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recirculating liquid to the vessel; and a first, a second and a third ag-
itating nozzle mounted within the vessel. Each agitating nozzle is
12 operative to produce a jet of liquid oriented in a predetermined di-
rection within the vessel. The nozzles are cooperable to generate
within the vessel a moving body of liquid into which a dry material
dispensed into the vessel 1s able to dissolve or to disperse.
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APPARATUS FOR PRODUCING A LIQUID CONCENTRAT.
FROM A DRY MATBERIAL

BACKGROUND OF TH.

L+

INVENTION
F'ield of the Invention This 1nvention relates to an
apparatus for producing a liquid concentrate from a dry

material.

Description of the Prior Art Liguid agricultural
chemicals are typically distributed to bulk retail
consumers at a transfer location known as a "mixing
station”". A schematic diagram of a typical mixing station
generally i1ndicated by the reference character S 1s
11llustrated to the left of the double dividing lines

1indicated on Figure 1.

The mixing station S 1ncludes one or more tanks T; to

T, each of which contains a liquid chemical material. Each
tank 1s connected through a respective metering pump P; to
P, to a retail delivery line I, to L,. One or more of the
tanks may also be connected via a respective valve V; to Vj
to a common mix tank M. The outlet of common mix tank M 1s
also connected to a retailil delivery line Lyr. The system 18
controlled by the station operator from a master central
control room C.

In a typical retail transaction a predetermined volume
of liguid material 1s metered from either one or more
tank(s) T to T, or from the common mix tank M and delivered
via the appropriate delivery line 1into a customer's tanker
or sprayver W. The system S 1s well suited to the
dispengsation of liquid chemical materials.

However, 1t 1s not feasible for some agricultural
chemicals, such as sulfonvlurea-based materials, to be
shipped from manufacturer to distributor i1n liguid form.

Instead, such materials are transported in dry form.
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This circumstance creates a problem when delivering

dry materials to a customer at the mixing station. In such

1nstances 1t 1s necessary to manually convert the dry
product 1nto a liguid form. A precise amount of the dry

chemical product must be dispensed from a small container,

transferred to the common mix tank, and manually converted
into a liquefied slurry. When larger guantities of the
product are desired a bulk dispensing apparatus known as a
PrecisionPac W dispenser is commonly used to dispense
precise weilghts of the dryv product. However, 1t usually
takes some period of time for the dry product to be
converted to a liguid state so that 1t can be pumped with
other liguids to the customer's vehicle.

U.S. Patent 7,075,019 (Bergman et al.), assigned to

the assignee of the present invention, discloses a
measuring and dispensing system for dry flowable materials.
This procedure 1s perceived as disadvantageous for
several reasons. As noted, 1t 1s time-consuming, thus
reducing the number of customers that may be processed
through the station. Moreover, 1t 1s possible that the dry
product may not be dissolved or dispersed properly before
1t 1s loaded 1nto the customer's vehicle.

In view of the foregoing 1t 1s believed advantageous
to provide an apparatus to gquickly convert a dry material
1into a liquid concentrate form that may be dispensed to a

customer with other ligquid materials.

SUMMARY OF TH!

L~

INVENT ION
The present 1nvention 1s dilirected toward a milixing
apparatus for converting a dry material 1nto a liquid
concentrate. The apparatus includes:
a mixing vessel having a substantially
frustoconical region that tapers toward an outlet
opening;

a dispenser for dispensing a predetermined

welght of a dry material at a predetermined drop
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rate onto a predetermined drop location within

the mixing vessel;

an 1nlet pipe connectable to a source of
liguid for 1introducing a liguid i1nto the wvessel,

a sensor for sensing the volume of liquid
within the vessel and for terminating ligquid flow
upon the i1ntroduction of a predetermined volume
of ligquid into the vessel, the predetermined
volume of liguid being directly related to the
welght of the dry material dispensed 1nto the
vessel;

a pump having an i1nput port and an output
port, the 1nput port being in fluid communication
wlth the outlet opening of the vessel, the output
port of the pump being connected to a
recirculation line, the pump being operative to
draw liguid through the ocutlet opening of the

vessel and to supply a pressurized flow of liguid

to the recirculation line.

In accordance with the present invention, a first, a

second and a third agitating nozzle 1s mounted within the

vessel.

Fach agitating nozzle 1s connected to the

recilrculation line. Each nozzle 1s operative to produce a

Jet of liguid oriented 1n a predetermined direction within

the mixing vessel. The nozzles are cooperable to generate

within the mixing vessel a moving body of ligquid 1nto which

a drvy material dispensed 1nto the mixing vessel 1s able to

dissolve or to disperse.

1

BRIEEF DESCRIPTION OF THE DRAWINGS

The 1nvention will be more fully understood from the

following detailed description taken in connection with the

accompanying drawings, which form a part of this

application, and i1in which:

Fligure 1 1llustrates, to the left of the double

dividing

lines thereon, a stylized schematic diagram of a

mixing station for dispensing liquid material (s) to a



10

15

20

25

30

39

CA 02808010 2013-02-08
WO 2012/033747 PCT/US2011/050526

4

retail consumer, while the right hand portion of the Figure

1 11llustrates the i1nterconnection 1nto the mixing station

of a mixing apparatus for converting a dry granular
material 1nto a concentrated ligquid 1n accordance with the

present invention;

Figure 2 1s a front elevation view of a mixing
apparatus 1n accordance with the present i1nvention;

Figure 3 1s a side elevation view of the mixing
apparatus of the present 1nvention taken along view lines
3-3 1n Figure 2;

Figure 4A 1s a front perspective view of the mixing
vessel used 1n the mixing apparatus of the present

invention;

F'igure 4B 1s a stylized perspective view 0f the

interior of the mixing vessel of Figure 4A 1llustrating the

orientation of the agitating nozzles therewithin, the
vessel being rotated ninety degrees clockwise from 1ts
posltion with respect to the front of the apparatus as
occupled 1n Figure 4A;

Fligure 5A 1s a section view of the mixing vessel taken

generally along section lines bH5A-5A 1n Figure 4A;

Ffigure bHB 1s an elevation view of the rinse nozzle for

the mixing vessel; and

Figure 6 1s a diagram 1llustrating movement of a

relatively heavy and a relatively light particle of a dry
material within the mixing vessel produced by the

cooperative assoclation of the agilitating nozzles.

L]

DETAILED DESCRIPTION OF THE INVENTION

Throughout the followling detailed description similar

reference numerals refer to similar elements 1n all Figures
of the drawings. It should be understood that various
details of the structure and operation of the present
1nvention as shown 1n various Figures have been stylized in

form, with some portions enlarged or exaggerated, all for

convenience of 1llustration and ease of understanding.
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With reference to the drawings the portion of the

Figure 1 to the right of the double dividing lines

11llustrates a mixing apparatus generally indicated by the
reference character 10 for converting a dry material i1into a
concentrated ligquid 1n accordance with the present
invention i1ncorporated with a mixing station S of the prior

art. The mixing apparatus of the present i1nvention 1s

useful to convert any dry material into a ligquid form. By
"drv material" 1t 1s meant any dry, Iflowable soluble or
dispersible material, whether 1n powder, crystal,
particulate, granular or any other physical form.

The liguid concentrate produced by the mixing
apparatus 10 may be treated exactly as the other liguid
products dispensed at the mixing station. That 1s, the
liquid concentrate may be piped directly to the customer's
vehicle W through a retail delivery line 12, or, 1t

desired, diverted by a valve 14 and carried through another

outlet line 16 to the mixing tank M.

As best seen 1n Figures 2 and 3 the mixing apparatus
10 1includes a framework 18 having an upper platform 20 and
a central support platform 21. The framework 18 may be

convenliently formed from interconnected lengths of metal

channel secured together to form a rigid structure. The
apparatus 10 may be enclosed by structural panels (with or
wlthout an access door) secured to the framework 18.

A microprocessor-based main controller 22 (Figure 2)
1s convenliently mounted to the framework 18 or to any
sultable member adjacent to the apparatus 10. The mixing
apparatus may be configured in a "stand-alone"
configuration 1n which the various parameters that
determine the weight of the dry material needed to produce

a given volume of ligquid concentrate are directly input to

the controller 22 as 1nputs 23A, 23B. However, as noted,
1t li1es within of the present i1invention to 1ncorporate the

mixing apparatus 10 i1nto the operation of the mixing

station S. In this instance the controller 22 1s

interfaced (as by a serial connection) 24 1into the control
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system of the station S5 and operable by the operator in the
master central control room C (Figure 1).
A mixing vessel generally indicated by the reference

character 26 1s supported from the central support platform
5 21. The mixing vessel 26 has a central axis 26A extending

therethrough. The mixing vessel 26 1s a hollow member

having a substantially cylindrical central section 28 with

an upper and a lower frustoconical section 30, 32

respectively attached at each axial end. The vessel 26 may

10 be tormed by any sultable manufacturing technique (as by
rotational molding) of any suitable chemically resistant,
structurally sound material, such as high density
polyethylene or low density polyethylene. The vessel may
also be formed from stainless steel.

15 A dispenser arrangement 36 for dispensing a
predetermined weight of a dry material is mounted within
the framework above the mixing vessel 2¢6. The dispenser
arrangement 36 1s operative to dispense the dry material at
a predetermined drop rate onto a predetermined drop

20 location 37 (Figures 3 and 6) located on the lower
frustoconical section 32 of the mixing vessel 26.

A recirculating pump 94 1s connected to the outlet of
the mixing vessel 26. The pump has an input port and an
output port, the input port being in fluid communication

25 with the outlet opening of the vessel,the output port
of the pump being connected to a recirculation line.

The pump 94 1s operative to draw ligquid from the vessel

26 through the outlet opening of the vessel through a

pump suction line 96 and to supply a pressurized f£low of
30 liquid from the pump outlet back to the vessel 26 through a

CA 2808010 2017-11-09



recirculation line

98. Suitable for use as the recirculating pump 94 is that
apparatus sold by Flowserve Corporation as model nunmber
SMP1000. The pump 94 is controlled by the controller 27
over a line 941, A valve 99 directs the flow from the pump
cutlet to either the recirculation line 898 or to the retail
delivery line 12. The valve 99 is preferably a soclencid
controllied valve such as that sold by Flowserve Corporation
as model SUSBUU3. The wvalve 1s controlled by the
controller 22 cover a line 981,

Turning to a more detailed description of the elements

of the mixing apparatus 10 the dispenser arrangement 36

oa

CA 2808010 2017-11-09
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includes a supply hopper 38 having a frustoconical lower
section 38F. As best seen 1n Figure 3 the upper end of the
hopper 38 1s closed by an integral cover 38C having an
eccentrically located access aperture 38A therethrough.

The cover 38C of the hopper 38 1is attached by bolts 39
(diagrammatically indicated i1in the drawings) to the ends of

a spaced pair of flat bars 40A, 40B. The bars 40A, 40B

are, 1n turn, secured across a mounting channel 42 that 1is

attached to a load cell 44. The load cell 44 1s 1tself
attached to the underside of a generally U-shaped brace 45
that depends from the upper platform 20. Suitable for use
as the load cell 44 1s that apparatus sold by Rice Lake
Weighting Systems as model number 1042. A signal
representative of the weight of the granular materiail
within the hopper 38 1s output from the load cell 44 to the
controller 22 over a signal line 441.. The locad cell and
structures thus described comprise a "loss—-in-weight™
welghing system whereby the weight'of dry material
dispensed from the hopper 38 may be accurately determined.

Dry material 1s dispensed from the lower end of the
hopper 38 through a dispensing valve 46. The valve 46 is
controlled by a signal supplied from the controller 22 over
a signal line 46L.

Care must be taken to i1nsure accuracy of the weight of
the dispensed dry material. The dispensing valve 46 must

be able to accommodate various environmental factors, such
as vibration in the apparatus, and changes 1in product

characteristics.

The dispensing value 46 1ncludes a valve body having a
tapered frustoconical valve chamber. A solenoid-operated
generally cylindrical spring-loaded valve stem is axially
movable within the valve body. An annular frustoconical
valve seat 1s mounted at the lower end of the valve body.
The lower end of the valve seat tapers inwardly toward the
axls 26A. The lower end of the valve stem, when received
on the annular frustoconical valve seat, closes the lower

end of the valve chamber and prevents material passage from

CA 2808010 2017-11-09
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the valve chamber 1nto the drop tube 46T. When the
solenoilid operator of the valve is actuated (by a signal on
the line 46L) the valve stem displaces axially upwardly,
away from the valve seat, thus creating an annular flow
channel between the lower end of the stem and the
frustoconical valve seat, allowling an annular curtain of
dry material to flow from the valve chamber to the drop
tube. If desired the solenoid can be pulsed to fine-tune
the accuracy of the dry material dispensation. The
dispensing valve could be manually operated, i1f desired.
Sultable for use as the dispensing valve 46 1s that
solenoilid operated valve as disclosed in above-referenced
U.S. Patent 7,075,019 (Bergman et al.), assigned to the

assignee of the present invention.

In the preferred embodiment 1llustrated the dispenser
arrangement 36 further 1ncludes a recharging bin 48 that is
mounted above the upper platform 20. The recharging bin 48
15 connected through an expandable locking connector 49 to
a dispensing valve 50. The dispensing valve 50 (similar to
the valve 46) 1s supported from the upper platform 20. The
arop tube 50T of the valve 50 projects through the access
aperture 38A (similar to the wvalve 46) into the supply
hopper 38. The drop tube 50T should pass freely through
the access aperture 38A into the hopper 38 so as not to
interfere with the accuracy of weight determination. The
valve 50 1s controlled by a signal from the controller 22
over a signal line 50L.

As perhaps best seen in Figure 4A the upper
frustoconical section 30 of the mixing vessel 26 inclines
slightly upwardly toward a central opening that defines the
mouth of the vessel 26. The vessel 26 1s closed by a
cover plate 26P that threads i1into the inside surface of the
mouth. The cover plate 26P has an access slot 26S
therein. The drop tube 46T of the dispensing valve 46
enters and extends a short distance into the wvessel 26

through the slot 265 (Figure 3). The entry point of drop

CA 2808010 2017-11-09
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tube 46T 1s acisposed at a location offset from the axis

26A. The end of the drop tube 46T is disposed above the
drop location 37.

Mounting hangers 30H-1, 30H-2, 30H-3 and 30H-4 (Figure
4A) are secured 1n spaced circumferential locations on the

exterior surface of the upper frustoconical section 30.

Fach hanger 30H 1s a generally hollow triangular protrusion
that 1s formed in the upper frustoconical section 30. The
horizontally extending upper wall of each hanger 30 1is
connected, as by bolts (not shown) to the central support
platform 21, thereby to secure the mixing vessel 26 within
the framework 18. As seen from Figures 4A, 4B and 52, a
bulkhead fitting 54-1, 54-2 and 54-3 extends through the
backwall of the hangers 30H-1, 30H-2, and 30H-3,
respectively, for purposes to be described.

With reference to Figure 5A the lower section 32 of the

vessel 26 tapers more severely than the upper section toward

the central axis ZO06A. The lower section 32 i1ncludes a

flattened region 32F in the central region of the lower
section. The outlet opening 30G of the vessel 26 is formed
through the flattened region 32F. A bulkhead fitting 56 1is
secured about the outlet opening 30G. As is the case with
fittings 54-1, 54-2, 54-3, the fitting 56 includes an

L]

interior collar 561 and an exterior collar 56E that when
threaded together permits a sealed connection between the

interior of the vessel 26 and the pump suction line 96. In
practlice the interior collar 561 1is attached to the exterior

collar along a threaded connection 56T. The outside surface

of the pump suction line 96 is attached to the exterior

+

collar 5o0E along a threaded connection 96T.

Suitable for use as the bulkhead fittings 54-1, 54-2,
04-3, and 56 are those devices sold by Banjo Corporation as
model TF220V.

A hollow standpipe 60 extends centrally and axially
through mixing vessel 26. The lower end 60L of the
standpipe 60 1s secured i1nto the i1nside surface of the

interior collar 561 of the bulkhead fitting 56 along a

CA 2808010 2017-11-09
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threaded connection 60T. A portion of the standpipe 60 just

above the threaded lower end 60L has axially extending slots
60S formed therein. The slobLs 60S communicate with Lhe
interior of the vessel 26 so that liguid from the vessel may
pass into the suction line 96. The slotted region of the
standpipe 1s surrounded by a perforated member 64. The
perforated member 64 may be convenlently implemented using a
screen sleeve, although any foraminous structure may be
used.

The openings 1n the perforated member 64 serve to
prevent relatively larger sized particles present in the
interior of the vessel 26 from being drawn through the slots
60S. The openings in the perforated member 64 should be
large enough to allow sufficient liquid ocutflow to the pump
94, but small enocugh prevent passage of larger particles
which could potentially affect pump flow of block the
nozzles (which will be described) that are disposed in the
vessel 26. The size of the cpenings depends upon the dry
material being converted to liguid form, but generally
speaking, for agricultural chemical products, the openings
should be sized to prevent passage of particles larger than
about (0.7 mm.

As perhaps best seen in Figures 4B and H5A) the plate
68P of a generally L-shaped bracket 68 1s secured to the top
end of the standpipe 60. The legs o08-1, 68-2 of the bracket
68 extend from the plate 68P along the exterior of the

standpipe 00. Each leg 68-1, 068~Z2 terminates 1n a
respective shelf ©e8F, 68G.

A rinse nozzle 70 (Figure 5B) is mounted on the shelf
68F. The rinse nozzle 70 terminates 1n a perforated
aerating head 70Il. Suitable for use as the rinse nozzle 70
1s the container rinsing nozzle sold by Teedet Technologies,

Wheaton, Illinois, as model number VSM-*-28. Disposed within

the vessel is a liquid level sensor for sensing the volume

of liquid within the vessel and for signaling for terminating

liguid flow upon the introduction of a predetermined volume

of liquid into the vessel, the predetermined volume of

10

CA 2808010 2017-11-09



liquid being directly related to the weight of the dry material

dispensed 1nto the vessel. The shelf 68G carries an array of
switches 72 (of which only the switches 72A, 72B are visible 1n

the drawings). The switches extend, stair-step fashion, for

different predetermined distances below the shelf 68G thereby to

provide a signal

10a

CA 2808010 2017-11-09
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representative of the level of ligquid material within the
vessel 26. The signal output from each switch is carried
over a respective signal line 72L-1, 72L-2. It should bc
appreciated that the ligquid level within the wvessel 26 may
be monitored from the exterior of the vessel, 1f desired.

A rinse supply line 76 extends into the vessel 26
through the first bulkhead fitting 54-1. On the interior of
the vessel 26 the rinse line 1s connected to the rinse
nozzle 70 through a flexible line 76F. On Lhe exterior of
the vessel the rinse 1line 76 1is connectable to a liquid
source supply condult D via a rinse control wvalve 78.
Suitable for use as the rinse control wvalve 78 1s that

solenoid-operated valve sold by Spraying Systems Corporation

as model 344BEC-24-C. The rinse control wvalve 78 1is
controlled by signals applied over a control line 78L.

A liguid fi1ll line 82 projects 1nto the wvessel 26
through the second bulkhead fitting 54-2. On the exterior
of the vessel 26 the fill line 82 is connected to the liguid
supply conduit D through a fill control valve 84. Control
signals are applied to the fill control valve 84 over a
control line 84L. The valve 84 may be implemented using the
solenocid-operated valve as used for the valves 78 and 99
(Figure 2). An inlet pipe connectable to the source of
liquid 1s provided for introducing the liquid into the vessel.
A length of rigid pipe 82R (Figure 3) extends from the fitting

54-2 through the interior of the vessel 26 at a pbsition

offset from the axis 26A and in a direction generally

parallel thereto.

11
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A multi-branched nozzle support structure generally
indicated by reference character 88 (Figure 4B} extends into
tne interior of the vessel 26 from the third bulkhead
fitting 54-3. In the preferred embodiment the nozzle
support structure 88 includes a main supply arm B8M from
which branches a first supply arm 88-1, a second supply arm
88-2, and a third supply arm 88-3. Each supply arm 88-1,
B8~2 and 88-3 terminates in a respective nozzle 90-1, 380-2
and 90-3. The nozzles 80-1, 90-2 and 90-3 are implemented
using an eductor nozele such as those sold by Teelet

Technologies, Wheaton, Illinois, as model Y33180-PP oha

1l1la
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YO2770-PP. An eductor nozzle allows an 1nlet flow introduced

1nto the nozzle at a given flow rate to entrain ambient

liguid through the nozzle. This action permits a relatively
small pump flow to circulate relatively larger volumes of

liquid.

ach nozzle 90-1, 90-2 and 90-3 1s oriented and

secured with respect to each other such that each nozzle 1s

operative to produce a jet of recirculating liguid oriented

1n a predetermined direction within the vessel 26. Each
nozzle generates an aglitating action that combines wilith the
agltating action produced by the other nozzles to produce a

moving body of liguid within the vessel such that the dry

granular material dispensed i1nto the vesgsel 1s efficiently

dissolved or dispersed.

Having described the structure of the mixing
apparatus, 1ts operation may now be discussed. It 1s

assumed that the hopper 38 has been replenished from the

storage bin 48 such that an i1nitial charge of a specific

dry material 1s stored therein. It 1s also assumed that a
predetermined 1nitial volume of liguid 1s already present

1n the vessel 2606.

To begin the retail transaction a customer gspecifies

the acreage to be covered and, optionally, the desired

application rate of the dry material. These parameters may

be 1nput directly to the apparatus via tThe 1nputs 23A, 23B

to the controller 22 (1n a "stand-alone" 1mplementation) or
via the operator of the mixing station from the master
central control room C.

The controller responds to the initial input
parameters and determines the appropriate weight of dry
material required to be converted 1nto liquid form to meet

the customer demand. The controller responds to the

signals representative of the specified acreage and

specified application rate and calculates the regquired

welght of product to be dispensed as well as the

predetermined drop rate of the material into the vessel 26.

12
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It should be noted that for some dry materials a standard

application rate is used in the calculation of the weight
tc be dispensed.

From the derived weight information the controller
calculates the requisite liquid level for the vessel. If
additional liquid 1s required the fill valve 84 is opened
(via a silgnal on the line 84L). Flow into the wvessel 26 is
terminated under the control of the signals produced from
the appropriatce level sensing switches 72 over the
appropriate signal line 72L-1, 72L-2.

When a predetermined minimum level of water is present
1n the vessel (elther initially or after supplying
additional liquid) the recirculation valve 99 is opened
(via a signal on the line 99L) and the pump 99 is actuated
to provide a recirculating flow into the vessel through the
recirculating line 98.

Introduction of recirculating liguid into the wvessel
generates the agitating flow within the vessel 26 to be
described hereafter.

With an agitating flow is set up within the vessel 26
the dispensing valve 46 is opened (via a control signal
applied over the line 46L) and dry material begins to drop
at a predetermined rate into the vessel. Material is
dispensed until the weight signal from the load cell 44
over the line 44L indicates that the desired weight of
material has passed through the valve 46. The valve 46 may
be pulsed, 1f necessary to insure that all of the dry

material has been dispensed.

The agitation action produced within the vessel 26 by
the nozzles 1s believed best i1llustrated in Figure 6.

The nozzle 90-1 1s oriented to produce a jet directed
substantially downwardly and i1nwardly toward the axis 26A
of the vessel 26. This jet produces an agitating action in
the vicinity of screen sleeve 64 surrounding the outlet

opening of the vessel.

13
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The nozzle 90-2 1s oriented to produce a jet directed
toward the granular material drop location 37. The
agiltating action created by this jet produces a liquid flow
that 1s directed along a generally spiraling trajectory
with respect to the outlet opening of the vessel.

The nozzle 90-3 1s oriented to produce a jJjet that 1is
directed substantially circumferentially about the interior
of the vessel 26.

The effect of the jets produced from these nozzles is
believed best understood by analysis of the motion of
individual particles under the combined influence of the
aglitating flows produced by nozzles as such particles are
dispensed 1nto the wvessel. The described relative
orientation among the nozzles cooperate to produce
agitating flow actions that generate a moving body of
liquid within the mixing vessel such that a dry material
dispensed into the mixing vessel is able to dissolve or to
disperse to form a liquid concentrate.

Consider first a relatively light particle,

1llustrated 1n Figure 6 as an open circle. An example of a

"relatively light"™ particle 1s tribenuron methyl herbicide
.1. du Pont de
Nemours and Company, Wilmington, Delaware and sold under

the trademark EXPRESS®. The motion of the particle is

=1

agricultural chemical, manufactured by

indicated by dot-dash lines.

As a relatively light particle drops into the vessel
toward the drop zone 37 and into the flowing ligquid it is
entrained 1n the flow primarily produced by the jet from the
nozzle 80-2. This flow carries the particle along a
generally spiraling circumferential trajectory, as at 100,
relative to the axilis 2Z26A. As the jet i1mpacts the lower
frustoconical surface 32 of the wvessel 26 the spirally

fTlowing particle 1s deflected upwardly (relative to the

flattened bottom 32F) of the vessel and radially outwardly
(relative to the axis 26A), as illustrated at 102. As the
particle spirals upwardly and outwardly it moves under the

influence of the flow produced primarily by the nozzle 90-3.

14
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The particle 1is thus swept along a generally circumferential
flow path about the axis 26A, as at 104.
The motions of a relatively heavy particle (for

example, the herbicide agricultural chemical manufactured

[T

by E.I. du Pont de Nemours and Company, Wilmington,
Delaware and sold under the trademark ALLY XP®):may also be
understood from Figure b. The path of the heavier particle
1s 1ndicated by dashed lines.

As such a heavier particle drops into the vessel 26
toward the drop location 37 1t may be initially entrained in
the flow produced by the nozzle 90-2, as at 108. However,
1ts mass and momentum may be sufficient to overcome the (low
produced by the nozzle 90-2. Thus, the relatively heavier
particle may respond to gravity and fall toward the outlet
opening, as at 110.

The flow produced by the 90-1 nozzle prevents
relatively heavier particles from building or accumulating
near the screen ©4. The jet from the nozzle 90-1 displaces
the relatively heavier particle from the vicinity of the
screen 64 toward the lower frustoconical surface 32, as
suggested at 112. As the relatively heavier particle 1is
moved upwardly and radially outwardly, it is influenced by
the flow from the nozzle 90-2. Further upward and outward
splraling motion moves particle into the circumferential
flow produced primarily by the nozzle 90-3. As a result of
the combined swirling, energetic action of the jets produced
by the nozzles a fluldized moving bed of particles is
created within the vessel. The particles are moved along as
a swirling, agitated layer of particles that are swept along
apbove the lower frustoconical surface of the vessel in a

generally circumferential flow path. Accumulation of

particles near the outlet opening of the vessel is prevented

by the action of the jet 90-1.

After the last of the product is introduced intc the
vessel 26, the agitating action described continues for at
least a time that 1s deemed required to dissolve or to

disperse the particular dry product into liguid form. At

15
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that point the recirculating valve 98L 1s closed (via a

signal on the line 98L) and the flow from the pump directed

1into the flow line 12, evacuating the liguid concentrate to

the customer.

5 Finally, the rinse valve 78 1s asserted by a signal

applied over the line 78L. As seen in Figure 5B the
perforated rinse head 70H of the nozzle 70 produces a
substantially spherical rinsing spray pattern that bathes
the central and lower frustoconical regions of the vessel

10 with rinse liguid. The rinse pattern extends 1n the plane

of Figure 5B about the axis 70A for an angle that 1is
approximately two-hundred-forty degrees (240°), as
11llustrated at angle "A". The two-hundred-forty degree

angular pattern also extends a full three-hundred-sixty
15 degrees (300°) 1in the third dimension (1.e.,
circumferentially) about the axis 70A.
After rinsing 1s complete, the valve 78 1s closed. The

hopper 38 1s replenished and the vessel re-filled to the

desired 1nitial level, 1n anticipation of the next customer

20 usage.

Those skilled 1n the art, having the benefits of the

present 1nvention as herinabove set forth may impart

modifications thereto. Such modifications are to be

25 construed as lying within the contemplation of the present

invention, as defined by the appended claims.

16
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WHAT IS CLAIMED IS:

1. A mixing apparatus for converting a dry material into a liquid concentrate, the
apparatus comprising: |

a mixing vessel having a substantially frustoconical region that tapers toward an outlet
opening;

a dispenser for dispensing a predetermined weight of a dry material at a predetermined
drop rate onto a predetermined drop location located on the frustoconical region of the mixing
vessel;

an inlet pipe connectable to a source of liquid for introducing a liquid into the vessel,

a liquid level sensor disposed within the vessel for sensing the volume of liquid within
the vessel and for signaling for terminating liquid flow upon the introduction of a predetermined
volume of liquid 1nto the Veésel, the predetermined volume of liquid being directly related to the
weight of the dry material dispensed into the vessel;

a pump having an 1nput port and an output port, the input port being in fluid
communication with the outlet opening of the vessel, the output port of the pump being
connected to a recirculation line, the pump being operative to draw liquid through the outlet
opening of the vessel and to supply a pressurized flow of liquid to the recirculation line; and

a first, a second and a third agitating nozzle mounted within the vessel, each agitating
nozzle being connected to the recirculation line, each nozzle being operative to produce a jet of
recirculating liquid oriented in a predetermined direction within the mixing vessel, the nozzles
being cooperable to generate within the mixing vessel a moving body of liquid into which a dry
material dispensed into the mixing vessel is able to dissolve or to disperse, the first agitating
nozzle being oriented to produce a jet directed downwardly and inwardly toward the vicinity of
the outlet opening of the mixing vessel; the second agitating nozzle being oriented to produce a
jet of the recirculating liquid directed toward the predetermined drop location being operative to
create an agitating liquid tflow directed along a generally spiraling trajectory that extends
upwardly and outwardly with respect to the outlet opening of the mixing vessel, and the third
agitating nozzle being oriented to produce a jet of the recirculating liquid directed substantially

circumferentially with respect to the vessel.

2. The mixing apparatus of claim 1 further comprising a foraminous member
disposed over the outlet opening of the vessel.

cA 2808010 2018-07-03
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3. The mixing apparatus of claim 2 wherein the foraminous member comprises a

screen sleeve.

4, The mixing apparatus of claim 1 further comprising a rinse nozzle disposed

within the vessel, the rinse nozzle being connectable to a source of rinse liquid.

J. The mixing apparatus of claim 4 wherein the rinse nozzle terminates in a

perforated aerator for generating a spray over a predetermined portion of the vessel.

6. The mixing apparatus of claim 1 wherein each agitating nozzle comprises an

eductor nozzle.

7. A mixing station (S) for delivering a liquid chemical product to a consumer, the
mixing station comprising:

one or more tanks (T to Ty) each of which contains a volume of a liquid chemical
material,

an outlet 1tne (L to Ly) connected to each respective tank, and

a metering pump (P to Pn) tor pumping a metered amount of liquid from each tank to a

respective outlet line, and
a mixing apparatus (10) for converting a dry material into a liquid concentrate, the
mix1ing apparatus comprising:
a mixing vessel having a substantially frustoconical region that tapers
toward an outlet opening;
a dispenser for dispensing a predetermined weight of a dry granular

material at a predetermined drop rate onto a predetermined drop location located

on the frustoconical region of the mixing vessel;

an 1nlet pipe connectable to a source of liquid for introducing a liquid into
the vessel,

a liquid level sensor disposed within the vessel for sensing the volume of
liquid within the vessel and for signaling for terminating liquid flow upon the

introduction of a predetermined volume of liquid into the vessel, the

ca 2808010 2018-07-03
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predetermined volume of liquid being directly related to the weight of the dry
material dispensed i1nto the vessel;

a pump having an inlet port and an outlet port, the inlet port being in fluid
communication with the outlet opening of the vessel, the outlet port of the pump
being connected to a recirculation line, the pump being operative to draw liquid
through the outlet opening of the vessel and to supply a pressurized tlow of liquid
to the recirculation line;

a delivery line for delivering liquid concentrate to a customer,

a valve for selectively controlling communication between the pump
outlet port and either the recirculation line or the delivery line, and

a first, a second and a third agitating nozzle mounted within the vessel,
each agitating nozzle being connected to the recirculation line, each nozzle being
operative to produce a jet of recirculating liquid oriented 1n a predetermined
direction within the mixing vessel, the nozzles being cooperable to generate
within the mixing vessel a moving body of liquid into which a dry matenal
dispensed into the mixing vessel is able to dissolve or to disperse, the first
agitating nozzle being oriented to produce a jet directed downwardly and
inwardly toward the vicinity of the outlet opening of the mixing vessel; the
second agitating nozzle being oriented to produce a jet of the recirculating liquid
directed toward the dry material drop location being operative to create an
agitating liquid flow directed along a generally spiraling trajectory that extends
upwardly and outwardly with respect to the outlet opening ot the mixing vessel,

and the third agitating nozzle being oriented to produce a jet of the recirculating
liquid directed substantially circumierentially with respect to the vessel.

CA 2808010 2018-07-03
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