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(57) Abstract: The invention provides a mixing device which defis
chamber at angularly spaced positions. The device further inclades

nes a mixing chamber having two inlets Jeading into the mixing
an outlet Jeading from the mixing chamber. The mixing chamber

is typically generally spherical in shape with the outlet being positioned diametrically opposite one of the inlets. The invention
further provides a nuclear power plant having a core conditioning system including a pair of heat exchangers, namely a recuperator
and a water cooled heat exchanger. The recuperator has a hot side and a cold side and the plant includes a mixing device positioned

upstream of the inlet on the hot side of the recuperator to permit th
19 a predetermined maximam by mixing hot and cold gas in the m;
recuperator.

¢ temperature of gas being fed to the recuperator to be restricted
ixing device prior to feeding the mixture into the hot side of the
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NUCLEAR REACTOR

THIS INVENTION relates to a method of mixing two fluid
streams. It further relates to a mixing device. In addition, it relates to
a nuclear power plant and to a method of removing heat generated in the

core of the nuclear power plant.

In the specification, the word "recuperator” is to be given
a wide meaning and includes a heat transfer means which enables a hot
fluid leaving a reactor vessel, or the like, to be utilised in heating
incoming fluid for the reactor vessel, the cutgoing hot fluid and incoming
colder fluid passing through respective hot and cold sides in which
outgoing and return fluid flow paths are defined in the heat transfer
means and heat being transferred therebetween. The word recuperator-

like is to be given a corresponding meaning.

According to one aspect of the invention there is provided
amethod of mixing fluid streams which includes feeding the streams into

a spherical mixing chamber from angularly spaced positions.

According to another aspect of the invention there is
provided a method of mixing two fluid streams which includes feeding
the two fluid streams to be mixed into a mixing chamber so that the

streams enter the chamber at right angles to one another.

CONFIRMATION COPY

JP 2004-508568 A 2004.3.18
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The method may include extracting the mixture from the
mixing chamber from a position which is angularly spaced from at least

one of the inlet streams.

The streams may be of gas, typically helium, at different
temperatures, the hotter stream being fed into the mixing chamber
through a hot inlet, the cooler stream being fed into the mixing chamber
through a cold inlet and the mixture being exhausted from the mixing

chamber through an outlet.

In a preferred embodiment of the invention, the method may
include feeding the cooler stream into the mixing chamber and
exhausting the mixture from the mixing chamber at diametrically opposed

positions.

According to yet another aspect of the invention there is
provided a mixing device which includes
a mixing chamber;
at least two inlets leading into the mixing chamber at angularly
spaced positions; and
an outlet leading from the mixing chamber, the mixing chamber

being generally spherical in shape.

According to yet another aspect of the invention there is
provided a mixing device which includes
a mixing chamber;
at least two inlets leading into the mixing chamber at angularly

spaced positions; and

JP 2004-508568 A 2004.3.18
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an outlet leading from the mixing chamber, the inlets being

directed towards the centre of the mixing chamber.

In one embodiment of the invention, the mixing device
includes a first inlet and a second inlet which are perpendicular to one

anaother, the outlet being positioned opposite one of the inlets.

According io yet another aspect of the invention, in a
nuclear power plant there is provided a method of removing decay heat
generated in the core of a nuclear reactor forming part of the nuclear
power plant, which method inciudes the steps of circulating coolant
between the reactor and a core conditioning system which includes at
least one recuperator having a hot side which has an inlet and an outlet,
and a cold side which has an inlet and an outlet, the hot side inlet being
in fluid communication with an outlet of the reactor and the cold side
outlet being in fluid communication with an inlet of the reactor, and a
second heat exchanger operatively connected to the recuperator

intermediate the hot side outlet and the cold side inlet.

The Applicant is aware of a nuclear power plant having a
high temperature gas cooled reactor which plant makes use of a
thermodynamic conversion cycle based on the Brayton cycle. The
Applicant believes that the invention will find application particularly in
a plant of this type to remove decay heat when the Brayton cycle is not

operational.

The method may include limiting the temperature of the coolant,
typically helium, to the hot side of the recuperator to a predetermined

maximum temperature.

JP 2004-508568 A 2004.3.18
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Limiting the temperature of coolant being fed to the hot side of the
recuperator may include mixing hot coolant from the reactor with cold

coolant prior to feeding the mixture into the hot side of the recuperator.

The method may include mixing the hot coolant and the cold
coolant in a mixing device of the type described above, the outlet of

which is connected to the hot side inlet of the recuperator.

According to yet another aspect of the invention there is provided
a nuclear power plant which includes a reactor and a core conditioning
system connected in series with the reactor, the core conditioning
system including at least one recuperator having a hot side which has an
inlet and an outlet and a cold side which has an inlet and an outlet, the
hot side inlet being in fluid communication with an outlet of the reactor
and the cold side outlet being in fluid communication with an inlet of the
reactor, and a second heat exchanger operatively connected to the

recuperator intermediate the hot side outlet and the cold side inlet.

The plant may include a mixing device positioned upstream
of the hot side of the recuperator whereby hot coolant from the reactor
can be mixed with cold coolant, typically fram the second heat
exchanger, before being fed into the recuperator. In this way, the
maximum temperature of the coolant being fed into the recuperator can

be regulated.

The mixing device may be a mixing device as described
above, a first inlet of the mixing device being connected to the outlet of

the reactor, the outlet of the mixing device being connected to the hot

JP 2004-508568 A 2004.3.18
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inlet of the recuperator and a second inlet of the mixing device being
connected or connectable to the outlet of the second heat exchanger, the
core conditioning system including valving to regulate the flow of coolant
from the outlet of the second heat exchanger to the mixing device. This
permits the ratio of hot and cold coolant and hence the temperature of
the coolant exiting the mixing device and entering the hot side of the

recuperator to be controlled.

The core conditioning system may include at least two sets
of heat exchangers connected in parallel. A blower may be associated
with the or each set of heat exchangers. Each set of heat exchangers
will typically be capable of removing the decay heat from the reactor on

its own thereby improving safety and facilitating maintepance.

The nuclear reactor may, as mentioned above, be of a high
temperature gas cooled type. In particular, the nuclear reactor may be
a reactor known as a Pebble Bed Reactor in which a fuel, comprising a
plurality of spherical fuel elements, is used. The fuel elements may
comprise spheres of fissionable material and a ceramic matrix, or
encapsulated in the ceramic material. The reactor may be helium cooled.
The reactor may generate heat energy by means of a controlled nuclear
fission process and convert heat energy into electrical energy utilising a
thermodynamic process based on a Brayton direct gas cycle. Then, the
reactor may utilise substantially pure helium gas as a working fluid. It
will be appreciated that the working fluid will then also comprise the

coolant fluid.

JP 2004-508568 A 2004.3.18
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In a preferred embaediment of the invention the recuperator
is a gas-to- gas heat exchanger. The recuperator may be a plate

compact fin heat exchanger, of a known type.

The second heat exchanger may be a tube heat exchanger

and may be water cooled.

The helium blower may be supported on magnetic bearings

and may be driven by an electric motor.

The, core conditioning system, and more particularly the hot inlet
of the recuperator, may be connected to the outlet of the reactor by
means of an outlet gas flow duct in which the mixing chamber is
mounted. The hot outlet of the recuperator may be connected to a gas
inlet of the second heat exchanger by means of a first intermediate gas
flow duct. The cold inlet of the recuperator may be connected to a gas
outlet of the second heat exchanger by means of a second intermediate
gas flow duct. The cold outlet of the recuperator may be connected to
an inlet of the reactor by means of an inlet gas flow duct. Then a
normal gas flow path may be defined from the outlet to the inlet of the
reactor by means of the outlet gas flow duct via the hot side of the
recuperator to the first intermediate gas flow duct via the second heat
exchanger to the second intermediate gas flow duct and via the cold side

of the recuperator to the inlet gas flow duct and inlet of the reactor.

An inlet valve may be arranged on the second intermediate
gas flow duct for controlling gas flow between the second heat
exchanger and the cold inlet of the recuperator. A branch flow duct may

be arranged intermediate the second intermediate gas flow duct and the

JP 2004-508568 A 2004.3.18
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inlet gas flow duct and a first by-pass valve may be arranged thereon.
Where the plant includes a mixing device, the branch flow duct may be
connected to a second inlet of the mixing device. Then, by means of the
first by-pass valve of the branch flow duct, cooler gas may be mixed in
the mixing chamber with hot gas from the hot plenum of the reactor
entering the mixing chamber of the mixing device to provide gas of a
predetermined temperature to the hot inlet of the recuperator. A by-pass
ductmay be arranged intermediate the branch flow duct and the inlet gas
flow duct and may have a second by-pass valve arranged thereon. [t will
be appreciated that by manipulation of the inlet valve and the first and
second by-pass valves, cool gas from the outlet of the second water
cooled heat exchanger may be diverted directly to the inlet gas flow duct
and directed to the cold plenum of the reactor, thereby effectively

bypassing the return flow path of the recuperatar.

In use, hot core gas is extracted from the hot plenum in the
core of the nuclear reactor and transported to the hot inlet of the
recuperator. Before it enters the recuperator, the gas is mixed in the
mixing chamber with a portion of cold gas leaving the second heat
exchanger. This is done to ensure that the gas temperature entering the
recuperator never exceeds the maximum temperature limits of the
recuperator, typically 300°C. Inthe recuperator, the helium temperature
is reduced further before it enters the second heat exchanger. Heat is
removed from the system in the second heat exchanger. Cold helium
leaving the second heat exchanger then enters the blower and continues
to the cold inlet of the recuperator. If desired, a portion of the cool gas
is diverted to the mixing device and mixed with hot gas entering the
mixing chamber, as described above. The remaining gas stream then

enters the cold inlet of the recuperator where its temperature is increased
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by heat transfer from the hot inlet gas flowing through the hot side of the
recuperator. The heated gas stream, the temperature of which is
nevertheless lower than that of the gas exiting the reactor pressure
vessel via the outlet, is transported to the reactor cold plenum via the

reactor inlet.

The invention will now be described, by way of example,

with reference to the accompanying diagrammatic drawings.

In the drawings,

Figure 1 shows a schematic representation of a power generating

circuit of a nuclear power plant in accordance with the invention;

Figure 2 shows a schematic representation of a core conditioning
system forming part of the nuclear power plant;

Figure 3 shows schematically a mixing device in accordance with
the invention which forms part of the core conditioning system of Figure
2; and

Figure 4 shows a representation, similar to Figure 2 of another

core conditioning system in accordance with the invention.

In Figure 1 of the drawings, reference numeral 10 refers
generally to part of a nuclear power plant in accordance with the

invention.

The nuclear power plant 10 includes a closed loop power
generation circuit, generally indicated by reference numeral 12. The
power generation circuit 12 includes a nuclear reactor 14, a high

pressure turbine 16, a low pressure turbine 18, a power turbine 20, a
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recuperator 22, a pre-cooler 24, a low pressure compressor 26, an inter-

cooler 28 and a high pressure compressor 30.

The reactor 14 is a pebble bed reactor making use of
spherical fuel elements. The reactor 14 has an inlet 14.1 and an outlet
14.2.

The high pressure turbine 16 is drivingly connected to the
high pressure compressor 30 and has an upstream side or inlet 16.1 and
a downstream side or outlet 16.2, the inlet 16.1 being connected to the

outlet 14.2 of the reactor 14.

The low pressure turbine 18 is drivingly connected to the
low pressure compressar 26 and has an upstream side or inlet 18.1 and
a downstream side or outlet 18.2. The inlet 18.1 is connected to the

outlet 16.2 of the high pressure turbine 16.

The nuclear power plant 10 includes a generator, generally
indicated by reference numeral 32 to which the power turbine 20 is
drivingly connected. The power turbine 20 includes an upstream side or
inlet 20.1 and a downstream side or outlet 20.2. The inlet 20.1 of the
power turbine 20 is connected to the outlet 18.2 of the low pressure

turbine 18.

A variable resistor bank 33 is disconnectably connectable
to the generator 32.

The recuperator 22 has a hot or low pressure side 34 and

a cold or high pressure side 36. The low pressure side of the recuperator
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34 has an inlet 34.1 and an outlet 34.2. The inlet 34.1 of the low

pressure side is connected to the outlet 20.2 of the power turbine 20.

The pre-cooler 24 is a water to helium heat exchanger and
includes a helium inlet 24.1 and a helium outlet 24.2. The inlet 24.1 of
the pre-cooler 24 is connected to the outlst 34.2 of the low pressure side

34 of the recuperator 22.

The low pressure compressor 26 has an upstream side or
inlet 26.1 and a downstream side or outlet 26.2. The inlet 26.1 of the
low pressure compressor 26 is connected to the helium outlet 24.2 of

the pre-cooler 24.

The inter-cooler 28 is a helium to water heat exchanger and
includes a helium inlet 28.1 and a helium outlet 28.2. The helium inlet

28.1 is connected to the outlet 26.2 of the low pressure compressor 26.

The high pressure compressor 30 includes an upstream side
orinlet 30.1 and a downstream side or outlet 30.2. The inlet 30.1 of the
high pressure compressor 30 is connected to the helium outlet 28.2 of
the inter-cooler 28. The outlet 30.2 of the high pressure compressor 30
is connected to an inlet 36.1 of the high pressure side of the recuperator
22. An outlet 36.2 of the high pressure side of the recuperator 22 is
connected to the inlet 14.1 of the reactor 14.

The nuclear power plant 10 includes a start-up blower
system generally indicated by reference numeral 38 connected between
the outlet 34.2 of the low pressure side 34 of the recuperator 22 and the
inlet 24.1 of the pre-cooler 24,
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The start-up blower system 38 includes a normally open
start-up blower system in-line valve 40 which is connected in-line
between the outlet 34,2 of the low pressure side of the recuperator and
the inlet 24.1 of the pre-cooler 24. Two blowers 42 are connected in
parallel with the start-up blower system in-line valve 40 and a normally
closed isolation valve 44 is associated with and connected in series with

each blower 42.

A low pressure compressor bypass line 46 extends from a
position between the outlet or downstream side 26.2 of the low pressure
compressor 26 and the inlet 28.1 of the inter-cooler 28 fo a position
between the start-up blower system 38 and the inlet 24.1 of the pre-
cooler 24, A normally closed low pressure bypass valve 48 is mounted

in the low pressure compressor bypass line 46.

A high pressure compressor bypass line 60 exiends from a
position between the outlet or downstream side 30.2 of the high
pressure compressor and the inlet 36.1 of the high pressure side 36 of
the recuperator 22 to a position between the outlet or downstream side
26.2 of the low pressure compressor 26 and the inlet 28.1 of the inter-
caoler 28. A normally closed high pressure bypass valve 51 is mounted

in the high pressure compressor bypass line 50.

A recuperator bypass line 62 extends from a position
upstream of the inlet 36.1 of the high pressure side 36 of the recuperator
22 to a position downstream of the outlet 36.2 of the high pressure side
36 of the recuperator 22. A normally closed recuperator bypass valve

54 is mounted in the recuperator bypass line 52.
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The plant 10 includes a high pressure coolant valve 56 and
a low pressure coolant valve 58. The high pressure coolant valve 56 is
configured, when open, to provide a bypass of helium from the high
pressure side or outlet 30.2 of the high pressure compressor 30 to the
inlet or low pressure side 18.1 of the low pressure turbine 18. The low
pressure coolant valve 58 is configured, when open, to provide a bypass
of helium from the high pressure side or outlet 30.2 of the high pressure

compressor 30 to the inlet 20.1 of the power turbine 20.

In normal operation of the Bryaton cycle, heat generated in

the reactor 14 is dissipated in the power generation circuit 12,

The plant 10 alse includes a core conditioning system,
generally indicated by reference numeral 100 (Figure 2} connected in
series with the reactor 14. The core conditioning system is connected
to an outlet 14.2 via a hot feed pipe or outlet gas flow duct 102 and ta
an inlet of the reactor via a cold return pipe 104 or inlet flow duct. The
hot feed pipe 102 is connected at an upstream end thereof, to a core
outlet plenum and the cold return pipe 104 is connected, at a

downstream end thereof, 10 a core inlet plenum {not shown in Figure 1).

The core conditioning system 100 includes a gas-to-gas heat
exchanger or recuperator 106 which has a hot side 108 and a cold side
110. The hot side has an inlet 108.1 and an outlet 108.2. Similarly, the
cold side 110 has an inlet 110.1 and an outlet 110.2.

The core conditioning system 100 further includes a water-
to-gas heat exchanger 112 having a gas inlet 112.1 and a gas outlet
112.2.
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The core conditicning system 100 includes a blower
arrangement, generally indicated by reference numeral 114, The blower
arrangement 114 includes three blowers 116 which are connected in
parallel and a blower isolation valve 118 connected in series with each
of the blowers 116. The core conditioning system 100 further includes
a mixing device 120. As can best be seen in Figure 3 of the drawings,
the mixing device 120 includes a body 122 which defines a spherical
mixing chamber 124. A hotinlet 126 leads into the mixing chamber 124
and is connected to a feed pipe 102 or outlet gas flow duct. A cold inlet
128 leads into the mixing chamber 124 at a position which is at 90° to
the hot inlet 126. An outlet 130 leads from the mixing chamber 124 and
is connected to the inlet 108.1 of the hot side 108 of the recuperator
106.

The core conditioning system 100 further includes a blower
bypass valve 132, a flow valve 134, a mixing valve 136 and a

recuperator bypass valve 138.

The purpose of the core conditioning system is to remove
decay heat from the reactor when the reactor is shut down and the
Brayton cycle is not operational. In the event of a trip of the power
generation circuit, the core conditianing system serves to cool the reactor
down to a temperature that will allow a restart. In a restart the start-up
blower system 38 provides the required core mass flow to remove the

core fission heat.

The function of the core conditioning system recuperator

106 is 1o ensure that the temperature of the returning gas to the reactor
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does not decrease below acceptable limits, At the same time, it reduces
the inlet temperature to the heat exchanger 112. The mixing device 120
is provided to limit the temperature of gas being fed to the inlet 108.1 of
the hot side 108 of the recuperator 106 so that it does not exceed a

predetermined maximum temperature, typically 900°C.

To this end, the hot gas from the reactor is fed into the
mixing chamber 124 through the hot inlet 126. Depending upon the
temperature of the hot gas, already cooled gas is fed through the cold
inlet 128 into the mixing chamber 124 where it mixes with the hot gas
and is exhausted through the outlet 130 from where it is fed to the hot

side of the recuperator.

As can best be seen in Figure 3 of the drawings, the inlets
126 and 128 are directed towards the centre of the spherical mixing
chamber 124 and are mutually perpendicular. The outlet 130 is
positioned diametrically opposite to the cold inlet 128. The Inventors
helieve that the stream of cold gas which is fed into the mixing chamber
124 will penetrate the hot stream. When the combined stream hits the
opposite wall of the mixing chamber 124 a swirling motion is induced
which results in efficient mixing with very low stratification levels.
Naturally, the diameters of the inlet 128 and the outlet 130 can be
altered, thereby 1o alter the velocity of the gas streams being fed into the
mixing chamber and hence the momentum thereof to change the level of
penetration between the cold gas and hot gas and thersby optimise the

mixing process.

The core conditioning system 100 is preferably housed in a

pressure vessel (not shown).
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Reference is now made to Figure 4 of the drawings in
which, unless otherwise indicated, the same reference numerals used

above are used to designate similar parts.

In the drawing, reference numeral 200 generally refers to
another core cooling system or core conditioning system in accordance

with the invention.

The core conditioning system 200 is connected to a huclear
reactor 202 which is a high temperature gas cooled reactor and is of a
type known as a Pebble Bed Reactor in which a fusl comprising a
plurality of spherical fuel elements (not shown} is used. The fuel
elements comprise spheres of a fissionable material in a ceramic matrix,
encapsulated in the ceramic material. The reactor is helium cooled. The
reactor generates thermal power by means of a controlled nuclear fission
process and converis heat energy into electrical energy utilising a
thermodynamic process based on a Brayton direct gas cycle. Thereactor
utilises substantially pure helium gas as a working fluid, which also

comprises the coolant fluid (not shown) for the reactor core.

The reactor 202 has a reactor pressure vessel 204
containing a reactor core 206 cooled by helium gas. The reactor vessel
204 has inlets 208 and outlets 210. The outlets 210 of the reactor
vessel 204 are in fluid communication with a hot plenum 212 of the
reactor core 206. The inlets 208 of the reactor vessel 204 are in fluid

communication with a cold plenum 214 of the reactor core 206.

In order to provide for maintenance and for safety

considerations, the core conditioning system 200, which is typically
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housed in a pressure vessel {not shown}, has two sets 220 of heat
exchangers. Each set 220 is similar to the heat exchangers of the
system 100 and has a recuperator 106 having an inlet 108.1, an outlet
108.2, aninlet 110.1 and an outlet 110.2. Theinlet 108.1 is connected
to the outlet 210 via an outlet flow duct 102 and the outlet 110.2 is
connected to the inlet 208 via an inlet flow duct 104. Each recuperator

106 is a multi-tube gas heat exchanger.

Further, each set 220 has a second heat exchanger 112
operatively connected to its associated recuperator 106 intermediate the
inlet 110.1 and outlet 108.2 thereof. The second heat exchanger 112 is

a printed circuit heat exchanger and is water cooled.

Still further, each set 220 includes a gas mixing device 120

intermediate the outlet 210 and the inlet 108.1 of the recuperator 106.

Each set 220 also has a helium blower 116 for driving
helium gas through the heat exchangers 106 and 112. The blower 116
is supported on magnetic bearings {not shown) and is driven by an

electric motor.

In each set 220 the outlet 108.2 of the recuperator 106 is
connected to a gas inlet 112.2 of its associated second heat exchanger
112 by means of a first intermediate gas flow duct 230. The inlet 110.1
of the recuperator 106 is connected to a gas outlet 112.2 of the second
heat exchanger 112 by means of a second intermediate gas flow duct
232. Thus, under normal operation, a gas flow path 234 is defined from
the outlet 210 to the inlet 208 by means of the outlet flow duct 102 via

the recuperator 106 to the first intermediate gas flow duct 230 via the
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second heat ‘exchanger 112 to the second intermediate gas. flow duct
232 and again via the recuperator 106 to the inlet flow duct 104 and
inlet 210.

An inlet valve 134 is arranged on the second intermediate
gas flow duct 232 for controlling gas flow between the second heat
exchanger 112 and the inlet 110.1 of the recuperator 106. A branch
flow duct 236 is arranged intermediate the second intermediate gas flow
duct 232 and the outlet flow duct 104 and a first by-pass valve 136 is
arranged thereon. The branch flow duct 236 is connected to the inlet
128 of the mixing device 120 and the outlet 210 is connected to the
inlet 126 of the mixing device 120 via the outlet flow duct 102. An
outlet 130 of the mixing device 120 is connected to the inlet 108.1 of
the recuperator 106. Then, by means of the first by-pass valve 136 of
the branch flow duct 236, cooler gas may be mixed in the device 120
with hot gas from the hot plenum 212 of the reactor 206 entering the
mixing device 120 to provide gas of a predetermined temperature to the
inlet 108.1 of the recuperator 106. A by-pass duct 238 is arranged
intermediate the branch flow duct 236 and the inlet gas flow duct 104
and has a second by-pass valve 240 arranged thereon. By manipulation
of the inlet valve 134 and the first and second by-pass valves 136, 240
cool gas from the outlet 112.2 of the second water cooled heat
exchanger 112 may be diverted directly to the inlet flow duct 104 and
directed to the cold plenum 214 of the reactor 206, thereby effectively
bypassing the return flow path of the recuperator 106.

In use, hot core gas is extracted from the hot plenum 212
in the core 206 of the nuclear reactor 202 and transported to the inlet

108.1 of the recuperator 106. Before it enters the recuperator 106 itis
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mixed in the mixing device 120 with cold gas leaving the water cooler
112. This is done to ensure that the gas temperature entering the
recuperator 106 never exceeds the maximum temperature limits of the
recuperator 106. In the recuperator 106 the helium temperature is
reduced further before it enters the water cooler 112. Heat is removed
from the system in the water cooler 112. Cold helium leaving the water
cooler 112 then enters the blower 116 and continues to the inlet 110.1
of the recuperator 106. A portion of the cool gas is diverted to the
mixing device 120 and mixed with hot gas entering the mixing device
120, as described above. The remaining gas stream then enters the inlet
110.1 of the recuperator 20 where its temperature is increased by heat
transfer from the hot gas flowing through the hot side 108 of the
recuperator 106. The heated gas stream, the temperature of which is
nevertheless lower than that of the gas exiting the reactor pressure
vessel 204 via the outlet 210, is transported to the reactor cold plenum

214 via the reactor vessel inlet 208.

In use, the gas mixing device 120 limits the incoming gas
temperature to the recuperator 106. The recuperator 106 controls the
temperature differential across the reactor core 206 and also reduces the
gas temperature entering the water cooled heat exchangers 112. Thus,
the temperature of the helium gas may be reduced to a temperature at
which known standard water cooled heat exchangers 112 may be used.
The blower 116 provides the necessary helium mass flow. The core
conditioning system pressure vessel {not shown) is preferably coupled
directly to the primary pressure boundary of the reactor pressure vessel
204 and its operating pressure is therefore intended to follow that of the

primary system.
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In use, the core conditioning system 100, 200 removes core
decay heat when the Brayton cycle is not in use and removes core fission
heat during start-up operations. Thus, should the power generation
circuit (shown in Figure 1) trip, the average helium temperature at the
reactor outlet may be reduced to a level that will allow the restart of the
Brayton cycle. Further, during maintenance shutdoewn, the average
helium temperature at the reactor outlet may be reduced to a level that
will allow maintenance operations to take place. Still further, the core
conditioning systems 100, 200 will control the rate at which core fission
heat is removed from the caore 14, 206 of the reactor and allow
controlled heat-up of the reactor core. The conditioning system 100,
200 may also be used to permit the increase of the outlet helium

temperature to a level at which the Brayton cycle can be initiated.

In a proposed embodiment of a Pebble Bed nuclear reactor,
helium gas in the core and at the outlet of the reactor may be at a
temperature of about 900°C. Before the gas enters the recuperator 106
if necessary it is cooled to about 900°C by mixing with the cool gas
stream. In the recuperator 106, the gas is cooled to less than 550°C.
This enables the use of available industrial blowers 116 and water cooled
heat exchangers 112. The gas then enters the water cooler 112 where
heat is extracted from the gas and it is cooled to a maximum temperature
of about 350°C. On re-entering the recuperator 106, the gas is heated
before entering the inlet of the reactor so that a desired ratio of inlet to
outlet temperatures in the reactor core may be maintained while the core
is gradually cooled. Once the core temperature has dropped to a point
where the recuperator 106 is not effective, the recuperator 106 may be

removed from the gas flow path, as described above, and further cooling
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exchanger 112, if it is required to cool the core completely.

By means of the invention, there is provided a nuclear

reactor and a nuclear reactor cooling or core conditioning system 100,

5 200 that allows for the controlled cooling of the reactor core for

maintenance. Further, where a Brayton direct gas thermodynamic cycle
is used, the conditioning system 100, 200 provides for control of the
temperature of the helium working fluid in order to initiate the Brayton

cycle.
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CLAIMS
1. A method of mixing fluid streams which includes feeding the

10

18

streams into a spherical mixing chamber from angularly spaced positions.

2. A methad of mixing two fluid streams which includes feeding the
two fluid streams to be mixed into a mixing chamber so that the streams

enter the chamber at right angles to one another.

3. A method as claimed in claim 1 or claim 2, which includes
extracting the mixture from the mixing chamber from a position which is

spaced at a right angle from at least one of the inlet streams.

4. A method as claimed in any one of the preceding claims, in which

the streams are of gas, at different temperatures, the hotter stream being

fed into the mixing chamber through a hot inlet, the cooler stream being

fed into the mixing chamber through a cold inlet and the mixture being

exhausted from the mixing chamber through an outlet.

5. A method as claimed in claim 4, which includes feeding the cooler
stream into the mixing chamber and exhausting the mixture from the

mixing chamber at diametrically opposed positions.

6. A mixing device which includes

a mixing chamber;
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at least two inlets leading into the mixing chamber at angularly
spaced positions; and
an outlet leading from the mixing chamber, the mixing chamber

being generally spherical in shape.

7. A mixing device which includes

a mixing chamber;

at least two inlets leading into the mixing chamber at angularly
spaced positions; and

an outlet leading from the mixing chamber, the inlets being

directed towards the centre of the mixing chamber.

8. A mixing device as claimed in claim 6 or claim 7, which includes
a first inlet and a second inlet which are perpendicular to one another,

and the outlet being positioned opposite one of the inlets.

9. In a nuclear power plant, there is provided a method of removing
decay heat generated in the core of a nuclear reactor forming part of the
nuclear power plant, which method includes the steps of circulating
coolant between the reactor and a core conditioning system which
includes at least one recuperator having a hot side which has an inlet and
an outlet and a cold side which has an inlet and an outlet, the hot side
inlet being in fluid communication with an outlet of the reactor and the
cold side outlet being in fluid communication with an inlet of an reactor,
and a second heat exchanger operatively connected to the recuperator

intermediate the hot side outlet and the cold side inlet.
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10. A method as claimed in claim 9, which includes limiting the
temperature of the coolant fed to the hot side of the recuperator to a

predetermined maximum temperature.

11. A method as claimed in claim 10, in which limiting the temperature
of coolant being fed to the hot side of the recuperator includes mixing
hot coolant from the reactor with cold coolant prior to feeding the

mixture into the hot side of the recuperator.

12. A method as claimed in claim 11, which includes mixing the hot
coolant and the cold coolant in a mixing device as claimed in any one of
claims 6 to 8, inclusive, the outlet of which is connected to the hot side

inlet of the recuperator.

13. A nuclear power plant which includes a reactor and a core
conditioning system connected in series with the reactor, the core
conditioning system including at least one recuperator having a hot side
which has and inlet and an outlet and a cold side which has an inlet and
an outlet, the hot side inlet being in fluid communication with an outlet
of the reactor and the cold side outlet being in fluid communication with
an inlet of the reactor, and a second heat exchanger operatively
connected to the recuperator intermediate the hot side outlet and the

cold side inlet.

14. A plant as claimed in claim 13, which includes a mixing device
positioned upstream of the hot side of the recuperator whereby hot
coolant from the reactor can be mixed with cold coolant, before being

fed into the recuperator.
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15. A plant as claimed in claim 14, in which the mixing device is a
mixing device as claimed in any one of claims 6 to 8, inclusive, a first
inlet of the mixing device being connecied to the outlet of the reactor
vessel, the outlet of the mixing device being connected to the hot inlet
of the recuperator and a second inlet of the mixing device being
connected or connectable to the outlet of the second heat exchanger, the
core conditioning system including valving to regulate the flow of coolant

from the outlet of the second heat exchanger to the mixing device.
16. A plant as claimed in any one of claims 13 to 15, inclusive, in
which the core conditioning system includes at least two sets of heat

exchangers connected in parallel.

17. A method of mixing two fluid streams as claimed in claim 1 or

claim 2 substantially as described and illustrated herein.

18. A mixing device as claimed in claim 6 or claim 7, substantially as

described and illustrated herein.

19. A method of removing heat from a nuclear reactor as claimed in

claim 8, substantially as described and illustrated herein.

20. A nuclear power plant as claimed in claim 13, substantially as

described and illustrated herein.

21. A new method, device or plant substantially as described herein.
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