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BOTTOM NOZZLE WITH INTERNAL DEBRIS FILTER

CROSS-BEFERENCE

(6661} This application claims priority to U8, Provisional Patent Application No.
72/850,642, which was filed on May 21, 2019, The contents of which i3 incorporated by

reference o this specification.

FIELD
[6882] The present invention relaies generally to nuclear reactors and, more particularly, s
concerned with reducing the size of debris that can pass through a bottom nozzle of a nuclear

fuel assembly while minimizing the pressure drop across the same.

BACKGROUND

[6663]  The number of leaking fuel rods due to debris fretting has increased in recent vears.
Thus, there is a need mimmize the amount of debris that could damage the fuel rod cladding
by improving the debris filtering efficiency of the fuel assembly inlet region (bottom
nozzle/protective grid). However, making abrupt changes to the geometry of the fuel
assembly inlet region can abruptly change the flow area, thereby increasing the pressure drop
associated with the bottom nozzle flow plate. Since coolant also travels through the flow
passages of the bottom nozzle to the reactor core, traditional {iltration measures can
consequentially cause a detrimental disruption of flow distribution within the fuel assembly.
it is critical to prevent the flow in the reactor core from decreasing. Therefore, there 1s a need
to reduce the quantity of debris that can travel through the flow passages, while minimizing
any adverse effect on the flow of coolant to the reactor core.

10004} For example, existing designs use a debris filter bottom nozzle that has an array of
small, closely spaced flow passages in conjunction with a protective grid whose straps etther
bisect or quadrisect the debris filter bottom nozzle flow passages. The “protective gnid” refers
to the plurality of straps of a fuel assembly and that are arranged in a grid pattern 1o support
and posttion the fuel rods of the fuel assembly. A reduced pressure drop bottom nozzle, as is
described in U.S. Patent No. 7,822,165 B2, the disclosure of which is herein incorporated by
reference in its entirety, was developed through the addition of a double milet chamfer o
closely resemble a venturi-like profile that can be manufactured through conventional
manufactunng methods {i.e. machining). However, the development of additive

manufacturing (AM) has enabled the design of a bottom nozzle including flow passages that
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are of an even more venturi-shaped profile, such as those disclosed in U.S. Patent No.

9,847 144 B1. the disclosure of which s herein incorporated by reference in s entirety.
2 o o

SUMMARY
16065} The following summary is provided to facilitate an understanding of some of the
mnovative features unique to the aspects disclosed herein, and is not intended to be a full
description. A full appreciation of the various aspects can be gained by taking the entire
specification, claims, and abstract as a whole.
[#886] Tn various aspects, a debris filter bottom nozzle for use in a nuclear reactor is
disclosed. The debris filter bottom nozzle mcludes a plate-like body and a plurality of flow
passages formed within the plate-like bodv. Each flow passage of the plurality of flow
passages includes an inlet proximal to a first surface of the plate-like body and an outlet
proximal to a second surface of the plate-like body. The second surface of the plate-like body
is opposite the first surface of the plate-fike body. The debris filter bottom nozzle also
includes a filter positioned within at feast one flow passage of the plurality of flow passages.
The filler is situated between the inlet and the outlet of the How passage, and at least one
dimension of the flow passage is determined based at least in part on a predetermuned loss
coefficient of the at least one flow passage and a predetermined filiration capability of the
fitter. In other aspects, the plate-like body, flow passages, and filter can be co-formed using
additive manufacturing technigues and constitute a single-piece anit,
166671 In various aspects, a flow passage formed within a debris filter bottom nozzle is
disclosed. The debris filter botiom nozzle can be overlaid with a protective grid including a
plurality of straps. The flow passage includes an inlet, an outlet, and an internal cavity formed
between the inlet and the outlet. A plurality of filtering higaments are positioned within the
internal cavity and are configured to transect the plurality of straps. A dimension of the flow
passage is determined based at least in part on a predetermined loss coefficient of the flow
passage and a predetermined filtration capability of the plurality of filtering ligaments.
[6608]  In various aspects. a method of manufacturing a debris filter bottom nozzle
including a plurality of flow passages is disclosed. The method includes determining a
predetermined loss coefficient of the debris filler bottom nozzle, determining a predetermined
filtration capability of the debnis filter bottom nozzle, calculating a dimeunsion of the plurality
of flow passages based at feast in part on the predetermined loss coefficient and the
predetermined filtration capability, producing a plate-like body of debris filter bottom nozzle,

producing the phurality of flow passages within the plate-like body of the debrnis filter bottom
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nozzie, wherein at least one of the flow passages of the plurality of flow passages includes
the calculated dimension; and producing a filter comprising the predetermined filtration
capability within the at least one flow passage. In some aspects, calculating the dimension
includes the use of computational fluid dynamics. In other aspects, the production of the
plate-like body, the plurality of flow passages, and the filter includes the use of additive
manufacturing techniques such that the plate-like body, the plurality of flow passages, and

the filter are co-formed and constitute a single-piece unit,

BRIEF DESCRIPTION OF THE DRAWINGS

[B009] Various features of the aspects described herein, together with advantages thereof,
may be understood in accordance with the following description taken in conjunction with
the accompanving drawings as follows:

[6616] FIG. 1 illustrates a top view of a debris-filtering botiom nozzle including an array of
flow passages according to one aspect of the present disclosure,

{6611} FIG. 2 illustrates a cross-sectional isometric view of a flow passage of the debris-
filtering bottom nozzle of FIG. 1.

[6012] FIG. 3 illustrates a cross-sectional side view of the flow passage of FIG. 2.

16613} Corresponding reference characters indicate corresponding parts throughow the
several views. The exemplifications set out herein illustrate various aspects of the mvention,
i one form, and such exemplifications are not o be construed as limiting the scope of the

mvention in any manner.

DETAILED DESCRIPTION

[6014] Numerous specific details are set forth to provide a thorough understanding of the
overall structure, function, manufacture, and use of the aspects as described in the
specification and iHustrated in the accompanying drawings. Well-known operations,
components, and elements have not been described in detail so as not to obscure the aspects
described in the specification. The reader will understand that the aspects described and
iHiustrated herein are non-limiting examples, and thus it can be appreciated that the specific
structural and functional details disclosed herein may be representative and llustrative.
Variations and changes thereto may be made without departing from the scope of the claims.
(60615} The terms “about” or “approximately” as used in the present disclosure, unless
otherwise specified, means an acceptable error for a particular value as determined by one of

ordinary skill in the art, which depends in part on how the value is measured or determined.
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In certain aspects, the term “aboul”™ or “approximaiely” means within 1, 2, 3, or 4 standard
deviations. In certain aspects, the term “about”™ or “approximaiely ™ means within 50%, 20%,
15%, 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, 1%, 0.5%, or 0.05% of a given value or
range.

6616} FIG. 1 illustrates a debrnis filier bottom nozzle 10 including a plurality of flow
passages 12 and a protective grid 13 according to one aspect of the present disclosure. In the
non-limiting aspect of FI(3. 1, the flow passages 12 can include filtering features, such as
filtering ligaments 16. In the depicted exemplary aspect, the filiering ligaments 16 can be co-
formed with the bottom nozzle 10 as a single plece umit via additive manufacturing. However,
the present disclosure conternplates alternate forms and methods of manufacture. For
example, in one non-limiting aspect, the filtering ligaments 16 can be independently
manufactured of a separaie material and subsequently inserted into the flow passages 12, and
mechanically coupled to the bottorn nozzle 10. With the advantageous addition of the
filtering ligaments 16 to be situated within the flow hole 12, the size of debris that can pass

through the bottom nozzle 10 adapter plate is reduced, thereby reducing debris fretting.

{8817} The protective grid 13 s similar to the grids disclosed in U.S. Patent MNo. 7,
the disclosure of which is herein incorporated by reference in its entirety. It includes a
plurality of straps 14 which can be configured to assist in filtering the debris that can pass
through the flow passages 12 of the fuel assembly 16. However, the siraps 14 are not
configured to completely obstruct the flow passages 14 and the protective grid 13 can further
include openings 15 between the straps 14.

[0018] The present disclosure contemplates flow passages 12 and filtering ligaments 16 of
varying shapes and configurations to optimize both debris filtration and pressure drop across
the bottom nozzle 10. For exarople, the debns filtering ligaments 16 of FIG. 1 include a
cruciform shape (i.e. an "X shape) such that they transect the flow passage 12 of the debris
filter bottom nozzle 10 and the openings 15 of the protective grid 13. Furthermore, the flow
passages 12 of the debris filter bottom nozzle 10 of FIG. 1 are overlaid with a protective grid
13, such that straps 14 of the protective grid 13 further transect at least some of the tflow
passages 12. The debris filtering ligamenis 16 of FIG. 1 are obliquely oriented relative to the
straps 14 of the protective grid 13, thereby reducing the size of debris that can pass through
the flow passages 12 of the debris filter bottom nozzle 10 adapter plate. As emploved herein,
the expression “oblique” refers to a relationship that is neither paraliel nor perpendicular.
(8019} The filtering igaments 16 of FIG. 1 can be implemented within flow passages of

varving designs. For example, FIG. 2 depicts filtering ligaments 16 implemented within a
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venturi-shaped flow passage 12, simular to those of the debris filter bottom nozzle disclosed
by U.S. Patent No. 9,847,144 B1. The geometry and design of the filtering ligamenis 16 can
¢ specifically configured to accommaodate for the particular flow passage 12 and optimize
debris filtration across the debris filter bottom nozzie 10
[6628] The geometry and design of the flow passage 12 and filtering ligaments 16 can also
be specifically configured based on the material and method of manufacture. For example,
the flow passages 12, filtering ligaments 16, and bottom nozzle 10 of FIG. 2 are co-formed
out of a single material via an addiive manufacturing procedure. Accordingly, the thickness
T of the filtering hgaments 16 can range from about 0.005 to 0.050 inches, dependent upon
the type of material used. However, alternate methods of manufacture are contemplated by
the present disclosure. For example, in one non-limiting aspect, the filtering ligaments 16 can
be independently manufactured of a separaie material and subsequently inserted into the flow
passages 12, and mechanically coupled to the bottom nozzle 10, Accordingly, the flow
passage 12 and filtering ligaments 16 of FIG. 2 are merely exemplary, and other non-limiting
aspects include a variety of designs to optimize debris filtration, as enabled by a variety of
flow passage geometries and methods of manufacture.
[B021] The filtering ligaments 16 can also be oriented n varving configurations relative to
the flow passage 12 geometry to improve debris filtration, a flow characteristic of the flow
passage 12, and/or the ease of manufacture of the debris filter bottom nozzle 10. For example,
when viewed in the isometric view, the filtering ligaments 16 of FIG. 2 are ontented as
downward-facing pyramid as to allow for printing with additive manufacturing techniques.
However, the present disclosure contemplates filiering ligamenis 16 oriented in a variety of
desirable configurations and/or shapes, including but not linited to a rectangle, a dome,
and/or any other suitable shape. For example, in other non-limiting aspects of the present
disclosure, the filter ligaments 16 are oriented as a downward-facing dome. Although the
filtering ligaments 16 of FIG. 2 are oriented at angle o defined between each filtering
higament 16 and an interior wall of the flow passage 12, and are thus downward-facing, the
present disclosure contemplates varying angles « such that in some non-limiting aspects, the
filtering ligaments 16 are upward-facing or level relative to the flow passage 12. For
example, in other non-limiting aspects of the present disclosure, the {iltering ligaments can be
oriented as an upward-facing pyramid, dome, or rectangle, when viewed from the side.
[6622] Still referring 1o FIG. 2, four filtering ligamenis 16 can be ortented in a downward-
facing pyramid extending from a plane that is approximately parallel 1o a plane defined by an

inlet of the flow passage 12, and each filiering ligament 16 can be generally siraight.
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However, the present disclosure contemplates other non-limiting aspects inchuding any
number of filtering ligaments 16 of a varying geometnes. For example, according o one non-
limiting aspect, three filtering elerents 16 can be oriented in a dome configuration, wherein
each of the three filtering ligaments 16 is generally arcuate in its shape. Similarly, the present
disclosure contemplates flow passages 12 with greater than four filtering ligaments 16, and
flow passages 12 with less than four filtering higaments 16. Additionally and/or alternatively,
the filtering higaments can be oriented at varying angles g such that they extend from varying
planes defined within the flow passage 12.

[6023] In further reference to FIGS. 1 and 2, it is estimaled that the depicted configuration
of straps 14 and filtering ligamenis 16 effectively reduces the size of debris that can pass
through the flow passages 12 approximately 2.5 times. Specifically, if the fiow passages 12
tacked the filtering ligaments 16 of FIG. 1, 1t is estimated that debris filter bottom nozzle 10
would restrict debris of approximately 0.2 inch diameter or larger from passing through.
Contranly, it is estimated that the inclusion of the “X” shaped filtering ligaments 16 of FIGS.
1 and 2 enables the debris filter bottom nozzle 10 to restrict debris of approximately .08 inch
diameter or larger from passing through the tlow passages 12, Tt 1s retterated that the
particular configuration of filtering ligaments 16 of FIGS. 1 and 2 is depicted and discussed
only for the sake of example. Accordingly, the specific configuration of flow passages 12,
fittering ligaments 16, and/or straps 14 can be attenuated or adjusted to optimize the
performance of the bottom nozzle 10 according to user preference and/or design constraints,
[6624]  Still referring to FIGS . 1 and 2, an “X” shaped configuration of four filtering
ligaments 16, or any alternate configuration of filtering higaments 16, can filter undesirable
debris to reduce undesirable debris fretiing. However, the obstruction of the flow passage 12
can increase the loss coetficient (1.e., pressure loss) through the flow passage. For example,

the Darcy-Weisbach equation can be used to calculate a pressure loss along the flow passage:

Ap=L-fg-

N

02
D

Whaere Ap is the pressure [oss through the flow passage 12, L is a length of the flow passage
12, fp s a darcy friction factor of the flow passage 12, p is a density of the fluid traversing
the flow passage 12, v is an average velocity of a fluid traversing the flow passage 12, and D
is an flow diameter of the flow passage 12. Accordingly, the present disclosure contemplatas

the optimization of the shape and configuration of the flow passages 12 to maintain the loss



WO 2020/236702 PCT/US2020/033381

coefficient, such as pressure loss through the flow passage 12, including a configuration of
filtering ligaments 16, Using the Darcy-Weisbach equation to illusirate, adding filtering
ligaments 16 to the flow passage 12 reduces the effective D of the flow passage which will
increase the pressure drop. To maintain the same pressure drop of the flow passage 12,
changes must be made to the flow hole to accommodate the mcreased pressure drop from the
filtering ligaments. The selection of the Darcv-Weisbach equation is strictly exemplary and
the present disclosure contemplates the use of various calculations and optimization
techniques to achieve the desired flow characteristics and filtration capabilities of the flow
passages 12. For example, the use of Computational Fluid Dynamics (CFD) can
advantageously optimize an average diameter or length of the flow passage 12 relative to the
specific size and configuration of the filtering ligaments 16, such that the loss coefficient
across the debris filter bottom nozzle 10 1s minimized.

[0625]  Accordingly, the present disclosure conternplates flow passages of varying
geometries and configurations to compensate for increased loss coefficients resulting from
the mclusion of filtering ligaments 16. For example, FIG. 3 illustrates a side view a flow
passage 12 of a debris filier botiom nozzle 10, in accordance with at least one non-limiting
aspect of the present disclosure. The flow passage 12 of FIG. 3 includes a venturi-shaped
design, similar to that disclosed by U.S. Patent No. 9,847,144 B1, and a geometry that was
advantageously selected to achieve a desired loss coefficient. For example, the configuration
and diameter of flow passage 12 can be selecied to mantain the loss coefficient of known
bottom nozzles in spite of the obstruction of the filtering ligaments 16. However, the present
disclosure contemplates flow passages 12 with design parameters that were specifically
designed {0 achieve a multitude of flow charactenstics.

[8026] As depicted in the non-limiting aspect of FIG. 3, the flow passages 12 caninclude a
venturi-shaped configwration with a length L and varying diameters D1, D2, D3 that can be
optimized relative 1o other parameters, including but not hmited to a thickness, a height, a
length and/or a onentation of the filtering higaments 16 contained within the flow passage 12.
Specifically, the bore diameter D2, or the minimum diameter in the center of the venturi-
shaped flow passage 12 of FI(3. 3, can be optimized using CFD to minimize the pressure drop
associated with the inclusion of fillering ligaments 16. For example, the bore diameter D2 of
the venturi-shaped flow passage 12 of FIG. 3 can range from about 0.100 to 0.500 inches,
dependent upon the material from which it 15 formed. However, other non-limiting aspects of
the present disclosure include flow passages 12 with bore diameters D2 of varving

magnitudes to optimize either the debris filtration, a flow characteristic of the flow passage
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12, and/or the method of manufacture of the debnis filter bottom nozzle 10, Likewise,
although the fow passage 12 of FIG. 3 includes a venturi-shaped configuration, a vartety of
shapes and/or configurations of the flow passage 12 are contemplated by the present
disclosure.

{6627} In further reference to FIG. 3, the venturi-shaped configuration of the flow passage
12 15 optinized to maintain a pressure drop of the debris filter bottom nozzle 10 relative to
the pressure drop of known bottom nozzles. For example, the venturi-shape and diameters
D1, D2, D3 of the flow passage 12 of FIG. 3 were determuned using CFD. However, the
present disclosure contemplates alternate means of design optimization, including but not
lirnited to testing, computer modeling, manual modeling, and/or combiations thereof. For
example, hvdraulic testing on prototvpes of the flow passages 12, and/or debris filter bottom
nozzle 10 of varying scales could be performed to validate CFD predictions. Additionally,
although the flow passage 12 is optimized to maintain a pressure drop of the debris filter
bottom nozzle 10, in other non-limiting aspects of the present disclosure, the flow passage 12
is optimized for other flow characteristics, as desired.

[6028] Still referring to FIG. 3, the flow passage 12 can include wings 18 configured to
extend above and/or below the debnis filier bottom nozzle 10 as protrusions. Such wings 18
are further disclosed and described 1in US Patent No. 9,847,144, the disclosure of which is
herein incorporated by reference in its entirety. For example, in some non-limiting aspects,
the wings 18 can gradually increase the lateral flow area of the flow passage 12 {o further
alter the flow, as desired. Although the flow passage 12 of FIG. 3 includes wings 18,
according to other non-limiting aspects of the present disclosure, the venturi-shaped flow
passage 12 can be implernented without wings 8.

[B029] Various aspects of the subject matter described herein are set out in the following
numbered clauses:

{6636} Clause 1. A debris filter boitom nozzie configured for use in a nuclear reactor,
the debris filter boltom nozzle including a plate-like body, a plurality of flow passages
formed within the plate-like body, wherein each flow passage of the plurality of flow
passages includes an inlet proximal {o a first surface of the plate-like body and an owutlet
proximal 1o a second surface of the plate-like body, wherein the second surface is opposite
the first surface; and a filter positioned within at least one flow passage of the plurality of
flow passages, wherein the filter is situated between the inlet and the outlet, wherein the at

least one flow passage includes a dimension, wherein a magnitude of the dimension is
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determined based at least in part on a predetermined loss coefficient of the at least one flow
passage and a predetermined filtration capability of the filter.

[6031] Clause2:  The debrs filter bottom nozzle of clause |, wherein the plate-like
body. the plurality of flow passages, and the filter are co-formed and constitute a single-piece
unit.

16632] Clause 3:  The debris filter bottom nozzle according to clauses | or 2, wherein the
at least one flow passage includes a venturi-shape, and wherein the dimension is a bore
diameter of the venturi-shape, wherein the bore diameter is greater than or equal to G.1 inches
and less than or equal to 0.5 inches, and wherein the predeternmined loss coefficient is greater
than or equal to 1.0 and less than or equal t0 2.5,

[6633] Clause 4:  The debrs filter bottom nozzle according to any of clauses 1-3,
wherein the filter includes a plurality of filtering ligaments that extend across at least a
portion of the at least one flow passage, and wherein the predeternuned filtration capability of
the filter.

[6634] Clause 5:  The debris filier botiom nozzle according to any of clauses 1-4,
wherein the plurality of filtering ligaments are connected at a location withun the flow
passage between the inlet and the cutlet.

[6638] Clause 6:  The debris filter bottom nozzle according to any of clauses 1-5,
wherein debris filter bottom nozzle is configured to be overlaid with a protective grid
comprising a plurality of straps, wherein the plurality of filtering ligaments are configured to
form a cructform shape or other blockage when viewed from either the inlet or the cutlet. and
wherein the plurality of filtering ligaments are configured to transect the plurality of straps.
[#836] Clause 7. The debns filier botiom nozzle according to any of clauses 1-6,
wherein each of the filtering ligaments of the plurality of filtering higaments is straight, and
wherein the plurality of filtering ligaments are configured to form a pyranud between the
inlet and the owtlet of the at least one flow passage.

[8637] Clause 8. The debris filter bottom nozzle according {o any of clauses 1-7,
wherein each of the filtering ligaments of the plurality of filtering ligaments i1s oriented at an
angle such that the pyramid is directed towards the outlet of the at least one flow passage.
[6038] Clause 9:  The debns filier botiom nozzle according to any of clauses 1-8,
wherein each of the filtering ligaments of the plurality of filtering higaments s oriented at an
angle such that the pyramid is directed towards the inlet of the at least one flow passage.
[663%] Clause 10:  The debris filter bottom nozzle according to anyv of clauses 1-9,

wherein each of the filtering higaments of the plurality of filtering ligaments 1s arcuale, and
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wherein the plurality of filtering ligaments are configured to form a dome between the mlet
and the outlet of the at least one flow passage.

{0040} Clause 11:  The debns filter bottom nozzle according to any of clauses 1-10,
wherein each of the filtering ligaments of the plurality of filtering ligaments is oriented at an
angle such that the dome is directed towards the outlet of the at least one flow passage.
10641} Clause 12:  The debris filter bottom nozzle according to any of clauses 1-11,
wherein each of the filtering ligaments of the plurality of filtering ligaments is oriented at an
angle such that the dome is directed towards the inlet of the at least one fiow passage.

[#842] Clause 13.  The debns filier botiom nozzle according to any of clauses 1-12,
wherein the plurality of filtering ligaments are configured to form a three-dimensional
rectangle between the inlet and the outlet of the at least one flow passage.

[6643] Clause 14 The debris filter bottom nozzle according to anv of clauses 1-13,
wherein the at least one flow passage further includes a wing extending bevond at least one of
the first surface and the second surface.

[6644] Clause 15. A flow passage formed within a debris filter bottom nozzle configured
for use in a nuclear reactor, wherein the debris filter bottom nozzle 1s configured o be
overlaid with a protective grid, wherein the protective grid includes a plurality of straps, the
flow passage comprising an inlet, an outlet, an intermnal cavity formed between the inlet and
the outlet, a plurality of filtering ligaments positioned within the internal cavity, wherein the
phuarality of filtering ligaments are configured 1o transect the plurality of straps; and a
dimension, wherein a magnitude of the dimension is determined based at least in parton a
predetermined loss coefficient of the flow passage and a predetermined filtration capability of
the plurality of filiering ligaments.

{0045} Clause 16:  The flow passage according clause 15, wherein the internal cavity
includes a venturi-shape, and wherein the dimension is a bore diameter of the venturi-shape.
[6646] Clause 17 The flow passage according to clause 15 or 16, wherein the flow
passage and plurality of filtering ligaments are co-formed with the debris filter bottom nozzle
and constitute a single-piece umit.

[6647] Clause 18 A method of manufacturing a debris filter bottom nozzle configured
for use in a a nuclear reactor, wherein the debris filter bottom nozzle mcludes g plurality of
flow passages, the method including determining a predetermuned loss coefficient of the
debris filter bottom nozzle, determining a predetermined filtration capability of the debns
fitter bottom nozzle, calculating a dimension of the pluralitv of flow passages based at least in

part on the predetermined loss coefficient and the predetermined filtration capability,
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producing a plate-like body of debris filter bottom nozzle, producing the plurality of flow
passages within the plate-hke body of the debris filter bottom nozzle, wherein at least one of
the flow passages of the plurality of flow passages includes the calculated dimension; and
producing a filter comprising the predetermined filtration capability within the at least one
flow passage.

16648] Clause 19 The method according to clause 18, wherein calculating the dimension
includes the use of computational fluid dynamics.

[6649] Clause 20; The method according 1o clauses 18 or 19, wherein the plate-like body,
the plurality of flow passages, and the filter are produced using additive manufacturing
techniques such that the plate-like body, the plurality of flow passages, and the filter are co-
formed and constitute a single-piece unit.

{60650} Al patents, patent applications, publications, or other disclosure material
mentioned herein, are hereby incorporated by reference in their entirety as if each individual
reference was expressly incorporated by reference respectively. All references, and any
material, or portion thereof, that are said to be incorporated by reference herein are
mcorporated herein only to the extent that the incorporated material does not conflict with
existing defimitions, statements, or other disclosure material set forth in this disclosure. As
such, and to the extent necessary, the disclosure as set forth herein supersedes any conflicting
material incorporated herein by reference and the disclosure expressly set forth in the present
application conirols.

[0051] The prasent invention has been described with reference to various exemplary and
iHustrative aspecis. The aspects described herein are undersiood as providing llustrative
features of varving detail of various aspects of the disclosed invention; and therefore, unless
otherwise specified, it 1s to be understood that, to the extent possible, one or more features,
elements, components, constituents, ingredients, structures, moditles, and/or aspects of the
disclosed aspects may be combined, separated, interchanged, and/or rearranged with or
relative to one or more other features, elements, components, constituents, ingredients,
structures, modules, and/or aspects of the disclosed aspects without departing from the scope
of the disclosed invention. Accordingly, it will be recognized by persons having ordinary
skill m the art that various substitutions, modifications or combinations of any of the
exernplary aspects may be made without departing from the scope of the invention. In
addition, persons skilled in the art will recognize, or be able to ascertain using no more than

routine experimentaiion, many equivalents to the various aspects of the invention described
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herein upon review of this specification. Thus, the invention is not himited by the description
of the various aspects, but rather by the claims.

[0052] Those skilled 10 the art will recognize that, in general, terros used herein, and
especially in the appended claims {e.g., bodies of the appended claims) are generally intended
as “open” terms {e.g., the term “including” should be interpreted as “including but not himited
to,” the term “having” should be interpreted as “having at least,” the term “includes” should
be interpreted as “includes but is not limited 10,” etc ). It will be further understood by those
within the art that if a specific number of an introduced claim recitation is intended, such an
mnient will be explicitly recited in the claim, and in the absence of such recitation no such
intent 1s present. For example, as an aid to understanding, the following appended claims may
contain usage of the introduciory phrases “at least one” and “one or more” to introduce claim
recitations. However, the use of such phrases should not be construed to imply that the
mtroduction of a claim recitation by the indefinite articles “a” or “an” limits any particular
claim containing such introduced claim recitation to claims containing only one such
reciiation, even when the same claim includes the introductory phrases “one or more” or “at
teast one” and indefinite articles such as “a” or “an” {e.g., “2” and/or “an” should typically be
terpreted to mean “at least one” or “one or more™); the same holds true for the use of
definite articles used to introduce claim recitations.

{6653} (00511 In addition, even if a specific number of an introduced claim recitaiion is
explicitly recited, those skilled 1n the art will recognize that such recitation should typically
be interpreted to mean af least the recited number (e ¢, the bare recitation of “two
reciiations,” without other modifiers, tvpically means at least two recitations, or two or more
recifations). Furthermore, in those mstances where a convention analogous to “at least one of
A, B, and C, etc.” 15 used, in general such a construction is ntended 1 the sense one having
skill in the art would understand the convention {(e.g., “a system having at least one of A, B,
and € would imnclude but not be limited io systems that have A alone, B alone, C alone, A
and B together, A and C together, B and C together, and/or A, B, and C together, etc). In
those instances where a convention analogous to “at least one of A, B, or C, etc.” is usad, in
general such a construction s intended in the sense one having skill in the art would
understand the convention {e.g., “a system having at least one of A, B, or U™ would include
but not be lirnited to systems that have A alone, B alone, C alone, A and B together, Aand C
together, B and C together, and/or A, B, and C together, etc ). It will be further understood by
those within the art that typically a disjunctive word and/or phrase presenting two or more

allernative ferms, whether in the description, claims, or drawings, should be understood to
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contemplate the possibilities of including one of the terms, either of the terms, or both terms
unless context dictates otherwise. For example, the phrase “A or B” will be typically
understood to mclude the possibilities of “A” or “B” or “Aand B.”

[6054] (00521  With respect to the appended claims, those skilled in the art will
appreciate that recited operations therein may generally be performed in any order. Also,
although claim recitations are presented in a sequence(s), it should be understood that the
various operations may be performed in other orders than those which are described, or may
be performed concurrently. Examples of such alternate orderings may include overlapping,
interleaved, intlerrupted, reordered, incremental, preparatory, supplemental, simultaneous,
reverse, or other variant orderings, unless context dictates otherwise. Furthermore, terms like
“responsive 10,” “related t0,” or other past-tense adjectives are generally not intended to
exclude such varants, unless context dictates otherwise.

2 << 2% &C

[6055] It is worthy to note that any reference fo “one aspect,” “an aspect,” “an
exemplification,” “one exemplification,” and the like means that a particular feature,
structure, or characteristic described in connection with the aspect 1s included in at least one

LI EE I

aspect. Thus, appearances of the phrases “in one aspect,” “in an aspect.” “in an
exernplification.” and “in one exemplification” in various places throughout the specification
are not necessarily all referring to the same aspect. Furthermore, the particular features,
structures or characteristics may be combined in any suiiable manner in one or more aspects.
(8656} As used herein, the singular form of “2”, “an”, and “the” mclude the plural
references unless the context clearly dictates otherwise.

{66871 Directional phrases used herein, such as, for example and without limitation, top,
bottom, lefi, right, lower, upper, front, back, and variations thereof, shall relate {o the
orientation of the elements shown 1n the accompanying drawing and are not lirniting upon the
claims unless otherwise expressly stated.

{60658} The terms “about” or “approximately” as used in the present disclosure, unless
otherwise specified, means an acceptable error for a particular value as determined by one of
ordinary skill in the art, which depends in part on how the value 1s measured or determined.
In certain aspects, the term “aboul” or “approximaiely” means within 1, 2, 3, or 4 standard
deviations. In certain aspects, the term “about”™ or “approximaiely ™ means within 50%, 20%,
15%, 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, 1%, 0.5%, or 0.05% of a given value or
range.

{60659} in this specification, unless otherwise indicated, all numerical parameters are to be

understood as being prefaced and modified in all instances by the term “about,” in which the
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numerical parameters possess the inherent variability characteristic of the underlving
measurement lechnigues used {0 determine the numerical valoe of the parameter. At the very
teast, and not as an attempt to limit the application of the doctrine of equivalents 1o the scope
of the claims, each numerical parameter described herein should at least be construed in light
of the number of reported significant digits and by applying ordinary rounding techniques.
60601 Anv numerical range recited herein includes all sub-ranges subsumed within the
recited range. For example, a range of “1 to 107 includes all sub-ranges between {and
including) the recited minimum value of 1 and the recited maximum value of 10, that 1s,
having a minimum vahie equal to or greater than 1 and a maximum value equal to or less than
10, Also, all ranges recited herein are inclusive of the end points of the recited ranges. For
example, a range of “1 to 107 includes the end points 1 and 10, Any maximum numerical
limitation recited in this specification is intended to include all lower numerical limitations
subsumed therein, and any munimum numerical liritation recited in this specification is
intended to include all higher numerical limitations subsumed therein. Accordingly,
Applicant reserves the right to amend this specification, including the claims, 1o expressly
rectie any sub-range subsumed within the ranges expressly recited. Al such ranges are
inherently described in thas specification.

{0061} Any patent application, patent, non-patent publication, or other disclosure material
referred 1o in this specification and/or listed in any Application Data Sheet is incorporated by
reference herein, (o the extent that the incorporated materials is not inconsistent herewith. As
such, and to the extent necessary. the disclosure as explicitly set forth herein supersedes any
conflicting material incorporated herein by reference. Any material, or portion thereof, that 1s
said to be mcorporated by reference herein, but which conflicts with existing defimitions,
statements, or other disclosure material set forth herein will only be incorporated 1o the extent
that no conflict arises between that incorporated material and the existing disclosure material.
160662} The terms "comprise” {(and any form of comprise, such as "comprises” and
"comprising”), "have" (and any form of have, such as "has" and "having”), "include” (and any
form of include, such as "includes" and "including”) and "contain" (and any form of contain,
such as "contains” and "contaiming") are open-ended linking verbs. As a result, a sysiem that

LE 1

"comprises,” "has,” "includes" or "contains” one or more elements possesses those one or

more elements, but is not limited to possessing only those one or more elements. Likewise,
an element of a system, device, or apparatus that "comprises.” "has,"” "includes” or "contains”
one or more features possesses those one or more features, but 13 not hmited to possessing

only those one or more features.
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CLAIMS
WHAT IS CLAIMED IS:

1. A debris filter bottom nozzle configured for use in a nuclear reactor, the debris filter
bottom nozzle comprising:

a plate-like body;

a plurality of flow passages formed within the plate-like body, wherein each flow
passage of the plurality of flow passages comprises an inlet proximal to a first surface of the
plate-like body and an outlet proximal {0 a second surface of the plate-like body, wheremn the
second surface 1s opposite the first surface; and

a filter positionad within at least one flow passage of the plurality of flow passages,
wherein the filter is situated between the inlet and the outlet;

wherein the at least one flow passage comprises a dimension, wherein a magnitude of
the dimension is determined based at least in part on a predetermined loss coefficient of the at

feast one flow passage and a predetermined filtration capability of the filter.

2. The debris filter bottom nozzle of claim |, wherein the plate-like body, the plurality of

flow passages, and the filter are co-formed and constifuite a single-piece unit.

3. The debris filter bottom nozzle of claim 1, wherein the at least one flow passage
comprises a venturi-shape, and wherein the dimension is a bore diameter of the venturi-
shape, wherein the bore diameter is greater than or equal to 0.1 inches and less than or equal
to (0.5 inches, and wherein the predetermined loss coefficient 13 greater than or equal to 1.0

and less than or equal 1o 2.5.

4. The debris filter bottom nozzle of claim 3, wherein the filter comprises a plurality of
filtering Ligaments that extend across at least a portion of the at least one flow passage, and
wherein the predetermined filtration capability of the filter restricts debris corprising a

diameter of approximately (.08 inches or larger from traversing the at least one flow passage.

5. The debris filter bottor nozzle of claim 4. wherein the plurality of filtering ligaments

are connected at a location within the flow passage between the inlet and the outlet.

6. The debrig filter bottom nozze of claim 5, wherein debns filter bottom nozze is
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configured to be overlaid with a protective grid comprising a plurality of straps, wherein the
plurality of filtering ligaments are configured to form a cruciform shape or other blockage
when viewed from either the inlet or the outlet. and wherein the plurality of filtering

ligaments are configured to transect the plurality of siraps.

7. The debris filter bottom nozzle of claim 5, wherein each of the filtering ligarments of
the plurality of filtering ligaments is straight, and wherein the plurality of filtering ligaments
are configured to form a pyramid between the inlet and the cutlet of the at least one flow

passage.

8. The debris filter bottom nozzle of claim 7. wherein each of the filtering ligaments of
the plurality of filtering ligaments is ortented at an angle such that the pyramid is directed

towards the outlet of the at least one flow passage.

9. The debris filter bottom nozzle of claim 7, wherein each of the filtering ligaments of
the plurality of filiering ligamenis 1s oriented at an angle such that the pyramid is directed

towards the inlet of the at least one flow passage.

10. The debris filter bottom nozzle of claim 5, wherein each of the filtering ligaments of
the plurality of filtering ligaments is arcuate, and wherein the plurality of filtering ligaments
are configured to form a dome between the inlet and the outlet of the at least one flow

passage.

il The debns filter bottom nozzle of claim 10, wherein each of the filtening ligaments of
the plurality of filtering ligaments is oriented at an angle such that the dome is directed

towards the outlet of the at least one flow passage.

12. The debris filter bottom nozzie of claim 10, wherein each of the filtering ligaments of
the plurality of filtering ligaments is oriented at an angle such that the dome is directed

towards the inlet of the at least one {low passage.

13. The debris filter botiom nozzle of claim 5, wherein the plurality of filtering higaments
are configured to form a three-dimensional rectangle between the inlet and the outlet of the at

least one flow passage.
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14. The debris filter bottom nozzle of claim 3, wherein the at least one low passage
further coraprises a wing extending beyond at least one of the first surface and the second

surface.

15. A flow passage formed within a debris filter bottom nozzle configured for usem a
nuclear reactor, wherein the debris filter bottom nozzle is configured to be overlaid with a
proteciive grid, wherein the protective grid comprises a plurality of straps, the flow passage
comprising;

an indet;

an outlet;

an internal cavity formed between the inlet and the outlet;

a plurality of filtering ligaroents positioned within the internal cavity, wherein the
plurality of filtering ligaments are configured to transect the plurality of straps; and

a dimension, wherein a magnitude of the dimension is determined based at least in
part on a predetermined loss coefficient of the {low passage and a predetermimed filtration

capability of the plurality of filtering ligaments.

16. The flow passage of claim 15, wherein the interal cavily comprises a venturi-shape,

and wherein the dimension 13 a bore diameter of the venturi-shape.

17.  The flow passage of claim 15, wherein the flow passage and plurality of filtering
ligaments are co-formed with the debris filter bottom nozzle and constitite a single-piece

unit,

18. A method of manufacturing a debris filter bottom nozzle configured foruseinaa
nuclear reactor, wherein the debris filier bottom nozzle includes a plurality of flow passages,
the method comprising:
determining a maximum loss coefficient of the debris filter bottom nozzle;
determining a minimum filtration capability of the debris filter bottom nozzle;
calculating a dimension of the plurality of flow passages based at least in part on the
maximum loss coefficient and the minimum filtration capability;
producing a plate-like body of debris filter bottom nozzie;

producing the plurality of flow passages within the plate-like body of the debris filter

17
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bottom nozzle, wherein at least one of the flow passages of the plurality of flow passages
comprises the calculated dimension; and
producing a filter comprising the miniroum filtration capability within the at least one

flow passage.

19, The method of claim 18, wherein calculating the dimension comprises the use of

computational fluid dynamics.

24, The method of claim 18, wherein the plate-hike body, the plurality of flow passages,
and the filter are produced using additive manufacturing techniques such that the plate-like
body. the plurality of flow passages, and the filter are co-formed and constitute a single-piece

unit.
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