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(57) Abrégé/Abstract:

The active pit tank strainer of a nuclear power plant relates to the field of nuclear engineering, namely, to ensure the safety of a
nuclear power plant (NPP) in accident due to the uninterrupted coolant supply to the reactor core.

The active strainer contains a housing with a cover, a base and side surfaces made in the form of filtering elements, pipes with
channels fixed at one end at the central vertical axis of the strainer and configured to supply purified fluid from the central part of the
strainer to the filtering elements from the other end of the pipe through channels, wherein the strainer housing is made of two parts,
an upper and a lower one, each part is equipped with at least one filtering element, the turbine is installed between the upper and
lower part and configured to rotate during the fluid flow passage through it, the turbine shaft is connected with the pipes, which arc
capable of sampling the purified fluid from the strainer housing during rotation of the turbine.

In the event of an accident causing extraneous impurities and debris in the coolant clogging the lower filtering element of the active
strainer, the fluid flow begins to flow through the upper filtering element, which causes the turbine to rotate by the fluid flow, as a
result of which the pipes intake the purified fluid from the filter housing and supply it for the account of centrifugal force through the
nozzles on the filtering elements, dropping foreign impurities and debris from the filtering elements and thereby self-cleaning the
strainer.
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Abstract

The active pit tank strainer of a nuclear power plant relates to the field of nuclear
engineering, namely, to ensure the safety of a nuclear power plant (NPP) in accident due to the

uninterrupted coolant supply to the reactor core.

The active strainer contains a housing with a cover, a base and side surfaces made in the
form of filtering elements, pipes with channels fixed at one end at the central vertical axis of the
strainer and configured to supply purified fluid from the central part of the strainer to the
filtering elements from the other end of the pipe through channels, wherein the strainer housing
is made of two parts, an upper and a lower one, each part is equipped with at least one filtering
element, the turbine is installed between the upper and lower part and configured to rotate during
the fluid flow passage through it, the turbine shaft is connected with the pipes, which are capable

of sampling the purified fluid from the strainer housing during rotation of the turbine.

In the event of an accident causing extraneous impurities and debris in the coolant
clogging the lower filtering element of the active strainer, the fluid flow begins to flow through
the upper filtering element, which causes the turbine to rotate by the fluid flow, as a result of
which the pipes intake the purified fluid from the filter housing and supply it for the account of
centrifugal force through the nozzles on the filtering elements, dropping foreign impurities and

debris from the filtering elements and thereby self-cleaning the strainer.
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Active pit tank strainer of a nuclear power plant

Field of the invention

The invention relates to the field of nuclear engineering, namely, to ensure the safety of
a nuclear power plant (NPP) in emergency mode due to the uninterrupted coolant supply to the

reactor core.
Background of the invention

One of the most dangerous accidents during the operation of NPP is a break of the main
circuit.

As a result of this accident, there is a bilateral outflow of the coolant into the
containment dome. This process is accompanied by a significant mass and energy release into
the containment dome in the form of an overheated vapbur-air mixture. This leads to dehydration
of the reactor, due to which the core is heated because of the residual heat. At the same time, an
increase in pressure and temperature occurs under the containment dome.

As a result of the mass and energy release, equipment, corrosion resistant coatings in
the containment dome are destroyed and the coolant is saturated with debris.

To protect the reactor from overheating and core melting, an emergency cooling system
is designed that includes passive and active sections. Pressure is reduced and heat is removed
from the containment dome by the sprinkler system.

The boron solution from tanks located in a containment dome are used for the
functioning of active safety systems. The solution from the tanks enters the emergency cooling
system of the area, then into the reactor and then from the rupture in the pipeline returns to the
tanks of the containment dome.

In this case, the solution contains a significant amount of debris, which can lead to the
failure of elements of safety systems circuit and to stop the core cooling.

To prevent this, the intake holes for supplying the solution from the tanks to the safety

systems should be equipped with strainers.

When solutions with a large amount of impurities and debris flow through the strainer
element, the strainer elements may become clogged, which leads to insufficient fluid supply to

the core. Various technical solutions were used to prevent this.
1
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Self-cleaning strainers are known from prior art (US 2006/0219645 Al, publ. On
October 05, 2006, "Self-cleaning strainer" and US 5688402, issued 18.1_1.1997, "Self-cleaning
strainer"), in which the strainer is arranged in the fluid tank, a grid is installed at the inlet of the
self-cleaning strainer, which traps impurities, the strainer housing has a variable cross-section:
tapering from the entrance to the exit, a turbine with blades is installed in the narrow part of the
strainer housing, rotated by the fluid flow generated by the pump installed at the strainer output,
the strainer is equipped with a shaft passing along the strainer axis from the turbine to the grid
and connecting the turbine to brushes (according to US 2006/0219645 - additionally with an
impeller creating a centrifugal fluid flow, cleaning the surface of the grid) mounted on the

outside of the grid with the possibility of rotation around the axis of the shaft.

During the operation of such strainers, the turbine rotates brushes that provide cleaning
of the grid surface from its outer side, which prevents a decrease in the flow of coolant and
thereby increases the safety of NPP in emergency mode. The drawback of such solutions,
however, is the insufficient cleaning efficiency of the strainer grid due to the fact that the
external brush during cleaning significantly presses particles of impurities into the holes of the
grid, which leads to stuck in the holes and strainer clogging with these particles. The use of an
impeller instead of one of the brushes allows to some extent to correct this drawback, however,
not to a sufficient extent. In addition, the use of a turbine with a constant fluid flow slows down
the fluid flow equally constantly, taking away part of its energy even if there are no extraneous
impurities on the grid or they come in small quantities. This slows down the flow of fluid

through the strainer, which negatively affects the safety of NPP.

A self-cleaning strainer is also known from the prior art (US 5815544, issued

29.09.1998, “Self-cleaning strainer”), in which the filtering elements are also the side surfaces of

 the cylindrical strainer housing, and in addition to the brushes, the external filtering surfaces are

cleaned by a fluid flow from specific installed tubes with nozzles installed on the outer side of
the housing, the tubes are connected to a pump forcing in them fluid pressure that has already
been cleaned in the strainer. Such a strainer allows for better cleaning, however, its drawback is
lack of efficiency of cleaning the strainer surfaces, associated with the use of brushes that press
particles of impurities into the holes of the strainer elements and smears them on the surface, the
fluid flow cleaning the strainer surfaces is directed outside the strainer and mainly tangentially,
which also reduces the cleaning efficiency, as well as the dependence of the cleaning process on

an external pump, which reduces the reliability of the strainer operation.

A water intake device from pools and ponds is also known from prior art (RU 2473736,
publ. On 27.01.2013), including a perforated cylindrical pipe, a streamlined head, a cleaning
2
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device in the form of two brushes connected to the turbine, one of the brushes being installed
outside the perforated pipe and the other inside with the possibility of rolling over it, equipped
with a debris protection device in the form of a dome-shaped case with bumper vertical plates,
radially mounted along its generatrix from the top to the bottom, while the turbine is vane-blade,
and installed in an additional cylindrical connector rotatable around its axis and secured to the
domed housing with possibility of rotation vertically to discharge pipe axis.

The drawback of this device is the lack of cleaning efficiency of the strainer surface, due
to the fact that the cleaning device, made in the form of brushes, does not sufficiently clean the
debris from the outside of the perforated pipe, presses it into the openings of the mesh cylinder,
which leads to the clogging. In addition, the use of a turbine with a constant fluid flow slows
down the fluid flow equally constantly, taking away part of its energy even if there are no
extraneous impurities on the grid or they come in small quantities.

The nearest analogue of the claimed invention is a rotating self-cleaning strainer,
simultaneously rotated and cleaned by a nozzle structure (US 5108592, publ. On 28.04.1992),
comprising a main cylindrical pipe having an inlet and an outlet spaced apart from one another
along its length, mentioned outlet hole communicates the pipe with the pump, and mentioned
inlet hole communicates the pipe with fluid, a cylindrical screen for filtering fluid from debris,
screen attachment, configured to coaxially rotate the screen around the specified main pipe so as
to maintain the screen in the outer position against the connection to the main pipe and against
the specified inlet so that the fluid entering the inlet is filtered by a screen, the inlet pipe passing
coaxially inside the main pipe and protruding beyond its end, while one or more holes made in
the side wall of the main pipe for one or more pipes, equipped with nozzles at outer ends that
serve both for cleaning and for rotating the screen by fluid that is supplied through the supply
pipe.

The drawback of a rotating self-cleaning strainer is the insufficient cleaning efficiency of
the strainer surface associated with the loss of flow energy spent on the rotation of the screen, as
well as the need to use an external pump to create a constant fluid flow to clean the screen and
rotate the stainer, which reduces the safety of the strainer when used in nuclear engineering,

The objective of the claimed invention is to create an active strained of the pit tank of

NPP, which allows to increase its safety under emergency conditions.

The technical result of the claimed invention is to increase the safety of NPP under
emergency conditions by increasing the efficiency of cleaning the strainer of the pit tank, as well
as by using the energy of the fluid flowing through the strainer to activate the cleaning

mechanism used only when the strainer surfaces are dirty.
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The technical result is achieved by the fact that in the active strainer known from the
prior art and comprising a housing with a cover, a base and side surfaces made in the form of
filtering elements, pipes with channels fixed at one end at the central vertical axis of the strainer
and configured to supply purified fluid from the central part of the strainer to filtering elements
from the other end of the pipe through channels, the strainer housing is made of two patts, an
upper and a lower one, each part is equipped with at least one filtering element, the turbine is
installed between upper and lower part and configured to rotate during the fluid flow passage
through it, the turbine shaft is connected to the pipes, which are capable of sampling the purified

fluid from the strainer housing during rotation of the turbine.
It is preferable to make the side surfaces in the shape of a cylinder.

It is reasonable to provide the ends of the pipes supplying the purified fluid to the

filtering elements with nozzles configured to supply the purified fluid in a wide range of angles.

It is recommended to configure the filtering elements in the shape of a frame and a

sector slotted grid located in it, composed of horizontal and vertical wires of a triangular section.

It is preferable to provide the pipes with holes for fluid intake during rotation of the

turbine.

It is reasonable to make the base in the shape of a flange with the possibility of

fastening to the base of the pit tank.
Brief description of figures

Fig. 1 shows a side overall view of the active strainer of the pit tank of NPP and in
sections A-A, B-B, D-D, and in the detail fragment C.

Fig. 2 shows a overall view of the filtering element and its parts.
Fig. 3 shows the arrangement of an active strainer cleaner pipe.

Fig. 4 schematically shows the interaction of the jets from the nozzle of the cleaner and

the surface of the filtering element.

Fig. 5 shows the active strainer of the pit tank of NPP under normal operation, i.c. in the

absence of impurities in the fluid.

Fig. 6 shows the active strainer of the pit tank of NPP when a debris layer is formed on
the lower filtering elements in emergency mode, which causes fluid to flow through the upper

filtering element.
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Fig. 7 shows the active strainer of the pit tank of NPP in the cleaning mode from

impurities and debris.

The active strainer of the NPP pit tank according to preferable embodiment includes a
housing with a cover 15, a lower flange 1 and vertical supports 2 to which a lower filtering
element 3 and an upper filtering element 14 are attached, located respectively in the lower and
upper parts of the housing. Flange 1 is designed to install and connect the active strainer to the
base of the pit tank. Vertical support 2 are connected to flange 1. The lower filtering elements 3
and the upper filtering elements 14 are installed between supports 2, made in the shape of a
sector slotted grid connected to the frame 16 of the filtering element and composed of horizontal
wires 17 and vertical wires 18 made of triangular wire elements. The cylindrical surface of the
active strainer is formed of four sectors of the filtering elements 3, 14.

The turbine chamber 4 is installed between the upper and lower parts of the active
strainer so that the entire flow of fluid entering the upper part of the active strainer passes
through it. The turbine chamber 4 consists of a chamber casing, shaft sttuts 5, shaft 6, bearing 7,
turbine sleeve 8 and turbine blades 9. In the turbine chamber 4, the translational fluid flow is

converted into the rotational movement of the sleeve 8 and the turbine blades 9.

The shaft of the lower cleaner 10 and the shaft of the upper cleaner [ 1 are connected to
the turbine sleeve 8. Pipes of cleaners 12 are attached to the shafts of the cleaners. Pipes 12 of
the cleaner is made in the shape of a profile pipe. A nozzle 13 is installed at the end of the pipe,
remote from the central axis of the active strainer, which ensures the distribution of the output
jets within the service area of the cleaner. On the opposite side of the cleaner pipe, an opeaing 19
made in the shape of a through cut-out for fluid intake, when the cleaner rotates in direction 21
(Fig. 3) providing the fluid flow 20 into the pipe of the cleaner 12 and then to the holes 22 of the
nozzle 13, which can be configured to spray the purified fluid in a wide range of angles in the
direction of the filtering elements 3, 14 and in the general direction opposite to the flow of the

filtered fluid 23 (Fig. 4).

Thus, the design of the active strainer provides for self-cleaning of the surfaces with a
reverse flow of purified fluid leaving the nozzles 13. At the same time, a fluid flow through an
active strainer is used as an energy source to create a reverse flow, which increases the safety of
NPP operation in emergency conditions, since it does not require the use of external energy
sources, for example, pumps, whose operation in emergency conditions is not guaranteed. In
addition, the power consumption from the fluid flow for the operation of the turbine and the

cleaning of the filtering elements 3, 14 occurs only when the lower filtering elements 3 are
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clogged, which reduces the total energy loss of the fluid flow through the active strainer and

thereby increases the safety of NPP in emergency conditions.

In a preferred embodiment, the active strainer can be installed at the bottom of the pit
tank and tight attached by a flange 1 to the base mounted above a vertical water intake channel
that drains the fluid from the pit tank into the reactor core, so that debris and impurities are
discarded from active strainer during its cleaning, settled on the bottom of the pit tank and
subsequently did not settle on the filtering elements 3, 14, nor in the cooling system of the

reactor core.
Detailed description of invention

During normal operation of NPP, no coolant leaks occur in it, therefore, there is no fluid

flow through the active strainer.

In the event of an accident that caused the loss of liquid coolant in the core of NPP, this
coolant begins to accumulate in the pit tank and upon reaching the level of the lower filtering
elements 3 of the active strainer, flows through them in the water intake system and,
subsequently, with the help of pumps, returns to the core. At the same time, the lower filtering
elements 3 are not initially clogged with extraneous impurities and debris; therefore, almost the
entire fluid flow passes through the lower filtering elements 3, bypassing the turbine blades 9, as
a result of which there is no flow through the turbine (Fig. 5). In this case, the cleaners do not
rotate and the surface of the filtering elements (3, 14) is not cleaned, which eliminates the energy
consumption from the fluid flow for rotation of the turbine 9.

Subsequently, upon a fluid with extraneous impurities and debris inflow, the lower
filtering elements 3 become clogged with a debris layer, as shown in Fig. 6, from bottom to top.
This process is determined by the distribution of fluid flow over the surface of the filtering
elements 3, in which approximately 80% of the total volume of fluid flows through the lower
20% of the area of the lower filtering elements 3. This process continues until the surface of the

lower filtering elements 3 is completely covered with a debris layer.

During this process, the pressure losses on the lower filtering elements 3 remain almost
constant and are determined by the losses on the strainer surfaces of the lower filtering elements

3. The resulting debris layer has a small thickness and a loose structure.

When the lower filtering elements 3 are completely covered with a debtis layer, the
main fluid flow begins to flow through the upper filtering elements 14 and, accordingly, through
the turbine chamber 4. The turbine begins to rotate and rotates the pipe 12 of the cleaners, which

leads to the flow of fluid into the hole for the fluid intake 19 (Fig. 3). Further, the incoming fluid
6
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accelerates under the action of centrifugal force and with excessive pressure is thrown into the
nozzle orifice 13. The distance from the nozzle 13 to the surface of the filtering element 3, 14
can be chosen so that the jets from the nozzle 13 clean the entire space between adjacent cleaners

(Fig. 4).

Thus, a local flow is created, directed outward of the active strainer through its filtering
elements 3, 14. The debris layer is destroyed, and its particles are thrown to the bottom of the pit
tank. The cleaning of the filtering elements 3, 14 when fluid enters through the upper filtering

elements 14 is shown in Fig. 7.

During the time the debris is on the filtering elements 3, 14, its components coagulate,
so debris particles destroyed by jets have a significant size and high density. This leads to their
settlement at a higher speed, and the fragments of destruction either reach the filtering surfaces

3, 14, but much lower, or they settle to the bottom of the pit tank.

After cleaning the lower filtering elements 3, the fluid enters the lower part of the active

strainer, as a resuit of which the turbine speed drops.

Further, the filtering-cleaning cycle is periodically repeated. The location of the turbine
between the upper and lower parts of the active strainer allows for cleaning periodically after
clogging of the lower filtering device 3. As a result, losses for the rotation of the turbine are
reduced in a situation where the cleaning of the filtering devices 3, 14 is not required, in
addition, the load on the bearings of the shaft 6 is reduced, which allows to extend its service
life. As mentioned above, both of these factors directly affect the safety of NPP in emcrgency

mode.

In a preferred embodiment, a graphite plain bearing can be used as a shaft support 6.
Graphite bearings have the following advantages: they work in a liquid medium; have a low
coefficient of friction; resistant to aggressive environments; used at temperatures up to 500 ° C.
Moreover, since the design of the active strainer provides for the rotation of the shaft 6 only in
the presence of debris in the solution, i.e. only at the accident. Thus, the service life of the

bearing is limited to a period of maximum 30 days.

A full scan of the filtering surfaces with nozzles 13 is carried out per one revolution of
the cleaner shaft 10, 11. At the same time, less than 0.5% of the total area of the filtering

elements 3, 14 is simultaneously cleaned.

Industrial applicability
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The active pit tank strainer of a nuclear power plant allows to increase its safety under

emergency conditions and can be applied for various types of nuclear power plants.



Claims:

1. An active pit tank strainer of a nuclear power plant comprising a housing with a cover,
a base and side surfaces made in the form of filtering elements, pipes with channels fixed at one
end at a central vertical axis of the strainer and configured to supply purified fluid from a central
part of the strainer to the filtering elements from a other end of the pipe through the channels,
wherein the strainer housing is made of two parts, an upper and a lower one, each part is equipped
with at least one filtering element, a turbine is installed between the upper and lower part and
configured to rotate during the fluid flow passage through it, a turbine shaft is connected with the
pipes, which adapted for sampling the purified fluid from the strainer housing during rotation of

the turbine.
2. The active strainer according to claim 1, wherein the side surfaces are cylindrical.

3. The active strainer according to claim 1 wherein the ends of the pipes supplying the
purified fluid to the filtering elements are equipped with nozzles configured to supply the purified

fluid in a wide range of angles.

4. The active strainer according to claim 1 wherein the filtering elements are made in the
shape of a frame and a sector slotted grid located in it, composed of horizontal and vertical wires

of a triangular section.

5. The active strainer according to claim 1, wherein the pipes are provided with holes for

fluid intake during rotation of the turbine.

6. The active strainer according to claim 1, wherein the base is made in the shape of a

flange attachable to the base of the pit tank.
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