passed through fuel rods and the reflector block are
mixed as a part of the coolant flow to have passed between the reflectors passes between

the upper (Hz) and lower (H4) boundaries of the core (1) three times and, thus, it is heated
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three times more by absorbing radiation in the coolant and by mans of consistent heating
when releasing energy from the reflector block (3) steel structures. When equalizing the
temperature profile along the core (1) radius, the medium mixing temperature of the coolant
above the upper core (1) boundary (Hy) is also increased. Medium mixing temperature is the
temperature reached when mixing coolant flows to have passed fuel rods of the core (1) and
those to have passed through the reflector block (3). Such equalization occurs due to the
increasing temperature of the coolant to have passed through the reflector block (3). By
increasing the coolant medium mixing temperature at the upper boundary (Hz) of the
core (1), the reactor plant performance is increased, i.e. power output through the
secondary circuit coolant in the turbine (omitted for clarity) may be increased at the same
thermal power output in the core (1). The enthalpy of water increases at the same flow rate
of the secondary circuit. By increasing the medium mixing temperature at the core (1) outlet,
the heat exchange surface in steam generators may be reduced at the same secondary

circuit power output (omitted for clarity).



CLAIMS

1. A fast neutron reactor containing a core consisting of heavy liquid metal-cooled
fuel rods, and neutron reflector blocks disposed around the core, which comprise a
casing, wherein the said casing has at least one inlet opening in the side walls thereof,
the said inlet opening being intended for diverting part of the coolant flow from a space
between the blocks into the casing, at least one vertical pipe mounted in the casing,
through which the diverted coolant flow, passing through the upper and lower boundaries
of the core, enters the bottom part of the casing, and on the outer side of the casing,
above the inlet opening, a throttling device is mounted for creating hydraulic resistance
to the coolant flow in the space between the blocks.

2. A reactor according to claim 1, wherein at least one vertical pipe is connected to
the casing above the upper core boundary.

3. A neutron reflector block of a fast neutron reactor comprising a casing with at least
one inlet opening in the side walls thereof, the said inlet opening being intended for
diverting part of the coolant flow from a space between the blocks into the casing, at least
one vertical pipe mounted in the casing, through which the diverted coolant flow enters
the bottom part of the casing; and, on the outer side of the casing, above the inlet opening,
a throttling device is mounted for creating hydraulic resistance to the coolant flow in the

space between the blocks.

4, A reflector block according to claim 3, wherein vertical pipes are connected to the

casing above the upper core boundary.

5. A reflector block according to claim 3, wherein the neutron reflector block casing

is made of martensite-ferrite structural steel.

6. A reflector block according to claim 3, wherein the neutron reflector block further

comprises a shank.

Date Regue/Date Received 2021-06-07
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