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(54) Nuclear Reactors 

(57) A liquid metal cooled fast breeder 
nuclear reactor has a fu el assembly or 
core comprising a plurality of closely 
spaced elongate fuel sub-assemblies 
upstanding side-by-side from a support 
structure. The sub-assemblies each 
comprise a plurality of spaced fuel pins 
within a tubular wrapper (15) of cross-
section generally hexagonal. The cor-
ners of the wrapper are replaced by flat 
sides (15b) or by sides which are 
inwardly convex (Figure 5, not shown) 
which have the effect of increasing the 
resistance ofthe wrapper to dilation 
under coolant pressure. Reduced dila-
tion enables the sub-assemblies to be 
more closely spaced so that vibration is 
reduced and the fuel inventory ofthe 
reactor can be increased even though 
the number of fuel pins in each sub-
assembly is reduced. 
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SPECIFICATION 

Nuclear reactors 

5 This invention relates generally to nuclear reactors 
but more particularly to nuclearfuel sub-assemblies 
for liquid metal cooled fast breeder nuclear reactors. 

In known liquid metal cooled fast breeder nuclear 
reactors such as that disclosed in British Patent No. 

10 1,510,127 the fuel assembly comprises a multiplicity 
of slenderfiiel elements or pins over which liquid 
metal coolant such as sodium is flowed. For con-
venience the fuel assembly is divided into a plurality 
of interchangeable sub-assemblies which are elon-

15 gate and comprise plurality of fuel pins enclosed by 
a wrapper having a lifting head. The sub-assemblies 
are positioned in side-by-side array and each one is 
located in cantilever manner by a lower end spike 
which is plugged into a fuel assembly support struc-

20 ture. The wrappers comprises tubular sleeves of 
hexagonal cross-section and in order to reduce neut-
ron absorption are of relatively thin wall. In opera-
tion of the nuclear reactor the pressure of coolant 
flow through the sub-assemblies dilates the wrap-

25 pers the dilation being normally an elastic deforma-
tion, but after continued irradiation the wrappers fail 
to restore to their original form because of creep and 
irradiation hardening. Dilation in combination with 
bowing due to fast neutron induced voidage cause 

30 sub-assemblies to jam together in the fuel assembly 
thereby making withdrawal for refuelling very dif-
ficult. In order to allow for dilation and bowing it has 
been necessary to allow substantial clearances bet-
ween sub-assemblies but large clearances give rise 

35 to vibration and reactivity instability in the fuel 
assembly. It is already appreciated that a radius at 
each corner of the wrapper has the effect of reducing 
elastic deformation and further reduction could be 
achieved by increasing the radii but, unfortunately, 

40 corners of increased radii can be provided only at the 
expense of one or more fuel pins at the corners of 
the hexagonal bundle and a reduced inventory of 
fuel is not attractive. 

An object of the invention is to provide for a nuc-
45 learfuel sub-assembly a hexagonal wrapper having 

increased resistance to dilation across flats and to an 
improved liquid metal cooled fast breeder nuclear 
reactor wherein vibration of the sub-assemblies and 
reactivity instabilities are reduced. 

50 According to the invention a nuclear fuel assembly 
comprises a plurality of spaced fuel pins within a 
tubular wrapper wherein the cross-section of the 
wrapper comprises a closed figure having six 

« straight major sides disposed in hexagonal array, 
55 the major sides being joined by minor sides which 

are straight or, alternatively, which are convex 
towards the centre of the figure. From another 
aspect the invention can be said to reside in a nuc-
learfuel sub-assembly comprising a plurality of 

60 spaced fuel pins within a tubular wrapper of gener-
ally hexagonal cross-section but where the corners 
are replaced by flat sides of radii of which the convex 
surfaces are disposed inwardly of the wrapper. 

Minor straight sides of the cross-section of a 
65 wrapperof a nuclearfuel sub-assembly according to 

the invention have the effect of shortening the 
lengths of the major sides thereby reducing their 
deflection due to loading by coolant pressure and for 
this reason the resistance to across flats dilation of a 

70 wrapper is increased by making the major and minor 
straight sides of the cross-section of equal lengths so 
that the wrapper more approximates to cylindrical 
shape. For clarity it is pointed out that the term 
"lengths" with reference to the major sides of the 

75 closed f igu re bounded by the cross-section of the 
wrapper is synonimous with "widths" with refer-
ence to the flat faces or sides of th e elongate wrap-
per. 

Minor sides of the cross-section of a wrapper of a 
80 nuclear sub-assembly according to the invention 

and which are convex towards the centre of the 
cross-section increase the rigidity of the corners of 
the wrapper and further increase the resistance to 
dilation. 

85 Although it is necessary with a wrapper of a fuel 
sub-assembly according to the invention to dispense 
with some of the fuel pins normally provided in a 
hexagonal bundle having the same across flats 
dimension it has been found that sub-assemblies 

90 according to the invention can be positioned in the 
fuel assembly with smaller clearances therebetween 
which, because of the reduced dilation, in addition to 
reducing vibration and reactivity instability, also 
enables a fuel assembly to contain more fuel sub-

95 assemblies than a fuel assembly of the same propor-
tions in a conventional nuclear reactor. Accordingly, 
the invention will reside in a liquid metal cooled fast 
breeder nuclear reactor of the kind wherein the nuc-
lear fuel assembly comprises a plurality of closely 

100 spaced elongate fuel sub-assemblies upstanding 
side-by-side from a support structure, each sub-
assembly comprising a bundle of spaced fuel pins 
within a tubular wrapper wherein the cross-section 
of the wrapper comprises a closed figure having six 

105 straight majorsides disposed in hexagonal array, 
the major sides being joined by minor sides which 
are straight or, alternatively, which are convex 
towards the centre of the figure. 

Constructions of liquid metal cooled fast breeder 
110 nuclear reactor and a fuel sub-assembly embodying 

the invention are described, by way of example, with 
reference to the accompanying drawings wherein: 

Figure 1 is a sectional view of the nuclear reactor 
construction, 

115 Figure 2 is a side view of a fuel sub-assembly con-
struction, 

Figure 3 is a cross-section of a wrapper for a con-
struction of fuel sub-assembly, drawn to a larger 
scale, 

120 Figure 4 is a cross-section of a wrapper for an 
alternative construction of fuel sub-assembly, and 

Figure 5 is a fragmentary cross-section of a wrap-
perfora second alternative construction of fuel 
sub-assembly. 

125 Figu re 1 illustrates a I iquid metal cooled fast 
breeder nuclear reactor having a fuel assembly 1 
submerged in a pool 2 of liquid sodium coolant in a 
primary vessel 3. The primary vessel is suspended 
from the roof of the containment vault 4 and there is 

130 provided a plurality of coolant pumps 5 and heat 
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exchangers 6 only one of each of pump and heat 
exchangers being shown. The fuel assembly 1 
mounted on a support structure 7 is housed with the 
heat exchangers in a core tank 8 whilst the pumps 5, 

5 which deliver coolant to the diagrid, are disposed 
outside of the core tank. The core or fuel assembly 1 
comprises a plurality of sub-assemblies which 
upstand from the diagrid in closely spaced side-by-
side array and the fuel assembly is embraced by a 

10 barrel 7a to provide peripheral restraint. Control rods 
9 and instrumentation 10 penetrate the roof of the 
vault. 

The sub-assemblies as shown in Figure 2 each 
comprise a central fuel section 11, a lower end locat-

15 ing section 12 and an upper end neutron shielding 
section 13. The fuel section comprises a bundle of 
elongate fuel pins 14 enclosed within a tubular 
wrapper 15 of generally hexagonal cross-section. 
The pins are supported within the wrapper at their 

20 lower ends by a grid 16 and are braced intermediate 
their lengths by cellular grids 17 of honeycomb form. 
The lower end locating section comprises a spike 18 
for engaging sockets in the fuel assembly support 
structure 7 and has apertures 19 through which 

25 coolant can f low from within the structure. The 
upper section 13 is of massive steel comprising a 
tubular member defining an outlet for coolant f low 
and a lifting head. 

Thetubular wrapper 15 shown in Figure 3 is gen-
30 erally of hexagonal cross-section but with the cor-

ners of the hexagon replaced with narrow flat sides, 
that is, the cross-section of the wrapper comprises a 
closed figure having six straight major sides 15(a) 
disposed in hexagonal array and the major sides are 

35 joined by shorter minorsides which are straight. A 
conventional hexagonal sub-assembly of the same 
across flats dimension and having relatively sharp 
corners would contain a bundle of 271 fuel pins but 
in the described sub-assembly it is necessary to 

40 remove three fuel pins from each of six corners pro-
viding therefore for a bundle of only 253 pins. How-
ever, because of increased stiffness of the wrapper 
dilation is so reduced that the sub-assemblies can be 
placed more closely together in the fuel assembly 

45 and additional sub-assemblies added to maintain 
the fuel inventory without increasing the overall 
dimensions of the fuel assembly. Thus by providing 
smaller clearances between sub-assemblies vibra-
tion and reactivity instability are reduced and there 

50 can be a net gain in thefuel inventory. In the first 
alternative fuel sub-assembly shown in Figure4 of 
the sides 15a and 15b of the wrapper cross-section 
are of equal length thereby producing a tubular 
wrapper of twelve sides of equal width. The cross-

55 section of the wrapper approximates to a stiff cylin-
drical form whilst retaining the close packing form of 
a hexagonal cross-section. 

In the second alternative fuel sub-assembly shown 
in Figure 5, the minorsides 15b of the wrapper 

60 cross-section are convex towards the centre of the 
cross-section so that the rigidity of the corners of the 
wrapperfurther increase the resistance to dilation. 
CLAIMS 

1. A nuclear fuel sub-assembly comprising a 
65 plurality of spaced fuel pins within a tubular wrapper 

wherein the cross-section of the wrapper comprises 
a closed figure having six straight major sides dis-
posed in hexagonal array, the major sides being 
joined by minor sides which are straight or, alterna-

70 tively, which are convex towards the centre of the 
figure. 

2. A nuclear fuel sub-assembly according to 
claim 1 wherein the minorsides of the closed figure 
are straight and of equal length to the major sides. 

75 3. A liquid metal cooled fast breeder nuclear 
reactor of the kind wherein the fuel assembly com-
prises a plurality of closely spaced elongate fuel 
sub-assemblies upstanding side-by-side from a sup-
port structure each sub-assembly comprising a plur-

80 ality of spaced fuel pins within a tubular wrapper 
wherein the cross-section of the wrapper comprises 
a closed figure having six straight major sides dis-
posed in hexagonal array, the major sides being 
joined by minor sides which are straight or, alterna-

85 tively, which are convex towards the centre of the 
figure. 

4. A nuclearfuel assembly substantially as 
hereinbefore described with reference to Figure 2 
and any one of Figu res 3,4 and 5. 

90 5. A liquid metal cooled fast breeder nuclear 
reactorsubstantially as hereinbefore described with 
reference to Figures 1 and 2 and any one of Figures 
3,4 and 5. 
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