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[57] ABSTRACT

An irradiation subassembly for use in a nuclear reac-
tor includes a bundle of slender elongated irradiation
capsules or fuel elements enclosed by a coolant tube
and having a yieldable retaining liner between the irra-
diation capsules and the coolant tube. For a hexagonal
bundle surrounded by a hexagonal tube the yieldable
retaining liner may consist either of six segments cor-
responding to the six sides of the tube or three angular
segments each corresponding to two adjacent sides of
the tube. The sides of adjacent segments abut and are
so cut that metal-to-metal contact is retained when the
volume enclosed by the retaining liner is varied and
springs are provided for urging the segments toward
the center of the tube to hold the capsules in a closely
packed configuration.

4 Claims, 5 Drawing Figures
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IRRADIATION SUBASSEMBLY

CONTRACTUAL ORIGIN OF THE INVENTION

The invention described herein was made in the
course of, or under, a contract with the United States
Atomic Energy Commission.

BACKGROUND OF THE INVENTION

This invention relates to an irradiation subassembly
for use in a nuclear reactor. In more detail, the inven-
tion relates to a subassembly useful for irradiating ex-
perimental fuels and materials in a fast reactor.

" Fast breeder reactors now being designed typically
include a plurality of fuel assemblies each consisting of
a bundle of spaced, parallel, elongated fuel pins con-
taining nuclear fuel enclosed within a coolant duct
through which liquid sodium flows. The fuel material in
the fuel pins is protected from the sodium by cladding
which is compatible with the sodium and has a reason-
ably low cross section for neutrons. The total number
of fuel pins required for a power reactor is very large

—on the order of 100,000.

To ensure optimum performance from the fuel pins
and structural material employed in such a reactor, a
large number of tests must be performed on fuel pins
of widely different characteristics in an environment as
similar as possible to that of a fast breeder power reac-
tor. Special subassemblies containing irradiation cap-
sules are used for this purpose in the Experimental
Breeder Reactor II at the National Reactor Test Sta-
tion, Arco, Idaho, and a typical core loading of EBR-II
comprises about 90 subassemblies of which perhaps
one-quarter contain experimental material. Since ex-
perimental material is present in the irradiation subas-
semblies, it can be expected that at least some of the
subassemblies will swell to a much greater extent than
will subassemblies in a power reactor. It is thus desir-
able to provide for a substantial amount of swelling in
these irradiation subassemblies while maintaining the
fuel pins in a closely packed compact bundle as is nec-
essary in all fast reactors.

SUMMARY OF THE INVENTION

According to the present invention, a segmented re-
taining liner is provided between the bundle of irradia-
tion capsules and the coolant duct surrounding the irra-
diation capsules in an irradiation subassembly. Spring
means are provided for urging the segments toward the
center of the subassembly and the sides of the segments
are so constructed that sides of adjacent segments over-
lap in slidable abutting relationship whereby metal-to-
metal contact is retained as the bundle swells.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 is a side elevation of an irradiation subassem-
bly embodying the present invention.

“'FIG. 2 is an enlarged horizontal cross-section taken
on the line 2—2in FIG. 1. ‘ .

FIG. 3 is an enlarged partial vertical cross-section
taken on the line 3—3 in FIG. 2, showing part of the
upper portion of the irradiation subassembly.

FIG. 4 is a similar view showing part of the lower por-
tion of the irradiation subassembly.

FIG. 5 is a horizontal cross-section of a modification.

SPECIFIC EMBODIMENT OF THE INVENTION

As shown in the drawing, an irradiation subassembly
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10 according to the present invention includes a han-
dling member 11, an upper blanket zone 12, a fuel zone
13, a lower blanket zone 14 and an adapter 15 similarly
disposed to those of a conventional fuel subassembly.
An outer hexagonal tube 16 encloses the fuel and blan-
ket zones of the assembly.

A bundle 17 of slender, elongated cylindrical irradia-
tion capsules 18 (see FIG. 2) is disposed in hexagonal
tube 16 in similar fashion to the fuel pins of a conven-
tional fuel subassembly. Each of the irradiation cap-
sules has a single, helical spacer rib 19 of uniform depth
on the exterior thereof, the helical ribs on all of the ir-
radiation capsules 18 within an irradiation subassembly
17 having the same pitch, depth and orientation.

Thus far, of course, the description of the irradiation
subassembly is simply that of a conventional fuel subas-
sembly. In accordance with the present invention, how-
ever, a yieldable segmented retaining liner 20 of a spe-
cial form is provided between the bundle 17 of irradia-
tion capsules and the hexagonal tube 16 extending
from a point below the bottom of the fuel zone 13 to
a point above the top of the fuel zone 13. The retaining
liner includes two features of importance, one being
spring means for urging the several segments of the re-
taining liner toward the center of the subassembly to
hold the bundle of capsules in a closely packed com-
pact mass and the other being means whereby metal-to-
metal contact between segments is retained to prevent
bypass flow of sodium coolant when the bundle swells.
Two different species of this invention are shown in the
drawing, the preferred embodiment shown in FIGS.
1-4 being the first to be described.

According to-the preferred form of the invention, the
retaining ring consists of six identical segments 21, the
transverse cross section of each segment being a modi-
fied 30°-60° isosceles trapezoid having its two parallel
sides parallel to two of the sides of the hexagonal tube
16. To provide bearing surfaces on each segment which
remain in metal-to-metal contact as the bundle 17
swells, a projecting portion 22 which is in cross section
a 30°% 60°, 90° triangle having a bearing surface 23 at
right angles to one of the nonparallel sides of the trape-
zoid is added to this side of the trapezoid and a similar
portion cut from the other nonparallel side of the trape-
zoid forming a bearing surface 24. The segments are
arranged in a hexagon with the bearing surface 23 of
one segment contacting the bearing surface 24 of the
adjacent segment. An opening 25 is provided in the
side of each segment adjacent the side of the hexagonal
tube 16 extending nearly the complete length of the
segment 21 in which a strip spring 26 urges each seg-
ment 21 toward the center of the tube 16. Other types
of spring also, of course, could be employed.

A modified form of retaining liner is shown in FIG.
5. According to this form of the invention, the retaining
liner 20 is composed of but three angular segments 27,
each segment covering two adjacent sides of hexagonal
tube 16. The abutting ends of adjacent segments are
modified similarly to the embodiment shown in FIGS.
2 to 4 to provide bearing surfaces 28 and 29 on adja-
cent surfaces whereby metal-to-metal contact is re-
tained as the fuel bundle swells to prevent bypass flow
of sodium coolant. A vertical row of spacer buttons 30
having an enlarged portion 31 which contacts hexago-
nal tube 16 and a narrow portion 32, extending through
openings 33 in segments 27 is provided for each side of
the hexagonal tube. Spacer buttons may, for example,
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be spaced about 12 inches apart. A Belleville spring 34
is provided between segments 27 and the enlarged por-
tion 31 of each button 30.

The embodiment of the invention in which an exclu-
sive property or privilege is claimed are defined as fol-
lows:

1. An irradiation subassembly for use in a nuclear re-
actor comprising a multisided bundle of slender, elon-
gated irradiation capsules enclosed within a coolant
tube of the same cross-sectional shape and a segmented
yieldable retaining liner disposed between the capsules
and the coolant tube, and said capsules spaced apart by
helical means said retaining liner consisting of a plural-
ity of identical segments, each segment having opposite
sides parallel to the sides of the coolant tube and oppo-

- site nonparallel ends, said ends being cut to form bear-
ing surfaces at right angles to the nonparallel ends of
the segment, the bearing surfaces on adjacent segments
overlapping and in contact with one another, said bear-
ing providing continuous metal-to-metal contact sur-
faces as the yieldable retaining liner expands or con-
tracts and spring means for urging the liner toward the
center of the tube, said liner applying pressure on said
capsules.

2. An irradiation subassembly according to claim 1
wherein the bundle of capsules and the coolant tube
surrounding the bundle are hexagonal in cross section.
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3. An irradiation subassembly according to claim 2
wherein the yieldable retaining liner consists of six
identical segments corresponding to the six sides of the
hexagonal tube, each segment being in cross section a
modified 30°~-60° isosceles trapezoid having its two par-
allel sides parallel to two of the sides of the hexagonal
tube, the modification consisting of a projecting por-
tion which is in cross section a 30°-60°-90° triangle
having a bearing surface at right angles to the nonparal-
lel sides of the segment added to one nonparallel side
and cut away from the other nonparallel side, the bear-
ing surfaces of adjacent segments being in abutting re-
lation and a spring between each segment and the cor-
responding side of the hexagonal tube.

4. An irradiation subassembly according to claim 2
wherein the yieldable retaining liner consists of three
identical angular segments, each segment correspond-
ing to two adjacent sides of the hexagonal tube, each
segment having two parallel sides parallel to two of the
sides of the hexagonal tube and two other sides parallel
to two other sides of the hexagonal tube, a row of but-
tons along each wall of the hexagonal tube having a
smaller portion fitting into openings in the flat portion
of the segments and springs between the segments and

the larger portion of the buttons.
* * * * *



