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(57) Abréegée/Abstract:

A source fluid from which solid material forms when it is cooled Is passed through apparatus which defines a continuous reentrant
lumen (12). The lumen has a thermally conductive processing wall (15) from which heat Is extracted from the outside as the source
fluid flows through the lumen, resulting in formation of solid material on the inner surface of the lumen wall. A runner (24) circulates

around the lumen and dislodges material deposited on the inner surface of the lumen wall. This material is then carried as solids of
a slurry out of the apparatus with the fluid stream.

B
.
'
e
ok [ [ f
BTN .
N "'c‘-‘-.u:-:{\: e L~
Bo
.
.

A7 /7]
o~

C an a dg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




PCT

CA 02366965 2001-

WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

09-25

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 7.

F25C 1/00

Al

e b~/ Sp—. Laa oL

(21) International Application Number:

(22) International Filing Date:

(30) Priority Data:
09/282,022

(63) Related by Continuation (CON) or Continuation-in-Part

(CIP) to Earlier Application

US
Filed on

(71)(72) Applicant and Inventor: BENSON, Robert, A. [US/US];
20 Rows Wharf Apartment 609, Boston, MA 02110 (US).

(74) Agents: GALLOWAY, Peter, D.; Ladas & Parry, 26 West 61st

Street, New York, NY 10023 (US) et al.

PCT/US00/07690

21 March 2000 (21.03.00)

29 March 1999 (29.03.99)

09/282,022 (CON)
29 March 1999 (29.03.99)

(11) International Publication Number:

(43) International Publication Date:

WO 00/58671

5 October 2000 (05.10.00)

A A s . e

US

(81) Designated States: AE, AL, AM, AT, AU, AZ, BA, BB, BG,

BR, BY, CA, CH, CN, CR, CU, CZ, DE, DK, DM, DZ, EE,
ES, FI, GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, 1S, JP,
KE, KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA,
MD, MG, MK, MN, MW, MX, NO, NZ, PL,, PT, RO, RU,
SD, SE, SG, SI, SK, SL, TJ, TM, TR, TT, TZ, UA, UG,
US, UZ, VN, YU, ZA, ZW, ARIPO patent (GH, GM, KE,
LS, MW, SD, SL, SZ, TZ, UG, ZW), Eurasian patent (AM,
AZ, BY, KG, KZ, MD, RU, TJ, TM), European patent (AT,
BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU,
MC, NL, PT, SE), OAPI patent (BF, BJ, CF, CG, CI, CM,
GA, GN, GW, ML, MR, NE, SN, TD, TG).

Published

With international search report.

Before the expiration of the time limit for amending the
claims and to be republished in the event of the receipt of
amendments.

(54) Title: METHOD FOR MAKING SLURRY

(57) Abstract

A source fluid from which solid material
forms when it is cooled is passed through apparatus
which defines a continuous reentrant lumen (12).
The lumen has a thermally conductive processing
wall (15) from which heat is extracted from the
outside as the source fluid flows through the lumen,
resulting in formation of solid material on the inner
surface of the lumen wall. A runner (24) circulates
around the lumen and dislodges material deposited
on the inner surface of the lumen wall. This
material is then carried as solids of a slurry out
of the apparatus with the fluid stream.
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METHOD FOR MAKING SLURRY

This invention relates to method for forming a slurry. A source fluid
from which solid material forms when it. 1s cooled is passed through apparatus
which defines a continuous reentrant lumen. The lumen has a thermally conductive
processing wall from which heat i1s extracted from the outside as the source fluid
flows through the lumen, resulting in formation of solid material on the inner
surface of the lumen wall. A runner circulates around the lumen and dislodges
material deposited on the inner surface of the lumen wall. This material is then
carried as solids of a slurry out of the apparatus with the fluid stream.

The invention will now be described with reference to the
accompanying drawings, in which:

Figure 1 shows processing apparatus used in practicing the method of
the invention.

Figure 2 shows an enlarged view of the runner which is apart of the
apparatus of Fig. 1.

Figure 3 shows a component of the runner of Fig. 2.

With reference to the figures, apparatus 10, used in the practice of the
invention, includes wall 11 which defines continuous reentrant lumen 12 passing
through processing wall 15 and runner return structure 19. Inlet port 13
communicates with lumen 12 as does outlet port 14. A first path 22 passes through
lumen 12 from 1nlet port 13 to outlet port 14. The lumen wall around first path 22
includes heat exchanging portion 15 which is made of thermally conductive
material. The lumen 12 within heat exchanging portion 15 is advantageously of
uniform cross-section. A shorter path 23 through lumen 12 from inlet port 13 to
outlet port 14 1s also defined passing only through runner return structure 19.

Runner return structure 19 has a reduced portion 30 in which the
cross-section of lumen 12 1s less than that in heat exchanging portion 15. Runner
return structure 19 also includes a plug mechanism such as check valve 31 which
blocks flow from inlet port 13 through second path 23 to outlet port 14.

Heat exchanger containment shell 25 encloses a space 20 around heat
exchanging portion 15 of lumen wall 11. Coolant inlet port 26 is connected to

admit coolant to space 20 and coolant effluent port 27 is connected to discharge
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coolant from coolant space 20.

Wall conditionin-g runner 24, shown particularly in Fig. 2, is situated
within lumen 12 and 1s free to move independently around the circuit of the lumen.
Runner 24 has an elongated form extending from lead end 41 to rear end 42 and
includes a wall conditioning element 43, lead entrainment element 44, rear
entrainment element 45 and return blocking elements 81, 82, 83, and 84 all affixed
on flexible spine 48 running the length of the runner. The wall conditioning
element is made of deformable or flexible material permitting it to pass through
reduced portion 30.

The distance between lead entrainment element 44 and rear
entrainment element 45 1s greater than the distance from inlet port 13 to outlet port
14 along path 23. Each of the distances between return blocking element 81 and
return blocking element 82, between return blocking element 82 and return blocking
element 83, and between return blocking element 83 and return blocking element 84
1s less than the length of reduced portion 30.

With reference particularly to Fig. 3, entrainment elements 44, 45
may advantageously be constructed from cut-outs 50 cut from flexing metallic or
polymeric sheet cut in the form shown in Fig. 4. Two such cut-outs are affixed
together centrally with the vanes 51 of one cut-out covering the depressions 52 of
the other. This cut-out pair 1s then slipped over spine 48 and clamped against
cupped face of return blocking element 81. The cupped face presses against the
cut-outs and bends the cut-outs backward into a conical shape. The periphery of the
assembled structure readily accommodates to a smaller radius as the vanes bend
backwards and more extensively overlap one another so that the entrainment
elements 1n their expanded form fill the cross-section of the lumen in path 22 while
they assume a compressed form fitting within reduced portion 30 when the runner
passes through path 23.

In operation, a coolant fluid is admitted through coolant inlet port,
circulates through space 20, and exits through coolant effluent port 27. Fluid from
which a solid forms when the fluid 1s cooled 1s admitted through inlet port 13 and
circulates through lumen 12 along path 22 and out through outlet port 14. Check
valve 31 1s closed and prevents flow through path 23. Fluid which has entered
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through inlet port 13 as 1t circulates along path 22, has heat extracted from it by
contact with processing wall 15 which is in turn cooled by the coolant fluid in space
20 which bathes the outside of processiﬁg wall 15. As a result of this heat
extracticm, solids form from the circulating fluid and accumulate on the inside of
processing wall 15.

As fluid flows around lumen 12 it sweeps runner 24 along with it.
As the runner moves through the lumen within the processing wall, the wall
conditioning elements 43 clear accumulated solids from the wall surface so that
solids do not build up on the wall but are carried along with the flowing fluid as a
slurry.

When the runner 24 1s swept into the return structure 19, lead
entrainment element 44 passes across outlet port 14 and enters reduced portion 30,
deforming to assume a smaller periphery as it does so. Then the lead end of the
runner element continues to advance,. pushing open check valve 31, passing across
inlet port 13, and entering path 22 of the lumen. It may be noted that
advantageously, lead entrainment element 44 enters the upstream end of path 22
before rear entrainment element 45 has left the downstream end of path 22 so that
at least one of these entrainment elements is always in path 22 where the flow will
sweep 1t along. It may also be noted that while the runner holds check valve 31
open there 1s always at least one return blocking element in reduced portion 30 so
that a short circuit of flow from inlet port 13 through reduced portion 23 to outlet
port 14 1s prevented. After the runner has passed through return section 19 it is
swept by the flow through another circuit of lumen 12 where it again clears the wall
of accumulated solids.

As a specific example of the process according to the invention,
water 1s introduced into inlet port 14 and chilled brine at a temperature below 0 deg
C 1s supplied to coolant inlet port 26. Water ice will form on processing wall 15
and be scraped from the wall into the stream of water by the runner to produce a
slurry of 1ce particles dispersed in water, which is discharged through outlet port 13.

It will be recognized that this method can be used to process a wide
range of fluids from which solids form on cooling to produce slurries with such

solids suspended 1n the fluid and also to process fluids from which solids form on



CA 02366965 2001-09-25

WO 00/58671 PCT/US00/07690

-4 .

heating by circulating a hot fluid through space 20. The selection of the appropriate

materials and temperatures for the heat exchange bath will be evident to those

skilled in the heat exchange art.
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CLAIMS
1. - A method for pfoducing a slurry of solids suspended 1n a fluid

comprising the steps of providing apparatus including structure defining a
continuous reentrant lumen, said lumen having a wall, an inlet port communicating

with said lumen at a first position and an outlet port communicating with said

lumen at a second position so that a first path and a second path from the inlet port

to the outlet port through the lumen are defined, a return structure situated around

said second path, processing wall on which material accumulates during operation of
sald apparatus, said processing wall being part of said lumen wall and situated along
said first path, a runner situated within the lumen and free to move through the
lumen, said runner comprising a wall conditioning portion effective as the runner
moves along said first path to clear accumulated material from said processing wall,
and a plug mechanism effective in blocking flow from said inlet port to said outlet
port through said second path, introducing into said inlet port fluid from which
solids form on cooling, removing heat from the outside of said processing wall,
depositing solid material on the inside of said processing wall, driving said wall
conditioning runner around said lumen, dislodging solid material formed on the
inside of said processing wall with said runner, and withdrawing from said outlet
port a slurry of fluid with solid material suspended therein.

2. A method for producing a slurry of solids suspended in a fluid
comprising the steps of providing apparatus including structure defining a
continuous reentrant lumen, said lumen having a wall, an inlet port communicating
with said lumen at a first position and an outlet port communicating with said
lumen at a second position so that a first path and a second path from the inlet port
to the outlet port through the lumen are defined, a return structure situated around
said second path, processing wall on which material accumulates during operation of
said apparatus, said processing wall being part of said lumen wall and situated along
said first path, a runner situated within the lumen and free to move through the
lumen, said runner comprising a wall conditioning portion effective as the runner

moves along said first path to clear accumulated material from said processing wall,
and a plug mechanism effective in blocking flow from said inlet port to said outlet

port through said second path, introducing into said inlet port fluid from which
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solids form on heating, supplying heat to the outside of said processing wall,
depositing solid material on the inside of said processing wall, driving said wall
conditioning runner around said lumen, dislodging solid material formed on the
inside of said processing wall with said runner, and withdrawing from said outlet
port a slurry of fluid with solid material suspended therein.

3. A method as claimed 1n claim 1, in which the apparatus provided
includes a containment shell enclosing a space around said processing wall.

4, A method as claimed in claim 2, in which the apparatus provided

includes a containment shell enclosing a space around said processing wall.
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