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(54) NUCLEAR REACTOR FUEL ELEMENT 
SUB-ASSEMBLIES 

(71) We, UNITED KINGDOM 
ATOMIC ENERGY AUTHORITY, 
London, a British Authority, do hereby declare 
the invention, for which we pray that a patent 

5 may be granted to us, and the method by 
which it is to be performed, to be particu-
larly described in and by the folowing state-
ment:— 

This invention relates to nuclear reactor 
10 fuel element sub-assemblies. 

One known kind of fuel element sub-
assembly for use in a sodium cooled fast reac-
tor comprises a hexagonal bundle of slender 
fuel elements enclosed by a tubular sleeve 

15 generally referred to by those skilled in die 
art as a wrapper and so referred to herein-
after wrapper. The elements are spaced apart 
by helical wire wrappings which define fins 
and which also serve to space the wrapper 

20 from the bundle. The wire wrappings make 
contact with the sheaths of adjacent elements 
and with the wrapper so that each fuel element 
derives lateral supports to prevent thermal 
bow and to provide resistance to rattling and 

25 vibration whilst maintaining adequate coolant 
flow passages through the bundle. The dis-
position of the fuel elements generally defines 
two groups of passageways for coolant flow 
through the bundle; an inner group of pas-

30 sageways each bounded by four fuel elements 
and an outer group of passageways each 
bounded by two outer fuel elements of the 
bundle and the wrapper. It has been found 
that the fractions of coolant flowing through 

35 the outer passageways are too large with the 
result that the outer fuel elements are over-
cooled relative to the inner fuel elements. It 
has previously been proposed to reduce the 
area of flow of the outer passageways by a 

40 smaller spacing of the wrapper from the bundle 
of fuel element achieved either by reducing 
the diameter of the wire wraps on the outer 
fuel elements or by reducing the radial height 
of the wraps local to the wrapper. The former 

expedient has the disadvantage that the re- 45 
duced diameter wire wraps of the outer fuel 
elements, fail to contact the adjacent inner 
fuel elements and the total number of lateral 
supports for the elements is thereby reduced, 
whilst the latter expedient has the disadvan- 50 
tage that the outer fuel elements are more 
complex to manufacture. 

According to the invention, in a nuclear re-
actor fuel element sub-assembly comprising 
a bundle of fuel elements enclosed by a hexa- 55 
gonal wrapper and spaced apart by helically 
wound fins of uniform radial height generally 
to define inner and outer groups of coclant 
flow passageways through the bundle, the fins 
being arranged to make contact with the 60 
sheaths of adjacent elements to provide latere 1 
supports and the fins of the outer elements 
being arranged to space the wrapper from 
the bundle and to provide lateral supports, 
the elements are arranged as an inner group 65 
bounded by an intermediate row and an cuter 
row, the fins on the outer row elements being 
helically wound at half the pitch of the fins 
on the inner group and intermediate row ele-
ments, alternate outer row elements being 70 
wound opposite hand to abutting outer row 
elements and the elements of the 
outer and intermediate rows being orien-
tated and end located to enable them to nest 
together. By utilising half pitch helical turn 75 
fins on the outer elements a greater number 
of lateral support points for the outer and 
intermediate rows of elements can be achieved. 
Furthermore, the increased resistance afforded 
by the increased number of turns of fins on 80 
the outer elements assists in reducing overcool-
ing of the outer elements. 

The construction of a nuclear reactor fuel 
element sub-assembly embodying the inven-
tion will now be described by way of example 85 
with reference to Figure 1 of the drawings 
accompanying the Pro-visional Specification 
filed with application No. 23080/72, which 
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figure is a fragmentary cross-sectional view. 
Figure 1 of the drawings filed with appli-

cation No. 23080/72 shows a fragment of a 
sub-assembly of 265 fuel elements 1 in hexa-

5 gonal array. The elements are arranged as an 
inner group (the elements being designated 
la), an outer row of elements lb and an inter-
mediate row of elements 1c. The fuel ele-
ments each have a wire wrap 2 of helical form 

10 the wires of each element being of uniform 
radial height and serving to space the fuel ele-
ments apart generally to define inner and outer 
coolant flow passageways through the bundle. 
The wire wraps of the inner group and inter-

15 mediate row elements bear against adjacent 
elements thereby providing mutual lateral sup-
port points. The wraps of the outer row ele-
ments bear against adjacent elements and 
against a peripheral wrapper 3. The wire 

20 wraps of the outer row elements l b are wound 
at half the pitch of the wire wraps of the 
remaining elements and alternate outer rcw 
elements are wound opposite hand to abut-
ting outer row elements to assist in nesting 

25 the elements together. The additional turns 
of wire wrap in the outer fuel elements in-
crease the resistance to coolant flow over the 
outer elements and increase the total quantity 
of lateral supports for the ou:er and in'er-

30 mediate rows of elements. To ensure that the 
wire wraps of the outer and intermediate rows 
of elements do not interfere to prevent nest-
ing together the elements are held in correct 
orientation by end locations <no: shewn). 

35 To determine the correct start positions for 
the wire wraps the outer row elements are 
notionally divided into 60° sectors to denote 
the orientation of points numbered 0—11 
on the wire wrap at intervals along the fuel 

40 elements. The intermediate row of elements 
are notionally divided into 30° sections to 
denote points numbered 0—11 (corresponding 
to those of the outer row elements) on the 
wire wraps at intervals along the fuel ele-

45 ments. It will be seen that no pair of ele-
ments has adjacent identical numbers there-
by indicating non-interference of the wire 
wraps. 

Four main varieties of fuel element are 
50- required. In each variety of the wire wraps 

start at the same longitudinal position. On 
those designated A and B and used in the 
inner group and intermediate row of fuel ele-
ments the wire wraps start at different cir-

55 cumferential positions. Those designated C 
and D are used in the outer row of fuel 
elements and, in addition to being wound 
at half the pitch of elements A and B and 
being wound opposite hand to each other and 

60 used alternately along each side of the hexa-
gonal array, they start at different circum-
ferential positions. The fuel elements D are 
of three sub-varieies designated Dl , D2, D3 
(the latter not being shown in the drawing). 

65 Fuel elements Dl are used on opposed sides 

of the hexagonal array as also are elements 
D2 and D3, the wire wraps starting at dif-
ferent circumferential positions. 

The described construction is used in a 
sodium cooled fast reactor and the fuel ele- 70 
ments are 79" long; the wire wraps are of 
0.060" diameter, and the inner group and 
intermediate row elements have helical wraps 
of 6 " pitch whilst the outer row elements 
have helical wraps of 3 " pitch. In such a 75 
construction the outer row elements each have 
a total of sixteen lateral supports, the inter-
mediate row elements each have a total of 
fourteen lateral supports whilst the inner group 
elements each have a total of twelve lateral 80 
supports per 6 " pitch. In a known earlier con-
struction of the same proportions but having 
all helical wraps of same pitch and hand the 
corresponding numbers of lateral supports are 
nine, twelve and twelve respectively. 85 

The described construction of fuel element 
sub-assembly may have a hexagonal wrapper 
with non-parallel sides, the sides being formed 
so that the girth of the wrapper varies along 
its length to allow for differential irradiation 90 
growth. In use, the bundle of fuel elements 
and the wrapper grow differentially so that 
interference between the two is caused. Irradi-
ation growth (and therefore interference) varies 
over the length of the sub-assembly so that by 95 
suitably shaping the wrapper the irradiation 
life of the sub-assembly can be extended until 
such time as growth causes the bundle and 
wrapper to interfere substantially uniformly 
over the length cf the sub-assembly. In the 100 
early life of the fuel element sub-assembly 
some of the additional supports normally pro-
vided by the flow restriction means may be 
lost. The wrapper is of greater girth intermedi-
ate its ends because there is little or no trans- 105 
verse growth in the end regions. Because there 
is little or no growth in the end regions the 
ends of the fuel elements, closely supported 
by the wrapper on assembly will not inter-
fere with the wrapper as a result of continued 110 
irradiation. 

A sub-assembly wrapper can be suitably 
formed by an explosive forming technique. 

WHAT WE CLAIM IS: — 
1. A nuclear reactor fuel element sub- 115 

assembly comprising a bundle of fuel ele-
ments enclosed by a hexagonal wrapper and 
spaced apart by helically wound fins of uni-
form radial height generally to define inner 
and outer groups of coolant flow passageways 120 
through the bundle, the fins being arranged to 
make contact with the sheaths of adjacent ele-
ments to provide lateral supports and the 
fins of the outer elements being arranged to 
space the wrapper from the bundle and to 125 
provide lateral supports, the elements being 
arranged as an inner group bounded by an 
intermediate row and an outer row, the fins on 
the outer row elements being helically wound 
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at half the pitch of the fins on the inner group 
and intermediate row elements, alternate outer 
row elements being wound opposite hand to 
abutting outer row elements and the elements 

5 of the outer and intermediate rows being 
oriented and end located to enable them to 
nest together. 

2. A nuclear reactor fuel element sub-
assembly according to claim 1 wherein the 

10 hexagonal wrapper is formed with greater 
girth intermediate the ends. 

3. A nuclear reactor fuel element sub-
assembly substantially as hereinbefore des-
cribed with reference to Figure 1 of the draw-
ings accompanying the Provisional Specifica- 13 
tion filed with application No. 23080/72. 

L. A. DUNNILL, 
Chartered Patent Agent, 
Agent for the Applicants. 
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1 SHEET 7/i/s drawing is a reproduction of 
the Original on a reduced scale 


