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(71) W e , UNITED KINGDOM ATOMIC f r o m a s u p p l y of finite capac i ty , it is neces-
ENERGY AUTHORITY, London, a British sary to employ the coolant as economically 50 
Authority, do hereby declare the invention, as possible and to the best effect, 
for which we pray that a patent may be To provide a uniform spray distribution 

5 granted to us, and the method by which it from a conduit extending parallel with the 
is to be performed, to be particularly des- cluster it is desirable to place as many holes 
cribed in and by the following statement:— as possible along the length of the, or each, 55 
Background of the invention conduit. There is a lower limit to the size of 

This invention relates to nuclear reactors each hole set by the probability of the holes 
10 in which the fuel is cooled by water, by to become blocked up by solid particles 

steam or by a two phase mixture of these, carried in the auxiliary coolant. These con-
In such nuclear reactors it is usual to employ siderations would lead to a design where 60 
fuel in a rod or pin form enclosed in suit- the conduit would have a large number of 
able cladding and to mount the rods in holes of generous size. However, in practice, 

15 clusters in parallel, spaced apart, relation- it is desirable for each jet to emerge from 
ship so that coolant may pass freely between the hole with a reasonably high velocity, 
them. According to current practice, coolant so as to carry coolant well into the cluster, 65 
is passed axially from one end of the cluster and to meet this further requirement a de-
eg in an upward direction through the clus- sign with a large number of large holes 

20 ter and such coolant flow is effective to w ? u l d consume, in operation, copious sup-
extract heat from the fuel under normal P l i e s of coolant. Again, in a practical case, 
circumstances. It has been proposed pre- the supply of coolant available at this region 70 
viously that, in addition to this axial main of reactor core tends to be rather limited, 
coolant flow, a supply of coolant, auxiliary Summary of Invention 

25 to the main coolant be provided to pass According to the present invention an 
laterally into the cluster or to be sprayed auxiliary cooling system for a nuclear reac-
over the top of the cluster. The auxiliary tor core comprises at least one perforated 75 
coolant supply may, on the other hand be conduit extending into the core, a supply 
held in reserve, ready to be brought into of auxiliary coolant, a pump arranged to 

30 effect should the main coolant system prove delivery auxiliary coolant from the supply 
inadequate or ineffective for some reason, to the perforated conduit and intermittent 
In a particular instance, the auxiliary cool- flow inducing means causing the auxiliary 80 
ant has been applied to the fuel by being coolant to be dispensed through the per-
led from the supply along conduits extend- forations in the conduit as intermittent jets 

35 ing parallel with the fuel rods in the cluster of coolant. 
and sprayed onto the fuel via holes in the By the use of intermittent jets of coolant, 
conduits. Alternatively auxiliary coolant may a limted supply of coolant may be ejected 85 
be injected transversely through a series onto the fuel rods with greater velocity than 
of holes in a conduit wall surrounding the if the jets were continuous and hence will 

40 cluster. Whether the auxiliary coolant be penetrate more strongly amongst the fuel 
used with main coolant or held in reserve, rods and this through holes large enough 
said auxiliary coolant is applied as a plura- to give an adequite flow rate but being less 90 
lity of jets directed towards the fuel rods, liable to blockage than smaller holes de-
This facility for injecting auxiliary coolant signed to conserve coolant. 

45 is a useful and advantageous mode of bring- By applying the present invention to the 
ing coolant directly into interior of the reac- auxiliary cooling system employed in nuclear 
tor core at the will of the operator. As the reactors of the pressure tube type (such as 95 
source of auxiliary coolant may be drawn the Steam Generating Heavy Water Mode-
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rated Reactor), the velocity of the jets of 
auxiliary coolant may be increased giving 
greater penetration into the coolant cluster 
for a given average water flow rate by ope-

5 rating the jets intermittently, the jet velocity 
being increased in inverse proportion to the 
fractional time the jet is operated in each 
cycle. For instance the velocity of a jet which 
operates for \ second every 2 seconds would 

10 be quadrupled and there would be no in-
crease in average water usage. Similar effects 
may be achieved in the application to sparge 
tubes in pressurized water reactors. 
Description of the Drawings 

15 In order that the invention may be better 
understood embodiments thereof will now 
be described with reference to the accom-
panying drawings in which 

Figure 1 shows an axial cross-section 
20 through an axially extending nuclear reactor 

coolant channel and indicating diagramma-
tically one system by which auxiliary coolant 
may be deployed. 

Figure 1A is a detail of Figure 1 and 
25 Figure 2 shows an alternative method of 

controlling the distribution of auxiliary cool-
ant with a number of sparge pipes protrud-
ing into the core of a pressurized water 
nuclear reactor a part only of which is 

30 shown. 
Description of the Preferred Embodiments 

In Figure 1 a coolant channel of a pressure 
tube nuclear reactor such as that known as 
the Steam Generating Heavy Water Moderat-

35 ed Reactor is bonded by an open-ended 
cylindrical wall 2. Within the channel 1 is 
mounted, in a manner such that it may be 
withdrawn endwise through the top of the 
channel, a support structure 3 which carries a 

40 cluster 4 of nuclear fuel rods 5 in parallel 
spaced apart positions so as to define inter-
spaces for the passage of main coolant flow. 
Main coolant A is passed through the bot-
tom of the channel to pass upwardly through 

45 the lower end fitting 6 of the structure 3 and 
between the fuel rods 5 to pass through the 
upper end fitting 7. In its passage through 
the channel the coolant boils and vapour 
from the top of the channel passes to a 

50 power plant. Centrally of the support struc-
ture is provided a central sparge tube 8 
whose upper end is closed and whose lower 
end communicates with a supply of auxiliary 
coolant of the same kind as the main coolant. 

55 The tube 8 has holes 9 distributed along its 
wall, the holes being of a diameter such 
that accidental blockage is unlikely to occur. 
When an auxiliary coolant at a suitable 
pressure is introduced into the lower end 

60 of the tube 8, sprays of coolant are delivered 
from the holes 9 into the centre of the cluster 
of fuel rods. 

The lower end fitting 6 is adapted to re-
ceive the lower ends of the fuel rods 5 which 

65 engage holes in a grid 10 which, together 

with a dependent skirt 11, is supported 
centrally on the sparge tube 8. Where the 
latter extends through the grid 10 a number 
of webs (not shown) extend radially between 
the tube 8 and the skirt 11, the cross- 70 
sectional area between the webs constituting 
the entry passage for the main coolant. 

The lower end of the sparge tube 8 seal-
ingly engages a nozzle 12 of an auxiliary 
coolant supply pipe 13. When required auxi- 75 
liary coolant is pumped from a tank 14 
under control of a valve 15 by a pump 16 
which delivers coolant to a valve 17 which 
feeds a number of sparge tubes as at 8 in 
succession so that each receives an inter- 80 
mittent supply. As a result the delivery from 
the holes in the tubes 8 is intermittent. The 
valve 17 as shown in Figure 1A comprises 
a stationary cylinder 17a having a number 
of ports 176, corresponding to Ihe number 85 
of sparge tubes as at 8 to be supplied, in the 
cylinder wall at circumferentially spaced 
positions. Each port 176 communicates with 
one such sparge tube. A spindle 17c rotat-
able in the cylinder bore has an axial pas- 90 
sage lid leading to a radial hole lie posi-
tioned to communicate the passage 17d with 
each of the ports 176 in turn as the spindle 
rotates. Rotation of the spindle is effected 
by a motor (not shown) driving a gear 17/ 95 
and coolant is supplied to the passage lid 
via a swivel coupling 17«. In a modification 
spindle 17c may be rotated by the hydraulic 
pressure acting on a suitably bladed portion 
of the rotary spindle. Auxiliary coolant is 100 
supplied through the valve 17 through each 
of the outlet ports in the cylinder hence 
giving intermittent supplies to each of the 
sparge tubes 8 to emerge through holes 9 
as high velocity intermittent jets so that good 105 
penetration of auxiliary coolant into the fuel 
rod clusters is obtained. 

A modified form of the invention shown 
in Figure 2 employs fluidic switches of the 
bistable Coander type to achieve intermit- 110 
tent flows. In Figure 2, the source of auxi-
liary coolant is a reservoir 20 from which 
pump 21 delivers coolant either back into 
the reservoir 20 or into both main and 
subsidiary lines 22 and 23 accordinging to H5 
the position of valves 24, 25. The latter are 
arranged to operate in unison when auxiliary 
cooling is needed to direct coolant into lines 
22, 23, the main line 22 connecting with 
parallel lines 26 each supplying one of the 120 
branch pipes 27, 28. Each branch pipe is 
connected to one perforated sparge pipe 29 
which protrudes into the core 30 of a nuclear 
reactor cooled and moderated by pressurised 
water in a conventional manner. Intermittent 125 
jets of auxiliary coolant from the sparge 
pipes 29 are obtained by switching the flow 
alternatively between the branch pipes 27, 
28 by the operation of fluidic switches. As 
is known the flows through pipes 26 will 130 
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attach themselves to the wall of one or other 
of the branch pipes 27 or 28 at certain 
Reynolds numbers and the injection of a 
subsidiary flow through a control jet 34 will 

5 cause the flow to switch from branch 27 say 
to the other branch 28 and likewise a subsi-
diary flow from a control jet 35 whilst cool-
ant is flowing through branch 28 will re-
switch the flow back to branch 27. To 

10 operate the fluidic switches, the subsidiary 
line 23 leads a bleed of coolant to a rotary 
valve 31 which operates to supply control 
tubes 32, 33 alternatively. The tube 32 sup-
plies one of the two control jets 34 of each 

15 switch and the tube 33 then supplies the 
other of the control jets 35. In consequence 
of the operation of the rotary valve 31 the 
control jets 34, 35 operates alternately so 
switching the main flows in pipes 26 first to 

20 branch pipes 27 and then to pipes 28 and 
back again. This results in intermittent jets 
of auxiliary coolant being emitted from 
sparge pipes 29. This continues as long as 
the rotary valve 31 operates and the valves 

25 24, 25 remain in the operative position. 
When auxiliary cooling is no longer required 
the valves 24, 25 are operated to divert 
pump delivery back into the reservoir 20. 
The pump 21 may continue to recycle cool-

30 ant if desired so ensuring that it is instantly 
available. The sparge pipes 29 may be placed 
in any position in the core where auxiliary 
cooling may be effective. Means may be 
provided for initiating the application of 

35 auxiliary cooling on failure of the main 
reactor cooling system which has not been 
described, but which is always assumed to 
be present. The use of fluidic switches has 
the advantage that large mass flows are not 

40 subject to large pressure variations. 

As an alternative to both the above em-
bodiments, the delivery pump 16 may be 
connected directly in parallel with the 
sparge pipes and the delivery pulsed so as to 

45 create oscillating pressures in the auxiliary 
coolant flow. 

WHAT WE CLAIM IS:— 
1. An auxiliary cooling system for a nu-

50 clear reactor core comprising at least one 

perforated conduit extending into the core, 
a supply of ancillary coolant, a pump 
arranged to deliver auxiliary coolant from 
the supply to the perforated conduit and an 
intermittent flow including means causing 55 
the auxiliary coolant to be dispensed through 
the conduit perforations as intermittent jets 
of coolant. 

2. An auxiliary cooling system for a 
nuclear reactor as claimed in claim 1 in 60 
which the intermittent flow inducing means 
comprises a rotary valve arranged to deliver 
the auxiliary coolant to a number of per-
forated conduits in turn. 

3. An auxiliary cooling system for a nu- 65 
clear reactor as claimed in claim 1 in which 
the intermittent flow inducing means com-
prises a bistable fluidic switch arranged to 
switch the pump delivery to two perforated 
conduits in turn. 70 

4. A nuclear reactor having a core in-
clding a coolant channel enclosing a nuclear 
fuel assembly, an entry for main coolant at 
one end of the channel and an exit for main 
coolant at the other end, at least one per- 75 
forated conduit extending lengthwise in the 
channel, perforations in the conduit wall 
facing said fuel assembly, a supply of auxi-
liar coolant and means delivering said cool-
ant to said perforated conduit in a manner 80 
such that intermittent jets of auxiliary cool-
ant are injected into the fuel assembly. 

5. A nuclear reactor having a core con-
taining nuclear fuel assemblies in the form 
of clusters of elongated fuel rods supported 85 
in spaced apart positions to define channels 
between the rods for the passage of main 
coolant, at least one perforated conduit ex-
tending parallel to and spaced from the fuel 
rods of each assembly a supply of auxiliary 90 
coolant and a means connecting said supply 
with said perforated conduit and delivering 
auxiliary coolant therethrough to emerge 
from the perforations as intermittent jets. 

6. An auxiliary cooling system substan- 95 
tially as herein described with reference to 
the drawings herein referred to. 

M. T. HUNT, 
Chartered Patent Agent, 

Agent for Applicants. 
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