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(54) Nuclear Fuel Sub-assemblies 

(57) A fast reactor fuel sub-assembly 
has honeycomb grids for 
laterally supporting the fuel pins. 
The grids are of two series and are 
arranged alternately along the bundle. 

The grids of a first series provide a 
discrete cell for each pin but the grids 
(7b) of the second series have a 
peripheral group of cells (14) only. The 
grids of the second series provide 
intermediate support of the edge pins 
to restrain bow. 
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SPECIFICATION 
Nuclear Fuel Sub-Assemblies 

This invention relates to fuel sub-assemblies 
for liquid metal-cooled fast breeder nuclear 

5 reactors. 
In a known liquid metal-cooled fast breeder 

nuclear reactor, the fuel assembly comprises a 
multiplicity of slender fuel elements or pins over 
which liquid metal coolant such as sodium is 

1 o flowed. For convenience the assembly is divided 
into a plurality of interchangeable sub-assemblies, 
each comprising a plurality of fuel pins enclosed 
by a wrapper and having a lifting head. The sub-
assemblies are positioned in side-by-side array 

15 and each one is located in cantilever manner by a 
lower end spike which is plugged into a fuel 
assembly supporting diagrid. In operation of the 
reactor liquid metal coolant is flowed upwardly 
from the diagrid, which serves as an inlet 

20 manifold, through the wrappers in heat exchange 
with the fuel pins to leave by way of the upper 
ends of the sub-assemblies. Each sub-assembly, 
being of hexagonal cross-section, contains 
between 250 and 3 5 0 slender fuel pins arranged 

25 in a hexagonal bundle and the fuel pins are closely 
spaced apart by a series of longitudinally spaced 
honeycomb grids. Each cell of a grid is occupied 
by a single fuel pin and complementary cells in 
successive grids serve to align the pins so that 

3 0 coolant flow sub-channels between the pins are 
of adequate size and remain so under the various 
bowing forces acting on the pins. At the same 
time the grids protect the pins from coolant flow 
induced damage and allow differential lateral and 

35 axial expansion. In operation of the reactor, the 
temperature gradient across the outer rows of 
fuel pins of the sub-assemblies is greater than 
that across the inner rows of the fuel pins and this 
gives rise to bowing of the outer row pins 

4 0 between grids due to both thermal bow and 
temperature sensitive neutron induced voidage 
bow. It is not attractive merely to increase the 
number of grids at reduced intervals to restrain 
this bowing because the grid structures restrict 

45 flow of coolant through the sub-channels causing 
an increase in pressure drop and also absorb 
neutrons. 

According to the invention, in a fuel sub-
assembly for a liquid metal-cooled nuclear reactor 

50 and comprising a bundle of spaced fuel pins 
contained within a tubular wrapper arranged for 
coolant flow over the pins in heat exchange 
therewith, there is a first series of longitudinally 
spaced honeycomb grids for spacing fuel pins 

55 part, the grids providing individual cells for 
laterally supporting a pin of the bundle and a 
second series of grids which alternate with the 
grids of the first seris and which provide lateral 
support for the pins of a peripheral group of the 

60 bundle whilst the pins of an inner group of the 
bundle occupy a common central cell and are 
unsupported by the grids of the second series. 
Thus in a fuel sub-assembly according to the 
invention, the outermost pins of the bundle are 

65 supported against bowing in planes intermediate 
the grids of the first series but the grids of the 
second series do not severely restrict coolant flow 
through the sub-assembly because the inner 
region of each grid of the second series is fully 

70 open to coolant flow. The restriction to coolant 
flow afforded by the pin supporting structure of 
the second series of grids reduces overcooling of 
the outermost pins due to the bundle to wrapper 
clearance and improves the mixing of the streams 

75 cooling the outermost pins. 

In a preferred construction of fuel sub-
assembly according to the invention, the tubular 
wrapper and spacing grids are of hexagonal 
cross-section, the peripheral group of pins 

8 0 comprises the three outermost hexagonal rows of 
the bundle and each grid of the second series is 
constructed with rigid spines extending radially 
towards each corner of the grid, the spines each 
being formed by two or more unit cells which are 

85 welded together. 
Constructions of fuel sub-assemblies 

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

90 Figure 1 is a diagrammatic cross-sectional 
view, 

Figure 2 is a plan view of a construction of grid, 
Figures 3 to 6 are fragmentary views of 

alternative constructions of grid and 
95 Figure 7 is a diagrammatic cross-sectional 

view of a construction of liquid metal-cooled fast 
breeder nuclear reactor in which the fuel sub-
assemblies, according to the invention, are used. 

A fuel sub-assembly for a liquid metal-cooled 
100 fast breeder nuclear reactor as shown in Figure 1 

comprises a central fuel section 1, a lower end 
locating section 2, and an upper end neutron 
shielding section 3. The fuel section comprises a 
bundle of slender fuel pins 4 (only one being 

105 shown) enclosed within a tubular wrapper 5 of 
hexagonal cross-section. The pins are supported 
within the wrapper at their lower ends by a grid 6 
and are braced intermediate their lengths by 
longitudinally spaced cellular grids 7 of 

110 honeycomb form. The lower end locating section 
comprises a spike 8 for engaging sockets in a fuel 
assembly support diagrid and has apertures 9 
through which coolant can flow from within the 
diagrid. The upper section 3 is of massive steel 

115 comprising a tubular member defining an outlet 
for coolant flow and lifting head. The grids 7 
include a first series of grids 7a which provide 
individual cells for laterally supporting each pin of 
the bundle and a second series of grids 7b which 

120 alternate with the grids 7a and which laterally 
support the pins of a peripheral group of the 
bundle. The pins of an inner group of the bundle 
occupy a common central cell of each grid 7a and 
are thereby unsupported by the grids 7b. The 

125 hexagonal grids 7 are attached to the wrappers by 
means of notched support legs secured into the 
corners of the wrappers. 

A grid 7b shown in Figure 2 has six rigid spines 
10 extending radially one to each corner of a 
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hexagonal periphery and each comprising two 
hexagonal unit cells 11 spot welded together at 
their faces and to a corner post surround 12. The 
pin supporting structure for a group of pins 

5 comprising the three outermost hexagonal rows 
of the bundle is made from formed and spot 
welded strip 13 to create rectilinear cells 14, each 
of which receives a single pin 4 (shown in broken 
line) of the bundle. The pins pass through the cells 

10 14 with limited clearance so that after initial 
bowing to take up the clearances, the pins are 
laterally supported by contact with the cell 
defining structure. The remaining pins of the 
bundle forming an inner group occupy a common 

15 cell of the grid bounded by the formed strip cell 
defining structure, the pins being unsupported by 
the grids 7b. Thus the grids 7b, having no 
structure in the centre region, do not restrict flow 
of coolant over the inner group of fuel pins 

2 0 whilst the cell forming structure, in addition to 
providing lateral support to restrain bowing of 
the outer group of fuel pins, also afford some 
restriction to coolant flow over these outer pins 
thereby reducing overcooling and promoting 

25 mixing of the streams. 

In an alternative construction of grid 7b shown 
fragmentarily in Figure 3, the rigid spine 10, 
extending radially to a corner of the hexagonal 
periphery of the grid, comprises three hexagonal 

30 unit cells 11 spot welded together at their faces, 
and to a corner post surround 12. the pin 
supporting structure for a group of pins 
comprising the three outermost hexagonal rows 
of the bundle is made from a plurality of unit cells 

35 11 similar to those in the spine and spot welded 
together. Each of the unit cells has dimples 15 to 
two of its sides to form pads with which a bowing 
fuel pin can make contact. The dimples are 
arranged such that when contact is made by the 

4 0 pin, the load tends to be transmitted towards the 
spine which, together with the strong cellular 
structure of the grid, reduces transmission of load 
to the next inner row of pins. 

In a second alternative construction of grid 7b 
45 shown in Figure 4, the rigid spine 10 also 

comprises three hexagonal cells 11 and a corner 
post surround 12, but the outer pin supporting 
structure comprises double strips 16 of zig zag 
form each double strip presenting two dimples 17 

50 to neighbouring fuel pins of the outer group. The 
outer pins bow inwardly under irradiation and 
after absorbing clearances and overtaking bowing 
of the pins in the next inner row, bear on those 
inner pins by way of the opposed dimples 17. 

55 in another alternative construction of grid 7b 
shown in Figure 5, the outer pins supporting 
structure comprises single straight strips 18 
which pass between adjoining rows of pins, the 
strips being arranged to be deflected inwardly by 

60 inwardly bowing pins to pass the load to the next 
inner row of pins. 

In yet another alternative construction of grid 
7b shown in Figure 6, which is generally similar to 
that of Figure 5, the straight strips 18 are brazed 

65 with struts 19 disposed between neighbouring 

strips 18 and between neighbouring pins of the 
same peripheral row. After taking up clearance 
between pin and next inner strip 18, the inwardly 
bowing pins transmit their bowing forces to inner 

70 pins by way of strips 18 and struts 19. 
Figure 7 illustrates a liquid metal-cooled fast 

breeder nuclear rejctor having a fuel assembly 21 
submerged in a pool 22 of liquid sodium coolant 
in a primary vessel 23. The primary vessel is 

75 suspended from the roof of a containment vault 
24 and there is provided a plurality of coolant 
pumps 25 and heat exchangers 26, only one of 
each of pump and heat exchanger being shown. 
The fuel assembly 21 mounted on a diagrid 27 is 

80 housed with the heat exchangers in a core tank 
28 whilst the pumps 25 which deliver coolant to 
the diagrid are disposed outside of the core tank. 
The core or fuel assembly 21 comprises a plurality 
of sub-assemblies in accordance with the 

85 invention and which upstand from the diagrid in 
closely spaced side by side array. Control rods 2 9 
and instrumentation 3 0 penetrate the roof of the 
vault. 

Claims 
90 1. A fuel sub-assembly for a liquid metal 

cooled nuclear reactor and comprising a bundle of 
spaced fuel pins contained within a tubular 
wrapper arranged for coolant flow over the pins in 
heat exchange therewith, there being a first series 

95 of longitudinally spaced honeycomb grids for 
spacing fuel pins apart, the grids providing cells 
each for laterally supporting a pin of the bundle 
and a second series of grids which alternate with 
the grids of the first series and which provide cells 

100 each for laterally supporting a pin of a peripheral 
group of pins of the bundle, whilst the pins of an 
inner group of the bundle occupy a common 
central cell and are unsupported by the grids of 
the second series. 

105 2. A fuel sub-assembly according to claim 1, 
wherein the tubular wrapper and spacing grids 
are of hexagonal cross section, the peripheral 
group of pins comprises the three outermost 
hexagonal rows of the bundle and each grid of the 

110 second series is constructed with rigid spines 
extending radially towards each corner of the grid, . 
the spines each being formed by two or more unit 
cells which are welded together. 

3. A fuel sub-assembly according to claim 2, 
115 wherein the rigid splines of the grids of the 

second series each comprise two hexagonal unit 
cells and a corner post surround, the pin support 
structure for the peripheral group of pins being 
fabricated from strip material to form rectilinear 

120 cells each of which receives a single pin. 
4. A fuel sub-assembly according to claim 2, 

wherein the rigid spines of the grids of the second 
series each comprise three hexagonal unit cells 
and a corner post surround, the pin support 

125 structure for the peripheral group of pins being 
fabricated from a plurality of hexagonal unit cells, 
each cell having a dimple in euch of two sides to 
form pads for contacting a fuel pin, arranged so 
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that when contact is made the pin is urged by the 
pads towards a spine. 

5. A fuel sub-assembly according to claim 2, 
wherein the rigid spines of ths grids of the second 

5 series each comprise three hexagonal unit cells 
and a corner post surround, the pin support 
structure for the peripheral group of pins being 
fabricated from double strips of zig-zag form, each 
double strip presenting two dimple formed pads 

1 o to neighbouring fuel pins of the peripheral group. 
6. A fuel sub-assembly according to to claim'2, 

wherein the rigid spines of the grids of the second 
series each comprise three hexagonal unit cells 
and & corner post surround, the pin support 

15 structure for the peripheral group of pins being 
fabricated from single straight strips which pass 
between adjoining rows of pins. 

7. A fuel sub-assembly according to claim 6, 
wherein there are struts disposed between 

2 0 neighbouring pins of the same peripheral row. 
8. A fuel sub-assembly substantially as 

hereinbefore described with reference to Figure 1 
and any one of Figures 2 to 6 of the 
accompanying drawings. 

25 9. A liquid metal cooled fast breeder nuclear 
reactor substantially as hereinbefore described 
with reference to Figures 1 to 7 and any one of 
Figures 2 to 6 of the accompanying drawings. 
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