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(71) W e , UNITED KINGDOM ATOMIC 
ENERGY AUTHORITY, LONDON, a Br i t i sh 
Authority do hereby declare the invention, for 
which we pray that a patent may be granted 

5 to us, and the method by which it is to be 
performed, to be particularly described in and 
by the following statement: — 

This invention relates to nuclear reactors of 
the kind wherein nuclear fuel is housed in a 

10 group or groups of parallel tubes extending 
vertically through the core of the reactor and 
steam is generated in the tubes from water 
coolant flowing through them. Such nuclear 
reactors are hereinafter termed reactors of the 

15 kind referred to. 
A construction of nuclear reactor of the kind 

referred to is disclosed in patent No. 1197464. 
In the disclosed construction each tube inlet 
of the reactor has individual variable fluid flow 

20 restricting means which is responsive to at least 
one characteristic signal of the reactor. The 
tubes and their restriction means are arranged 
in groups such that all the restriction means 
of a selected group are variable in the same 

25 sense simultaneously by the same signal. The 
fluid flow restricting means takes the form of 
a multiple outlet port valve for each group 
of tubes, each outlet port being connected to 
a tube inlet. The characteristic signal of the 

30 reactor is initiated by neutron flux density. 
The multiple outlet port valves serve to sup-
press hydrodynamic instability by creating a 
pressure drop across each tube inlet, and also 
to control coolant flow and voidage within the 

35 tubes. The reactor is most susceptible to hy-
drodynamic instability when operating at low 
power and therefore with -low rates of coolant 
flow. It is now feared that at low power (say 
10% of full power) the pressure drops across 

40 the variable restrictions of the multiple outlet 
port valve will require such small orifices that 
they may be subject to blockage and also result 
in such high flow velocities that the orifices 
boundaries will be subject to severe erosion. 

45 Furthermore, because the orifices are so 
small at low power, if equality of flow through 
the tubes and stability are to be maintained 

the valves must be made to a high degree of 
precision. 

It is an object of the present invention to 50 
mitigate the risk of blockage and erosion of, 
and to reduce the standard of precision re-
quired for, the restriction means in a nuclear 
reactor of the kind referred and as described 
in Patent No. 1197464. 55 

According to the present invention, in a 
coolant circuit of a nuclear reactor of the kind 
referred to, each tube inlet has individual vari-
able fluid flow restricting means, the restrict-
ing means of a group of tubes all being vari- 60 
able in the same sense simultaneously, and a 
common inlet to the group of tubes has vari-
able fluid flow control means responsive to at 
least one characteristic signal of the reactor. 

The restriction means serve to reduce hy- 65 
drodynamic instabilities between tubes but the 
fluid flow means which is additional to the 
construction described in Patent No. 1197464 
serves to control the coolant flow (at least over 
the lower power range) so that the full pressure 70 
drop takes place over both means. The orifices 
of the restriction means, are larger even at low 
power so that flow velocities and erosion are 
reduced. Because of the larger orifices the oc-
currence of blockages and inequalities of flow 75 
due to imprecision, are less likely. 

Constructions of nuclear reactors according 
to the invention are described, by way of ex-
ample, with reference to the diagrammatic 
drawings Figs. 1, 2, 3 and 4. accompanying 80 
the Provisional Specification. 

Fig. 1 shows a nuclear reactor generally 
similar to the reactor described in Patent No. 
1197464. The reactor coolant circuit has verti-
cally extending tubes 1 (only one tube being 85 
shown in full line) which house nuclear fuel 
cooled by light water flowing through the 
tubes to generate steam.' The coolant flows 
from the tubes 1 to a steam drum 2 where 
the water and steam are separated, the steam 90 
being delivered to a turbine (not shown) and 
the water being returned to the lower ends of 
the tubes by way of a pump 4, a fluid flow 
control valve 6 and fluid flow rwtriction 
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means in the form of a multiple outlet port 
valve 5. The control valve 6 is responsive to 
neutron flux density in the core as sensed by 
an ion chamber 7. The multiple outlet port 

5 valve 5 is sensitive to pressure differential 
across its inlet and outlet ports and is arranged 
to open as fluid flow increases to maintain a 
constant pressure drop. Coolant flow is con-
trolled throughout the full power range by 

10 valve 6. At low power and therefore low rates 
of coolant flow a major pressure drop will oc-
cur across the valve 6 so that the multiple 
outlet port valve can be arranged to have rela-
tively large orifices offering only sufficient 

15 restriction (for example, to produce a pressure 
drop of approximately 40 p.s.i.) to suppress 
hydrodynamic instabilities in the tubes. 

Figure 2 shows a nuclear reactor generally 
similar to that of Figure 1 but both the fluid 

20 flow control valve 6 and the multiple outlet 
port valve 5 are made sensitive to neutron flux 
density. The control arrangement is such that 
in the lower power range (up to 30% full 
power) the valve 6 controls coolant flow whilst 

25 the multiple outlet port valve 5 remains partly 
open to create pressure drops at the tube inlets 
sufficient only to suppress hydrodynamic insta-
bility. At higher reactor power levels, when 
coolant flow rates are high both valves open 

30 progressively to control coolant flow and at 
the same time maintain substantially constant 
pressure drops across the multiple outlet port 
valve 5. Figure 3 also shows a nuclear reactor 
generally similar to that shown in Figure 1 

35 but the multiple outlet port valve is replaced 
by a simple manifold 8 and fluidic flow control 
devices 9. By fluidic flow control device is 
meant a device devoid of moving parts for 
controlling fluid flow. The outlet ports of the 

40 manifold are connected to the tubes 1 by pipe-
lines 10 which include the fluidic flow control 
devices. A fluidic flow control device 9, which 
may be described as an in-line vortex amplifier 
is shown diagramatically to an enlarged scale 

45 in Figure 4 and comprises a solid core 11 of 
streamline contour within a swelling of a 
flanged pipe 12. A pipeline 13 is connected 
to the coolant circuit at a point immediately 
preceding the control valve 6 and it extends 

50 to the fluidic flow control devices 9. The pipe-
line 13 is connected to nozzles 15 in the pipes 
12 at the swellings and the nozzles are ar-
ranged to direct jets of coolant from the pipe-
line 13 tangentially on to the cores 11 thence 

55 to flow obliquely against the main flows of 
coolant flowing through the pipelines 10 from 
the manifold 8. An orifice gag plate 14 is 
interposed between the flanges of the pipe 12 
and the tube inlet pipe and is designed to give 

60 a coolant flow pressure drop of approximately 
40 p.s.i. when the reactor is operating at full 
power. As the pressure drop across the valve 

6 is substantially zero at full power the fluidic 
flow control devices offer no substantial 
restriction to coolant flow. At low power (say 65 
10% full power) flow is controlled by the 
valve 6 and the pressure drop across the valve 
causes coolant to flow through the pipeline 13 
to the fluidic flow control devices. The resist-
ance to the main coolant flows offered by the 70 
rotational contra-flows through the fluidic flow 
control devices 9 increases the total pressure 
drop across the combination of valve 6 and 
fluidic flow control devices 9. Thus no fluid 
flow restriction openings are required to be 75 
so small that they will be greatly subject to 
blockage or erosion of their boundaries. If the 
pipeline 13 or jets 15 should become blocked 
there is no immediate danger by void age of 
the tubes because the rate of fluid flow is in- 80 
creased thereby reducing voidage in the tubes. 

WHAT WE CLAIM IS: — 
1. A nuclear reactor wherein nuclear fuel 

is housed in a group or groups of parallel tubes 
extending vertically through the core of the 85 
reactor and steam is generated in the tubes 
from water coolant flowing through them, each 
tube inlet having individual variable fluid flow 
restricting means, the restricting means of a 
group of tubes all being variable in the same 90 
sense simultaneously, each group of tubes hav-
ing a common inlet and each common inlet 
having variable fluid flow control means re-
sponsive to at least one characteristic signal 
of the reactor. 95 

2. A nuclear reactor according to claim 1 
wherein the variable fluid flow restriction 
means is a multiple outlet port valve having 
automatic control means responsive to the 
pressure differential across the valve, and the 100 
fluid flow control means is a control valve. 

3. A nuclear reactor according to claim 1 
wherein the variable fluid flow restriction 
means is a multiple outlet port valve and the 
fluid flow control means is a control valve, J05 
both valves being responsive to the characteris-
tic signal but arranged so that in a lower power 
range coolant flow is controlled by the control 
valve whilst in the upper power range both 
valves control coolant flow. 110 

4. A nuclear reactor according to Claim 1 
wherein the restriction means comprises a ffui-
,dic flow control device in each of the tube 
inlets and the fluid flow control means is a 
control valve sensitive to the characteristic sig- 115 
nal, the fluidic flow control devices of each 
group of tubes being connected together and 
responsive to the difference in pressure be-
tween the control valve inlet and the fluidic 
flow control devices. 120 

5. A nuclear reactor according to any one 
of the preceding claim wherein the characteris-
tic signal is responsive to neutron flux density 
in the core of the reactor. 
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6. A nuclear reactor substantially as herein- J. Y. LE MASURIER, 
before described with reference to Figure 1, Chartered Patent Agent, 
or Figure 2 or Figures 3 and 4 of the drawings Agent for the Applicants, 
accompanying the Provisional Specification. 

Printed for Her Majesty's Stationery Office by the Courier Press, Leamington Spa, 1972. 
Published by the Patent Office, 25 Southampton Buildings, London, WC2A 1AY, from 

which copies may be obtained. 



1,280,012 PROVISIONAL SPECIFICATION 

3 SHEETS This drawing is a reproduction of 
the Original on a reduced scale 

Sheet 1 



1,280,012 PROVISIONAL S P E C I F I C A T I O N 

3 SHEETS Growing is a reproduction of 
the Original on a reduced scale 

Sheet 2 



1280532 PROVISIONAL SPECIFICATION 

3 SHEETS drawing is a reproduction of 
the Original on a re-hi^eij scale 

Sheet 3 


