I*I Innovation, Sciences et Innovation, Science and CA 3031406 C 2024/06/18

Développement économique Canada Economic Development Canada
Office de la Propriété Intellectuelle du Canada Canadian Intellectual Property Office (1 1)(21) 3 03 1 406
12 BREVET CANADIEN
CANADIAN PATENT
13 C
(86) Date de dépbt PCT/PCT Filing Date: 2017/07/21 (51) ClLInt./Int.Cl. BO4C 5/04 (2006.01)

(87) Date publication PCT/PCT Publication Date: 2018/01/25 | (72) Inventeurs/Inventors:

o . GRIMM, LAFE, US;
(45) Date de délivrance/lssue Date: 2024/06/18 HANSON SHANE. US:

(85) Entrée phase nationale/National Entry: 2019/01/18 ILOTT, PAUL, US

(86) N° demande PCT/PCT Application No.: US 2017/043276 | (73) Propriétaire/Owner:

87) N° publication PCT/PCT Publication No.: 2018/017950 SUPERIOR INDUSTRIES, INC., US
(30) Priorités/Priorities: 2016/07/21 (US62/365,214); (74) Agent: MLT AIKINS LLP

2017/01/24 (US29/591,837), 2017/01/24 (US29/591,840),
2017/02/28 (US62/465,132)

(54) Titre : APPAREIL, SYSTEMES ET PROCEDES DE CLASSIFICATION
(54) Title: CLASSIFYING APPARATUS, SYSTEMS AND METHODS

500
520

530

310

152
330 140

(57) Abrégé/Abstract:

Hydrocyclones and related apparatus, systems and methods are disclosed for classifying aggregate material. Some embodiments
include an inlet head with a spiral inlet having a height and width that vary along the direction of travel of material in the inlet head.
Plants incorporating hydrocyclones are disclosed for classifying aggregate material. Some plant embodiments include an overflow
container having a weir.

C an a dg http:vopic.ge.ca » Ottawa-Hull K1A 0C9 - aup.:/eipo.ge.ca OPIC

OPIC - CIPO 191



wo 2018/017950 A1 |00 OO O

CA 03031406 2019-01-18

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date

(10) International Publication Number

WO 2018/017950 A1

25 January 2018 (25.01.2018) WIPO | PCT
(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
B04C 5/04 (2006.01) kind of national protection available). AE, AG, AL, AM,
(21) International Application Number: AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
PCT/US2017/043276 CA,CH,CL,CN,CO,CR,CU, CZ,DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
(22) International Filing Date: HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
21 July 2017 (21.07.2017) KR,KW,KZ, LA, LC,LK,LR,LS, LU, LY, MA, MD, ME,
‘e . MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
(25) Filing Language: English OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
(26) Publication Language: English SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(30) Priority Data:
62/365,214 21 July 2016 (21.07.2016) US (84) Designated States (unless otherwise indicated, for every
29/591,837 24 January 2017 (24.01.2017) Us kind of regional protection available). ARIPO (BW, GH,
29/591,340 24 January 2017 (24.01.2017)  US GM,KE, LR, LS, MW, MZ,NA, RW, SD, SL, ST, SZ, TZ,
62/465,132 28 February 2017 (28.02.2017) US UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
. TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
(71) Applicant: SUPERI.OR INDUSTRIES, INC. [US/US]; EE, ES, FL FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
315 E Hwy 28, Morris, MN 56267 (US). MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
(72) Inventors: GRIMM, Lafe; 48407 330th Street, Hancock, TR), OAPI(BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
MN 56244 (US). HANSON, Shane; 3330 East 23rd Street, KM, ML, MR, NE, SN, TD, TG).
Columus, NE 68601 (US). ILOTT, Paul; 1013 Telford
Trail, Tyler, TX 76036 (US).
(74) Agent: FRONEK, Todd; Larkin Hoffman Daly & Lind-

gren Ltd., 8300 Norman Center Drive, Suite 1000, Min-
neapolis, MN 55437 (US).

(54) Title: CLASSIFYING APPARATUS, SYSTEMS AND METHODS

(57) Abstract: Hydrocyclones and related apparatus, systems and methods are dis-

having a weir.

FIG. 1

w_  closed for classifying aggregate material. Some embodiments include an inlet head
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sifying aggregate material. Some plant embodiments include an overflow container
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CLASSIFYING APPARATUS, SYSTEMS AND METHODS
BACKGROUND

[0001] Classifying apparatus such as hydrocyclones and classifying plants (e.g., those including

hydrocyclones, etc.) are used to wash and/or classify material such as sand.
BRIEF DESCRIPTION OF THE DRAWINGS
[0002] FIG. 1 is a side elevation view of an embodiment of a hydrocyclone.
[0003] FIG. 2 is a top plan view of the hydrocyclone of FIG. 1.
[0004] FIG. 3 is an exploded isometric view of the hydrocyclone of FIG. 1.
[0005] FIG. 4 is a partial expanded side elevation view of the hydrocyclone of FIG. 1.
[0006] FIG. 5 is a partial plan view of the hydrocyclone of FIG. 1.

[0007] FIG. 6 is a cross-sectional view of the hydrocyclone of FIG. 1 along the section 6-6 of
FIG. 5.

[0008] FIG. 7 is a cross-sectional view of the hydrocyclone of FIG. 1 along the section 6-6 of
FIG. 5, illustrating exemplary flow paths.

[0009] FIG. 8 is an isometric view of an inlet head core of the hydrocyclone of FIG. 1.
[0010] FIG. 9is an isometric view of a taper section of the hydrocyclone of FIG. 1.
[0011] FIG. 10is a plan view of an underflow outlet of the hydrocyclone of FIG. 1.
[0012] FIG. 11 is an isometric view of an inlet of the hydrocyclone of FIG. 1.

[0013] FIG. 12 is another isometric view of an inlet of the hydrocyclone of FIG. 1.
[0014] FIG. 13 is an isometric view of a taper subsection of the hydrocyclone of FIG. 1.

[0015] FIG. 14 is a side elevation view of the taper subsection of FIG. 13 along the section 6-6
of FIG. 5.
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[0016] FIG. 15 is an expanded view of the detail area A15 of FIG. 14.

[0017] FIG. 16 is a perspective view of an embodiment of a plant incorporating an embodiment

of a hydrocyclone.

[0018] FIG. 17 is a perspective view of the plant of FIG. 16 with certain components not shown

for clarity.

[0019] FIG. 18 is a sectional view along the section B-B of FIG. 19.

[0020] FIG. 19is a front elevation view of the plant of FIG. 16.

[0021] FIG. 20 is a plan view of an embodiment of a hydrocyclone inlet head.

[0022] FIG. 21 illustrates a schematic representation of the radial cross-section 20-20 of FIG. 20.
DESCRIPTION

[0023] Referring to the drawings, wherein like reference numerals designate identical or
corresponding parts throughout the several views, FIGs. 1-3 illustrate a hydrocyclone 100. The
hydrocyclone 100 optionally comprises an inlet head 200 having a feed inlet 230 for receiving
aggregate material (e.g., solids of varying density suspended in a liquid slurry, etc.) at an inlet
opening I. The inlet head 200 optionally imposes a centripetal force on the aggregate material as
the aggregate material descends along an optionally generally spiral path (e.g., the exemplary
path Ps shown in FIG. 7, etc.) along the circumferential walls of the inlet head into a taper
section 300. The taper section 300 optionally comprises a hollow frustum and is optionally
mounted (e.g., removably mounted, etc.) to the inlet head 200 at a lower end thereof. The
aggregate material optionally descends in an optionally generally spiral pattern around
circumferential walls of the taper section 300 into an outlet 140 (e.g., along the exemplary path
Ps shown in FIG. 7, etc.). The underflow outlet 140 is optionally mounted (e.g., removably
mounted, etc.) to the taper section 300 at a lower end thereof. A first portion of the aggregate
material (e.g., relatively coarse solids, etc.) optionally exits an underflow outlet apex 145
disposed at a lower end of the underflow outlet 140. The first portion of aggregate material
optionally exits from the underflow outlet apex 145 into at an underflow outlet opening Ou. A

second portion of the aggregate material (e.g., relatively fine solids and liquid, etc.) optionally



forms a vortex which optionally ascends in a generally volute manner (e.g., along the exemplary
path Pv shown in FIG. 7, which optionally has outer radial extents less than that of the
exemplary path Ps, etc.) about a central axis Ac of the hydrocyclone 100 into a vortex finder 412
which optionally comprises a hollow tube extending vertically through a lid 220 of the inlet head
200,

[0024] The vortex finder 412 optionally leads the second portion of aggregate material into an
overflow discharge outlet 400. The discharge outlet 400 optionally directs the second portion of
aggregate material to an overflow outlet opening. In some embodiments, the discharge outlet
400 directs the second portion of aggregate material into a siphon 500 having an outlet opening

Oo disposed below the apex 145 of the outlet 140

foo25] Some hydrocyclone embodiments described herein may operate according one or more

operating principles disclosed in U.S. Patent No. 4,317,716.

[0026] Referring to FIGs. 3, 5 and 8, the feed inlet 230 optionally comprises a hollow conduit
having an inlet opening I and an outlet openingin fluid communication with a spiral inlet section
210 of the inlet head 200. In the illustrated embodiment, the feed inlet 230 has a circular inlet
opening I and an optionally generally rectangular (e.g., generally square, etc.) outlet opening.
The feed inlet 230 optionally comprises a circumferential wall 231 which optionally extends
between the inlet opening [ and the outlet opening. In some embodiments, an inner surface of
the circumferential wall 231 may transition {(e.g., gradually, continuously, discontinuously, etc.)
from a circular cross-section to a generally rectangular (e.g., generally square, etc.) cross-section
along the length of the feed inlet 230. The feed inlet 230 optionally includes (e.g., is formed as a
part with, etc.) an inlet mounting flange 234 having a plurality of mounting openings 235. The
inlet mounting flange 234 may have a generally circular shape as illustrated. The feed inlet 230
optionally includes (e.g., is formed as a part with, etc.) an outlet mounting flange 232 having a
plurality of mounting openings 233. The outlet mounting flange 232 may have a generally
rectangular (e.g., generally square, etc.) shape as illustrated. The feed inlet 230 is optionally
made of a polymer (e.g., urethane or ancther polymer which may comprise a plastic or rubber,

etc.) and may be formed by a casting process (e.g., resin casting, etc.).

Date regue/Date Received 2023-11-14



CA 03031406 2019-01~18

WO 2018/017950 PCT/US2017/043276

[0027] The feed inlet 230 is optionally mounted to the inlet section 210 by bolts extending
through mounting openings in a flange plate 242 (e.g., a steel flange, etc.), the mounting flange
232, and flange plates 214, 224 on the inlet section. Upon installation, tightening of the bolts
optionally compresses the mounting flange 232 between the flange plate 242 and the flange
plates 214, 224, thus securing the feed inlet 230 in position relative to the inlet section 210.
Referring to FIG. 8, an inlet head core 600 (described in more detail herein) is optionally made
of a polymer (e.g., urethane or another polymer which may comprise a plastic or rubber, etc.)
and may be formed by a casting process (e.g., resin casting, etc.). The inlet head core 600
optionally includes an inlet flange 614 which is optionally flush with the flange plates 214, 224
such that compression of the mounting flange 232 against the flange plates 214, 224 optionally
compresses a mating surface of the mounting flange 232 against a corresponding mating surface
of the inlet flange 614. A lid 220 of the inlet head 200 optionally includes a lid seal 222 (not
shown in FIG. 8). The lid seal 222 is optionally disposed between the lid 220 (e.g., a metal lid,
etc.) of the inlet head and the feed inlet in order to form an upper sealing surface of the inlet head
core 600. The lid seal 222 is optionally made of a polymer (e.g., urethane or another polymer
which may comprise a plastic or rubber, etc.). A mating surface of the lid seal 222 is optionally
flush with the flange plate 224 and optionally forms a sealed contact area with the mounting

flange 232 of the inlet head at an upper end thereof.

[0028] Thus, when the feed inlet 230 is mounted to the inlet section 210, the lid seal 222 and the
inlet flange 614 optionally form a circumferential compression seal with the outlet opening of the
feed inlet 230. Referring to FIG. 12, one or more seals 237 optionally extend circumferentially
around the outlet openings of the feed inlet 230. The seals 237 are optionally formed as a part
with the mounting flange 232 (in other embodiments, the seals 237 may be additionally or
alternatively formed as a part with the flange 614 or may comprise separate and/or separable
sealing elements disposed between flanges 614, 232, etc.). Each seal 237 may be generally
semi-circular in cross-section (e.g., when not compressed, etc.). A lower portion of each seal
237 may have a curved surface corresponding to a lower portion of the flange 614 and optionally
contacts the flange 614 when installed to form a sealed contact surface with the flange 614. An
upper portion of each seal 237 optionally contacts the lid seal 222 when installed in order to form

a sealed contact surface with the lid seal 222.
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[0029] Referring to FIG. 11, one or more seals 239 generally similar to the seal or seals 237 are
optionally disposed generally circumferentially about the inlet opening I of the feed inlet 230 and
are optionally formed as a part with the flange 234. The inlet I is optionally mounted to an inlet
pipe (not shown) by bolting a mounting flange 234 between a flange plate 244 and a
corresponding flange (not shown) of the inlet pipe using mounting openings 235 and
corresponding openings in the flange plate 244 and the flange of the inlet pipe. An optional
annular spacer 260 is optionally disposed between the flange 234 and the inlet pipe. When
installed, the spacer 260 may include a pressure tap (not shown) in fluid communication with a
pressure and/or flow measurement device such as a pressure gauge. The inlet pipe and the
annular spacer 260 optionally comprise a polymer such as high-density polyethylene (HDPE),
which may comprise a different material from that comprising the feed inlet 230 (e.g., urethane,
etc.) and/or the inlet head core 600 (e.g., urethane, etc.). Referring to FIG. 2, the inlet I and/or
the spacer 260 optionally have an inner diameter Di-i. A diameter of each seal 239 is optionally
greater than Di-i and each seal 239 is optionally generally concentric with the inlet opening I

such that each seal forms a continuous contact surface with the spacer 260.

[0030] The inner diameter Di-i is optionally selected to equal (or approximately equal)
corresponding standard inner diameters of pipes having the material of the inlet pipe (e.g., HDPE
pipe, etc.). In exemplary embodiments such as those in which the inlet pipe and/or spacer 260
are made of HDPE, the inner diameter Di-i may be equal to (or approximately equal to) any of
the following: 4.7 inches, 4.87 inches, 5.8 inches, 6.24 inches, 7.5 inches, 7.55 inches, 9.4
inches, 11.16 inches, 12.25 inches, 14 inches.

[0031] Referring to FIGs. 3, 5 and 8, the inlet head 200 optionally comprises an inlet head core
600 and lid seal 222 (which may both comprise urethane or another polymer as described herein)
disposed within a shell (e.g., a metal structure such as steel, etc.) comprising a spiral inlet section
210 and a generally cylindrical body 250. A flange 212 optionally extends circumferentially
about the upper surface of the inlet section 210 and body 250. The flange 212 optionally
includes mounting openings corresponding to mounting openings in the lid 220 such that the 1id
220 may be fastened to the upper surface of the inlet section 210 and body 250. The lid seal 222
is optionally of the same shape as the lid 220 and optionally has mounting openings

corresponding to those of the flange 212 and lid 220. The lid seal 222 (which may comprise
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urethane or another polymer as described herein) is optionally mounted between the lid 220 and
the upper surface of the inlet section 210 and body 250. When installed, the lid seal 222 is
optionally flush with the upper surface 630 of the inlet head core 600 and optionally forms a
contact seal with the inlet head core 600, which contact seal optionally protects the lid 220 (and
other metal components of the inlet head 200) from contacting liquid and/or aggregate material

travelling through the inlet head core 600.

[0032] One or more seals 632 optionally extends along the upper surface 630. When the lid seal
222 and lid 220 are installed, the seal or seals 632 are optionally compressed between the upper
surface 630 and the lid seal 222. Each seal 632 is optionally formed as a part with the inlet head
core 600 and/or the surface 630, or alternatively maybe formed as a part with the lid seal 222 or
may comprise a separate sealing element. Each seal 632 is optionally generally semi-circular in
cross-section (e.g., when not compressed). Each seal 632 optionally extends at least partially in
a spiral manner. Each seal optionally extends on both sides of a portion (e.g., inlet portion, spiral

portion, etc.) of the path Ps (see FIG. 7).

[0033] Referring to FIG. 8, the inlet head core 600 optionally comprises a spiral inlet section 610
having a core inlet Ci at least partially bounded by the flange 614. The inlet section 610
optionally defines a channel having an outer sidewall 628, an inner sidewall 626, and a lower
surface 622. The sidewalls 626, 628 optionally meet the lower surface 622 at rounded fillets,
although in alternative embodiments a non-filleted corner may exist between each sidewall and
the lower surface. The lower surface 622 optionally extends generally spirally inward toward the
central axis Ac. The lower surface 622 optionally descends gradually (e.g., relative to the lid

220) along the direction of travel T of the aggregate material received from the feed inlet 230.

[0034] Referring to the embodiment of an inlet head core 2000 illustrated in FIG. 20, the inlet
head core 2000 optionally comprises a spiral inlet section 2010 having a core inlet Ci. The inlet
section 2010 optionally defines a channel 2001 having an outer sidewall 2028, an inner sidewall
2026, and a lower surface 2022. The inner sidewall 2026 optionally terminates at or adjacent to
a body inlet Bi. The lower surface 2022 optionally extends generally spirally inward toward the
central axis Ac. The lower surface 2022 optionally descends gradually (e.g., relative to a lid
and/or upper surface of the channel 2001) along the direction of travel T of the aggregate

material (e.g., feed slurry, sand slurry, etc.).
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[0035] Continuing to refer to FIG. 20, an angle Ar is optionally measured about the central axis
Ac between the channel inlet Ci (e.g., the outer sidewall 2028 at the channel inlet) and a radial
cross-section of the channel 2001 such as section 20-20 schematically illustrated in FIG. 21. In
some embodiments, each radial cross-section (such as that illustrated in FIG. 21) has a height H,
a width W, and an area A. The values of H, W, and A each optionally vary with the angle Ar as
described in more detail below according to various embodiments. It is worth noting that
connection of the lower surface 2022 with the inner sidewall 2026 and the outer sidewall 2028 of
section 20-20 of FIG. 21 is schematically illustrated with square corners. Those skilled in the art
will appreciate that connection of the lower surface 2022 with the inner side wall 2026 and the
outer sidewall 2028 can include rounded corners having a selected radius and the extent of the

selected radius can be taken into account when calculating the value of A.

[0036] In some embodiments, the height H increases (e.g., linearly, approximately linearly, etc.)
with increasing values of the angle Ar. In various embodiments, the height H varies linearly or
approximately linearly with the angle Ar with a slope of between .02 and .05, between .03 and
.04, between .035 and .04, between .03 and .035, .03, approximately .03, .031, approximately
.031, .032, approximately .032, .033, approximately .033, .034, approximately .034, .035,
approximately .035, .036, approximately .036, .037, approximately .037, .038, approximately
.038, .039, approximately .039, .04, approximately .04, etc. In some embodiments, the variation
between maximum and minimum values of the height H is greater than 30%, greater than 40%,
greater than 50%, greater than 55%, about 55%, about 60%, between 50% and 60%, between
55% and 65%, etc.

[0037] In some embodiments, the width W decreases (e.g., linearly, approximately linearly, etc.)
with increasing values of the angle Ar. In various embodiments, the width W varies linearly or
approximately linearly with the angle Ar with a slope of between -.01 and -.03, -.01,
approximately -.01, -.02, approximately -.02, -.03, approximately -.03, between -.01 and -.02,
between -.02 and -.03. In some embodiments, the variation between maximum and minimum
values of the width W is greater than 30%, greater than 40%, greater than 50%, greater than
55%, about 55%, about 60%, between 50% and 60%, between 55% and 65%, etc.

[0038] In some embodiments, the area A initially increases with increasing values of the angle

Ar (e.g., from O to a threshold angle, etc.) and then decreases with increasing values of the angle

7
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Ar (e.g., from the threshold angle to an angle corresponding to the terminal end of the channel
2001, etc.). In some embodiments, the threshold angle is between 70 and 80 degrees, about 70
degrees, about 75 degrees, about 80 degrees, between 73 and 77 degrees, etc. In some
embodiments, the area A varies parabolically with the angle Ar. In some embodiments, the
variation between maximum and minimum values of area A is less than 25%, less than 20%, less
than 15%, about 10%, less than 10%, less than 5%, between 5% and 15%, between 7% and 13%,
between 9% and 13%, etc.

[0039] In some embodiments, the variation in the area A is less than 20%, the variation in the

height H is greater than 50% and the variation in the width W is greater than 50%.

[0040] In some embodiments, the variation in the area A is less than 15%, the variation in the

height H is greater than 50% and the variation in the width W is greater than 50%.

[0041] In some embodiments, the variation in the area A is less than 25%, the variation in the

height H is greater than 33% and the variation in the width W is greater than 33%.

[0042] Returning to FIGs. 3, 5, and 8, in some embodiments a stabilizing element 227 (e.g., a
bolt or metal tab, etc.) extends through lid 220 into an opening 627 in the inlet head core 600
(e.g., adjacent to a portion of sidewall 626 distal from the feed inlet 230, etc.). The stabilizing
element 227 may extend through the lower ring 226 (e.g., a radially eccentric portion thereof,

etc.).

[0043] The inner sidewall 626 optionally terminates at a body inlet Bi. The body inlet Bi
optionally defines a material inlet through which inlet material flows from the inlet section 610
into a body 650 of the inlet head core 600. The body inlet Bi is optionally bounded an outer end
by the outer sidewall 628, at an inner end by the inner sidewall 626, at a lower end by the lower
surface 622, and at an upper end by the lid seal 222. Turning to FIG. 6, a height H of the body
inlet Bi may be measured by a distance (e.g., a maximum distance, etc.) between the lower
surface 622 and the upper surface 630 (and/or the lid seal 222). A width W of the body inlet Bi
may be measured by a distance (e.g., a maximum distance, etc.) between the sidewalls 626, 628.
A ratio H/W between the height and width of the inlet Bi may be 3, approximately 3, between
2.5 and 3.5, between 2.6 and 3.4, between 2.6 and 2.7, between 2.65 and 2.7, 2.67,
approximately 2.67, approximately 2.6, approximately 2.7, between 2.7 and 3.3, between 2.8 and

8
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3.2, between 2.9 and 3.1, between 2.95 and 3.05, slightly less than 3, slightly greater than 3,
between 2.8 and 3, between 2.9 and 3, between 2.95 and 3, between 3 and 3.05, between 3 and
3.1, between 3 and 3.2, etc.). In an exemplary embodiment, the inlet head diameter Dc (e.g., the
inner diameter of the inlet head sidewall 652, etc.) is 24 inches (or approximately 24 inches,
etc.), the height H is approximately 12 inches (e.g., between 11.75 and 12 inches, 11.78 inches,
approximately 11.78 inches, 11.79, approximately 11.79, etc.) and the width W is approximately
4.5 inches (e.g., 4.4 inches, approximately 4.4 inches, between 4.3 and 4.5 inches, between 4.3

and 4.4 inches, between 4.4 and 4.5 inches, etc.).

[0044] Returning to FIG. 8, the lower surface 622 optionally comprises a portion of a surface
620 which optionally also includes a surface 624 which optionally extends in a generally spiral
and descending manner into the interior volume 655 of the body 650 along the sidewall 652.

The width of the surface 624 optionally decreases along the direction of inlet material travel.

[0045] In the illustrated embodiment, material entering the inlet Ci has a general velocity vector
that does not intersect (e.g., extends generally tangential to) the body 650. However, in other
embodiments the inlet section 610 may be reconfigured such that the material entering the inlet

Ci has a general velocity that does intersect (e.g., extends toward) the body 650.

[0046] Referring to FIGs. 3, 4, and 6, the taper section 300 is optionally mounted to the head by
a mounting arrangement 340. The mounting arrangement 340 is shown in more detail in FIG. 4,
in which portions of connecting bolts 344 are not shown for clarity. The mounting arrangement
340 generally comprises a pair of optionally annular mounting plates 342-1, 342-2 (e.g., made of
metal such as steel, etc.). The mounting plates 342 are optionally fixed relative to one another by
radially arranged bolts 344 extending through corresponding mounting holes in each plate and
nuts 346, although other devices may be used to fix the relative position of the mounting plates.
A mounting flange 654 is optionally formed as a part with (or otherwise joined to) a lower
portion of the inlet head core 600. The mounting flange 654 optionally extends radially
outwardly of the body 250 of the inlet head 200. A lower surface of mounting flange 654
optionally mates with an upper surface of a mounting flange 312 of the taper section 300 to form
an optionally annular contact surface. Tightening of bolts 344 (or otherwise moving the
mounting plates 342 closer together) optionally compresses the mounting flanges 654, 312

together such that the annular contact surface is effectively sealed to prevent aggregate material

9
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from escaping. The bolts 344 optionally extend downward along axes disposed radially
outwardly of the flanges 654, 312; in other embodiments, the flanges 654, 312 may be provided
with mounting holes through which the bolts 344 extend. One or more optionally annular shims
349 (see FIG. 13) may be disposed between the mounting plates 342. The shim or shims 349
optionally include mounting holes 348-1 (e.g., a radial array of mounting holes) for partially
receiving bolts 344. The mounting plates 342 optionally include mounting holes 348-2 (e.g., a
radial array of mounting holes) each aligned with corresponding mounting holes in the opposing

mounting plate and/or with mounting holes 348-1 in the shims 349.

[0047] Referring to FIGs. 3 and 6, the taper section optionally comprises a plurality of taper
subsections. Each taper subsection optionally comprises a hollow frustum. In the illustrated
embodiment, a first taper subsection 310 is mounted at an upper end thereof to a lower end of the
inlet head 200 by mounting arrangement 340 as described herein. A second taper subsection 320
is optionally mounted at an upper end thereof to a lower end of the first taper subsection 310 by a
mounting arrangement 350 optionally generally similar to the mounting arrangement 340. A
third taper subsection 330 is optionally mounted at an upper end thereof to a lower end of the
second taper subsection 310 by a mounting arrangement 360 optionally generally similar to the
mounting arrangement 340. The inner radius of the mating surfaces between the taper
subsections is optionally substantially equal such that downward flow along the inner sidewalls
of the taper subjections (e.g., a portion of the path Ps) is not disturbed by discontinuities along
the inner surface of the taper section 300. The taper subsections 310, 320, 330 optionally
comprise cores 315, 325, 335 respectively; the cores may be made of a polymer such as
urethane. The cores 315, 325, 335 are optionally encased by shells 316, 326, 336 respectively;

the shells may be made of a metal such as steel.

[0048] Turning to FIG. 9, the core 325 is illustrated in more detail; the details described herein
may be representative of the cores of each taper subsection. The core 325 optionally comprises a
tapered sidewall 323 (e.g., a frustrum-shaped sidewall, etc.) extending between upper and lower
mounting flanges 322, 324 respectively. The mounting flanges 322, 324 optionally extend
radially outwardly from the sidewall 323 and optionally extend radially outwardly of the shell
326. The upper flange 322 optionally has an upper surface 328 corresponding to and forming an

optionally annular contact surface with a flange disposed above the taper subsection 320.
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[0049] One or more seals 327 are optionally disposed on the upper surface 328. The seals 327
are optionally formed as a part with the mounting flange 322 (in other embodiments, the seals
327 may be additionally or alternatively formed as a part with a lower surface of lower flange
324 or may comprise separate and/or separable sealing elements disposed between flanges, etc.).
The seals 327 optionally each have a thickness (e.g., measured from the mating surface of the
mounting flange 322) less than the thickness of the mounting flange 322 (e.g., less than a fifth of
the mounting flange thickness or less than a tenth of the mounting flange thickness, etc.). Each
seal 322 may be generally semi-circular in cross-section (e.g., when not compressed). In
embodiments including multiple seals 327, the seals are optionally disposed in generally
concentric fashion. Each seal 327 optionally contacts the adjacent mounting flange in order to

form a sealed contact surface with the adjacent mounting flange.

[0050] Turning to FIGs. 13 through 15, a plurality of seals 317-1, 317-2 are illustrated disposed
in a generally concentric fashion on the taper subsection 310. The seals 317 are optionally
disposed on (e.g., formed as a part with, etc.) a mounting flange 312 of the core 315, e.g., on an
upper surface 313 thereof. The seals 317 optionally have an uncompressed height Hs relative to
surface 313 which is optionally selected to create a sealing effect when the taper subsection 310
is mounted to the inlet head 200. It should be appreciated that the seals 317 are illustrated in
their uncompressed state (e.g., in which the taper subsection 310 has not been mounted to the

inlet head 200, etc.).

[0051] One or more optionally annular shims 349 are optionally disposed on the annular
mounting plate 342-2. In alternative embodiments, the mounting plate 342-2 and shim 349 may
comprise portions of a unitary structure. In the uncompressed state of the mounting flange 312
(e.g., in which the taper subsection 310 has not been mounted to the inlet head 200, etc.), the
upper surface 313 of the mounting flange 312 is optionally disposed higher than an upper surface
of an adjacent annular shim by a height Hg. The annular shim 349 optionally contacts another
annular shim when the taper subsection 310 is mounted to the inlet head 200; in order to achieve
this contact, the height Hs of the seals 317 is optionally reduced by compression of the seals 317
and/or the height Hg of the surface 313 is optionally reduced by compression of the mounting
flange 312. Thus the height Hs and/or the height Hg are optionally selected to permit contact
between adjacent shims 349 and/or between shims 349 and mounting plates 342. The height Hs

11



CA 03031406 2019-01~18

WO 2018/017950 PCT/US2017/043276

and/or the height Hg are also optionally selected such that the installation compression (e.g., the
compression to achieve contact between shims 349 and/or between shims 349, etc.) and
mounting plates 342 is not sufficient to plastically deform the seals 317 and/or the flange 312. In
an exemplary embodiment, the height Hs is 1/16 inches and the height Hg is .028 inches. The
height Hs is optionally less than the thickness of the mounting flange 312 (e.g., less than a third
or less than a half of the thickness of the mounting flange 312, etc.). The height Hg is optionally
less than the height Hs (e.g., approximately one-half of Hs, less than one half of Hs,
approximately a third of Hs, etc.).

[0052] The seals 317 are optionally substantially semi-circular in cross-sectional profile in their
uncompressed state. Upon being compressed during installation, the seals are optionally
deformed (e.g., elastically, non-plastically, etc.) into a different cross-sectional profile (e.g., a

substantially rectangular profile, etc.).

[0053] In some embodiments, other seals described herein (e.g., seals provided on the feed inlet,
the inlet head core, each taper subsection and/or on the underflow outlet, etc.) may have the
dimensions (e.g., height Hs, etc.) and characteristics (e.g., semi-circular uncompressed shape,
etc.) of the seals 317 described above. In some embodiments, other mounting flanges described
herein (e.g., mounting flanges provided on each taper subsection, etc.) may also extend upwardly
from adjacent mounting structure (e.g., optionally annular shims, etc.) in their uncompressed

state by a height (e.g., a height less than Hs such as Hg, etc.) as described above.

[0054] In alternative embodiments, the taper section may comprise a different number of taper
subsections (e.g., 2 or 4, etc.) or may comprise a single section (e.g., a single unitary section,
etc.). Although in the illustrated embodiment the taper subsections have a substantially constant
taper angle, in alternative embodiments, the taper angle may vary between the taper subsection.
In alternative embodiments, the taper subsections may be joined (and/or the taper section may be
joined to the inlet head) differently than as illustrated in FIG. 4 (e.g., by welding or by latches or

other suitable structure).

[0055] Referring to FIGs. 3 and 10, the underflow outlet 140 is optionally mounted to the taper
section at a lower end thereof by a mounting arrangement 370 generally similar to the mounting

arrangement 340. The underflow outlet 140 is optionally made of a polymer such as urethane.
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[0056] The underflow outlet 140 optionally includes a mounting flange at an upper end thereof
having a mounting surface 143 for forming a contact surface with a lower mounting flange of the
taper section 300. The flange 142 may include mounting openings 148 for receiving bolts or

other fastening devices of the mounting arrangement 370.

[0057] One or more seals 147 are optionally provided on the mounting surface 143. The seals
147 are optionally formed as a part with the mounting flange 142 (in other embodiments, the
seals 147 may be additionally or alternatively formed as a part with the lower mounting flange of
the taper section 300 or may comprise separate and/or separable sealing elements disposed
between flanges). The seals 147 optionally each have a thickness (e.g., measured from the
mating surface of the mounting flange 232) less than the thickness of the mounting flange 142
(e.g., less than a fifth of the mounting flange thickness or less than a tenth of the mounting flange
thickness, etc.). Each seal 147 may be generally semi-circular in cross-section (e.g., when not
compressed). In embodiments including multiple seals 147, the seals are optionally disposed in
generally concentric fashion. Each seal 147 optionally contacts the lower flange of the taper

section 300 when installed in order to form a sealed contact surface with the lower flange.

[0058] The underflow outlet 140 optionally comprises tapered inner sidewall 144 (e.g., forming
a frustum, etc.). The upper end of the inner sidewall 144 optionally comprises an opening
through which material is exchanged between the underflow outlet 140 and the taper section 300.
The lower end of the inner sidewall 144 optionally comprises the underflow outlet apex 145

through which materials escape the underflow outlet 140.

[0059] In some embodiments, a valve 150 such as a duckbill valve (e.g., made of rubber and
having an elongated lower outlet) may be mounted to the underflow outlet at a lower end thereof
(e.g., by one or more adjustable clamps 152 such as hose clamps, etc.) to modify the release of
materials from the underflow outlet 140 as described further herein. In other embodiments, a
splash skirt (e.g., made of metal, polymer or rubber, etc.) may be disposed around the apex 145.
In still other embodiments, the underflow outlet 140 may simply release materials from the apex

145 into atmosphere.

[0060] Referring to FIGs. 1-3, the overflow discharge outlet 400 is described in more detail. The

overflow discharge outlet 400 optionally includes an inlet pipe 410 for receiving overflow
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material. The inlet pipe 410 which is optionally removably coupled to and in fluid
communication with the vortex finder 412. In the illustrated embodiment, the inlet pipe 410 is
removably coupled to the vortex finder 412 by a mounting arrangement comprising an upper ring
416 having a radial array of mounting openings for receiving a plurality of threaded rods. The
threaded rods are optionally screwed into threaded openings in a lower ring 226 which is
optionally fixed (e.g., by welding and/or bolting, etc.) to the lid 220. Movement of the upper
ring 416 toward lower ring 226 (e.g., by screwing nuts onto the top of the threaded rods, etc.)
optionally compresses corresponding mounting flanges of the inlet pipe 410 and vortex finder

412 together, optionally creating a sealed contact surface.

[0061] Referring to FIG. 6, the vortex finder 412 optionally has an inner diameter Dv-i. The
inner diameter Dv-i is optionally selected from among standard inner diameters of pipes having
the material of the outlet pipe 430 (e.g., HDPE pipe, etc.) described below and/or downstream
pipes coupled thereto. Additionally, the inner diameter Dv-i is optionally selected such that a
ratio between Dv-i and the inlet head diameter Dc is within an operationally effective range (e.g.,
between .25 and .5, between .3 and .4, .35, approximately .35, .39, approximately .39, etc.). In an
exemplary embodiment in which the vortex finder 412 (and/or the outlet pipe 430) are made of
HDPE, the inlet head diameter Dc may be 24 inches while the inner diameter Dv-i may be equal

to (or approximately equal to) 9.4 inches.

[0062] The overflow discharge outlet optionally includes an outlet pipe 430 in fluid
communication with the inlet pipe 410 for receiving overflow material. In some embodiments,
the outlet pipe 430 extends generally normal to the inlet pipe 410 (e.g., the outlet pipe 430 may
extend generally horizontally as illustrated). The outlet pipe 430 is optionally coupled to the
inlet pipe 410 via a T-joint 420, although in other embodiments the pipes 410, 430 may be

coupled via a pipe elbow (e.g., 90 degree elbow, etc.) or other structure.

[0063] The outlet pipe 430 may be removably coupled to a downstream pipe for further
processing and/or may deposit overflow materials into atmosphere. In the illustrated
embodiment, the outlet pipe 430 is removably coupled to a connecting pipe 510. The outlet pipe
430 optionally includes a mounting flange 414 for mating the outlet pipe 430 to the connecting
pipe 510 or other downstream pipe structure. The mounting flange 414 optionally forms a sealed

contact surface with a corresponding mounting flange 514 provided on the connecting pipe 510.
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Flange plates 432, 512 are optionally mounted together (e.g., using bolts inserted in mounting
openings which are optionally arranged on the flange plates) in order to compress together and

optionally seal corresponding faces of the mounting flanges 414, 514.

[0064] In the illustrated embodiment, the connecting pipe 510 comprises a portion of a siphon
500. The siphon 500 optionally has outlet disposed lower than the underflow outlet 140 and/or
the valve 150 or other outlet structure mounted beneath the underflow outlet 140. In operation,
opening an air inlet valve (not shown) in fluid communication with an air inlet 522 to a selected
extent optionally allows air to flow into the siphon 500. The selected state of the air inlet valve
optionally determines the extent to which the valve 150 opens; for example, when the air inlet
valve is closed and no air enters the air inlet 522, material traveling through the siphon 500 may
create a vacuum inside the hydrocyclone 100 causing the valve 150 to close completely, while
progressively opening the air inlet valve may allow the valve 150 to open to progressively
greater extent, allowing progressively larger sizes and/or amounts of material to exit the valve
150. In other embodiments, the amount or size of materials allowed to exit the underflow may
be modified by varying the size of the apex 145 (e.g., by removing a bottom portion of the
underflow outlet 140 and/or by replacing the underflow outlet 140 with a different outlet having

a differently-sized apex, etc.).

[0065] The siphon 500 optionally includes an elbow 520 coupled to the pipe 510. The elbow
520 optionally places the pipe 510 in fluid communication with a downwardly extending pipe
530 which is optionally coupled to the elbow 520 at an upper end thereof. An outlet Oo of pipe
530 is optionally disposed below the underflow outlet 140 and/or the valve 150. The elbow 520
is optionally in fluid communication with the air inlet 522 (e.g., via an opening formed in an
upper surface of the elbow 520). In some embodiments, a reducer 540 is optionally coupled to

the outlet of the pipe 530 (e.g., removably coupled using a hose clamp 532, etc.).

[0066] The overflow discharge outlet 400 optionally includes a panel 445 (e.g., an inspection
panel and/or access panel, etc.). The panel 445 optionally permits inspection of an internal
volume of the overflow discharge outlet 400. The panel 445 optionally permits inspection of
internal volumes of the inlet head 200, the taper section 300, and/or the underflow outlet 140.
The panel 445 is optionally selectively displaceable (e.g., removable) to permit inspection of and

access to the inside of the hydrocyclone 100, in some embodiments, the panel 445 may
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additionally be at least partially transparent to allow inspection without removal of the panel 445.

The panel 445 is optionally disposed along the central axis Ac of the hydrocyclone 100.

[0067] In the illustrated embodiment, the panel 445 is removably mounted to the pipe 440. The
pipe 440 (e.g., a central axis thereof and/or an upper opening thereof) is optionally aligned with
the vortex finder 412 (e.g., a central axis thereof), for example, the pipe 440 is optionally
intersected by a vertical axis (e.g., hydrocyclone central axis Ac) which intersects the vortex
finder 412. The panel 445 is optionally removably mounted to pipe 440 by attaching (e.g.,
bolting) the panel 445 to a flange plate 444 such that the flange plate 444 and panel 445 are
secured to a mounting flange 442 provided on (e.g., formed as a part with) the pipe 440. The
panel 445 optionally forms a sealed contact surface with the pipe 440 (e.g., with the mounting
flange 442) such that materials being processed do not escape an upper end of the pipe 440. In
alternative embodiments, the panel 445 may be selectively secured to the pipe 440 using a hinge

or sliding coupling in conjunction with a latch or other suitable device.

[0068] The pipes of the overflow discharge outlet 400 optionally comprise a polymer such as
HDPE. An inner diameter of the pipes (e.g., the inner diameter Do-i of the pipe 430) is
optionally a standard inner diameter of HDPE pipe; in some embodiments, the inner diameter

Do-i is equal to or approximately equal to the inner diameter Dv-i of the vortex finder 412.

[0069] Ranges recited herein are intended to inclusively recite all values within the range
provided in addition to the maximum and minimum range values. Headings used herein are
simply for convenience of the reader and are not intended to be understood as limiting or used

for any other purpose.

[0070] Referring to FIGs. 16 and 17, a plant 1600 incorporating a hydrocyclone 1610 is
illustrated from a perspective view. In some embodiments, the hydrocyclone 1610 comprises
any hydrocyclone embodiment described herein. The plant 1600 generally comprises the
hydrocyclone 1610, a sump 1800, a pump 1680, and a classifier 1630 (e.g., a vibratory screen
such as a dewatering screen having one or more decks of horizontal or inclined screening media

according to various embodiments, etc.).

[0071] In operation of some embodiments, an aggregate slurry enters an inlet 1820 and is

deposited (e.g., via a feed well, etc.) into the sump 1800. The pump 1680 optionally pumps
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aggregate slurry from the sump 1800 (e.g., from a lower volume thereof, etc.) into an inlet of the
hydrocyclone 1610 (e.g., via a conduit 1602 such as a pipe, etc.). An underflow outlet of the
hydrocyclone 1610 optionally deposits underflow from the hydrocyclone onto the classifier 1630
and/or other equipment for further processing and/or transport. An overflow outlet of the

hydrocyclone 1610 is optionally in fluid communication with a conduit 1618 such as a pipe.

[0072] The overflow outlet of the hydrocyclone 1610 optionally communicates aggregate slurry
(e.g., overflow aggregate slurry) to an overflow container 1700 (e.g., temporary overflow
container). The overflow container 1700 optionally includes an outlet 1790 for transfer of
overflow aggregate slurry to storage and/or other equipment for processing, transfer, and/or
storage. The overflow container 1700 is optionally in fluid communication with the sump 1800

(e.g., via a conduit 1780).

[0073] Referring to FIG. 17, in which a housing 1702 (e.g., comprising sidewalls or other
structure) of the overflow container 1700 is not shown, a first weir 1710 is optionally disposed
within the overflow container 1700. The first weir 1710 optionally substantially isolates water
(e.g., below a first weir height thereof) from the outlet 1790. Thus overflow aggregate material
communicated to the overflow container 1700 is communicated to the sump 1800 (e.g., recycled)
until the overflow aggregate material in the overflow container 1700 exceeds the first overflow
height of the first weir 1710. Overflow aggregate material in the overflow container 1700
exceeding the first weird height passes over the first weir 1710 and communicated out of the
outlet 1790.

[0074] Recycled aggregate material communicated from the overflow container 1700 to the
sump 1800 is contained behind a second weir 1810 disposed in the sump 1800 until the recycled
aggregate material exceeds a second weir height of the second weir 1810. Recycled aggregate
material exceeding the second weir height passes over the second weir 1810 into a primary
interior volume of the sump 1800 (e.g., the interior volume from which the pump 1680
communicates aggregate material into the hydrocyclone 1610). The second weir 1810 may
comprise a wall disposed in the sump 1800. In some embodiments such as the illustrated
embodiment, the second weir height is the height of a lower edge of an opening in the second
weir 1810; in other embodiments, the second weir height is the height of an upper edge of the

second weir 1810.
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[0075] In some embodiments, the first weir height is equal or approximately equal to (e.g.,
within 1 inch, Y2 inch, or %4 inch of, etc.) the second weir height. In other embodiments, the first
weir height is greater than (more than 1 inch, more than 2 inches, more than 3 inches or more
than S inches greater than, etc.) the second weir height. In still other embodiments, the second
weir height is greater than (more than 1 inch, more than 2 inches, more than 3 inches or more
than 5 inches greater than, etc.) the first weir height. In yet other embodiments, the first weir
and/or the second weir are vertically adjustable such that the first and/or second weir heights

may be adjusted.

[0076] Although various embodiments have been described above, the details and features of the
disclosed embodiments are not intended to be limiting, as many variations and modifications will
be readily apparent to those of skill in the art. Accordingly, the scope of the present disclosure is
intended to be interpreted broadly and to include all variations and modifications within the
scope and spirit of the appended claims and their equivalents. For example, any feature

described for one embodiment may be used in any other embodiment.
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CLAIMS

1. A hydrocyclone for classifying aggregate material, comprising:
a feed inlet;
an inlet head in fluid communication with said feed inlet, said inlet head comprising:
a generally cylindrical body portion, said body portion having a cenfral vertical axis;

a spiral inlet in fluid communication with said body portion via a body inlet, said body
inlet comprising a terminal end of said spiral inlet, said gpiral inlet having an inlet
width measured between a first sidewall of said spiral inlet and a second sidewall of
said spiral inlet, said spiral inlet having an inlet height measured between a lower
surface of said spiral inlet and an vpper surface of said spiral inlet, said spiral mlet
having a cross-sectional inlet area along a plane extending through said central vertical
axis, wherein an inlet angle i1s measured about said central vertical axis from an inlet
opening of said spiral inlet along a travel direction of aggregate material entering said
spiral inlet, wherein a ratio of said inlet height to said inlet width at said body inlet is
between 2.8 and 3.2, wherein said inlet height increases with said inlet angle from said
inlet opening to said body inlet, wherein said inlet width decreases with said inlet angle

from said inlet opening to said body inlet;
a vortex finder extending at least partially into said body portion of said inlet head;
an overflow outlet in fluid communication with said vortex finder; and

an underflow outlet in fluid communication with said body portion of said inlet head,

said underflow outlet disposed beneath said body portion.

2. The hydrocyclone of claim 1, wherein said inlet height increases linearly with said inlet
angle.
3. The hvdrocvclone of claim 1, wherein said inlet width decreases linearly with said nlet
angle.
4. The hydrocyclone of claim 1, wherein said inlet area varies parabolically with said inlet
angle.
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5. The hydrocyclone of claim 1, wherein said inlet area increases with said inlet angle from
said inlet opening to a threshold value of said inlet angle, and wherein said inlet area

decreases with said inlet angle from said threshold value of said inlet angle to said body

inlet.

6. The hydrocyclone of claim 1, wherein said inlet area varies by less than 25% with said inlet
angle,

7. The hydrocyclone of claim 6, wherein said inlet height varies by more than 50% with said
inlet angle.

8. The hydrocyclone of claim 7, wherein said inlet width varies by more than 50% with said

inlet angle.

9. The hydrocyclone of claim 1, wherein said body portion of said inlet head comprises a first

mounting surface. further comprising:

a taper subsection having a second mounting surface, wherein said first and second

mounting surfaces are mounted together to form a continuous contact area; and

a seal provided on one of said first and second mounting surfaces, the seal having a
compressed state and an uncompressed state, wherein said seal prevents escape of materials

from said contact area.

10.  The hydrocvclone of claim 1, wherein said feed inlet 1s made of a first matenal, said feed
inlet having a feed inlet inlet opening and a feed inlet outlet opening, wherein said feed
inlet inlet opening has a different cross-section than said feed inlet outlet opening, and
wherein said feed inlet inlet opening has an inner diameter corresponding to a standard
inner diameter for a pipe made of a second material, wherein said second material

comprises a standard pipe material.

11.  The hydrocyclone of claim 10, wherein said first material comprises urethane, and wherein

said second material comprises high-density polyethylene.

12.  Thehydrocyclone of claim 1, wherein said vortex finder is in fluid communication with an

overflow outlet, wherein said overflow outlet comprises:

an inlet pipe, said mlet pipe being aligned with said vortex finder;
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an outlet pipe in fluid communication with said inlet pipe. said outlet pipe disposed at an
angle relative to said inlet pipe; and
a selectively displaceable access panel, said access panel being aligned with said vortex

finder along said central vertical axis.

13.  The hydrocyclene of claim 1, wherein said vortex finder has a vortex finder diameter,
wherein said inlet head has an inlet head diameter, wherein a ratio between said vortex
finder diameter and said inlet head diameter is between .25 and .5.
14, A plant for classifying aggregate material, comprising:
a hvdrocyclone, the hydrocyclone comprising:
a [eed inlet;
an inlet head in fluid communication with said feed inlet, said inlet head comprising:

a generally cylindrical body portion said body portion having a central vertical axis;,

a spiral inlet in fluid communication with said body portion via a body inlet, said
body inlet comprising a terminal end of said spiral inlet, said spiral inlet having an
inlet width measured between a first sidewall of said spiral inlet and a second
sidewall of said spiral inlet, said spiral inlet having an inlet height measured
between a lower surface of said spiral and an upper surface of said spiral inlet, said
spiral inlet having a cross-sectional inlet area along a plane extending through said
central vertical axis, wherein an inlet angle is measured about said central vertical
axis from an inlet opening of said spiral inlet along a travel direction of aggregate
material entering said spiral inlet, wherein said inlet height increases with said inlet
angle from said inlet opening to said body inlet, wherein said inlet width decreases

with said inlet angle from said inlet opening to said body nlet;
a vortex finder extending at least partially into said body portion of said inlet head;
an overflow outlet in fluid communication with said vortex finder; and

an underflow outlet in fluid communication with said body portion of said inlet

head, said underflow outlet disposed beneath said body portion;

a classifving screen disposed to receive material from said underflow outlet;
21
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15.

16.

17.

18,

a sump disposed to receive undersize material from said classifving screen;

a pump fluidly coupled to said sump and said feed inlet of said hydrocvelone, wherein

operation of said pump raises aggregate material from said sump to said feed inlet; and

a conduit assembly fluidly coupled to said vortex finder, said conduit assembly
directing aggregate material from said vortex finder to said sump, wherein said conduit

assembly comprises:
a first conduit fluidly coupled to said vortex finder,
a second conduit fluidly coupled to said sump;

an overflow container fluidly coupled to said first conduit and said second

conduil, said over[low conlainer comprising:

an overtlow container outlet for releasing aggregate material from the plant,

and

a weir having a weir height, wherein said weir 1s disposed to 1solate material
in said overflow container below said weir height from said overflow

container outlet.

The plant of claim 14, wherein a ratio of said inlet height to said inlet width at said body
inlet is between 2.8 and 3 .2.

The plant of claim 14, wherein said inlet height increases linearly with said inlet angle.
The plant of claim 14, wherein said inlet width decreases linearly with said inlet angle.

The plant of claim 14, wherein said body portion of said inlet head comprises a first

mounting surface, wherein said hvdrocyclone further comprises:

a taper subsection having a second mounting surface, wherein said first and second

mounting surfaces are mounted together to form a continuous contact area; and

a seal provided on one of said first and second mounting surfaces, the seal having a
compressed state and an uncompressed state, wherein said seal prevents escape of materials

from said contact area.
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19.

20.

21.

22

The plant of claim 14, wherein said vortex finder is in fluid communication with an

overflow outlet, wherein said overflow outlet comprises:
an inlet pipe, said inlet pipe being aligned with said vortex finder;

an outlet pipe in fluid communication with said inlet pipe, said outlet pipe disposed at an

angle relative to said inlet pipe; and

a selectively displaceable access panel, said access panel being aligned with said vortex

finder along said central vertical axis.

The plant of claim 14, wherein said feed inlet is made of a first material, said feed inlet
having a feed inlet opening and a feed inlet outlet opening, wherein said feed inlet opening
has a different cross-section than said feed inlet outlet opening, and wherein said feed inlet
opening has an mner diameter corresponding to a standard inner diameter for a pipe made

of a second material, wherein said second material comprises a standard pipe material.
The plant of claim 20, wherein said first material comprises vrethane.
The plant of claim 20, wherein said second material comprises high-density polyethylene.
A hydrocyclone for classifying aggregate material, comprising:
a feed inlet:
an inlet head in fluid communication with said feed inlet, said inlet head compnsing:

a generally cylindrical body portion, said body portion having a central vertical axis;

a spiral inlet in fluid communication with said body portion via a body inlet, said body
mlet comprising a terminal end of said spiral inlet, said spiral inlet having an inlet width
measured between a first sidewall of said spiral inlet and a second sidewall of said spiral
inlet, said spiral inlet having an inlet height measured between a lower surface of said
spiral inlet and an upper surface of said spiral inlet, said spiral inlet having a cross-
sectional inlet area along a plane extending through said central vertical axis, wherein
an inlet angle 1s measured about said central vertical axis from an inlet opening of said
spiral inlet along a travel direction of aggregate material entering said spiral inlet, said

inlet area varying by less than 25% with said inlet angle, wherein said inlet height
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increases by more than 50% with said ilet angle, wherein said inlet width decreases by

more than 50% with said inlet angle;

a vortex finder extending at least partially into said body portion of said inlet head,
wherein said vortex finder has a vortex finder diameter, wherein said inlet head has an
inlet head diameter, wherein a ratio of said vortex finder diameter to said inlet head

diameter 1s between .25 and .5;
an overflow outlet in fluid communication with said vortex finder: and

an underflow outlet in fluid communication with said body portion of said inlet head,

said underflow outlet disposed beneath said body portion.

24. The hydrocyclone of claim 23, wherein said inlet area varies parabolically with said inlet
angle.
25.  The hvdrocyclone of claim 23, wherein said inlet area increases with said inlet angle from

said inlet opening to a threshold value of said inlet angle, and wherein said inlet area
decreases with said inlet angle from said threshold value of said inlet angle to said body

inlet.

26. The hvdrocyclone of claim 23, wherein said body portion of said inlet head comprises a

first mounting surface, further comprising:

a taper subsection having a second mounting surface, wherein said first and second

mounting surfaces are mounted together to form a continuous contact area; and

a seal provided on one of said first and second mounting surfaces, the seal having a
compressed state and an uncompressed state, wherein said seal prevents escape of materials

from said contact area.

27. The hydrocvelone of claim 23, wherein said feed inlet made of a first material, comprises
a feed inlet opening and a feed inlet outlet opening, wherein said feed inlet opening has a
different cross-section than said feed mlet outlet opening, and wherein said feed inlet

opening has an inner diameter corresponding to a standard inner diameter for a pipe made

of a second material, wherein said second material comprises a standard pipe material.
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28.

29.

30.

32,

W2
[ 78]

35.

36.

The hydrocyclone of claim 27, wherein said first material comprises urethane, and wherein

said second material comprises high-density polvethvlene.

The hvdrocyelone of claim 23, wherein a ratio of said inlet height to said inlet width at said

body inlet is between 2.8 and 3.2.

The hvdrocyclone of claim 23, wherein said vortex finder is in fluid communication with

an overflow outlet, wherein said overflow outlet comprises:
an inlet pipe, said inlet pipe being aligned with said vortex finder.
The hvdrocyclone of claim 1,

wherein said feed inlet is made of a first material, said feed inlet having a feed inlet opening
and a [eed inlet outlel opening, wherein said leed inlet opening has a dilferent cross-section
than said feed inlet outlet opening, and wherein said feed inlet opening has an inner
diameter corresponding to a standard inner diameter for a pipe made of a second material,

wherein said second material comprises a standard pipe matenial.

The hydrocyclone of claim 31, wherein a ratio of said inlet height to said inlet width at said

body inlet is between 2.8 and 3.2.
The hydrocyclone of claim 31, wherein said inlet height increases with said inlet angle.
The hvdrocyclone of claim 31, wherein said inlet width decreases with said inlet angle.

The hydrocyclone of claim 31, wherein said body portion of said inlet head comprises a

first mounting surtace, wherein said hydrocyelone further comprises:

a taper subsection having a second mounting surtace, wherein said first and second

mounting surfaces are mounted together to form a continuous contact area; and

a seal provided on one of said first and second mounting surfaces, the seal having a
compressed state and an uncompressed state, wherein said seal prevents escape of materials

from said contact area.

The hvdrocyclone of claim 31, wherein said vortex finder is in fluid communication with

an overflow outlet, wherein said overflow outlet comprises:

an mlet pipe, sad mlet pipe being aligned wath said vortex finder.
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37. The hvdrocvelone of claim 31, wherein said first material comprises urethane.

38.  The hydrocyclone of claim 31, wherein said second material comprises high-density
polyethvlene.
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