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FIG. 1

(57) Abstract: A vibratory apparatus includes a trough assembly comprising first and second plates, the first and second plates
joined together in close proximity so as to define a space through which a fluid may pass at a high velocity, a vibration generator
coupled to the trough assembly, and a frame resiliency coupled to the trough assembly. Also included is a system including the
vibratory apparatus and other equipment, and a method of using the vibratory apparatus.
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FLUID-COOLED VIBRATORY APPARATUS, SYSTEM AND
METHOD FOR COOLING

Background

[0001] This patent 1s directed to a vibratory apparatus and related methods, and,

in particular, to a fluid-cooled vibratory apparatus and a method for cooling.

[0002] It 1s known 1n the art to provide a trough to guide a material between two
points, and to cool the trough by passing a coolant, such as water, through the trough.
U.S. Patent 4,446,995 illustrates one such trough. Molten material, such as molten
slag, moves from an elevated feed point to a lower discharge point along the trough
under the force of gravity. Water 1s passed through a coolant guide disposed below
the trough, from the feed end of the trough to the discharge end of the trough, and
then back from the discharge end to the feed end. Great emphasis 1s placed 1n ‘995
patent on the use of copper for the trough, with the suggestion made that use of steel
in such an application 1s a “technical felony.”

[0003] [t 1s also known to provide a trough to guide dross between two points in
small amounts using a vibratory apparatus. The trough of the vibratory apparatus may
be water-cooled by joining a plate to the trough to define a space adjacent to a surface
of the trough, and then passing water through the space. Like the ‘995 patent, this
trough 1s made of copper. Unlike the ‘995 patent, the velocity of the water through
the space 1s significantly lower. Such a device was not considered appropriate for use
in an application where a greater heat load would be experienced by the trough, either
because a different material was to be transported along the trough or a greater

volume of material was to be transported, or both.

Summary

[0004] According to an aspect of this disclosure, a vibratory apparatus includes a
trough assembly comprising first and second plates, the first and second plates joined
together 1n close proximity so as to define a space through which a fluid may pass at a
high velocity, a vibration generator coupled to the trough assembly, and a frame
resiliently coupled to the trough assembly.

[0005] According to an aspect of this disclosure, a system includes a vibratory
apparatus, which includes a trough assembly comprising first and second plates, the

first and second plates jomned together 1n close proximity so as to define a space

21 -
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through which a fluid may pass at a high velocity, a vibration generator coupled to the
trough assembly, and a frame resiliently coupled to the trough assembly. The system
also includes and a pump having an inlet in fluid communication with a fluid source
and an outlet in fluid communication with the space.

[0006] According to an aspect of this disclosure, a method for cooling a material
uses a vibratory apparatus comprising a trough assembly comprising first and second
plates, the first and second plates joined together in close proximity so as to define a
space through which a fluid may pass at a high velocity. The method includes feeding
a material onto the trough assembly at a first point, vibrating the trough assembly to
move the material along the trough assembly in a first direction to a second point, and

passing a fluid through the space at a high velocity..

Brief Description of the Drawings

[0007] Fig. 1 i1s an elevational view of a vibratory apparatus according to the
present disclosure;

[0008] Fig. 2 1s a plan view of the vibratory apparatus of Fig. 1, with the load
plate assembly removed; - |
[0009] Fig. 3 is a cross-sectional view of the vibratory apparatus of Fig. 1 taken
along line 3-3 1n Fig. 1;

[0010] Fig. 4 is a cross-sectional view of one of the header tanks taken along line
4-4 1n Fig. 1;

[0011] Fig. 5 is a plan view of the load plate assembly; and

[0012] Fig. 6 is a cross-sectional view of the load plate assembly of Fig. 5 taken
along line 6-6 1n Fig. 5; and

[0013] Fig. 7 1s a schematic diagram of the vibratory apparatus and fluid
transport subsystem, illustrating fluid flow through the vibratory apparatus of Fig. 1.

Detailed Description of Various Embodiments

[0014] Although the following text sets forth a detailed description of different

embodiments of the invention, it should be understood that the legal scope of the
invention 1s defined by the words of the claims set forth at the end of this patent. The
detailed description is to be construed as exemplary only and does not describe every

possible embodiment of the invention since describing every possible embodiment
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would be tmpractical, i1f not impossible. Numecrous altemative embodiments could be
implemented, using either current technology or technology developed after the filing

date of this patent, which would still fall within the scope of the claims defining the

invention.
[0015] It should also be understood that, unless a term 1s expressly defined in this
patent using the sentence “As used herein, the term ° " 18 hereby defined to

mean...”’ or a similar sentcnce, there 1s no intent to limit the meaning of that term,
either expressly or by implication, beyond its plain or ordinary Ihg:aning, and such
term should not be interpreted to be limited in scope based on any statement made in
any section of this patent (other than the language of the claims). To the extent that
any term recited in the claims at the end of this patent 1s referred to in this patent in a
manner consistent with a single meaning, that 1s done for sake of clarity only so as (o
not confuse the reader, and 1t 1s not intended that such claim term be limited, by

implication or otherwise, to that single meaning,

‘ .-\[0016] Referring first to Figs. 1-3, a fluid-cooled vibratory apparatus 20 1s
shown. The fluid-cooled vibratory apparatus 20 may be part of a system 22, which
may include, for example, equipment to circulate the fluid (water, for example)
through the vibratory apparatus 20. The system 22 may also include equipment to
move the vibratory apparatus 20 relative to the ground, so as to change the alignment
of feed and discharge points of the apparatus 20 relative to other équipment, for
example. Further discussion of the system 22 will be taken up below as appropnate.
[0017]- As seen in Fig. 1, the vibratory apparatus 20 may include a trough
assembly 30, one or more vibration generators 32, and a support frame 34. While the
Vibmtory apparatus 20 may be assembled as a feeder, as illustrated, 1t will be
recognized that the vibratory apparatus 20 could just as well be assembled as a
CONVeyor.

10018} As seen 1n Figs. 2 and 3, the trough assembly 30 1n turn may include first
and second trough plates 40, 42 having ends 44, 46 that may be spaced in a
longitudinal direction between a first (or feed) end 48 'and a second (or discharge) end

50 of the trough assembly 30. The trough plates 40, 42 may also have spaced side
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edges 52, 54 that may extend between first and second sides 50, 58 of the trough
assembly 30 in a lateral direction. As also illustrated, the first plate 40 may be
described as disposed “above” the second plate 42, although this orientational
convention is assumed simply for ease of discussion.

10019] As is best illustrated in Fig. 3, the first and second plates 40, 42 may be
catenary in shape. In particular, the first plate 40 has opposing sides 70, 72 and a
curved floor 74, and opposing surfaces 76, 78. Similarly, the second plate 42 has
opposing sides 80, 82 with a curved floor 84, and opposing surfaces 86, 88. Again for
ease of discussion, the convention may be adopted that surfaces 76, 86 are the “top”™
surfaces of the plates 40, 42 and that surfaces 78, 88 are the “bottom” surfaces of
plates 40, 42.

[0020] The first and second plates 40, 42 may be joined together along their first
and second side edges 52, 54 to form a space 100 between opposing bottom and top
surfaces 78, 86. As illustrated, the dimension of the first plate 40 between the side
edges 52, 54 may be smaller than that of the second plate 42, such that the first plate
40 nests within the second plate 42, with the sides 70, 72 abutting the sides 80, 82 and
the floor 74 spaced from the floor 84. Alternatively, the plates 40, 42 could have been
planar in nature, with the spacing between the opposing surfaces 78, 86 maintained,
for example, through the use of a spacer bar or bars disposed at the first and second
side edges 52, 54. Instead, as illustrated, the sides 70, 72 may be joined directly to the
sides 80, 82 and the surfaces 78, 86 are maintained in a spaced relation because of the
shapes and relative dimensions of the plates 40, 42. The plates 40, 42 may be joined
by welding the sides 70, 72, 80, 82 of plates 40, 42 together, or other methods of
joining, such as through the use of fasteners (e.g., nut-and-bolt), may be used.

[0021] The catenary shape of the plates 40, 42 may provide certain advantages.
For example, it is believed that the shape of the plates 40, 42 may help accommodate
growth of the plates during heating. Also, because the shape of the floor 74, it 1s
believed that gaseous fluids, such as air or steam, may not be maintained along the
center of the plate 40, but instead pass along the floor 74 to either side. A catenary
plate also may have structural advantages relative to a planar plate when experiencing
force loadings. Such advantages are not a necessary part of the disclosed vibratory

apparatus 20, but may be recognized all the same 1n the illustrated embodiment.
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[0022] The plates 40, 42 may be made of similar materials, or dissimilar
materials. For example, the plate 40 may be made of copper, while the plate 42 may
be made of mild steel. However, it is also believed that both plate 40 and plate 42
may be made of mild steel because of the ability of the vibratory apparatus 20 to
dissipate heat loads, even when molten slag is transported or moved along the trough
assembly 30.

[0023] The space 100 between the plates 40, 42 may be unobstructed, as
illustrated. As such, the space 100 includes a single plenum or passage that extends
from the first end 44 of the plates 40, 42 to the second end 46. Alternatively, one or
more guides may be disposed into the space 100 to divide the space 100 1nto a
plurality of passages, or to alter the shape of the passage. For example, a plurality of
guides may be disposed longitudinally in the space 100 to define a plurality of
passages, which passages may or may not be in fluid communication with each other
laterally except at the ends 44, 46. Alternatively, guides or dampers may be disposed
in the space at an angle to the longitudinal (e.g., laterally) to increase the length of the
passage between the ends 44, 46, for example, by providing a serpentine path. As a
still further alternative, fluid may flow in a first direction along a first pass, and then
return in a second direction opposite the first direction along a second pass before
exiting the assembly 30. Presently, it is believed that better performance may be
achieved by keeping the space 100 free of obstructions.

[0024] At or near either end 44, 46 of the plates 40, 42 may be disposed a header
tank 110, 112. In particular, the header tanks 110, 112 may have an aperture formed
in a wall thereof which permits fluid communication between the tanks 110, 112 and
the space 100 defined between the plates 40, 42. The header tanks 110, 112 may be
joined to the plates 40, 42 by welding, for example, with the aperture n
communication with the space 100.

[0025] During the process of moving fluid through the space 100 from the tank
110 to the tank 112, a phenomenon known as “water hammer” may occur. It will be
recognized that motion of the vibratory apparatus 20 may cause surging of the flud
passing along the space 100 and in the tanks 110, 112. It1s believed that collisions of
the surges with the walls of the tanks 110, 112, as well as cavitation and suction
occurring within the water column, can “hammer” tank walls and have a negative

effect on part hife.
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[0026] It is believed that the “water hammer” effect may be limited by disposing
at least one flexible tube 114, 116 (e.g., defined by a breather hose) in the tanks 110,
112, respectively. As illustrated in Fig. 1, two tubes 114 are disposed in the tank 110,
and two tubes 116 are disposed in tank 112. As seen in Fig. 4, the tube 114 1s
connected to two fittings 118 that are joined to the walls of the tank 110 mside the
tank 110. Mufflers 120 are connected to the fittings 118 outside the tank 110. Similar
assemblies would be present in tank 112 for the tubes 116.
[0027] The tubes 114, 116 thus have an inner space 122 that is not 1n fluid
communication with the tanks 110, 112 while being disposed physically interior to the
tanks 110, 112. This inner space 122 is, however, open to the space exterior to the
tanks 110, 112. Thus, when a surge of fluid enters the tanks 110, 112, the surge acts
on the wall of the tubes 114, 116, causing an exhaust of air out of the space 122
through the mufflers 120, thereby accommodating need for additional volume 1n the
tank 110, 112. However, once the need for additional volume has passed, the tube
114, 116 may return to its normal shape.
[0028] While such a structure may be useful in limiting the effects of “water
hammer,” it is believed that the effects of “water hammer” are related to the mass of
the water flowing through the space 100. Relying on this relation, a further reduction
in the effect may be achieved, with or without the used of the tubes 114, 116, by
limiting the mass of fluid passing through the space 100. This limitation of mass may
be the result of a desire to increase the velocity of the fluid passing through the space
100 to a high velocity so as to consequently accommodate a significant heat load.
That is, by joining the plates 40, 42 together in close proximity to increase the
velocity of the fluid through the space 100, it is believed that a reduction in the mass
of fluid subject to surging, cavitation and suction under the vibratory motion of the

- apparatus 20 may be reduced. It is believed that in this fashion, the eftects ot “water
hammer” may be reduced such that use of the tubes 114, 116 may be optional. As
one example, with molten slag being transported along the trough assembly 30 and
water passing through the space 100 on the order of 50 gallons/minute, the distance
between opposing surfaces 78, 86 of the plates 40, 42 may be approximately 12.7 mm
(0.5 inches), which distance may be at least an order smaller than the distance

between the side edges 52, 54 of the first and second plates 40, 42.
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10029] The header tanks 110, 112 also may each include at least one port 124,
126. In accordance with the flow of fluid in the system 22 (explained in greater detail
below), the header tank 110 may be referred to as an inlet header tank, and the header
tank 112 may be referred to as an outlet header tank. Consequently, the port 124 may
be referred to as an inlet port, and the port 126 may be referred to as an outlet port. It
will be recognized that if the flow were reversed, the tank 110 would become the
outlet tank and the tank 112 would become the inlet tank, and the designation of the
ports would also be reversed.

[0030] As discussed in greater detail below, the ports 124, 126 may be coupled to
a fluid source or to a fluid exhaust. According to other embodiments, the fluid used
as a coolant in the apparatus 20 may be recirculated, such that the fluid that passes
through the fluid exhaust passes again into the fluid source. While reference may be
made to a fluid source and a fluid exhaust, such reference should not be interpreted to
exclude recirculation from the exhaust to the source.

[0031] As illustrated in Figs. 1 and 2, the outlet port 126 of the outlet header tank
112 is disposed beyond the end 44 of the plates 40, 42. By contrast, as illustrated, the
port 124 of the inlet header tank is disposed between the ends 44, 46 of the plates 40,
42 Tt is believed that certain advantages may be obtained by having the fluid traverse
the length of the trough assembly 30 and exit beyond the first ends of the plates 40,
42, and thus beyond the feed point of the trough assembly 30.

[0032] Attached to the plates 40, 42 (particularly, plate 42) are mounting brackets
130 for mounting a load plate assembly 132 (see Figs. 5 and 0) to the combination of
the plates 40, 42 as part of the trough assembly 30. The load plate assembly 132
includes a first plate 134 and a second plate 136. Each of the plates 134, 136 has
opposing ends 138, 140, 142, 144 and opposing side edges 146, 148, 150, 152. The
plates are joined together (by welding, for example) via a spacer 154 disposed
between the nested plates 134, 136 with opposing surfaces 156, 158 facing each other
to define a space 160 therebetween. Alternatively, the plates 134, 136 may be formed
such that, when joined along the ends 138, 140, 142, 144 and side edges 146, 148,
150, 152, the surfaces 156, 158 of the plates 134, 136 are spaced from each other to
define the space 160.

[0033] The plate 136 has two apertures formed therein. Port fittings 162, 164 are

joined to the plate 136 proximate and in fluid communication with the apertures to
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define a first port 166 and a second port 168. The ports 166, 168 are thus 1n fluid
communication with the space 160.

[0034] As illustrated, fluid flows into the first port 166, through the space 1060,
and then out of the second port 168. Thus, the first port 166 may be referred to as the
inlet port, and the second port 168 may be referred to as the outlet port. It will be
recognized that if the flow were reversed, then the inlet and outlet nomenclature
would also be reversed.

[0035] The comments regarding the placement of baffles or other obstructions
addressed above relative to the space 100 may apply to the space 160. That 1s, baftles
or other obstructions may be placed within the space 160 to define parallel flow paths
in the space (or passage or plenum) 160, or to lengthen the flow path between the first
and second ports 166, 168. While such embodiments may have their applications, the
embodiment as illustrated is obstruction-free.

[0036] Similarly, the ports 166, 168 may be coupled to a fluid source or to a fluid
exhaust. According to other embodiments, the fluid used as a coolant in the load plate
assembly 132 may be recirculated, such that the fluid that passes through the flud
exhaust passes again into the fluid source. While reference may be made to a flmd
source and a fluid exhaust, such reference should not be interpreted to exclude
recirculation from the exhaust to the source.

[0037] Returning to Figs. 1 and 3, the combination of the trough plates 40, 42,
the header tanks 110, 112 and load plate assembly 132 may be supported at various
points along the length of the plates 40, 42 by support structures 180 and ribs 181.
The support structures 180 and ribs 181 may extend laterally between the sides 56, 58
of the trough assembly 30. As shown in Fig. 3, the support structures 180 may have
notches 182 formed in along a first edge 184 to accept the assembly of through plates
40, 42. The support structures 180 may be joined at the notches 182 to the surface 88
of plate 42. After a similar fashion, the ribs 181 may have notches that are joined to
the surface 88 of the plate 42. The support structures 180 (and ribs 181) may also
have plate 186 joined to the first edge 184 on either side 56, 58 of the trough assembly
30, and the support structures 180 may have a second plate 188 disposed along a

second edge 190.
[0038] Attached to the first plate 186 are drive brackets 200, 202. As illustrated,

the plates 186 and drive brackets 200, 202 may be joined using nut-and-bolt fasteners,
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although other joining methods may be used. While the drive brackets 200, 202 are
triangular in shape, other shapes may be used in the alternative.

[0039] Attached to the drive brackets 200, 202 1s a vibration generator 32,
thereby coupling the vibration generator 32 to the trough assembly 30. As 1llustrated,
each of the generators 32 may include an electric motor 210. The motors 210 may be
operationally coupled to a controller 212. Each motor 210 has a shaft 214, which may
be disposed at an angle to the trough assembly 30. Attached to each of the shafts 214
is a pair of eccentric masses 216. While vibration generators 32 utilizing eccentric
masses 216 are 1llustrated, 1t will be recognized that other generators may be used in
the alternative.

[0040] It will be recognized that the attachment of the vibration generator 32 to
the drive brackets 200, 202 of the trough assembly 30 defines a single-mass or brute
force arrangement. It will further be recognized that other arrangements are possible.
For example, a resilient coupling may be established between the trough assembly 30
and the vibration generator 32 to define a two-mass arrangement.

[0041] Returning to the support structures 180, 1t will be noted that the second
plate 188 along the second edge 190 of the support structures 180 may be joined to
pairs of resilient members 220 (see Fig. 3). The resilient members 220 may, in turn,
be joined to the frame 34, which may include longitudinally-oriented members 222
joined by cross-members 224. Thus, the trough assembly 30 may be resiliently
coupled to the frame 34 via the resilient members 220. The resilient members 220
may be coil springs, as illustrated, although 1t will be recognized that other alternative
structures exist.

[0042] Having thus described the vibratory apparatus 20, the system 22 (of which
the vibratory apparatus 20 1s part) 1s now discussed with reference to Figs. 1, 3, and 7.
[0043] The system 22 includes a fluid transport subsystem 230 to move fluid
through the space 100 and the tanks 110, 112 to cool the trough plates 40, 42
(particularly, plate 40). The fluid transport subsystem 230 includes a tank 232, in
which a volume of fluid 1s contained. The fluid transport subsystem 230 also includes
a pump 234, which has an inlet coupled to the tank 232 to be in fluid communication
with the tank 232. The pump 234 also has an outlet coupled to the tank 110 to be in

fluid communication with the tank 110.
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[0044] Specifically, lines 236, 238, 240 couple the pump 234 to the tanks 110,
232, while lines 242, 244 connect the tank 112 to an exhaust (which, as discussed
above, may in certain embodiments be coupled to the tank 232 to recirculate the
cooling fluid). While the lines 236, 238, 240, 242, 244 may include hoses, for
example, the lines 236, 238, 240, 242, 244 may also include devices such as
couplings, fittings, filters, etc.

[0045] It will be noted that fluid (which may be water, for example) is passed
along the fluid transport subsystem 230 and through the vibratory apparatus 20 from
right to left. That is, fluid is drawn from the tank 232 by the pump 234 via line 236,
and exhausted through lines 238, 240 into tank 110 via the inlet port 124. The fluid
then flows from tank 110 through the space 100 to the tank 112. The tank 110 may be
at a slightly lower elevation relative to the tank 112 to permit gaseous fluids (such as
air or steam) to pass upwards along the space 100 and exit from the tank 112. Exiting
the tank 112 via the outlet port 126, the fluid passes through the lines 242, 244 to the
exhaust. Thus, the fluid moves in a first longitudinal direction along the apparatus 20.
[0046] By contrast, heated material, such as molten slag, 1s fed onto the trough
plates 40, 42 (particularly, plate 40 via the load plate assembly 132) at a feed point at
the first end 48 of the trough assembly 30, and from there moved (upon actuation of
the vibration generator 32) along the trough assembly 30 to a discharge point at the
second end 50, or from left to right. Thus, while the molten slag also moves in a
longitudinal direction along the apparatus 20, the direction of motion of the fluid 1n
the space 100 is opposite the direction of motion of the slag along the plate 40.
[0047] The system 22 also includes a mechanical transport subsystem 260 to
permitting the movement of the vibratory apparatus 20 relative to ground. As seen 1n
Fig. 3, the mechanical transport subsystem 260 includes a pair of spaced rails 202,
264 that are disposed longitudinally at either side 56, 58 of the trough assembly 30
and below the frame 34. The rails 262, 264 each include a pair of L-shaped angles
266, 268, 270, 272. The first angles 266, 270 of each rail 202, 264 are disposed with
one of the legs 274, 276 disposed flat on the ground. The second angle 268, 272 1s
then disposed on and joined to a surface 278, 280 of the legs 274, 276 with the vertex
282, 284 of the angle 268, 272 oriented upwardly.

[0048] The mechanical transport subsystem 260 may also include two pairs of

wheels 290, 292 (see, e.g., Fig. 1). The wheels 290, 292 are joined to the longitudinal

- 10 -
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members 222 of the frame 34, with one wheel of each pair of wheels 290 at either end
of the frame 34. The wheels 290, 292 each have a groove formed about the periphery
thereof to accept the vertex 282, 284 of the angles 268, 272 therein. The wheels 290,
292 and the frame 34 thus define a carriage for the apparatus 20 on which the
apparatus 20 may move relative to the ground on the rails 262, 264.

[0049] According to the 1llustrated embodiment, the mechanical transport
subsystem 260 may also include a linear drive, in the form of a pneumatic cylinder
300, which may be controlled by a controller (not shown). Specifically, the hydraulic
cylinder 300 may include a piston 302 that has a first end received within a cylinder
304. A second end 306 of the piston 302 1s attached to the frame 34, while an end
308 of the cylinder 304 1s coupled to the ground. The position of the apparatus 20, for
example relative to a feed spout for molten slag and a discharge chute, may be varied
by varying the distance between the ends 306, 308. It will be recognized that other
linear drives may also be used; for example, a hydraulic cylinder may be used.

[0050] [t will also be recognized that the vibratory apparatus 22 may be operated
without provision of the mechanical transport subsystem 260, just described. In such
an alternative embodiment, the frame 34 may be disposed on and joined to the
ground. According to such an alternative embodiment, the frame 34 may be referred

to as a base.
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WHAT IS CLAIMED 1IS:

1. A vibratory apparatus comprises:

a trough assembly comprising first and second plates, the first and second plates -
joined together 1n close proximity so as to define a space through which a fluid may pass at a
high velocity, the first plate having a tloor surface on which a material to be moved along
the trough assembly 1s directly deposited and made of mild steel;

a load plate assembly fixedly mounted to the trough assembly adjacent a feed point,
the material to be moved along the trough deposited first on the load plate assembly and then
on the trough assembly,

the load plate assembly comprising first and second plates being joined together to
define a space between opposing surfaces of the first and second plates, and inlet and outlet
ports in fluid communication with the space formed between the opposing surfaces of the
first and second plates of the load plate assembly;

a vibration generator coupled to the trough assembly to continuously move the
material along the trough assembly to an end of the trough assembly; and

a frame resiliently coupled to the trough assembly.

2. The vibratory apparatus according to claim 1, wherein the first and second plates of

the trough assembly comprise mild steel.

3. The vibratory apparatus according to claim 1, wherein the first and second plates of

the trough assembly have side edges that are joined together, and the distance between

opposing surfaces of the first and second plates of the trough assembly is at least an order
smaller than the distance between the side edges of the first and second plates of the trough

assembly.

4, The vibratory apparatus according to claim 1, comprising an inlet header tank and an

outlet header tank, the inlet and outlet header tanks in fluid communication with the space of

the trough assembly.

-12-
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5. The vibratory apparatus according to claim 4, wherein the space of the trough
assembly comprises a single plenum having a first end in fluid communication with the inlet

header tank and a second end in fluid communication with the outlet header tank.

6. The vibratory apparatus according to claim 5, wherein the single plenum 1s

unobstructed from the first end to the second end.

7. The vibratory apparatus according to claim 4, wherein the trough assembly has a first
end with the feed point and a second end with a discharge point, the outlet header tank

disposed at the first end and the inlet header tank disposed at the second end.

8. The vibratory apparatus according to claim 4, comprising:

at least one tube disposed in at least one of the inlet and outlet header tanks, the tube
having an inner space that is not in fluid communication with the at least one of the inlet and
outlet header tanks and that is open to a space exterior to the at least one of the inlet and

outlet header tanks.

9. The vibratory apparatus according to claim 8 comprising at least two tubes disposed
in each of the inlet and outlet header tanks, the at least two tubes each having an inner space
that is not in fluid communication with the inlet or outlet header tanks and that is open to a

space exterior to the inlet or outlet header tanks.

10.  The vibratory apparatus according to claim 4, wherein:
the outlet header tank has an outlet port, and

the outlet port of the outlet header tank is disposed beyond an end of the first and

second plates of the trough assembly.

11.  The vibratory apparatus according to claim 1, wherein the first and second plates of

the trough assembly comprise catenary plates.

13-
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12. A system comprising:
a vibratory apparatus comprising:

a trough assembly comprising first and second plates, the first and second
plates joined together in close proximity so as to define a space through which a fluid
may pass at a high velocity, the first plate having a floor surface on which a material
to be moved along the trough assembly 1s directly deposited and made of mild steel,
a load plate assembly fixedly mounted to the trough assembly adjacent a feed point,
the material to be moved along the trough deposited first on the load plate assembly
and then on the trough assembly,

the load plate assembly comprising first and second plates being joined
together to define a space between opposing surfaces of the first and second plates,
and inlet and outlet ports in fluid communication with the space formed between the
opposing surfaces of the first and second plates of the load plate assembly;

a vibration generator coupled to the trough assembly to continuously move the
material along the trough assembly to an end of the trough assembly, and

a frame resiliently coupled to the trough assembly; and
a pump having an inlet in fluid communication with a fluid source and an outlet in

fluid communication with the space of the trough assembly.

13.  The system according to claim 12, comprising:
a carriage comprising at least two pairs of wheels and the frame, one of each of the
pairs of wheels joined to the frame on one of the opposing sides of the trough assembly; and
a pair of spaced rails, the wheels joined to the carriage on the one of the opposing

sides disposed along one of the pair of spaced rails.

14.  The system according to claim 12, comprising:

a controller coupled to the vibration generator.

15.  The vibratory apparatus according to claim 12, wherein the first and second plates of

the trough assembly comprise mild steel.

_14-
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16.  The vibratory apparatus according to claim 12, wherein the first and second plates of
the trough assembly have side edges that are joined together, and the distance between
opposing surfaces of the first and second plates of the trough assembly 1s at least an order
smaller than the distance between the side edges of the first and second plates of the trough

assembly.

17. A method for cooling a material using a vibratory apparatus comprising a trough
assembly comprising first and second plates, the first and second plates joined together in
close proximity so as to define a space through which a tfluid may pass at a high velocity, the
first plate having a floor surface on which a material to be moved along the trough assembly
is directly deposited and made of mild steel, and a load plate assembly fixedly mounted to
the trough assembly adjacent a feed point, the material to be moved along the trough
deposited first on the load plate assembly and then on the trough assembly, the load plate
assembly comprising first and second plates being joined together to define a space between
opposing surfaces of the first and second plates, and inlet and outlet ports in fluid
communication with the space formed between the opposing surfaces of the first and second
plates of the load plate assembly, the method comprising:

feeding a material onto the trough assembly at the feed point;

vibrating the trough assembly to move the material along the trough assembly

in a first direction to a second point; and

passing a fluid through the space at a high velocity.
18.  The method according to claim 17, comprising feeding molten slag onto the trough
assembly at the feed point, and vibrating the trough assembly to move the molten slag from

the feed point to the second point.

19.  The method according to claim 17, comprising passing water through the space in a

second direction opposite the first direction.
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PCT/US2008/051997

CA 02676362 2009-07-23

WO 2008/092053

00¢

20¢
vo® 90¢ pe 062

- - - - Ere—— . ? “» LN P r4 e
" r - AN - AN ARy Py b i b M—T A
g k4 il ¢ [} -1 .
L.Idp.ll.lll.llcc.l‘-l"‘l.‘-l"‘T’s..!s.’:k”‘lo‘;.l‘r?t.;r.’ )viv‘.“..’”lr.’.‘l.l-.ll.’-lall—.ll..l-1,-1_.1-1’il['['ih"’wlwvr"‘*“ bl e der e Al e b der ke A ovhe AN wie AN A b M AN N W M WM M WM e AN M W A Wk e e N e kAl Ab b e W e e e W tl.‘.t‘.(.s',}’t!.}f&l.al.lsl.ll..‘l..!"[..lwl‘.'[nl..-l-‘clalal"‘Till}ia‘}l—}l‘.rﬂ{.""f”,ﬂlvi.‘dial!.!‘xé‘.‘.!l—!'
\ M 1 tt - - PR ; N . e
) gl b v om v ¥ 4 - R 3
¢ -k e WA e R”n (‘!-‘lq{ B T s sy vm i vn oy am P B - - | N

'l{,\"\D’!"".’t"s’z:t‘l‘!i!‘l‘!‘t‘tit*)’t’i’t‘)"*‘"‘!‘*f! AW M R N AW L N W

- wm Lo » Jo%’l."‘ul Fry
S ) R

¥ 1

L | uzt\'l-lﬂi-i.ltlb. I\l\l#.—%l.ll'l-l.l'lln.llvl-. "‘J.ll.l!l'.llc AV.’u.\s. Y

- -
-
——
A
——
LY
Y
" -
- -
- -

ry'

¢
[ | .
v ¢ :
% 1.. ri :
¥ & :
¥ : n w Y,
nd- 4 o -h‘.ﬂ-?}f..c.L3“‘*31‘”‘*!‘?*&‘8‘)’"‘#‘:? ) r i m ~ o™ o " ﬂfi - 4y
\ —du s : - lh"i&?.?soo“(.c?‘.tc Nsh.o\&}.i.“\w i R L UL 4 P iy iyl 3] ﬂ ] 11 " r ey
bl i bbbt~ [ [ AR A N " - ~ ) t = badlad has ) >
Fv. ‘oMY . | .-.-n wl‘JWﬁ . t - b o - g} .w-. ’“l-“.!
u —— : a ” i'ﬂ!’ 1 .-w~ it [ " ¢ i “u Av ﬁ-o - -
: s | L X
-.f..."hvl - ;_-, AK % AL M M A W AN R M YE WA WA M U WKW D A A VY AR AR MM T I T T R T e e i T M T e g W v v R T T e e o b 8 e et B T e oA e b o A b v v e e T v e S L ove e P T e A e o e T B o v PR A A T AR TR M Y Y R W M A TR R W TR e om W
.‘&o.“»n‘f“ob&‘.‘u’ﬂ““' , PHey T PR VR IR RO MY W W A VR YR VR W A W W
-
g s
A e,
- N
VA
: : -
Illll’l’n“[lvl“l-ll’{i'f'ill‘ bt 127 . L= T———— ’
Wy whyr dphs Sl W Al Spr— PP - . ey 4 WA P ey b ] . pr ——t w
- - -‘c..."'l.larl"-."pﬂ“"ll‘l-!.' !l"tii;itt;"l’ktk!‘ii WA ik L Mele g T— — m
A MRV dapetmteth - Vg A e M M e TP Ak A A
A ikl SR e . T R piptiptipvaumpuin it 3"“”“””ﬁ””“MHHNH“”“””sp!iISl [V I PP t*t:i!'fi!!!?‘!ﬂ;ﬂ.’t c.”..”...”.:tt:i T ML A AL P AT VU ek sk vy e e T Sl Ak e v VY | w 3
" - = -
' s | BT | Appavinvimbaptr b sbedeirirind. | wibebobededd] : bttt b r e L e e P | ottty | Gttty vetyt Siteteeiaraon: | sieietete w
" nuun,ununuununnnuuuunnz-uuunuuuu=.u---‘-w )
- -
- PEDS
” — wwewy '4 - v W PP !|.| e -M _ N w W
Lol B v YRR > " . N, ey
| L A i e e "t,""tb."“.'l..l'Il""i"’--'*t. R v/t P — v Ppvaym, sy rarean . “.W i m
- haaliaadiedi A I P P — . R e e e A L ‘ . S S i Segey .
| et | B e R LR ARSI Y £ 5 - ;
WAL W A W e w‘». |
e X T A W ko - - e u

™ -
\~‘ /
ot
%
*
N %
*
£ Y
31 ’;
3%.;.. o »
E T~
iz
¢
¥ ¢
Ls
o
"
Sbbbblidbideg
!
-

22 e
che y1Z

} Old



CA 02676362 2009-07-23

PCT/US2008/051997

WO 2008/092053

2/5

L ﬂ |
i__‘!:.__'

— I | _ —
*....... Ly b oy iy i by gy alp s s - 5 aa -y " M ’
iadrat AT A N . NN NS A Y P e I et Do NNRA ST A b b S o At A ralinthhe e & Adate puliaman anitilian n Antaen [RORPTIL LA g 8 A Y A

9cl



CA 02676362 2009-07-23
WO 2008/092053 PCT/US2008/051997

3/5

FIG. 3

88 86 1001 o4 | 180

224 222~ ST

268 266 274

FIG. 4

-110
120 '
| |

A T 120

>

118 l | ' I- 118

) 114




CA 02676362 2009-07-23

WO 2008/092053 PCT/US2008/051997
4 /5

SRR — ,ﬁ ——

A1 | \ | |

—'F' ; | ]

R '

i

il

mrs ==

‘-S-I___-—miﬁ'.l-l;

1as142 1\ [ ) 140,144
———
148,152 == |
FIG. 6
132 140
138 156 158 160 / / 134
N }/ y %154
T F 136
142 & —— /
164 n_:ﬁ- 162 144




CA 02676362 2009-07-23

PCT/US2008/051997

WO 2008/092053

cec

bece

5/58

L s aaaaas _ _ PP
aaaaa T
e v gk el e Bl e Ak Al Wl Al e e T M o W AW W P W T W W W W TR T Y W Wy e gy b gy e gy e e e e gk e b wke b by b ey N iy B My A e e whe o e B e bl e Wl el A A bl o bl ok Wl W T WS AR M W AR M AW ETTY IBETTW BY B AT DTS TE TNV TN TIERTEYT AW TS W WETWET WE RN ANV WY A Y YN AR AW e
(T QAT T ey vy e I L L L R P TR R PR W A N NG W R N A SR M WL ML MR W W W e "
i A At Abel Arbh WA WA i . AW R AR AR Mrf P e v v e TR vy Jeky e ey b e e v e dmbe dmbe el ekl ek bbb i el mhbe B bkt Ak A AL ki b o S BP BE WP WA MAA A W B
WIVP PN M Ak whrh. o o e 3 A . . 7 -
o 3 I‘i’tibflistt’!‘,*if Wt e, A
x — et A T TR T A B — SNE A B T T Pk, M Mk . ey e S TUT. A A kil s A S e et
iiiiiii ittt ua e n - Al Nl o . v 3 [ A By iy A e YUY 0 M ket YT TP YR A M. vjakﬁc.ts..ct!.u.a!th ""l..l.'ltbl].'lﬂctllr‘t"lrlllsl LI W . Yo duke . ey - A e b oy, - by
e Rl R S ATV ] MBAGHARAVEERE 3 aliiiiearilatl ol VTR M A M ey WO W P A indaadadh b - By b e E B A S e b i v » VIV VS bk bk sl | 3y ST A T S Ay o o e Phd-Sbypd vy b - o -
. oy %] ittt ol ol IR dh B R RN PR EE Y - . bl | ol R s { Rl & R Vel Y T Wl b 744 A el S b — —, W T W W Wy WP b, el by st pr At A Py by vk ol Y S b\l a -y, WY TERL dply TP e - p— ﬁ
L ea had MR R W W e M L P L ¢ PRIRTEAGRARS . | S sy - 11“’-“‘ ‘.".' h’”““'n 'Y o lacak i ] NP TP 1N Ve ke e Sy S T L uiplohl i A P, g A, wie povic e PR a-fxo..”xu"o’ P 5 P ’*l((}ttl’lfktk-’w" VIV P A L ivvn v
: ittt | L L 2 b R N F F R E LY (R T NI - o e B T8 o e o et g e 4 ok o o e il
- -»
vl vy - .F
. ~
" . I.s.i-.".s-“.c‘ 2 a2 e e Ny A —, ? ot — *‘
: SE e o e s —— . v S,
. ; R . . st racs T T . o T A P A e o i i
N v — ?
. i3
. \\. e LT T T W — m
y P
| Z 5
t 3
.wm " \ - - - -
[%11

3 “ N r%}.i»l{u.‘l)l — \ \ - - - -

P B e a "
= 0c/ - B

¢c

1444

/-




e p——



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - claims
	Page 15 - claims
	Page 16 - claims
	Page 17 - claims
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - abstract drawing

