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( 7 1 ) W e , UNITED KINGDOM ATOMIC 
ENERGY AUTHORITY, London, a British 
Authority, do hereby declare the invention, 
for which we pray that a patent may be 
granted to us, and the method by which it 
is to be performed, to be particularly de-
scribed in and by the following state-
men t :— 

This invention relates to nuclear fuel for 
liquid metal cooled nuclear reactors com-
prising a cluster of closely spaced parallel 
nuclear fuel pins shrounded by an annular 
wrapper. The cluster, its supporting means 
and the wrapper are commonly referred to 
as a fuel assembly and, in use, an assembly 
occupies, or defines, a coolant channel with 
the longitudinal axis of the cluster coinci-
dent with the axis of the channel. The 
elongated coolant flow paths between adja-
cent fuel pins are referred to as sub-chan-
nels and these sub-channels are conven-
tionally long and narrow for nuclear physics 
reasons and to provide a compact core. In 
the unlikely event of a local restriction to 
flow occurring in one or more of the sub-
channels, parts of the fuel pin surface lying 
in the wake of the restriction may be in-
completely cooled. The consequential local 
temperature rise may have a deleterious 
effect on the fuel pin cladding. Such a local 
temperature rise may not be detectable early 
by the temperature sensitive transducer, 
which is located at the coolant channel out-
let and senses an average value of outlet 
temperature. The latter is a parameter not 
affected by a local temperature rise because 
coolant in the blockage wake probably tends 
to form local eddies, decoupled f rom the 
main stream of the main coolant flow. 

The aim of the present invention is to 
ensure that should a flow restriction develop 
then the resultant local temperature rise 
will be held at a safe value at least until 
the outiet temperature transducer responds 
to the defective condition. 
, According to the invention a liquid 

cooled nuclear reactor comprises a liquid 
metal cooled nuclear reactor core having a 
coolant channel through which coolant is 50 
passed along sub-channels between parallel 
fuel pins to extract heat therefrom and a 
transducer responsive to average tempera-
ture at the outlet end of the channel to 
monitor correct cooling of the fuel charac- 55 
terised in that a number of open-ended 
heat transfer tubes are dispersed across the 
channel flow section to extract heat f rom 
any local region of coolant in the sub-chan-
nels in the wake of a partial blockage and 60 
where the temperature rise consequent upon 
the partial blockage is not otherwise com-
municated to the transducer by the coolant 
flowing through the sub-channels in contact 
with the fuel pins. The local regions as 65 
mentioned above are the regions in which 
the coolant locally becomes decoupled from 
the main stream of coolant which flows 
throughout the coolant channel and gener-
ally occurs in the wake of a main channel 70 
flow restriction or blockage. 

The invention also resides in a method 
of safeguarding a nuclear reactor coolant 
channel containing nuclear fuel pins and 
traversed by liquid metal coolant f rom the 75 
consequences of local overheating in the 
wake of a partial blockage which resides in 
inserting a number of open-ended heat 
transfer tubes in sub-channels between the 
fuel pins so as to form guaranteed supplies 80 
of coolant along a number of sub-channels 
and to conduct heat f rom local regions of 
the channel which experience a temperature 
rise above the average outlet temperature 
and transmit heat f rom said regions to an 85 
outlet transducer. 

In order that the invention may be better 
understood one embodiment thereof will 
now be described with reference to the 
accompanying drawings in which: - 90 

Figure 1 is a general view in cross-sec-
tion of a liquid metal cooled nuclear reac-
tor, 

Figure 2 is a cross-section through a reac-



2 1,561,896 3 
tor coolant channel taken transverse to its 
longitudinal axis, 

Figure 3 is a diagrammatic cross-section 
on the line II—n of Figure 2, and 

5 Figure 4 is a graph which demonstrates 
the effect of the invention. 

Figure 1 illustrates a liquid metal cooled 
fast breeder nuclear reactor having a core 
1 composed of fuel assemblies submerged 

10 in a pool 2 of liquid sodium coolant in a 
primary vessel. The primary vessel is sus-
pended from the roof of a containment vault 
4 and there is provided a plurality of coolant 
pumps 5 and heat exchangers 6, only one of 

15 each of pump and heat exchangers being 
shown. The fuel assemblies are mounted 
on a diagrid 7 housed with the heat exchan-
gers in a core tank 8 whilst the pumps 5, 
which deliver coolant to the diagrid, are 

20 disposed outside of the core tank. The core 
fuel assemblies upstand from this diagrid 7 
in closely spaced side-by-side array and the 
assemblies are embraced by a barrel 7a to 
provide peripheral restraint. Control rods 

25 9 and instrumentation channels 10 penetrate 
the roof of the vault. The fuel assemblies 
each include a central fuel section shown 
in Figure 2 which comprises a bundle of 
elongate fuel pins 12 enclosed within a 

30 tubular wrapper 13 of hexagonal cross-sec-
tion. The wrapper 13 thus defines a coolant 
channel which is sub-divided into sub-chan-
nels by the spaced fuel pins. The fuel pins 
12 are positioned and held parallel to one 

35 another and to the axis of the tubular 
wrapper by grid means (not shown) which 
define, say, 284 lattice positions. In con-
temporary designs, one sees a nuclear fuel 
pin 12 supported at each lattice position 

40 with the fuel pin axes parallel to one an-
other and to the longitudinal axis of the 
wrapper 13. The spaces between the fuel 
pins 12 thus form the sub-channels 15 
through which liquid metal, e.g. sodium, 

45 coolant admitted to the lower open end of 
the wrapper 13 passes, extracting heat from 
the pins. The heated coolant is delivered 
from the upper end of the wrapper whereat 
a transducer 16 senses its average tempera-

50 ture, or a second order effect of average 
temperature. The transducer 16 yields a 
measure of the correct cooling of the assem-
bly and transmits its response via instru-
mentation 10 to a trip amplifier 11 con-

55 nected via actuators (not shown) to con-
trol rods 9. If however a flow restriction 
or a partial blockage occurs in one or more 
of the sub-channels, as indicated at the 
shaded area B in Figures 2 and 3, discrete 

® regions of the fuel pins in the wake of the 
blockage will be. less well cooled, for it has 
been found experimentally that the smooth 
axial flow of coolant will be disturbed pos-
siblv to the extent that re-circulation flow 

65 eddies E (Figure 3) are formed. Heat trans-

fer between the coolant in the eddies and 
the bulk of the coolant passing along the 
adjacent sub-channels is very limited with 
the result that the eddies may reach satura-
tion temperature and near boiling. At the 70 
same time the outlet transducer 16 which 
gives an indication of the average outlet 
temperature, will be unable to respond to 
the higher temperature obtaining in the 
wake of the blockage. A local region of 75 
the fuel pins could therefore be put at risk 
without a warning signal from the trans-
ducer. To meet this contingency, a num-
ber of spaced lattice positions in the fuel 
assembly are given over to open ended heat 80 
transfer tubes 17 which are exteriorly simi-
lar in shape to fuel pins. The function of 
the tubes 17 is to ensure that a guaranteed 
supply of through coolant is supplied across 
the flow section at selected positions. 85 
Should a flow blockage occur, the region 
in the wake of the blockage will be ade-
quately cooled independently of the bulk 
coolant flow. It has been found that the 
heat transfer between coolant in a coolant 90 
tube 17 and a wake region is orders of mag-
nitude greater than between re-circulating 
flow and the remainder of the coolant. 

To this end seven coolant tubes 17 have 
been inserted at lattice positions each in the 95 
centre of a group of sub-channels bounded 
by a dotted line 18. Each group contains 
eighteen fuel pins and if a blockage occurs 
in the region of any one group, heat from 
the wake is carried away by coolant flowing 100 
through the adjacent tube 17 and boiling 
is prevented or postponed. Should the 
blockage extend over a significant number 
of sub-channels then other coolant tubes 17 
will contribute a cooling effect from the 105 
other localities where temperature peaks 
occur. These will ensure that the coolant 
temperature in the sub-channels remains 
below saturation and cause a rise in the 
mean temperature at the outlet end of the 110 
coolant channel. The transducer 16 re-
sponsive to mean temperature will then 
indicate that the safety threshold has been 
exceeded and transmit a warning to the 
trip amplifier 11. Remedial action is then 115 
taken. 

Calculations can show that 20 per cent 
of a wrapper flow area can become blocked 
without a trip but the rate of increase of 
the transducer signal with blockage frac- 120 
tion rises progessively beyond this so that 
well before a fraction that would induce 
boiling and fuel failure is reached, the 
temperature rise will be detectable and the 
transducer will provoke a trip. The graph 125 
at Figure 3 demonstrates this effect on a 
hypothetical fuel assembly. The graph has 
an abscissa scaled in axisymmetric blockage 
fraction of the total flowpath, the left hand 
ordinate is scaled in peak sodium (coolant) 130 
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temperature, anywhere in the channel, and 
the right hand ordinate is calibrated in 
average outlet temperatures and relates the 
abscissa to the lowermost curve A illustra-

5 ting the case where heat transfer tubes are 
dispersed amongst the fuel pins. The 
middle curve B plots the peak sodium tem-
perature against blockage fraction with heat 
transfer tubes and top curve C without heat 

10 transfer tubes (i.e. without the invention). 
Curve C cuts the saturation temperature line 
at about 20% blockage fraction. The curve 
B shows a substantial reduction in peak 
temperature with heat transfer tubes al-

15 though the temperature will certainly rise 
to saturation if further points are plotted. 
The curve B shows that at 20% blockage the 
increase in average outlet temperature 
would not be detectable by the outlet trans-

20 ducer since there are other aspects of 
reactor operation (such as fuel burn up, 
charge/discharge, control rod movements) 
which could induce transducer response 
changes of comparable magnitude. But 

25 above 30% this average temperature rises 
more rapidly until at, say 50%, the increase 
would certainly be detectable. 

As stated above it is convenient to make 
the heat transfer tubes exteriorly similar to 

30 the fuel pins but they may otherwise be 
made with highly efficient heat transfer 
characteristics. For example the tubes may 
have thin walls with profiled surfaces, e.g. 
spirally fluted and formed of metal of 

35 higher conductivity than the stainless steel 
normally used for fuel pin cladding. 

If a serious risk of blockage in the peri-
phery of the fuel pin cluster exists and 
there is no flowing coolant over the out-

40 side of the wrapper then further heat trans-
fer tubes may be substituted for peripheral 
fuel pins. Alternatively the longitudinal 
stiffening ribs 19 on the wrapper may be 
fluid cooled. An acoustic transducer may 

45 be located near the outlet end of the 
coolant channel which is acoustically 
coupled to the coolant tubes to detect noise 
generated somewhere along the coolant 
channel. Such noise may originate from 

50 incipient boiling or fluid density changes. 
However the presence of the heat trans-

fer tubes has the following principal 
effects: 

i. the onset of local boiling is delayed 
55 and 

ii. safe operation of the assembly may 
be continued even with a sub-channel 
blockage large enough to reduce the 
total sub-assembly flowrate; whilst the 

"0 temperature rise at the sub-assembly 
outlet, which eventually occurs, be-
comes easily detectable. 

WHAT WE CLAIM IS: — 
6 5 1. A liquid metal cooled nuclear reactor 

having at least one coolant channel within 
which are supported a plurality of spaced, 
parallel, nuclear fuel pins so as to define 
coolant sub-channels between the pins, a 
coolant inlet at one end of the channel and 70 
an outlet at the other, a transducer respon-
sive to average outlet temperature of the 
coolant leaving the channel, a pluraliy of 
open-ended heat transfer tubes dispersed 
amongst the sub-channels parallel to the 75 
channel axis and providing a guaranteed 
supply of coolant in case of overheating in 
the wake of a blocked sub-channel whereby 
heat generated in said wake is transferred 
via said tubes to contribute to the value of 80 
the average outlet temperature registered 
by said transducer. 

2. A liquid metal cooled nuclear reactor 
as claimed in claim 1 in which the coolant 
channel is defined by a tubular wall of a 85 
fuel element wrapper. 

3. A method of safeguarding a nuclear 
reactor coolant channel containing nuclear 
fuel pins and traversed by liquid metal 
coolant from the consequences of overheat- 90 
ing in the wake of a partial blockage in the 
channel which resides in inserting a number 
of open-ended heat transfer tubes in sub-
channels between the fuel pins so as to form 
guaranteed supplies of coolant along a 95 
number of the sub-channels and to conduct 
heat from local regions of the channel which 
experience a temperature rise above the 
average outlet temperature and transmit 
heat from said regions to an outlet trans- 100 
ducer. 

4. A liquid metal cooled nuclear reactor 
core having a coolant channel through 
which coolant is passed along sub-channels 
between parallel fuel pins to extract heat 105 
therefrom and a transducer responsive to 
average temperature at the outlet end of 
the channel to monitor correct cooling of 
the fuel characterised in that a number of 
open-ended heat transfer tubes are dis- 110 
persed across the channel flow section to 
extract heat from any local region of 
coolant in the sub-channels in the wake of 
a partial blockage and where the tempera-
ture rise consequent upon the partial block- 115 
age is not otherwise communicated to the 
transducer by the coolant flowing through 
the sub-channels in contact with the fuel 
pins. 

5. A liquid metal cooled nuclear reactor 120 
substantially as described herein with re-
ference to the accompanying drawings. 

6. A method of safeguarding a nuclear 
reactor from the consequences of coolant 
channel blockage substantially as described. 125 

M. T. HUNT, 
Chartered Patent Agent, 
Agent for Applicants. 
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