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(67)  Amethod of making clearice includes circulating
a refrigerant through a refrigerant loop (238). A portion
of the refrigerant loop (238) is in contact with a mold body
(200). Thus, the refrigerant chills the mold body (200).
The method also includes spraying a first volume of liquid
water into a mold cavity (204,206) of the mold body (200).
As a result, a first volume of ice is formed in the mold
cavity (204,206). The method also includes spraying a
second volume of liquid water into the mold cavity
(204,206) after the first volume of ice has formed. Thus,
a portion of the first volume of ice is melted and a second
volume of ice is formed in mold cavity (204,206). The
clearice includes an unmelted portion of the first volume
of ice and the second volume of ice.
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Description
FIELD OF THE INVENTION

[0001] The present subject matter relates generally to
ice making systems and methods, and more particularly,
to systems and methods for making large clear ice.

BACKGROUND OF THE INVENTION

[0002] Certain refrigerator appliances include an ice-
maker. To produce ice, liquid water is directed to the ice-
maker and frozen. A variety of methods exist for freezing
the water. In some systems a glycol refrigerant is used
to cool the chamber in which the icemaker resides and
a secondary refrigerant system is used to cool the glycol
refrigerant.

[0003] Such a dual refrigerant system has certain
drawbacks. For example, additional components are re-
quired for a second refrigerant system, raising overall
operating costs. Some systems turn off elements of the
refrigerant systems when there is no demand for ice to
allay such costs. However, doing so may lead to the com-
plication of glycol freezing in the refrigerant system, mak-
ing itunable to flow whenice is required. In addition, such
dual refrigerant systems have a high cooling capacity,
leading to fast formation of ice. In forming ice quickly,
impurities are trapped in the ice, leading it to have a
cloudy or opaque appearance which may be undesirable
to users who generally prefer clear ice.

[0004] Accordingly, an ice making assembly including
a secondary refrigerant that forms clear ice would also
be useful.

BRIEF DESCRIPTION OF THE INVENTION

[0005] Aspects and advantages of the invention will be
set forth in part in the following description, or may be
apparent from the description, or may be learned through
practice of the invention.

[0006] In one example embodiment, a method of mak-
ing clear ice is provided. The method includes circulating
a refrigerant through a refrigerant loop. A portion of the
refrigerant loop is in contact with a mold body. Thus, the
refrigerant chills the mold body. The method also in-
cludes spraying a first volume of liquid water into a mold
cavity of the mold body. As a result, a first volume of ice
is formed in the mold cavity. The method also includes
spraying a second volume of liquid water into the mold
cavity after the first volume of ice has formed. Thus, a
first portion of the first volume of ice is melted and a sec-
ond volume of ice is formed in mold cavity. The clear ice
includes a second, unmelted portion of the first volume
of ice and the second volume of ice.

[0007] Inanother example embodiment, anice making
assembly is provided. The ice making assembly includes
a refrigerant loop and a mold body having a mold cavity.
The mold body is in contact with and in conductive ther-
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mal communication with a portion of the refrigerant loop.
Thus, circulating refrigerant through the refrigerant loop
chills the mold body. The ice making assembly also in-
cludes a water pump coupled to a nozzle. The nozzle is
positioned proximate to and aligned with the mold cavity
such that the nozzle is configured to direct a spray of
liquid water into the mold cavity. The ice making assem-
bly further includes a controller. The controller is in op-
erative communication with the water pump. The control-
ler is configured to activate the water pump to spray a
first volume of liquid water into a mold cavity of the mold
body, such that a first volume of ice is formed in the mold
cavity. The controller is also configured to activate the
water pump to spray a second volume of liquid water into
the mold cavity after the first volume of ice has formed.
Thus, a first portion of the first volume of ice is melted
and a second volume of ice is formed in the mold cavity.
The clear ice includes a second, unmelted portion of the
first volume of ice and the second volume of ice.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] A full and enabling disclosure of the present in-
vention, including the best mode thereof, directed to one
of ordinary skill in the art, is set forth in the specification,
which makes reference to the appended figures.

FIG. 1 provides a perspective view of a refrigerator
appliance according to one or more exemplary em-
bodiments of the present subject matter.

FIG. 2 provides a schematic illustration of an exam-
ple sealed cooling system as may be incorporated
into a refrigerator appliance, such as the refrigerator
appliance of FIG. 1, in one or more embodiments of
the present subject matter.

FIG. 3 provides a perspective view of a door of the
exemplary refrigerator appliance of FIG. 1.

FIG. 4 provides a schematicillustration of an ice mak-
ing assembly according to one or more exemplary
embodiments of the present subject matter.

FIG. 5 provides a schematic illustration of portions
of the ice making assembly of FIG. 4.

FIG. 6 provides a flow chart of steps in an exemplary
method in accordance with one or more exemplary
embodiments of the present subject matter.

[0009] Repeat use of reference characters in the
present specification and drawings is intended to repre-
sent the same or analogous features or elements of the
present invention.

DETAILED DESCRIPTION

[0010] Reference now will be made in detail to embod-
iments of the invention, one or more examples of which
are illustrated in the drawings. Each example is provided
by way of explanation of the invention, not limitation of
the invention. In fact, it will be apparent to those skilled
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in the art that various modifications and variations can
be made in the present invention without departing from
the scope or spirit of the invention. For instance, features
illustrated or described as part of one embodiment can
be used with another embodiment to yield a still further
embodiment. Thus, it is intended that the presentinven-
tion covers such modifications and variations as come
within the scope of the appended claims and their equiv-
alents.

[0011] As used herein, the terms "first," "second," and
"third" may be used interchangeably to distinguish one
component from another and are not intended to signify
location or importance of the individual components. The
terms "includes" and "including" are intended to be inclu-
sive in a manner similar to the term "comprising." Simi-
larly, the term "or" is generally intended to be inclusive
(i.e., "A or B" is intended to mean "A or B or both"). In
addition, here and throughout the specification and
claims, range limitations may be combined and/or inter-
changed. Such ranges are identified and include all the
sub-ranges contained therein unless context orlanguage
indicates otherwise. For example, all ranges disclosed
herein are inclusive of the endpoints, and the endpoints
are independently combinable with each other. The sin-
gular forms "a," "an," and "the" include plural references
unless the context clearly dictates otherwise.

[0012] Approximating language, as used herein
throughout the specification and claims, may be applied
to modify any quantitative representation that could per-
missibly vary without resulting in a change in the basic
function to which it is related. Accordingly, a value mod-
ified by a term or terms, such as "generally," "about,"
"approximately," and "substantially," are not to be limited
to the precise value specified. In atleast some instances,
the approximating language may correspond to the pre-
cision of an instrument for measuring the value, or the
precision of the methods or machines for constructing or
manufacturing the components and/or systems. For ex-
ample, the approximating language may refer to being
within a 10 percent margin, i.e., including values within
ten percent greater or less than the stated value. In this
regard, for example, when used in the context of an angle
or direction, such terms include within ten degrees great-
er or less than the stated angle or direction, e.g., "gen-
erally vertical" includes forming an angle of up to ten de-
grees in any direction, e.g., clockwise or counterclock-
wise, with the vertical direction V.

[0013] FIG. 1 provides a perspective view of a refrig-
erator appliance 100 according to an exemplary embod-
iment of the present subject matter. Refrigerator appli-
ance 100 includes a cabinet or housing 120 that extends
between a top portion 101 and a bottom portion 102 along
a vertical direction V. Housing 120 defines chilled cham-
bers for receipt of food items for storage. In particular,
housing 120 defines a fresh food chamber 122 positioned
ator adjacenttop portion 101 of housing 120 and a freez-
er chamber 124 arranged at or adjacent bottom portion
102 of housing 120. As such, refrigerator appliance 100
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is generally referred to as a "bottom mount refrigerator.”
Itis recognized, however, that the benefits of the present
disclosure apply to other types and styles of refrigerator
appliances such as, e.g., a top mount refrigerator appli-
ance or a side-by-side style refrigerator appliance, as
well as stand-alone ice makers. Consequently, the de-
scription set forth herein is for illustrative purposes only
and is not intended to be limiting in any aspect to any
particular appliance or chilled chamber configuration.
[0014] Refrigerator doors 128 are rotatably hinged to
an edge of housing 120 for selectively accessing fresh
food chamber 122. In addition, a freezer door 130 is ar-
ranged below refrigerator doors 128 for selectively ac-
cessing freezer chamber 124. Freezer door 130 is cou-
pled to a freezer drawer (not shown) slidably mounted
within freezer chamber 124. Refrigerator doors 128 and
freezer door 130 are shown in a closed configuration in
FIG. 1.

[0015] Refrigerator appliance 100 also includes a dis-
pensing assembly 140 for dispensing liquid water and/or
ice. Dispensing assembly 140 includes a dispenser 142
positioned on or mounted to an exterior portion of refrig-
erator appliance 100, e.g., on one of doors 128. Dispens-
er 142 includes a discharging outlet 144 for accessing
ice and liquid water. An actuating mechanism 146, shown
as a paddle, is mounted below discharging outlet 144 for
operating dispenser 142. In alternative exemplary em-
bodiments, any suitable actuating mechanism may be
used to operate dispenser 142. For example, dispenser
142 can include a sensor (such as an ultrasonic sensor)
or a button rather than the paddle. A user interface panel
148 is provided for controlling the mode of operation. For
example, user interface panel 148 includes a plurality of
user inputs (not labeled), such as a water dispensing
button and an ice-dispensing button, for selecting a de-
sired mode of operation such as crushed or non-crushed
ice.

[0016] Discharging outlet 144 and actuating mecha-
nism 146 are an external part of dispenser 142 and are
mounted in a dispenser recess 150. Dispenser recess
150 is positioned at a predetermined elevation conven-
ient for a user to access ice or water and enabling the
user to access ice without the need to bend-over and
without the need to open doors 128. In the exemplary
embodiment, dispenser recess 150 is positioned ata lev-
el that approximates the chest level of a user.

[0017] FIG. 2 provides a schematic view of the refrig-
erator appliance 100, in particular the sealed cooling sys-
tem 60 thereof. As will be described in more detail below,
the sealed cooling system 60 may also be a primary cool-
ing loop in at least some embodiments. As illustrated in
FIG. 2, refrigerator appliance 100 includes a machinery
compartment 62 that at least partially contains compo-
nents for executing a known vapor compression cycle
for cooling air. The components include a compressor
64, a heat exchanger or condenser 66, an expansion
device 68, and an evaporator 70 connected in series and
charged with a refrigerant. Evaporator 70 is also a type
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of heat exchanger which transfers heat from air passing
over the evaporator to a refrigerant flowing through evap-
orator 70 thereby causing the refrigerant to vaporize. As
such, cooled air C is produced and configured to refrig-
erate chambers 122 and 124 of refrigerator appliance
100. The cooled air C may be directed to the food storage
chambers 122 and 124 by a fan 74.

[0018] Fromevaporator 70, vaporized refrigerant flows
to compressor 64, which operates to increase the pres-
sure of the refrigerant. This compression of the refriger-
ant raises its temperature, which is lowered by passing
the gaseous refrigerant through condenser 66 where
heat exchange with ambient air takes place so as to cool
the refrigerant. A fan 72 is used to pull air across con-
denser 66, as illustrated by arrows A, so as to provide
forced convection for a more rapid and efficient heat ex-
change between the refrigerant and the ambient air.
[0019] Expansion device 68 further reduces the pres-
sure of refrigerant leaving condenser 66 before being fed
as a liquid to evaporator 70. Collectively, the vapor com-
pression cycle components in a refrigeration circuit, as-
sociated fans, and associated compartments are some-
times referred to as a sealed refrigeration system oper-
able to force cold air through refrigeration chambers 122
and 124. The refrigeration system 60 depicted in FIG. 2
is provided by way of example only. It is within the scope
of the present invention for other configurations of the
refrigeration system to be used as well. For example, fan
74 may be repositioned so as to push air across evapo-
rator 70, dual evaporators may be used with one or more
fans, and numerous other configurations may be applied
as well.

[0020] FIG. 3 provides a perspective view of a door of
refrigerator doors 128. Refrigerator appliance 100 in-
cludes a sub-compartment 162 defined on refrigerator
door 128. Sub-compartment 162 is often referred to as
an "icebox." Sub-compartment 162 is positioned on re-
frigerator door 128 at or adjacent fresh food chamber
122. Thus, sub-compartment 162 may extend into fresh
food chamber 122 when refrigerator door 128 is in the
closed position. Access door 166 is hinged to refrigerator
door 128. Access door 166 permits selective access to
sub-compartment 162. Any manner of suitable latch 168
is configured with sub-compartment 162 to maintain ac-
cess door 166 in a closed position. As an example, latch
168 may be actuated by a consumer in order to open
access door 166 for providing access into sub-compart-
ment 162. Access door 166 can also assist with insulating
sub-compartment 162.

[0021] AsmaybeseeninFIG. 4, refrigerator appliance
100 includes an ice making assembly 160, e.g., posi-
tioned or disposed at least partially within sub-compart-
ment 162 (for example, the refrigerant loop described
below may extend outside of the sub-compartment 162).
It will be understood that while described in the context
of refrigerator appliance 100, ice making assembly 160
can be used in any suitable refrigerator appliance or in
a stand-alone icemaker. Thus, e.g., in alternative exem-
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plary embodiments, ice making assembly 160 may be
positioned at and mounted to other portions of housing
120, such as within various ice holding chambers includ-
ing freezer chamber 124 or sub-compartment 162 may
be fixed to a wall of housing 120 within fresh food cham-
ber 122 rather than on refrigerator door 128.

[0022] As illustrated in FIG. 4, ice making assembly
160 employs a direct cooling system. A refrigerant may
be circulated through a sealed refrigerant loop 238 (com-
prising lines 214, 218, and 222), as further described
below. Thus, the sealed refrigerant loop 238 may be a
secondary cooling loop, where the sealed cooling system
60 defines a primary cooling loop, as mentioned above.
A portion 216 of the refrigerant loop 238 may be connect-
ed to or be situated in close proximity to a mold body 200
of ice making assembly 160, thereby effecting a direct
(conductive) transfer of heat from mold body 200 to the
refrigerant in the sealed refrigerant loop, e.g., thereby
chilling the mold body 200 such that liquid water therein
freezes to form ice.

[0023] The exemplary ice making assembly 160 illus-
trated in FIG. 4 generally includes a mold body 200 with
one or more mold cavities defined therein, such as a first
mold cavity 204 and a second mold cavity 206 as illus-
trated. Mold body 200 isillustrated in adashed line outline
in FIG. 4 in order to more clearly depict the shape of the
mold cavities 204 and 206 therein. In some embodi-
ments, for example as illustrated in FIG. 4, the mold cav-
ities (and thus the ice pieces formed therein) may be
gem-shaped, e.g., the mold cavities 204 and 206 may
each define a multi-faceted non-Platonic solid shape.
[0024] As mentioned, the mold body 200 may be di-
rectly, e.g., conductively, cooled by the refrigerant loop
238. Thus, for example, the mold body 200 may be in
contact with the refrigerant loop 238, such as with a por-
tion 216 of the refrigerant loop 238, e.g., a portion of a
connecting line 214 thereof which is downstream of a
heat exchanger 224 and upstream of a refrigerant pump
220. In some embodiments, the mold body 200 may be
in direct contact with the portion 216 of the refrigerant
loop 238 without any intervening space or structures ther-
ebetween. In other embodiments, e.g., as illustrated in
FIG. 4, a plate 202 may be provided which interposes
the mold body 200 and the portion 216, and which is in
direct contact with the mold body 200 on one side of the
plate 202 and in direct contact with the portion 216 on
the other, opposing, side of the plate 202. The plate 202,
when provided, may promote more even distribution of
thermal transfer between the portion 216 and the mold
body 200, e.g., reducing or avoiding "cold spots" or pro-
nounced temperature gradients across the top surface
of the mold body 200.

[0025] The sealed refrigerant loop 238 may include a
refrigerant pump 220 that is operable to urge the refrig-
erant therethrough. For example, activating the refriger-
ant pump 220 may cause the refrigerant to circulate
through the sealed refrigerant loop 238, such as at a flow
rate proportional to the operating speed of the refrigerant
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pump 220. The refrigerant pump 220 may supply the re-
frigerant to a pressure line 222, which is connected to,
e.g., coupled directly to, a first inlet 226 of a heat ex-
changer 224. The refrigerant in the sealed refrigerant
loop 238 may travel through the heat exchanger 224 from
the firstinlet 226 to a first outlet 228. The heat exchanger
224 may also be coupled to the sealed system 60 (see
also, FIG. 2), such as coupled to the sealed system 60
at a second inlet 230 into the heat exchanger 224 and at
a second outlet 232 out of the heat exchanger 224. Thus,
the refrigerant from the sealed system 60 (primary cool-
ing loop) may flow through the heat exchanger 224 from
the second inlet 230 to the second outlet 232 and, in so
doing, the refrigerant from the sealed system 60 (primary
cooling loop) may exchange thermal energy with, e.g.,
receive thermal energy from, the refrigerant in the sealed
refrigerant loop 238 (secondary cooling loop), thereby
reducing the temperature of the refrigerant in the sealed
refrigerant loop 238. Also as shown in FIG. 4, the refrig-
erantfromthe sealed system 60 enters the heat exchang-
er 224 at the second inlet 230 in a direction as indicated
by arrow 234 and flows out of the heat exchanger 224 at
the second outlet 232 in a direction as indicated by arrow
236.

[0026] A connecting line 214 extends from the heat
exchanger 224 to the mold body 200, where a portion
216 of the refrigerant loop 238 may be connected to the
mold body 200 as described above. Thus, the refrigerant,
having been cooled in the heat exchanger 224 as de-
scribed above, draws heat from the mold body 200, e.g.,
chills the mold body 200 such that liquid water in the mold
cavities 204 and 206 of the mold body 200 may form ice.
[0027] From the mold body 200, e.g., downstream of
the portion 216 in contact with the mold body 200, the
refrigerant in the sealed refrigerant loop 238 returns to
the refrigerant pump 220 via a suction line 218.

[0028] Liquid water may be provided to the mold body
200 for generating ice therein via a water pump 212. For
example, the water pump 212 may be coupled to one or
more nozzles, such as one nozzle for each mold cavity
204 and 206 (and each mold cavity 204 and 206 being
supplied by a single nozzle), e.g., as illustrated in FIG.
4, where the water pump 212 is coupled to a first nozzle
208 and a second nozzle 210. Further, in some embod-
iments, the water pump 212 may be a variable speed
pump, and successive sprays of water into the mold body
200 may be provided at different speeds and/or different
volumes of water may be provided in each spray. As il-
lustrated, each nozzle 208 and 210 is positioned proxi-
mate to and below the corresponding mold cavity 204
and 206. Each nozzle 208 and 210 may further be aligned
with, such as generally concentric with, the correspond-
ing mold cavity 204 or 206, and may be proximate to the
corresponding mold cavity 204 and 206 in that the nozzle
208 or 210 is close enough to the corresponding mold
cavity 204 or 206 that the diameter of the spray or jet of
liquid water emanating from the nozzle 208 or210 is less
than or equal to the diameter of the corresponding cavity

10

15

20

25

30

35

40

45

50

55

204 or 206 when the spray reaches the outermost (e.g.,
bottom) portion or side of the cavity 204 or 206 which is
closest to the corresponding nozzle 208 or 210, e.g., the
outermost portion of the first cavity 204 may be the open
bottom end 240 (FIG. 5) and the outermost portion of the
second cavity 206 may be the open bottom end 244 (FIG.
5).

[0029] While the features of ice making assembly 160
described above contribute to the formation of ice in mold
body 200 generally, the production of clear ice in partic-
ular is promoted by slowing the formation of the ice in
the mold body 200. For example, reducing and controlling
the cooling capacity of the ice making assembly 160 may
slow the rate of ice formation and thus remove impurities
from the ice. Certain elements described above may be
controlled for this purpose. For example, compressor 64
may be a variable speed compressor. During operation
of ice making assembly 160, power to variable speed
compressor 64 may be varied, e.g., increased or re-
duced, such as by operating the compressor 64 at a first
speed followed by operating the compressor 64 at a sec-
ond speed that is different from, e.g., less than, the first
speed. For example, when the power to the variable
speed compressor 64 of the primary cooling loop is re-
duced, such reduction results in reduced heat transfer in
the heat exchanger 224 between the sealed system 60
(primary coolingloop) and the sealed refrigerantloop 238
(secondary cooling loop). By controlling the level of pow-
er provided to variable speed compressor 64, this rate
of heat transfer may be controlled, thus providing the
refrigerant through portion 216 at a temperature that is
below freezing butwarmer than conventional ice makers.
For example, the refrigerant may circulate through con-
necting line 214, and portion 216 of line 214 in particular,
at a temperature between about 10° F and about 30° F,
such as between about 15° F and about 25° F, such as
about 20° F. A warmer refrigerant in the refrigerant loop
238 may reduce the amount of heat transfer from water
in mold body 200 and thus may slow the rate of ice for-
mation in mold body 200.

[0030] Similarly, refrigerant pump 220 of ice making
system 160 may be a variable speed pump. By reducing
power to variable speed refrigerant pump 220, the rate
of flow of the refrigerant through the sealed refrigerant
loop 238 may be reduced, while increasing the power to
the variable speed refrigerant pump 220 increases the
rate of flow of the refrigerant through the sealed refriger-
ant loop 238. An increase in the flow rate of refrigerant
through the sealed refrigerant loop 238 decreases the
contact time in the heat exchanger 224 between the re-
frigerant in the sealed refrigerant loop 238 (secondary
cooling loop) and the refrigerantin sealed system 60 (pri-
mary cooling loop), thus providing a warmer temperature
in the refrigerant in the sealed refrigerant loop 238, par-
ticularly in the portion 216 of the refrigerant loop 238 that
contacts the mold body 200, such as between about 10°
F and about 30° F, such as between about 15° F and
about 25° F, such as about 20° F, as noted above. When
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the refrigerant in the portion 216 of the sealed refrigerant
loop 238 is at such temperatures, it provides a rate of
heat transfer from water in mold body 200 and thus a
rate of ice formation in mold body 200 which is conducive
to clear ice formation, e.g., a slower rate of heat transfer
and of ice formation.

[0031] Insome embodiments, the gradual formation of
clear ice may also or instead be promoted by forming a
relatively small volume, e.g., less than the entire volume
ofthe cavity, ofice atatime. For example, the mold cavity,
e.g., cavity 204 (or cavities, e.g., 204 and 206, in embod-
iments with more than one cavity), may be filled with suc-
cessive sprays of liquid water from the corresponding
nozzle(s) 208 and/or 210. Thus, some embodiments of
the present disclosure may include spraying a first vol-
ume of liquid water into a mold cavity of the mold body
to form a first volume of ice in the mold cavity, followed
by spraying one or more subsequent volumes of liquid
water into the mold cavity, such as spraying a second
volume of liquid water into the mold cavity after the first
volume of ice has formed, spraying a third volume of liquid
water, etc. Spraying the subsequent volume of liquid wa-
ter may result in partial melting of the previously formed
volume of ice, such as spraying the second volume of
liquid water into the mold cavity after the first volume of
ice has formed may result in a portion of the first volume
ofice being melted, such as an outer (closest to the open-
ing 240 or 244 of the mold cavity204 or 206) surficial
portion of the first volume of ice being melted when it
contacts the sprayed liquid water. Subsequent sprays of
liquid water and partial (surficial) melting of the previously
formed ice may result in smoother ice when the mold
cavity is filled. For example, the initial (first) volume of
ice may have a rough texture due to the spray pattern,
whereas the successive partial melts and fusing with ad-
ditional volumes of ice formed from the subsequent
sprays of liquid water gradually smooths the finished sur-
face of the total ice volume after each spray. Thus, for
example, the second (and/or other subsequent) volume
of liquid water may melt a portion of the first (and/or other
previous) volume of ice and form a second volume of ice.
The remaining, unmelted, portion of the first volume of
ice combines with (e.g., bonds to along the outermost,
e.g., lower, boundary of the first volume of ice) the second
volume of ice to form the clear ice, and the clear ice may
further include additional layers formed from additional
subsequent sprays of liquid water by the same process,
e.g., a third spray of liquid water that partially melts the
second volume of ice and forms a third volume of ice
bonded to the second and first volumes of ice, etc. Thus,
the final product, e.g., the clear ice produced by the ice
making assembly 160, thereby includes the first volume
of ice, or at least the unmelted portion thereof, and the
second volume of ice (as well as additional volumes of
ice formed from additional subsequent spray of liquid wa-
ter, if any).

[0032] As may be seen in FIG. 5, the mold cavity or
each mold cavity extends along the vertical direction V
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from an open bottom end to an enclosed top end. For
example, the first mold cavity 204 extends vertically from
an open bottom end 240 to an enclosed top end 242, and
is enclosed within the mold body 200 on all sides between
the bottom end 240 and the top end 242. Similarly, the
second mold cavity 206 extends vertically from an open
bottom end 244 to an enclosed top end 246, and is en-
closed within the mold body 200 on all sides between the
bottom end 244 and the top end 246. Also as may be
seen in FIGS. 4 and 5, the nozzles 208 and 210 are po-
sitioned below the corresponding cavities 204 and 206,
such that the liquid water is sprayed generally upwards,
against the force of gravity, into the mold cavity or cavi-
ties. Thus, a portion of each spray of liquid water that
does not form the corresponding volume of ice (e.g., a
portion of the first volume of liquid water that does not
form part of the first volume of ice), as well as the melted
portion of any previously-formed volume of ice, drains
back out of the mold cavity or cavities by gravity.

[0033] As illustrated in FIGS. 4 and 5, the top, upper-
most portion of the mold body 200 is in closest contact
with the portion 216 of the refrigerant loop 238 relative
to the remainder of the mold body 200. Thus, the upper
portion of the mold body 200 will be coldest, e.g., colder
than lower portion of the mold body 200. For example,
the top surfaces 242 and 246 of the mold cavities 204
and 206, being positioned closest to the portion 216, will
be the coldest portion of the mold cavities 204 and 205.
Therefore, the first spray of liquid water into the mold
cavity or each mold cavity 204 and/or 206 may experi-
ence the coldest temperature, e.g., lower temperature
than subsequently sprayed volumes of liquid water. Ac-
cordingly, the operating speed or speeds of the compres-
sor 64 in the primary cooling loop and of the refrigerant
pump 220 in the secondary cooling loop affect mold body
temperature and cooling capacity. Thus, the speeds of
the compressor 64 and/or the refrigerant pump 220 may
be optimized for making clear ice. In some embodiments,
in order to promote slower rate of freezing and thus clear
ice formation, the temperature of the refrigerant in the
refrigerant loop 238 may be adjusted corresponding to
the sequence of liquid water volume spraying. For exam-
ple, the refrigerant may be circulated through the refrig-
erant loop 238 at a first subfreezing temperature while
spraying the first volume of liquid water and the refriger-
ant may then be circulated through the refrigerant loop
at a second subfreezing temperature less than the first
subfreezing temperature while spraying the second vol-
ume of liquid water. The first subfreezing temperature
may be, for example, between about 20° F and about
30° F, such as about 25° F, while the second subfreezing
temperature may be, for example, between about 15° F
and about 25° F, such as about 20° F. The temperature
of the refrigerant in the refrigerant loop may be controlled
by any one or more of the techniques described above,
e.g., by controlling the speed of the refrigerant pump 220
of the secondary cooling loop and/or the compressor 64
of the primary cooling loop.
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[0034] Turning now to FIG. 6, embodiments of the
present disclosure also include methods of making clear
ice, such as the exemplary method 400 of making clear
ice illustrated in FIG. 6. Such methods may be used with
ice making assemblies such as the ice making assembly
160 illustrated, e.g., in FIGS. 4 and 5, and described
above, however, methods of making clear ice according
to various embodiments of the present disclosure are not
necessarily limited to the specific ice making assembly
shown and described. For illustrative purposes, refer-
ence numbers used herein in the context of icemaking
assembly 160 will also be used to describe example
method embodiments.

[0035] As illustrated in FIG. 6, the method 400 may
include a step 410 of circulating a refrigerant through a
refrigerant loop, such as loop 238, e.g., the secondary
cooling loop, to chill a mold body, e.g., mold body 200.
For example, a portion 216 of the refrigerant loop 238
may be in contact with the mold body 200, whereby the
refrigerant in the refrigerant loop 238, and in particular in
the portion 216 thereof, chills the mold body 200. The
portion 216 may be in direct or indirect contact with the
mold body 200, such as indirect contact via the plate 202
as described above.

[0036] Method 400 may also include a step 420 of
spraying a first volume of liquid water into a mold cavity
204 of the mold body 200. As a result of such spraying,
a first volume of ice is formed in the chilled mold cavity
204, e.g., where the mold cavity 204 is or was chilled by
the refrigerant in the refrigerant loop 238.

[0037] The method 400 may further include a step 430
of spraying a second volume of liquid water into the mold
cavity 204 after the first volume of ice has formed. As a
result of spraying the second volume of liquid water, a
portion of the first volume of ice is melted and a second
volume of ice is formed in mold cavity 204. The clear ice
made in the method 400 includes both the first volume
of ice (or at least the unmelted portion thereof) and the
second volume of ice.

[0038] The circulating step 410 may be performed be-
fore and/or during one or both of the spraying steps 420
and 430. For example, the circulating step 410 may be
performed during both spraying steps 420 and 430, and
may further include circulating the refrigerant through the
refrigerant loop 238 at a first subfreezing temperature
while spraying the first volume of liquid water and circu-
lating the refrigerant through the refrigerantloop at a sec-
ond subfreezing temperature less than the first subfreez-
ing temperature while spraying the second volume of lig-
uid water. In some embodiments, the temperature of the
refrigerant may be controlled by the pumping speed, e.g.,
the refrigerant may be circulated through the refrigerant
loop 238 by a refrigerant pump 220, and the step 410 of
circulating the refrigerant through the refrigerantloop 238
may include circulating the refrigerant through the refrig-
erant loop 238 at a first speed while spraying the first
volume of liquid water and circulating the refrigerant
through the refrigerant loop 238 at a second speed dif-
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ferent from, e.g., less than, the first speed while spraying
the second volume of liquid water. Further the step 410
of circulating the refrigerant through the refrigerant loop
238 may include circulating the refrigerant through a heat
exchanger 224 coupled to the refrigerant loop 238, there-
by cooling the refrigerant as the refrigerant passes
through the heat exchanger 238. Thus, for example,
when the flow rate of the refrigerant through the refriger-
antloop 238, and in particularthrough the heat exchanger
224 between the first inlet 226 and the first outlet 228
thereof, is changed, e.g., reduced, the increased contact
time or reactiontime in the heat exchanger 224 may result
in a lower temperature of the refrigerant in the refrigerant
loop 238, as described above.

[0039] In some embodiments which include the heat
exchanger 224, the heat exchanger 224 may be in ther-
mal communication with a sealed cooling system, e.g.,
sealed cooling system 60, and the sealed cooling system
60 may include a compressor 64. In such embodiments,
the method 400 may also include operating the compres-
sor 64 at a first speed while spraying the first volume of
liquid water and operating the compressor 64 ata second
speed different from, e.g., greater than, the first speed
while spraying the second volume of liquid water. As de-
scribed above, the increased flow rate in the sealed cool-
ing system 60 may resultin an increased cooling capacity
of the sealed cooling system 60, which may thereby lead
to a lower temperature of the refrigerant in the sealed
refrigerant loop 238 when the speed of the compressor
64 increases.

[0040] As mentioned above, in some embodiments,
the mold body 200 may include more than one mold cav-
ity. For example, the mold cavity may be a first mold
cavity 204 of the mold body 200, and the mold body 200
may further include a second mold cavity 206. In such
embodiments, the first volume of liquid water may be the
only liquid water supplied to the mold body 200 during
the step 420 of spraying the first volume of liquid water
and the first volume of liquid water may be sprayed only
into the first mold cavity 204 (and not into the second
mold cavity 206 or any other mold cavity). Further, in
such embodiments, the second volume of liquid water
may be the only liquid water supplied to the mold body
200 during the step 430 of spraying the second volume
of liquid water and the second volume of liquid water may
be sprayed only into the first mold cavity 204 (and not
into the second mold cavity 206 or any other mold cavity).
[0041] In particular embodiments, the liquid water may
be provided, e.g., sprayed, to only one single mold cavity
when the ice making assembly 160 and/or a refrigerator
appliance 100 into which the ice making assembly 160
isincorporatedisinan energy saving mode. Forexample,
the energy saving mode may be initiated by a controller
of the ice making assembly and/or refrigerator appliance
in response to a signal or input received from or by a user
input, e.g., a button, on the user interface panel 148.
[0042] In particular embodiments, the liquid water may
be provided, e.g., sprayed, to only one single mold cavity
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whenademandforiceislow. Forexample, alow demand
for ice may be identified or determined by a controller of
the ice making assembly 160 and/or a refrigerator appli-
ance 100 into which the ice making assembly 160 is in-
corporated based on a level sensor in operative commu-
nication with an ice bucket or ice bin which receives ice
produced by the mold body 200 and/or ice making as-
sembly 160. For example, the level sensor may be an
optical sensor. As another example, the level sensor may
be a lever bar. In such embodiments, the low demand
for ice may be determined in response to a signal from
the level sensor. For example, the signal may take the
form of an input generated in response to a vertical po-
sition of the hinged lever bar. The hinged lever bar may
rest on top of ice collected in the ice bucket, and, as ice
is used, the height of the combined ice lowers, causing
the hinged lever bar to rotate about its hinge. In contrast,
when the demand for ice is low and the hinged lever bar
remains in an elevated position, the ice production may
be delayed or reduced, such as by providing liquid water
to less than all of the mold cavities, such as only one
mold cavity, or to only two mold cavities in embodiments
where the mold body 200 includes more than two mold
cavities, etc. Thus, the low demand for ice may be de-
termined in response to a lack of change, or a change
below a predetermined threshold, in a signal from the
level sensor.

[0043] This written description uses examples to dis-
close the invention, including the best mode, and also to
enable any person skilled in the art to practice the inven-
tion, including making and using any devices or systems
and performing any incorporated methods. The patent-
able scope of the invention is defined by the claims, and
may include other examples that occur to those skilled
in the art. Such other examples are intended to be within
the scope of the claims if they include structural elements
that do not differ from the literal language of the claims,
or if they include equivalent structural elements with in-
substantial differences from the literal languages of the
claims.

Claims

1. A method of making clear ice, comprising the steps
of:

circulating a refrigerant through a secondary
cooling loop, wherein a portion of the secondary
cooling loop is in contact with a mold body,
whereby the refrigerant chills the mold body;
spraying a first volume of liquid water into a mold
cavity of the mold body, whereby a first volume
of ice is formed in the mold cavity; and
spraying a second volume of liquid water into
the mold cavity after the first volume of ice has
formed, whereby afirst portion of the first volume
of ice is melted and a second volume of ice is
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formed in mold cavity,
wherein the clear ice comprises a second, un-
melted portion of the first volume of ice and the
second volume of ice.

The method of claim 1, wherein the refrigerant is
circulated through the secondary cooling loop at a
first subfreezing temperature while spraying the first
volume of liquid water and the refrigerant is circulat-
ed through the secondary cooling loop at a second
subfreezing temperature less than the first subfreez-
ing temperature while spraying the second volume
of liquid water.

The method of claim 1, wherein the refrigerant is
circulated through the secondary cooling loop by a
refrigerant pump, wherein the step of circulating the
refrigerant through the secondary cooling loop com-
prises circulating the refrigerant through the second-
ary cooling loop at a first speed while spraying the
first volume of liquid water and circulating the refrig-
erantthrough the secondary cooling loop ata second
speed different from the first speed while spraying
the second volume of liquid water.

The method of claim 1, wherein circulating the re-
frigerant through the secondary cooling loop com-
prises circulating the refrigerant through a heat ex-
changer coupled to the secondary cooling loop,
thereby cooling the refrigerant as the refrigerant
passes through the heat exchanger.

The method of claim 4, wherein the heat exchanger
is in thermal communication with a primary cooling
loop, the primary cooling loop comprising a compres-
sor, the method further comprising operating the
compressor at a first speed while spraying the first
volume of liquid water and operating the compressor
at a second speed different from the first speed while
spraying the second volume of liquid water.

The method of claim 1, wherein the mold cavity is a
first mold cavity of the mold body, the mold body
further comprising a second mold cavity, wherein the
first volume of liquid water is the only liquid water
supplied to the mold body during the step of spraying
the first volume of liquid water and is sprayed only
into the first mold cavity, and wherein the second
volume of liquid wateris the only liquid water supplied
to the mold body during the step of spraying the sec-
ond volume of liquid water and is sprayed only into
the first mold cavity.

The method of claim 6, wherein the first volume of
water is sprayed only into the first mold cavity and
the second volume of water is sprayed only into the
first mold cavity when in an energy saving mode.
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The method of claim 6, further comprising determin-
ing that a demand for ice is low before spraying the
first volume of liquid water and before spraying the
second volume of liquid water.

The method of claim 1, wherein the first volume of
liquid water and the second volume of liquid water
are sprayed from a nozzle positioned below the mold
body, whereby a portion of the first volume of liquid
water that does not form the first volume of ice drains
out of the mold cavity by gravity, and whereby a por-
tion of the second volume of liquid water that does
not form the second volume of ice drains out of the
mold cavity by gravity.

An ice making assembly operable to generate clear
ice, the ice making assembly comprising:

a secondary cooling loop;

a mold body comprising a mold cavity, the mold
body in contact with and in conductive thermal
communication with a portion of the secondary
cooling loop, whereby circulating refrigerant
through the secondary cooling loop chills the
mold body;

a water pump coupled to a nozzle, the nozzle
positioned proximate to and aligned with the
mold cavity whereby the nozzle is configured to
direct a spray of liquid water into the mold cavity;
and

a controller, the controller in operative commu-
nication with the water pump, the controller con-
figured to:

activate the water pump to spray a first vol-
ume of liquid water into a mold cavity of the
mold body, whereby a first volume of ice is
formed in the mold cavity; and

activate the water pump to spray a second
volume of liquid water into the mold cavity
after the first volume of ice has formed,
whereby a first portion of the first volume of
ice is melted and a second volume of ice is
formed in the mold cavity,

wherein the clear ice comprises a second,
unmelted portion of the first volume of ice
and the second volume of ice.

The ice making assembly of claim 10, further com-
prising a refrigerant pump coupled to the secondary
cooling loop and in operative communication with
the controller, wherein the controller is further con-
figured to operate the refrigerant pump at a first
speed while spraying the first volume of liquid water
and to operate the refrigerant pump at a second
speed different from the first speed while spraying
the second volume of liquid water.
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12.

13.

14.

15.

16.

17.

The ice making assembly of claim 10, further com-
prising a heat exchanger coupled to the secondary
cooling loop, the heat exchanger operable to cool
refrigerant circulating in the secondary cooling loop
as the refrigerant passes through the heat exchang-
er.

The ice making assembly of claim 12, wherein the
heat exchanger is in thermal communication with a
primary cooling loop, the primary cooling loop com-
prising a compressor, and wherein the controller is
further configured to operate the compressor at a
first speed while spraying the first volume of liquid
water and to operate the compressor at a second
speed different from the first speed while spraying
the second volume of liquid water.

The ice making assembly of claim 10, wherein the
mold cavity is a first mold cavity of the mold body,
the mold cavity further comprising a second mold
cavity, wherein the controlleris configured to activate
the water pump to spray only the first volume of liquid
water and only into the first mold cavity, and wherein
the controller is configured to activate the water
pump to spray only the second volume of liquid water
and only into the first mold cavity.

The ice making assembly of claim 14, wherein the
controller is configured to spray the first volume of
liquid water only into the first mold cavity and the
second volume of water only into the first mold cavity
in response to an energy saving mode input.

The ice making assembly of claim 14, wherein the
controller is further configured to determine that a
demand forice is low before spraying the first volume
of liquid water and before spraying the second vol-
ume of liquid water.

The ice making assembly of claim 10, further com-
prising a nozzle positioned below the mold body,
wherein activating the water pump causes the first
volume of liquid water and the second volume of lig-
uid water to be sprayed from the nozzle whereby a
portion of the first volume of liquid water that does
not form the first volume of ice drains out of the mold
cavity by gravity, and whereby a portion of the sec-
ond volume of liquid water that does not form the
second volume of ice drains out of the mold cavity
by gravity.
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