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Technical Field

The present invention relates generally to
preparing a frozen product and, more particularly, to
a dropper assembly for ligquid feed and a method of its
use in feeding liquid composition to a freezing chamber
during preparation of a free-flowing frozen alimentary
dairy product.

ac o e _Inventio

Sales of ice cream and frozen yogurt products
have risen dramatically in recent years. The applicant
herein has captured a portion of this product market
through the development of a unigue novelty ice cream
and frozen yogurt product in the form of beads. This
product, marketed under variocus trademarks, including
DIPPIN’ DOTS, and ICE CREAM OF THE FUTURE, has become
very popular in specialty stores and at fairs and theme
parks.

This novelty ice cream and frozen yogurt
product is prepared by delivering flavored liquid dairy
composition to a feed tray and then dripping the

composition into a freezing chamber. The droplets of

liquid composition freeze rapidly upon entry into the
freezing chamber, forming solid beads of flavored ice
cream or yogurt product. The frozen beads are removed
from the freezing chamber and packed for distribution



cream or yogurt product.
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sophi'sticate
particles or specks that tend to be released from the

feed tray, which, when frozen, form particles in the
nature of microbeads and/or dust. The frozen dust is
not only undesirable in appearance, but also adversely
affect the collection of useable product. Thus, the
formation of frozen dust introduces inefficiency into
the process of preparing the frozen beaded ice cream
and yogurt product. Accordingly, a need is identified
to create a way to eliminate the formation of frozen
dust and microbeads during product manufacture. It has
been determined through experimentation <that <the
configuration of the feed elements associated with the
feed tray has a direct affect on the desired result.

Summary of the Invention

It is, therefore, a primary object of the
present invention to provide a sophisticated, frozen
dairy product having improved flavor and mass consumer
appeal.

Another object of the present invention is to
provide a free-flowing frozen alimentary dairy product
which is served at a relatively low temperature so as
to be more refreshing and exhilarating to the average
consuner.

Still another object of the present invention
is to provide a method of preparing a free-flowing
frozen alimentary dairy product which is quickly frozen
50 as to prevent the formation of large ice crystals
and thereby provide a smoother product with better
flavor.

It is a further object of the present



dai-ry product having inproved flavor and mass consuner appeal. 25
Anot her object of The present imvention is to provide a free-fl owrng fTozen
calimentary dairy product which is served at a relatively | ow tenperature so

as to be Fﬁé§0&§§reshing and exhilarating to the average NRbIR 30
0

Still ano ect of the present invention is to provideé a nethod of
preparing a free-flowng frozen alinentary dairy product which is quickly
frozen so as to prevent the formation of large ice crystals and thereby
provi de a snoot her product with better 35 flavor. It is a further

.obj ect of the present WO 96/ 29896

PCT/ US96/ 04256 3 i nvention to provide 3 dropper assenbly for feeding liquid
conposition to a freezing chanber "that substantially elimnates the

formation of §40gREsidh CEADERLYIARILO aer bdiiblle PEPUsSbRRAGO! a 1 ee-

5 fl ow ng tro%en allnen%a dairy p odgct. Jt o urt her o%ject of
Fidn

the present i mv3Ridon<PUPRF at8r ofpertERAZN v Ehambensi thatng
efficiently haudstantiafjliyl felihinates the formation of frozen

microbeads and/or dust during the production of a free-
5 flowing frozen alimentary dairy product.

It is a further object of the present
invention to provide a dropper assembly that easily and
efficiently handles liquid feed.

Another object of the present invention is to

10 provide a method of feeding liquid cemposition to a
freezing chamber with enhanced control over the size of
the feed droplets to yield uniformly sized frozen
beaded product.

It is an additional object of the present

15 invention to provide a method of feeding 1liquid
composition to a freezing chamber in the form of
uniformly sized droplets whereby increased frozen
product yield is achieved.

Still another object of the present invention

20 is to facilitate production of a free-flowing frozen
alimentary dairy product at a reduced cost and with
increased efficiency.

Additional objects, advantages and other
novel features of the invention will be set forth in

25 part in the description that follows and in part will
become apparent to those skilled in the art upon

- examination of the following or may be learned with the
practice of the invention. The objects and advantages
of the invention may be realized and obtained by means

30 of the instrumentalities and combinations particularly
pointed out in the appended claims.

To achieve the foregeoing and other objects,
and in accordance with the purposes of the present
invention as described herein, a novel dropper

35 assembly, and a method of feeding liguid composition to



Anot her obj ect of the present inventionis to 10 provi de a net hod of

—feedi ng | i qui d-eeApoest+ti on t o—a—fr+reezi ng chamber w t h-enhanced contr ol

the size of the feed droplets to yield uniformy sized frozen beaded

product .
provi de

I s an additional object of the present 15 L nvention to

of feeding liquid conposition to a PrEED

is achieved. Still another object of the present invention 20
facilitate production of a free-flowing frozen alinentary dairy product at
a reduced cost and with increased efficiency. Additional objects,

advant ages and ot her novel features of the invention will be set forth in
part

25

may be | earne

2¥nanber
the formof uniformy sized droplets whereby increased frozen product yie

isto

in the description that foﬂloms and in'part will becone

apparent to t Otfe %&i{ée&hi&é{‘e ¢ 'WRRT eSXEMLAA! ls?.ﬁt&fx %tholéo""' ng or

practlce the 1nvention,

advant ages ofP’Eﬂ%’-’F'FR)%'nt | Fhemdrappere AgsAmblyn Pnsht Ehecasegciate’ 30
the i nstrunenhéthéd esared spehially odireetedcukor | fepaingedipghidn t he

ggggpgggcgl \?v:gﬁm? é’j,r uigl)?s{ogsg rcﬁ'.%% ﬁ%oc? | nvéhﬁ"ggpj §8 crlged her ei n, |

a noveISdroppbnltﬁrmly sigad iepds; of ﬁrqgemmnrqﬂu¢@ed|ng liquid conp05|t|on

to

10

15

20

25

30

35

The liguid composition is initially prepared
for freezing. Preferably, the composition is dairy-
based, but may include sugar and other additives for
flavor. Once prepared, the alimentary composition is
slowly dripped into a freezing chamber. This is
accomplished through the use of a dropper assembly.

The dropper assembly comprises a tray that
receives the liquid composition from a delivery source.
The liquid composition is preferably delivered to the
tray by pumping from a supply container. A pump
adapted for this purpose is manufactured by Cole-Parmer
Instrument Company under the trademark MASTERFLEX.

In a key aspect of the invention, a plurality
of feed elements are associated with the tray, the feed
elements being specifically adapted for facilitating
regulated discharge of liguid composition from the tray
and for feeding the ligquid@ composition in uniformly
sized droplets. As the droplets fall through the
freezing chamber, rapid, almost instantaneous, freezing
takes place. As a result of the feeding of uniformly
sized droplets to the freezing chamber, uniformly sized
beads of frozen product are formed.

Preferably, the freezing chamber is
maintained at a temperature below substantially -260°
F. This can be accomplished, for example, by utilizing
liquid nitrogen as a refrigerant. More specifically,
the droplets fall downward in the freezing chamber
through the vaporized refrigerant until they actually
contact the liquid refrigerant at the bottom of the
chamber. This procedure allows the maximum extraction

over

in
| d

of
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chi eves™The stated goals is presented. The ™ °
«dr opper assenbly and the associated nethod are specially directed to
feeding |} nposition to a freezing chanber in orderdRshi@ssce 5
uni form y"si eads of frozen product. The liquid conposition Is
initially prepared for freezing. Preferably, the conposition is dairy-
based, but may include sugar and other additives for flavor. Once prepared,
the alinmentary conposition is 10 slowy dripped into a freezing
chanber . This is acconplished through the use of a dropper assenbly. The
dr opper assenbly conprises a tray that geceives the liquid conposition from
a delivery source. The liquid conposition is preferably delivered to the 15

‘tray byf punpi g fa{v@mabiupmefrﬁaakatﬂeﬁ froft RWED HC ; Bedhﬂﬁrogtéﬂ .S ptlir pose
VASTERFLEX. | RAYpEF98gRREY . g REPLAERRPERAS ToRitn, 1p,A GROeBER o onrents
are associ at ed'-!wtt hst agoother, tdreamniey 2md exhebbmm%tm flayvedci fically
adapted for f%bbhtéﬁéfﬂcfégﬂﬁtc%d dieseb@rse, Yervelbodi ROFROS tehen from the
tray and for L%%ghg rtﬂgpL599£ tr2“§¥JAdﬁlJ n uniformy
The preferred embodiment of the inventive
assembly incorporates feed elements each comprising a
projection associated with the tray. Each projection
comprises a first end associated with an orifice formed
10 in the tray and a second end at which uniformly sized
droplets are formed and released. In order to best
facilitate the delivery of 1liquid composition, the
projections are downwardly disposed in relation to the
tray. The particular preferred embodiment of the
15 invention has projections extending downwardly from a
bottom wall of the tray.

' Each projection of the inventive dropper
assembly has a flow channel that extends completely
therethrough, from the first end to the second end.

20 Further, each projection preferably has a tapered
contour that narrows from its first end to its second
end. Thus, the flow channel of each projection has an
inlet opening at the first end that has a greater
dimension than an outlet opening at the second end.

25 This configuration promotes the regulated discharge of
liquid composition from the tray.

The ratio of the dimension of the inlet
opening to the outlet opening is preferably in the
range of substantially 2:1 to substantially 20:1. In

30 the ©particular preferred embodiment, the inlet
opening/outlet opening dimension ratio is substantially
12:1.

After the frozen beads of product are formed,
they are collected from the freezing chamber. This may
35 be accomplished by utilizing a auger. The auger may be
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This can be acconplished, for exanple, by utilizing liquid nitrogen as a
refrigerant. More specifically, the droplets fall dowward in the freezing
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second ®nd atlomdio%®h qmqq 85 pexqd nunute, the individual frozen

beads may be recovered with a minimum 1loss of
refrigerant from the freezing chamber.

The frozen beads of ice cream or yogurt

product recovered from the freezing chamber are placed

10 within a container. This container is maintained open

for a sufficient period of time, such as, for example,

one to ten minutes to allow any residual refrigerant

retained in or on the beads during freezing to

vaporize. Following this, the container is sealed for

15 storage. The container is then placed in a freezer.

The temperature within the freezer is maintained at

least as low as -20° F. and, preferably, between -30°

and -40° F., if the product is to be stored for periods

of greater than approximately 30 hours. This is

20 necessary to insure that the individual beads remain

free-flowing and that no large crystals are formed

during thaw/refrigeration cycles.

Prior to serving the product for consumption,

it is necessary to bring the beads to a temperature of

25 -20° F. or above. If this is not done, the beads are

too cold for some individuals to enjoy. More

preferably, the beads are maintained at a temperature

of substantially -15° F. for no longer than

approximately 30 hours prior to serving. If maintained

30 at this or a warmer temperature for a longer period of

time, the beads become tacky and begin sticking

together. Thus, the unique free-flowing characteristic

is lost, and with it, some of the consumer appeal as

well. As such, storage at a temperature of -15° F. for

35 longer than 30 hours is to be avoided. For certain



droplets are forned and rel eased. In order to best facilitate the
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relation to the tray. The particul ar preferred enbodi nent of the 15

i nventi on h j ections extending dowmmwardly from a bok&gR%*QF%“Of t he
tray. Eacy g@yﬁégtlon of the inventive dropper assenbly W channel
that extends conpletely therethrough, fromthe first end to the second end.
20 Further, each projection preferably has a tapered contour that
narrows fromits first end to its second end. Thus, the flow channel of
each projection has an inlet opening at the first end that has a greater

di nensi on than an outl et opening at thg second end. 25 Thi s
configuration pronotes the regulated diischarge of liquid conposition from

the tray. Th"co?@ds‘it%nhh S EFES, QB: ghohiig l&é"x"écd&ﬁ’: '%'eﬁgtﬁQtté}f‘e outl et

opening is pre ably . I.n t e range substanti al | to substantially
20:1. In 30 crltt’-ﬁ’él kipe; pay Jpe ?ﬁe?lé?’F #s fhdP ﬁ'@' P°urﬁhe i nl et
openi ng/ out | et openi ngstikinsther raltjects ofultheapreaéhy idvéntidint er the

frozen beads u‘.*ﬂ‘up'ﬂé%ﬂh igﬁai’-é’ﬁ &ﬁ&‘% A 198k ght Eﬂzér%tﬂf‘oﬂ reezing
chanber Thi s €. accQ I she utilizing a The auger
may be 5 the following descriptlon wherexn there 1is shown ‘and

described a preferred embodiment of this invention,
simply by way of illustration of one of the modes best
suited to carry out the invention. As will Dbe
realized, the invention is capable of other different
10 embodiments and its several details are capable of
modification in various, obvious aspects all without
departing from the invention. Accordingly, the
drawings and descriptions will be regarded as
s illustrative in nature and not as restrictive.
ie e i wi
The accompanying drawing, incorporated in and
forming a part of the specification, illustrates
20 several aspects of the present invention and together
with the description, serves to explain the principles
of the invention. 1In the drawing:
Figure 1 is a perspective view of a pair of
dropper assemblies positioned above a freezing chamber,
25 and showing the final product of uniformly sized frozen
beads;
Figure 2 is a top view of the inventive
dropper assembly;
Figure 3 1is a side view of the dropper
30 assembly showing the downwardly disposed projections
delivering uniformly sized droﬁlets of 1liquid
composition; and
Figure 4 is a side view of a prior art design
of a feeding tray.
35 Reference will now be made in detail to the
present preferred embodiment of the invention, an
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—positioned at an-angteof approxrmately 45ferr] w ttrTespect to the
‘hori zontal. The auger may al so include flights having a di aneter of
substantially 1.5-3.5 inches. Wen such an auger is rotated at
substant i Q9629896  10-100 revol utions per mnute, the i RGTFSHPRRt r ozen
beads may be recovered with a mninumloss of refrigerant fromthe freezing
chanber. The frozen beads of ice creamor yogurt product recovered fromthe
freezing chanber are placed 10 within a container. This container is
mai nt ai ned open for a sufficient period of time, such as, for exanple, one
to ten mnutes to allow any residual refrigerant retained in or on the
beads during freezing to vaporize. Fol 1BHwi ng this, the container is seal ed

for 15 stowﬁl?hgge%g a'{‘;riifu%&e&egi aggdthg %cf °$‘§7aﬂ§j{s -20[err] e

tenperature w freez I'S el nt al ne | east

and, preferabﬂyawbnqween -30[err] and -40[err] F., if the product is to be
stored for periods of greater than approximately 30 hours. This is 20
necessary to d al erral n free-fl owi ng and that

no large€ crystaresare—1t — (S trgttation cycles. Prior to
serving the product forR%t#mm umnornmagen'eee%mge tlo sivowiggt ks beads to
a tenperat ur epgkgpective the components that are utilized to produce
free-flowing frozen alimentary dairy products in the
form of uniformly sized beads. The illustrated

10 apparatus is merely an example of a design that is
adapted to produce the frozen beaded product. The
apparatus is depicted in Figure 1 with the inventive
dropper assembly 10 that enhances the efficiency of the
production process and increases product yield as

15 described below.

The production apparatus includes a freezing
chamber 12 having an inner wall and outer wall.
Preferably, the walls are constructed of stainless
steel to provide both strength and corrosion

20 resistance. A thick 1layer of thermal insulating
material is provided between the walls to improve the
efficiency of the freezing chamber 12 by reducing the
thermal transfer through the walls between the interior
of the chamber and the ambient environment.

25 The freezing chamber 12 is shown as a free-
standing unit supported by legs 14. Alternatively, the
freezing chamber 12 may be disposed in a frame that is
specially built to support it while in use.

The chamber 12 is chilled by the direct

30 addition of refrigerant from a refrigerant source
through a delivery 1line. A number of different
refrigerants can be utilized although liguid nitrogen
is preferred. This material is readily available,
relatively inexpensive and relatively inert to food

35 products. It is also sufficiently cold to provide for
relatively rapid freezing of the product. As such, it
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W t hout 5 as well as the level of 1liquid retrigerant is
maintained within a specified range through the
utilization of a temperature control means such as a
thermostat. More specifically, the thermostat may be
connected to a thermocouple that is positioned to

10 extend into the freezing chamber 12, at a selected
height, for example, 4 to 18 inches above the bottom of
the chamber. The thermocouple senses the refrigerant
temperature where, for example, ligquid nitrogen is
utilized as the refrigerant. The thermostat is set to

15 maintain the temperature within the chamber 12 at the
thermocouple between -300° to -320° F. The positioning
of the thermocouple at approximately 4 to 18 inches
above the bottom of the chamber 12 provides the
necessary reservoir of refrigerant to quick-freeze the

20 droplets of alimentary composition. The resulting
frozen product has a richer, creamier texture and
exhibits a better, overall flavor. For example, when
the temperature within the chamber 12 at the
thermocouple rises above the set range of operation

25 (i.e. =-300° to ~320° F.), this is an indication that
the level of liquid refrigerant has fallen below the
thermocouple. As a result of the operation of the
thermostat, a valve is then opened to allow delivery of
liquid nitrogen from its source through the line to the

30 chamber 12. Once the ligquid nitrogen level within the
chamber 12 reaches and contacts the thermocouple, the
desired level of 1liquid nitrogen for freezing the
composition is restored and the valve is closed.

It is recognized that alternative temperature

35 or level control systems may be utilized. For example,



departing from the invention. Accordingly, the draw ngs and
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several a¥P2RWHf the present invention and together w PRIPRSO®RSECr ption,
serves to explain the principles of the invention. In the drawing: Figure 1
is a perspective view of a pair of dropper assenblies positioned above a

freezi ng chanber, 25 and showi ng the final product of uniformy sized
frozen beads; Figure 2 is a top view of the inventive dropper assenbly;
Figure 3 is a side view of the dropper 30 assenbly show ng the

downwar dl y di sposed projections deIivéPing uniformy sized droplets of

1iquid conposi tion:. a | ' . de _v] rjor art design of a
f:aggz ng t?gy.sal %‘?ﬁg& BQ gﬁ%ge%éf%rsgr?%g \%ﬁ #’g\é\%gvi%'ge&r)mg evla%l&é’gai I gt o the
present pref heightenwithin the,chemberni2nt (The thermocouple at the

desired liquid refrigerant level to be maintained is

then selected and utilized as described above. 1In

5 another alternative, a liquid nitrogen 1level

controller, such as manufactured and marketed by

Minnesota Valley Engineering, Inc. under the trademark
CRYO-MED (model LL-450) may be utilized.

Vents 16 are provided in the walls near the

10 top of the freezing chamber 12 to exhaust the gaseous

nitrogen as it evaporates from the surface of the
liquid. This serves to prevent the creation of
excessive pressure within the chamber 12 and minimizes
the opportunity for the dropper assembly to become

15 frozen over tinme. This exhaust can be controlled
manually by venting through an exit pipe which is
controlled by a damper. Altefnatively, the exhaust gas
can be collected under vacuum by the use of an exhaust
fan. This cold vapor can be routed to other parts of

20 the process where cold vapors can be utilized, such as
in storage spaces or with packaging machines.

As a result of the temperature within the
range of -260° to -320° F. {for liquid nitrogen), rapid
freezing of the droplets of liguid composition occurs,

25 forming beads 18. The beads 18 have a snmooth,
spherical character.

After the beads 18 are formed, they fall to
the bottom of the chamber 12. An auger operates within
a shaft 22 to carry the beads 18 upward to a chute.

30 The auger is preferably positioned at an angle of
approximately 45° with respect to the horizontal. The
auger includes flights having, desirably, a diameter of
substantially 1.5 inches to 3.5 inches. By rotating
such an auger at substantially 10-100 revolutions per

35 minute, it is possible to complete the collection of
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however, not large enough to allow the passage of the
beads 18.

Upon reaching the chute 24, the beads 18 pass
through to a collecting pan 26. The collecting pan 26
then delivers the beads 18 to packaging equipment and
subsequently to storage containers. The containers are
maintained open for substantially 1-10 minutes in order
to allow any residual refrigerant retained in or on the
surface of the beads 18 to vaporize. The storage
container is then sealed and placed in a freezer in
preparation for later use and consumption.

In order to prevent the beads 18 from
sticking together during storage, and thereby maintain
their free-flowing character, they must be maintained
at a relatively low temperature. More specifically, if
the beads 18 are to be stored for greater than a period
of approximately 30 hours, they should be stored in the
freezer at a temperature of at least as low as —-20° F.
More preferably, the beads 18 are stored at a
temperature of between -30° and -40° F.

Alternatively, if the beads 18 are to be
consumed within a 30-hour period (or shorter period of
10-12 hours for certain compositions), they are to be
stored in a freezer at a temperature of -20° F. or
above. More preferably, the beads are brought to a
tenmperature between substantially =-10°* and -20° F,.,
with -15° F, providing the best results. Warmer
tenmperatures may result in the beads 18 sticking
together and the product losing its unigque free-flowing
character, thereby diminishing its consumer appeal.



specially built to support it while in use. The chanber 12 is chilled by
—tte-direct 30 . addirttomof refrigerant—froma refrigerant- source

through a delivery |ine. A nunber of different refrigerants can be

utilized although liquid nitrogen is preferred. This material is readily

avai | abl ewoP@’ng vely inexpensive and relatively inert t §ogse

pr oduct s. Is also sufficiently cold to provide for relatively rapid

freezing of the product. As such, it WO 96/ 29896

PCT/ US96/ 04256 9 is particularly adapted for utilization in the production

of free-f lowng alinmentary dairy products in accordance with the present

I nvention. The tenperature of the freai? ng chanber 12, 5 as well as

the level of [liquid refrigerant mai ntai ned within a specified range

Lhermostat . Nore iateé.o?" fref BrlpBef Middm T I NGk
t her nocoupl e theatetLicien |m*—t16"1(5’f fr%&ﬂerh?ai% Hli‘i‘@“ﬂteefﬁlhg chanber
12, at a sel &atuaduait@ ghée.formaraiiogp& t asdémbIiENes ahveferddtayoot t om of

the chanber. Jg g Qyale A4PHARA% SHEIACVAT) STREHA e wher e, for

exanpl e, I|qU| ro en 1s
5 walls 32a, 32b, 32c, 32d4. The side walls 32a, 32b,

32c, 324 form an enclosure for receiving the liquid
composition 20 from a source 34. Typically, a pump
drives the liquid composition through a delivery tube
36 into the tray 28. The liquid composition 20 is fed

10 to the freezing chamber 12 as is more fully discussed
below.

Pigure 1 illustrates two substantially
similar dropper assemblies 10 positioned above the
freezing chamber 12. These dropper assemblies 10 are

15 shown as having a rectangular configuration and
extending completely across the top of the freezing
chamber 12 along its minor dimension. It will be
understood by those skilled in the art that an assembly
10 having a very large tray 28 may be constructed to

20 cover the entirety of the freezing chamber 12 or,
alternatively, smaller trays may be manufactured and
placed side by side as shown in Figure 1.

It is recognized that in order to create
uniformly sized beads 18 of frozen product, uniformly

25 sized droplets 38 of liguid composition 20 are reguired
to be fed to the freezing chamber 12. The tray 28 is
designed with feed elements 40 that form droplets 38 of
the desired character.

As best shown in the preferred embodiment of

30 Figure 2, the bottom wall 30 of the tray 28 is formed
with a plurality of orifices 42. Preferably, the
orifices 42 are in an ordered array of rows and
columns. It is thus perceived that the 1liquid
composition 20 flows into and through the orifices 42

35 in the direction of the freezing chamber 12 during the



utilized as the refrigerant. The thernostat is set to 15 mai ntai n the
—tenper at ure w t hi mtte~—~chanber —+2=at=—t+re—ttrernocoupl e bet ween - 300Ferri—to
-320[err] F. The positioning of the thernocouple at approxinmately 4 to 18
i nches above the bottom of the chanber 12 provides the necessary reservoir
of refrigeWNQRe298% qui ck-freeze the 20 dropl ets of al i REHPER6P4256
conposi tion. The resulting frozen product has a richer, creamer texture
and exhibits a better, overall flavor. For exanple, when the tenperature
within the chanber 12 at the thernocouple rises above the set range of
operation 25 (i.e. -300[err] to -320[err] F.), this is an indication
that the level of liquid refrigerant has fallen bel ow the thernocouple.
As a result of the operation of the thethostat, a valve is then opened to

al | ow delivery of.lj.quid pitrggen fromits source through the line to the
30 chanberpﬁné%%‘ep?'ﬁ%e?gqm d nitrogen level within the chanber 12

reaches and contacts thdnt ke @specs, th@lﬂeBiMﬂmthefdt¢mﬁm ni trogen
for freezing t{iae@iROSidi 98 iforuRal Gifth 2pFod EGt Yoy C4itS tHla®Satke It IS

recogni zed that alternative tenperagture or_Jevel control systens ma
be utgilized. ﬂﬁﬁ"%% grith 9 89%6 (see Figure 57 ord y

PCT/ US96% 04256paifticularly, the preferred embodiment of the invention
is designed with a separate projection 44 cooperating
with each individual orifice 42 formed in the bottom
wall 30 of the tray 28. The projections 44 preferably
extend downwardly from the bottom wall 30 of the tray

10 28 toward the freezing chamber 12. Each projection 44
thus has, at its first end 46, an inlet opening 48 that
is in communication with the associated orifice 42 and,
at its second end 50, an outlet opening 52.

A flow channel 54 extends the entire length

15 of each projection 44 from the inlet opening 48 to the
outlet cpening 52. The projections 44 preferably taper
to become narrower toward its second end 50. It
follows then that the inlet opening 48 has a larger
dimension than the outlet opening 52. The narrowing of

20 the flow channel 54 promotes regulated accumulation of
the liquid composition 20 and thus promotes regulated
discharge of the ligquid composition from the tray 28.
The design further allows a droplet 38 to be formed in
an orderly fashion until the net gravity force

25 overcomes the interfacial tension forces on the droplet
38 and it falls toward the freezing chamber 12.

The flow rate of the ligquid composition 20
through the flow channel 54 is a factor in the orderly
formation of droplets 38 at the second end 50 of the

30 projection 44. The flow rate is a function of, among
other things, the dimensions of the inlet opening 48
and the outlet opening 52. It has been determined that
uniformly sized droplets 38 form and are released from
the projection 44 when the ratio of the dimension of

35 the inlet opening 48 to the outlet opening 52 is in the



a nunber of thernocouples may be positioned at various heights within the

—ctranber 12. The thernocoupte at the desired—+quid refrHgerant
mai ntai ned is then selected and utilized as descri bed above. In
anot her alternative, a l'iquid ni trogen | evel controller,

| evel to be

5
such as

manuf act uNQP6RA6nar ket ed by M nnesota Val | ey Engi neeri nRCTIUSg6/04s6der t he
trademar k CRYO- MED (nodel LL-450) may be utilized. Vents 16 are p
the walls near the 10 top of the freezing chanber 12 to exhaust the

rovided in

gaseous nitrogen as it evaporates fromthe surface of the Iiquid. Thi s
serves to prevent the creation of excessive pressure within the chanber
12 and mnimzes the opportunity for the dropper assenbly to becone 15
frozen over tine. Thi s exhaust can b¥¥ control |l ed manual |y by ventlngh

t hrough an exjt pe, whi.c IIe by Alternatively, the
exhaust gas cﬁﬂn %I??R%kﬁ? %ﬁl %Fgéggéﬁlﬁy 2% bxhalRt  fan.
This cold vapbhecnmrtmculnnenraﬂsnmeﬂenmpadunent @b the fheeptiewss where
col d vapors cggebgnyét! bﬁ@dm Ugd Ras' A &&Qﬁﬁﬂ ﬁfCSEbQEaniQJz@ngag' ng
machi nes. As a result of nperature wt e range [err] to
-320[err] F. 213> INRheP rﬂ'l"r 53’&1)"“% @PERiRg| ﬁ§ BFstﬂedéI?Bﬁ%‘fs of
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substantially 12:1.

The tray 28 and projections 44 are preferably
made of durable food grade plastic or stainless steel
and may be formed during original manufacture.
Alternatively, the projections 44 may be 1later
connected to the tray 28 at associated orifices 42.
Pipette tips may be used as the projections 44
integrated with the tray 28 in this instance. The
pipette tips of the plastic type may be purchased from
instrument distributors such as Cole-Parmer° Instrument
Company of Chicago, Illinois.

The principal advantages of the inventive
dropper assembly 10 are best recognized by comparison
with the prior art, an enlarged illustration of which
is presented in Figure 4. Using the prime identifier
as a superscript for components similar to those used
in the inventive assembly 10, prior art apparatus have
a tray 28’ in which orifices 42’ are formed in the
bottom surface 30'. Droplets 38’ are formed and
released directly from the orifices 42’ under the force
of gravity. There is no opportunity for regulated
accumulation of liquid composition 20/ and thus
spattering frequently occurs upon release of a droplet
38’ from the orifice 42’ of the tray 28’. Furthermore,
some droplets 38’ released from the orifices 42’ are so
unstable that they break apart into smaller droplets,
creating droplets of widely varying sizes and also
resulting in further spattering. The very small beads
distract from the unique and pleasing appearance of the

SPPgEL6 A of N Gartiidhar! "pr2adRed® BhBoASHORE: {fey fall to



the bottom of the chanber 12. An auger operates within a shaft 22 to carry

The beads 18 upward tTo a chute. 30 e aoger—i s preferably positioned

at an angle of approximately 45 with respect to the horizontal. The auger

i ncludes flights having, desirably, a dianmeter of substantially 1.5 inches
to 3.5 incﬁ@g 962887, ot ati ng such an auger at substantially 04256

revol utions per 35 mnute, it is possible to conplete the collection of
WD 96/ 29896 PCT/ US96/ 04256 11 the

beads 18 fromthe chanber 12. Liquid refrigerant is not withdrawn fromthe
freezing chanber 12 since sufficient space exists between the flights and
the walls of the shaft 22 to allow the I|qU|d nitrogen to 5 drai n back
into the chanber 12. Thi s space i s, RBwever, not |arge enough to allow

the passage of ?6%835¥; égagpFeg?hﬂg g@ut 2ﬁ6°££§3€iaqg 18 pass

through to a co C I'ng pan en delivers
t he beads 18 teleéRﬁﬁ?n @Hlﬁmmhearfd@bﬁﬁqgﬂﬁﬂy to storage containers.

(o al Low any T aaduar Pt“m%ﬂﬁ?“?‘é?‘zﬁﬁ?ﬁﬁ%fﬁé%yfﬁ??ﬁﬂ e The
k! S0 oY REDRYAL "ELMME i el Tarelchl 2
5 particles P that also fall into the freezing chamber
and form particles of frozen microbeads and/or dust
that accumulate at the bottom thereof. This creates
the need to shut the production process down to clean
out the freezing chamber 12. Furthermore, the frozen
10 microbeads represent waste, which obviously decreases
efficient operation and production.

Numerous benefits result from the use of the
inventive dropper assembly 10 and the method of feeding
liquid composition to a freezing chamber 12 using the

15 assenbly. In contrast to prior art designs, the
projections 44 of the present invention promote the
regulated discharge of the liquid composition 20 from
the tray 28 and the formation of uniformly sized
droplets 38 of 1liquid composition 20 that, when

20 delivered to the freezing chamber 12, form uniformly
sized beads 18 of frozen product. The use of the novel
dropper assembly 10 eliminates the need for any
filtering requirement, and power to operate filtering
components. In addition, the projections 44 prevent

25 the spattering of minute particles of 1liquid
composition 20 and thus prevents the formation of
frozen microbeads and/or dust that have previously
accumulated at the bottom of the freezing chamber 12.

The foregoing description of a preferred

30 embodiment of the invention has been presented for
purposes of illustration and description. It is not
intended to be exhaustive or to limit the invention to
the precise form disclosed. Obvious modifications or
variations are possible in 1light of the above

35 teachings. The embodiment was chosen and described to



15 - container is then sealed and placed in a freezer in preparation for
—tater use and consunptton—iIn order to—prevent the beads— 18 from
sticking together during storage, and thereby maintain their free-fl ow ng
character, they nust be maintained 20 at arelatively | ow erature.
More spec™Q@P®9% if the beads 18 are to be stored for d?@ﬁ?@ﬂ“gﬁan a
period of approximtely 30 hours, they should be stored in the freezer at a
tenperature of at |east as | ow as -20[err] F. More preferably, the beads 18
are stored at a 25 tenperature of between -30[err] and -40[err] F.
Alternatively, if the beads 18 are to be consunmed wi thin a 30-hour period
(or shorter period of 10-12 hours for certain conpositions), they are to be
stored in a freezer at a tenperature o}® -20[err] F. or 30 above. More

Proteraly. (B DERSll SOkt By b5 0E G0 2 BELUSEE SPOBLAT 1
\War mer t enper aanMyanés uitts i pragvicebdappdicatiennda ogbeneby and t he

product | osi ngnhbfe Wil & foE&@.nEi:-QV\hﬁﬂlﬁf’m the Mathbeutitigbebie
dimnishing its con

PCT/ USO6/ 04256nYentipn mer on ?P’G’emb? oﬁ%ﬁ"d&%&ﬁﬁl yARY fEEh ; yariQus

5 modifzcatzons as is suited to the particular use
contemplated. All such modifications and variations
are within the scope of the invention as determined by
the appended claims when interpreted in accordance with
breadth to which they are fairly, legally and equitably

10 entitled.



t he- ef |Im§muuw”@|um of frozen beaded product for ultimate use. The
—dr oppe ferabl y—comprises—a—tray 28 having a bottomwat| 30

and sid wal I's 32a, 32b, 32c, 32d. The side walls 32a, 32b, 32c, 32d

form an enclosure for receiving the l'iquid conposition 20 from a source 34.

Typi cal | y WR%RI drives the |iquid conposition through aPCEPIN®#6 be 36
into the tray 28. The I|qU|jqupgg§EFH pHeyi s fed 10 to the freezing
chanber 12 as is nore fullyjdisc Iow1 Figure 1 illustrates two
substantially simlar droppé osi ti oned above the freezing
chanber 12. These dropper assenblies 10 are 15 shown as having a
rectangul ar configuration and extending conpletely across the top of the
freezing chanber 12 along its m nor di nkhsi on. It will be understood by
t hose skilleduég%%ﬂg art that an assenbly 10 having a very large tray 28
may be constr o 20 cover the entirety of the freezing chanber 12

or, alternatively, snmalller thaydreappebe aasembdyt ufdQ) arfdxpl ieedmgde by
side as shown 1I%|H&Ué6méosiﬁ1du§ (26P IRz e fx!‘@éziﬂr'g Oéﬂﬁbé@ ¢ig

uni formy S|zed ds 18 of frozen product, unifo S|zed droplets
38 of liquid c® Y 20 are required to be fed to the freezi ng chanber
12. The tray 28 S deS| gned Wit rayxed 62&nenfer 40rebeivingm digpldts 38 of

the desigsed chasmsé®ition (20) from a delivery source (34); and
a plurality of feed elements (40)
associated with said tray (28) for regulated discharge
of said liquid composition (20) from said tray (28) and
for feeding said 1liquid composition (20) to saiad
10 freezing chamber (12) in uniformly sized droplets (38),
whereby uniformly sized beads (18) of
frozen product are formed in said freezing chamber
(12).

2. The dropper assembly (10) as in Claim 1,
wherein said feed elements (40) each comprise a
projection (44) associated with said tray (28).

3. The dropper assembly (10) as in Claim 2,
wherein said projection (44) is downwardly disposed in
relation to said tray (28).

4. The dropper assembly (10) as in Claim 2,
wherein said tray (28) comprises a plurality of
orifices (42) formed in a bottom wall (30), each
orifice (42) associated with a corresponding projection

5 (44).

5. The dropper assembly {10} as in Claim 4,
wherein said projection (44) has a first end (46)
associated with said corresponding orifice (42) and a
second end (50) spaced from said first end (46).

6. The dropper assembly (10) as in Claim 5,
wherein said projection (44) has an inlet opening (48)
associated with said first end (46) and an outlet
opening (52) associated with said second end (50).

This Sheet Has Been R laced
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As best m iu ’ ﬂ’ mr;rred enbodi ment of 30 Figure 2, the bottom
formed W th a pluratrty of orlflces 42.

Preferably, the orifices 42 are in an ordered array of rows and col ums.

It is thus erceived that the |liquid conposition 20 fl i nt and
t hr ough the‘ﬂ?gvpgﬁ% 42 35 | PTERESAEFERRS WEERf] the fre ﬁ%”@ﬁﬁﬁ%
during the WO 96/ 29896

PCT/ US96/ 04256

13 production protess Bﬁ?Lécg%y asy

ct of the invention,

t he

dropper assenbly 10 is fornmed with projections 44 that are associated with

the tray 28 (se
enbodi nent of t
cooperating wt
the tray 28. Th
bottomwal |l 30

e Figure 3). More 5 particularly, the preferred
he invention is designed %%th a separate projection 44
2 formed in the bottom wal |

o Pl 1 20 T S BRAL mgparY ABpTUR R Ay e

h each individual orifice

30 of

Each

proj ection 44 t WBSTRAB, sa?d|9§°ﬂPP§%°%n&4ﬁB has Pnﬁé?woﬁéﬂpﬁ51485ﬂhat isin
communi cati on Weldtehl&ngSsp6h aé£14 oinlet copehidiad, (43 itos sadaodreed 50, an

out | et opening
each projection

10

5 A fI hannel 54 extends the entire length 15
3snirg,¥s

“inlet opening 48 to the
8. The dropper assembly (10) as in Claim 7,

wherein the dimension of said inlet opening (48) is
greater than the dimension of said outlet opening (52).

9. The dropper assembly (10) as in Claim 8,
wherein the ratio of the dimension of the inlet (48) to
the dimension of the outlet opening (52) is in the
range of substantially 2:1 to substantially 20:1.

10. The dropper assembly (10) as in Clainm 8,
wherein the ratio of the dimension of the inlet opening
{(48) to the dimension of the outlet opening (52) is
substantially 12:1.

12. The dropper assembly (10) as in Claim 8,
wherein the dimension of said outlet opening (52) is
substantially 0.03125 inches.

12. A method of feeding liquid composition
{20) to a freezing chamber (12) to form uniformly sized
beads (18) of frozen product, comprising the steps of:

providiﬁg a dropper assenmbly (10)
capable of delivering said liquid composition (20) in
uniformly sized droplets (38);

placing said dropper assenmbly (10) above
said freezing chamber (12);

delivering said liquid composition (20)
from a source (34) to said dropper assembly (10)}; and

delivering said liguid composition (20)
from said dropper assembly (10) to said freezing
chamber (12) with regulated discharge and in uniformly
sized droplets (38).

This Sheet Has Been Rep,
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outl et ope ections 44 preferably taper to becone narrower
towa-r-d—r-tsﬂm M It f I'ntet- openi ng 48 fas—a
| ar ger dlnen5|on exout | et opening 52. The narrow ng of 20 t he

fl ow channel 54 pronntes regul at ed d%ﬁéSMELInn af .the |iquid conposition
20 and thus pronotes regul ated disc ET &S BRAN H conposition fromthe
tray 28. Théf') QB8 further allows a dr opRERLABBDt 0 be| f or meBCTVSO&RZSS der | y
fashion until the net gravity force overcores—t he i nterfacial
tension forces on the droplet 38 and it falls toward the freezi ng chanber
12. The flow rate of the liquid conpositgf 20 through the flow channel 54
Is a factor in the orderly formation of plets 38 at the second end 50 of

t he 30 projection 44. The | o f er

t hi ngs, the di nmensions of ie F% %‘Y{"%é éhé %édg'%% ﬁ'g {;FQ?YQQ%%J;Q 52.

It has been det cR¥OPREX tassemhiY ofif)y m%;ﬂ é%@}BB(ZEBr rhwc.hr%

rel eased from t herpr£l RG ioeN£éda Wiindt®s '(abh OroF ﬁé&idigrreasa i85
o3

PCT/ USo6/ 04256 1SoMRRRAEAH <(iD: et 18188 Crat, " 30 297 yFORRENG (pe
partlcularSprefesahﬁ e%ﬁﬂnﬁdnﬂﬂbmﬂbsﬁmeonnvéﬁﬂbon;n uniformly sized
droplets (38).

14. The method as in Claim 13, wherein said
feed elements (40) each comprise a projection (44)
associated with said tray (28).

15. The method as in Claim 14, wherein said
projection (44) is downwardly disposed in relation to
said tray (28}.

16. The method as in Claim 14, wherein said
tray (28) comprises a plurality of orifices (42) formed
in a bottom wall (30), each orifice (42) associated
with a corresponding projection (44).

17. The method as in Claim 16, wherein said
projection (44) has a first end (46) associated with
said corresponding orifice (42) and a second end (50)
spaced from said first end (46).

18. The method as in Claim 17, wherein said
projection (44) has an inlet opening (48) associated
with said first end (46) and an outlet opening (52)
associated with said second end (50}.

18. The method as in Claim 18, wherein said

projection (44) has a flow channel {54) extending from
said inlet opening (48) to said outlet opening (52).

20. The method as in Claim 19, wherein the
dimension of said inlet opening (48) is greater than
the dimension of said outlet aopening (52).

21. The method as in Claim 20, wherein the
ratio of the dimension of the inlet opening (48) to the
dimension of the outlet opening (52) is in the range of
substantially 2:1 to substantially 20:1.
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t he—i-nl et mﬁwm"mm, di aneter of substantially 0.375 inches and the
outl et ope ¢ onl Lﬂumeter 5 T Tof sutstantially 0.03125-i nches.
Thus, the dinension " atio*of the parti cu,lﬁ T rSe' hodi nent i s
substantially 12:1. The tray 28 and prqj %ggé%[ ag%é‘\{)'ef erably made of
dur abl e fooowgwsasme! astic or stainl esd steel’~T D and may be forned
during original manufacture. Alternatively, the projecti oRCI/USP6R256 be

| ater connected to the tray 28 at associated orifices 42. Pipette tips my
be used as the projections 44 integrated4®th the tray 28 in this instance.

The 15 ipette ti faot h ' b hased f
i nstrurent di St i futors gﬁéﬁ T fetiad 82| LYo lRiR 2 Gumemensim b of
Chi cago, I11inoi’s. Hhe p Pﬁc‘?ﬁ%ﬁnsdmmfagbe bildthepeniagt (¥€) HPRRL

assenbly 10 ar e H@snsiovogfi the butlefPapd 2 . the priQr art, an
enl arged il 1 ustr@atizQqn of which is pr esen{’%l?iﬁili]grl E??ur’égm .u%%‘?ﬂbtp’ﬂ:}éypri me
identifier as a superscrigt for conponents simlar to those used in the

i nventive assengliy 10, pr#dr afke dpefkhod s hiavclnmin 20,28 heire iy iRl
orifices 42' ar dilmensidni of téeid® outleth u e; 30, . Droplets 38
are formed and lbeloggggdiggﬁg%tly from t%ie?hgrg%‘ﬁi Eée%:ﬁz SHbstantieliy; ce of
gravity. There is no opportunity for regul ated accunul ation of liquid
conposition 20" and thus spattering frequently occurs upon rel ease of a

dr opl et
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30 - 38 fromthe orifice 42' of the tray 28 Furt hernore, sone

dropl ets—38——rel eased—from t he UfoTt%S“ﬁ?*'aTe~so unstabt e that theybreak
apart into snaller droplets, creating droplets of wdely varying sizes and
al so resulhY further spattering. The very snmall beads 35 distract
fromthe u % d pl easing appearanﬁ ~0f . the WO 96/ 2JEJES96M04

PCT/ US96/ 04256 15 desirably sized bead€4nd thus it is necessary to
elinminate themfromthe final product. Furthernore, the spattering created
during droplet release and/or break-up generates mnute 5 particles P
t hat al so fal to the freezing chamber and formparticles of frozen

m cr obeads a dust that accunulate at the bottomthereof. This creates
the need to § he production process down to clean out the freezing
chamber 12. Huld re, the frgzen 10 m cr obeads represent waste,

whi- ch obviousléé lecr eases efficrent operation and production. Nunerous

benefits resul romthe use of fthe inventive dropper assenbly 10 and the
dinp liquid conposjtion to a freezing chanber 12 using the 15
ontrast to pri art designs, the projections 44 of the

pronote the ©
f§>
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v
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nmet hod of feq
assenbl y. In
present inventid
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regul ated di scharge of the liquid composition 20 fromthe tray 28 and the

forpati-op—ef—tftternty-stzed droptets—38~of—tTquid conmpositi on 20 That,
when 20 delivered to the freezing chanmber 12, formuniformy sized

beads 18 of frozen product. The use of the novel dropper

el i m nat es WR2M¥y for any filtering requirement, and pom%gat e
filtering conponents. In addition, the projections 44 prevent 25 t he
spattering of mnute particles of /3 i gui d conposition 20 and thus
prevents the formation of frozen m crobe and/ or gpgt that have
previously accunul ated at the bottom of the freezirmg chanber 12. 1®he
foregoing descr@2@ion of a preferred 30 enbqdi nent of the invention has

been presented fpr purposegaiopgetratian—and_daserimizon. It fs not
intended to be exaustive ;@88888%%%3@8 e form
di scl osed. Cbvi ouS rf c%oeg.éee@eei DTS 91x3 | l'i ght of
t he above 35 te W%% D@1 %ﬁ escribed to
104 LOA944C8 42,
WD 96/ 29896 SZaW 9000000009099 90000d 6/ 04256 16
provide the best illustrat}fg 9838882828 B3Ikention and its
practical application to t/[f ogio $kill in the art to
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i nvention in v : —gnd with var |Hﬂﬂ "l““"fr'“ﬂﬂ "Eat ions as is
suitéd to the paﬂEFéﬁpﬁMhm‘éim npl ated. All ns and

vari ations are [\t hing tsh C the invention as det &rnfned by the
appended cl ai \‘ﬁﬁ@nnlr JIQAB n acddrdance with breadth t g@ﬁébt%é
are fairChims egar Ty and cqul{—‘aﬁhy— 10 entitl ed. 17 d a| ET
dropper assenbly (10) for feeding liquid conposition (20) to a freezing

chanmber (12), A(diﬁﬂidrsdsﬁwlbcliﬁ(m)%r (eAin, d ¥omgositidn €3051t6% HB@MEEhdnit} and

di sposed to receive liquid conmposition (20) froma delivery source (34),

said tr 28 Nng a bottomwall (30) with a plurality of orifices (42)

throughamvm?ch Pﬁﬁ}{$ecei ved liquid conposition is directed; and a plurality
[ d tr

of uniformy tapere enmen 40) as oCi
di sposed for raegfﬂ ?%gc} V?‘rim t&ﬁ’é‘ Jambe

i.th s

i sler Gla g

tray (28) and for_ feeding sald |IC]UId co.05|t|on (20) by grawt only to
sai d fr e@npegitioniHdrom pelivery sawmce (Fhysaid ey (2f)heviag & botwm walh (i0)orithsai d
plurality of feed elenents (40) being I igned in fluid. conmuni cation with
one of sHumliylofioalfices(48) thooughi wiich thé2pceived digiid doatpositiviid direc2d) amf  sai d

tray (28), whereby unitornmy sized droplets (18) of liquid conposition are

del db
d(rao:o\;;g;eassgn%fg (1%? éﬂxrﬁﬁkﬂlﬁﬁ@é&féeﬁ%lerﬁeﬁ%%bﬁgsssm Sfith{ shid tray? %28} a;{@e

wherein sald feed el enents

conpri sey §hoREd kS GhbRted Hioon@gE AF sk Eiﬂuiﬁ' ct,or?npso% tn'G8Y b daid tray (28) and for

. feeding said liquid composition (20) by gravity only to said freezing chamber (12) in uniformly

sized droplets (38), each of said plurality of feed elements (40) being aligned in_fluid

communication with one of said plurality of orifices (42) in said bottom wall (20) of said tray

(28),

whereby uniformly sizedAdroglets (18) o?\liquid composition are delivered by gravity

o said underlying freezing chamber (12).

2.  The dropper assembly (10) as in Claim 1, wherein said feed elements (40) each

comprise a projection (44) associated with said tray (28).

3. The dropper assembly (10) as in claim 2, wherein each saidAoriﬁoe (42) is

associated with a corresponding projection (44).

4. The dropper assembly‘as in Claim@, wherein saidiproj ection (44) has a first end

(46) associated with said corresponding orifice (42) and a second end (50) spaced from said

first end (46).
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3. The dropper__assenbly (10) as in claim immlmﬁ:muﬁmmmal d orifice
((42) i s associ at ‘Edﬂﬁ\b%&baﬂéﬁf éﬁ@gpn i ng proj The dropper
assenbly as in Ciaim 3, eérei'n saifg projectidn (44) has *a ffirst end (46)
associ ated wth gaj rlfisce (42) and a second end (50)
spaced fromsaid 18 AMBMIDNERBDSSHEST 5.
The dropper assenbly (10) as in claim4, wherei N sal d projection (44) has

an inlet openi ssoci at e said first
openi ng (52) a soc@%éﬁ%ef ﬁssgglsgvﬁgtﬁﬁl A ?585‘ rellg %“ng cﬁﬁ’? E‘Z’)‘ﬁ%@ﬁfm
f eedi ng |I%UId conp05|t|on ). to a freezing chanber cont ai ni ng

et apgning (A8} asspeinted ywith said) tips £ad ((‘@Bi“doﬁn puﬁgte?pesmgdéa associated
conprising the steps of : providing a dropper assenbly (10) haV|ng a
pl ur al i t withfsaidgeéardrdngd (6 red feed elenents (40) configured to discharge
said |iqui coggosition (20) in uniformy sized droplets (38); placing said
dropper assepbly (10) directly above said freezing chanber (12); delivering
said liquid®&onposition (20) froma source (34) to said dropper assenbly

(10), where sajd liyg 0 | sai ralyty of fead
el enents (40); k'del | vﬁeﬁ}\o&ogg?%édlﬁdgqﬂq%a (%nﬁ g%{l‘%g g@i 38)@rf%8811§£gj g%%‘B%
assenbly (10), by gravity only tq_sa d fr e2|n w th regul ated
di schar gE€OHAEInS? 1 3"6‘1"%1?/ Qrpn, undf & ggggt()) éré’éfl?tnﬁo@&‘i‘ﬂlgt he
uniformy sized droplets (38) with sald refrlgerant for freezing said
dropl et sstep89f:i nto uniformy sized frozen beads (18) of product.

providing a dropper assembly (10) having a plurality of uniformly tapered feed
elements (40) configured to discharge said liquid composition (20) in uniformly sized droplets
(38);

placing said dropper assembly (10) directly above said freezing chamber (12);

delivering said liquid composition (20) from a source (34) to said dropper assembly
(10), where said liquid composition is directed into said plurality of feed elements (40);

delivering said liquid composition (20) from said dropper assembly (10) by gravity
only to said freezing chamber (12) with regulated discharge and in uniformly sized droplets
(38); and

contacting said uniformly sized droplets (38) with said refrigerant for freezing said

droplets (38) into uniformly sized frozen beads (18) of product.

7. Thefmethod as in Claim 6, wherein saiq dropper assembly comprises a tray (28)

having a plurality of feed elements (40) for regulated discharge of said liquid

composition from said tray (28) and for feeding said liquid composition (20) in uniformly sized

drops (38).
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7. The method as in Caim6, wherein said Hmmmluﬂmsmumconprl ses a '
tray: (28) having p=—pkurality—af—feed el ement ted discharge
of said liquid c rthHMENF(BCHMI ] tray (28] ahd'for féedtng said Iiquid

conposition (20) {n unif M drgps (38). 8. The nethod as_in
Caim7, wherein &®ath: fleg ..... d % each conprise a pr oAMENDRD( SHEET
associated wth The nethod as in claimS§, V\/nerel n said
cech broh ca B TfBAt ﬁyc%m°zgﬂhg%péﬁaﬂaﬁ ELGIE N OR
met hod as . i n Clg m9 . f ai d projection (44) has a first end (46)
associ alEUCNCRATYASH : ] - #-fi ce (42) and a second end (50)
spaced from said fi rst end. V\D 96/ 29896 20 22. The nmethod as in Caim

20, wherein the ratio of the dinension of the inlet opening (48) to the

di mension of the outlet opening (52) is substantially 12:1. 23. The net hod
as in Cai m20, wrhgahethodas dn robimmi sgnwhére'ﬁlikaiki Qtaly| @8) epepiiss 4 phirality of
substantially 0.031 i nches.

orifices formed in a bottom wall (30), each orifice (42) associated with a corresponding

projection (44).

A

10. _The method as in Claim 9, wherein said projection (44) has a first end (46)

associated with said corresponding orifice (42) and a second end (50) spaced from said first

end.

A
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(57} Abstract

A dropper assembly (10) for feeding liquid composition (20) 1o a freezing chamber {12) comprises a tray (28) having a plurality of
feed elements {40) that are designed 1o provide regulated discharge of the liquid composition {20) from the tray (28) and 10 feed the hiquid
composition {20} into the freezing chamber (12) in uniformly sized droplets (38). The feed clements {40) each compnise a projection 144)
that is downwandly disposed in relation to the tray (28). The tray (28) has a bottom wall (30} with = plurality of orifices 421, each onfice
142) associated with a comesponding projection {44). The projection (44 has an inlet opening (48) associsled with the cotresponding onihce
(421 m the tray (283 and an outlet opening (32) where droplets (3R) are formed and released. The dimension of the nlet opemnng 14X) 1s
greaier than the dimenston of the outlel opening (S2). The narmowing taper of the fiow channel (%4) that extends from the inlet opering
143} to the outiet opeming (S2) promotes regulated accumulation of fiquid composition (201 10 factitate regulated discharge and formation
of uniformly mzed droplets (JXE An mventine method 1 alwo provided for feeding hyusd composttion {204 10 & freezing chamber 1121 10
form wiuformly sized beads (18 of frozen product The mentive method utilizes the nove! dropper assembly (10}




