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(54) EVAPORATOR ASSEMBLY FOR ICE-MAKING APPARATUS

(57)  An ice making assembly includes an ice mold ry evaporator tube and a thermal enhancement structure,
defining a mold cavity and a refrigeration loop having an such asinternal tubes and/or copperfoam, placed therein
evaporator assembly in thermal communication with the toincrease the refrigerant side surface area. The primary
ice mold. A compressor is operably coupled to the refrig- evaporator tube is deformed into a non-circular cross
eration loop for circulating a flow of refrigerant through sectional shape and soldered or brazed onto a top wall
the refrigerant loop to cool the evaporator assembly and of the ice mold.
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Description
FIELD OF THE INVENTION

[0001] The present subject matter relates generally to
ice making appliances, and more particularly to evapo-
rator assemblies for cooling an ice mold of an ice making
appliance.

BACKGROUND OF THE INVENTION

[0002] In domestic and commercial applications, ice is
often formed as solid cubes, such as crescent cubes or
generally rectangular blocks. The shape of such cubes
is often dictated by the container holder water during a
freezing process. For instance, an ice maker can receive
liquid water, and such liquid water can freeze within the
ice maker to formice cubes. In particular, certainice mak-
ers include a freezing mold that defines a plurality of cav-
ities. The plurality of cavities can be filled with liquid water,
and such liquid water can freeze within the plurality of
cavities to form solid ice cubes. Typical solid cubes or
blocks may be relatively small in order to accommodate
a large number of uses, such as temporary cold storage
and rapid cooling of liquids in a wide range of sizes.
[0003] Although the typical solid cubes or blocks may
be useful in a variety of circumstances, there are certain
conditions in which distinct or unique ice shapes may be
desirable. As an example, it has been found that relatively
large ice cubes or spheres (e.g., larger than two inches
in diameter) will melt slower than typicalice sizes/shapes.
Slow melting of ice may be especially desirable in certain
liquors or cocktails. Moreover, such cubes or spheres
may provide a unique or upscale impression for the user.
[0004] In recent years, ice making appliances have
been developed for forming relatively large ice billets in
amanner thatavoids trapping impurities and gases within
the billet. These appliances also use precise temperature
control to avoid a dull or cloudy finish that may form on
the exterior surfaces of an ice billet (e.g., during rapid
freezing of the ice cube). In addition, in order to ensure
that a shaped or final ice cube or sphere is substantially
clear, many systems form solid ice billets that are sub-
stantially bigger (e.g., 50% larger in mass or volume)
than a desired final ice cube or sphere. Along with being
generally inefficient, this may significantly increase the
amount of time and energy required to melt or shape an
initial ice billet into a final cube or sphere.

[0005] Conventional ice making assemblies for form-
ing large billets of ice often experience issues keeping
the ice mold cool enough to freeze through the thickness
of the large ice billet, particularly toward the bottom of
the ice billet or at regions farthest away from the evapo-
rator. Accordingly, further improvements in the field of
ice making would be desirable. In particular, an evapo-
rator assembly that quickly and efficiently cools an ice
mold of an ice making assembly would be particularly
beneficial.
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BRIEF DESCRIPTION OF THE INVENTION

[0006] Aspects and advantages of the invention will be
set forth in part in the following description, or may be
obvious from the description, or may be learned through
practice of the invention.

[0007] In one exemplary aspect of the present disclo-
sure, an ice making assembly is provided including an
ice mold defining a mold cavity and an evaporator as-
sembly in thermal communication with the ice mold. The
evaporator assembly includes a primary evaporator tube
placed in direct contact with the ice mold and a thermal
enhancement structure positioned within the primary
evaporator tube.

[0008] In another exemplary aspect of the present dis-
closure, a method of forming an ice making assembly is
provided. The method includes positioning a thermal en-
hancement structure inside a primary evaporator tube,
pressing the primary evaporator tube into a non-circular
shape to increase the thermal contact between the ther-
mal enhancement structure and the primary evaporator
tube, and attaching the primary evaporator tube onto an
ice mold that defines a mold cavity.

[0009] These and other features, aspects and advan-
tages of the present invention will become better under-
stood with reference to the following description and ap-
pended claims. The accompanying drawings, which are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and, together with
the description, serve to explain the principles of the in-
vention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] 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 side plan view of an ice making
appliance according to exemplary embodiments of
the present disclosure.

FIG. 2 provides a schematic view of an ice making
assembly according to exemplary embodiments of
the present disclosure.

FIG. 3 provides a simplified perspective view of an
ice making assembly according to exemplary em-
bodiments of the present disclosure.

FIG. 4 provides a cross-sectional, schematic view of
the exemplary ice making assembly of FIG. 3.

FIG. 5 provides a cross-sectional, schematic view of
a portion of the exemplary ice making assembly of
FIG. 3 during an ice forming operation.

FIG. 6 provides a bottom perspective view of an ice
mold and an evaporator assembly according to an
exemplary embodiment of the present subject mat-
ter.

FIG. 7 provides a top perspective view of the exem-
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plary ice mold and evaporator assembly of FIG. 6
according to an exemplary embodiment of the
present subject matter.

FIG. 8 provides a cross sectional view of a primary
evaporator tube of the exemplary evaporator assem-
bly of FIG. 6 according to an exemplary embodiment
of the present subject matter.

FIG. 9 provides a cross sectional view of a primary
evaporator tube of the exemplary evaporator assem-
bly of FIG. 6 according to another exemplary em-
bodiment of the present subject matter.

FIG. 10 illustrates a method for forming an evapora-
tor assembly for an ice making assembly according
to an exemplary embodiment of the present subject
matter.

[0011] 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

[0012] 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
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.

[0013] 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 "upstream" and "downstream" refer to the relative
flow direction with respect to fluid flow in a fluid pathway.
For example, "upstream" refers to the flow direction from
which the fluid flows, and "downstream" refers to the flow
direction to which the fluid flows. The terms "includes"
and "including" are intended to be inclusive in a manner
similar to the term "comprising." Similarly, the term "or"
is generally intended to be inclusive (i.e., "A or B" is in-
tended to mean "A or B or both").

[0014] Approximating language, as used herein
throughout the specification and claims, is applied to
modify any quantitative representation that could permis-
sibly vary without resulting in a change in the basic func-
tion to which it is related. Accordingly, a value modified
by a term or terms, such as "about," "approximately," and
"substantially," are not to be limited to the precise value
specified. In at least some instances, the approximating
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language may correspond to the precision of an instru-
ment for measuring the value. For example, the approx-
imating language may refer to being within a 10 percent
margin.

[0015] Turning now to the figures, FIG. 1 provides a
side plan view of an ice making appliance 100, including
anice making assembly 102. FIG. 2 provides a schematic
view of ice making assembly 102. FIG. 3 provides a sim-
plified perspective view of ice making assembly 102.
Generally, ice making appliance 100 includes a cabinet
104 (e.g., insulated housing) and defines a mutually or-
thogonal vertical direction V, lateral direction, and trans-
verse direction. The lateral direction and transverse di-
rection may be generally understood to be horizontal di-
rections H.

[0016] As shown, cabinet 104 defines one or more
chilled chambers, such as a freezer chamber 106. In cer-
tain embodiments, such as those illustrated by FIG. 1,
ice making appliance 100 is understood to be formed as,
or as part of, a stand-alone freezer appliance. It is rec-
ognized, however, that additional or alternative embod-
iments may be provided within the context of other re-
frigeration appliances. For instance, the benefits of the
present disclosure may apply to any type or style of a
refrigerator appliance that includes a freezer chamber
(e.g., a top mount refrigerator appliance, a bottom mount
refrigerator appliance, a side-by-side style refrigerator
appliance, etc.). Consequently, the description set forth
herein is forillustrative purposes only and is notintended
to be limiting in any aspect to any particular chamber
configuration.

[0017] Ice making appliance 100 generally includes an
ice making assembly 102 on or within freezer chamber
106. In some embodiments, ice making appliance 100
includes a door 105 that is rotatably attached to cabinet
104 (e.g., at a top portion thereof). As would be under-
stood, door 105 may selectively coveran opening defined
by cabinet 104. For instance, door 105 may rotate on
cabinet 104 between an open position (not pictured) per-
mitting access to freezer chamber 106 and a closed po-
sition (FIG. 2) restricting access to freezer chamber 106.
[0018] A user interface panel 108 is provided for con-
trolling the mode of operation. For example, user inter-
face panel 108 may include a plurality of user inputs (not
labeled), such as a touchscreen or button interface, for
selecting a desired mode of operation. Operation of ice
making appliance 100 can be regulated by a controller
110 that is operatively coupled to user interface panel
108 or various other components, as will be described
below. User interface panel 108 provides selections for
user manipulation of the operation of ice making appli-
ance 100 such as (e.g., selections regarding chamber
temperature, ice making speed, or other various options).
In response to user manipulation of user interface panel
108, or one or more sensor signals, controller 110 may
operate various components of the ice making appliance
100 or ice making assembly 102.

[0019] Controller 110 may include a memory (e.g.,



5 EP 4 030 126 A1 6

non-transitive memory) and one or more microproces-
sors, CPUs orthe like, such as general or special purpose
microprocessors operable to execute programming in-
structions or micro-control code associated with opera-
tion of ice making appliance 100. The memory may rep-
resent random access memory such as DRAM, or read
only memory such as ROM or FLASH. In one embodi-
ment, the processor executes programming instructions
stored in memory. The memory may be a separate com-
ponent from the processor or may be included onboard
within the processor. Alternatively, controller 110 may be
constructed without using a microprocessor (e.g., using
a combination of discrete analog or digital logic circuitry;
such as switches, amplifiers, integrators, comparators,
flip-flops, AND gates, and the like; to perform control func-
tionality instead of relying upon software).

[0020] Controller 110 may be positioned in a variety of
locations throughout ice making appliance 100. In op-
tional embodiments, controller 110 is located within the
user interface panel 108. In other embodiments, the con-
troller 110 may be positioned at any suitable location with-
in ice making appliance 100, such as for example within
cabinet 104. Input/output ("I/O") signals may be routed
between controller 110 and various operational compo-
nents of ice making appliance 100. For example, user
interface panel 108 may be in communication with con-
troller 110 via one or more signal lines or shared com-
munication busses.

[0021] As illustrated, controller 110 may be in commu-
nication with the various components of ice making as-
sembly 102 and may control operation of the various
components. For example, various valves, switches, etc.
may be actuatable based on commands from the con-
troller 110. As discussed, user interface panel 108 may
additionally be in communication with the controller 110.
Thus, the various operations may occur based on user
input or automatically through controller 110 instruction.
[0022] Generally, as shown in FIGS. 3 and 4, ice mak-
ing appliance 100 includes a sealed refrigeration system
112 for executing a vapor compression cycle for cooling
water within ice making appliance 100 (e.g., within freez-
er chamber 106). Sealed refrigeration system 112 in-
cludes a compressor 114, a condenser 116, an expan-
sion device 118, and an evaporator 120 connected in
fluid series and charged with a refrigerant. As will be un-
derstood by those skilled in the art, sealed refrigeration
system 112 may include additional components (e.g.,
one or more directional flow valves or an additional evap-
orator, compressor, expansion device, or condenser).
Moreover, at least one component (e.g., evaporator 120)
is provided in thermal communication (e.g., conductive
thermal communication) with an ice mold or mold assem-
bly 130 (FIG. 3) to cool mold assembly 130, such as
during ice making operations. Optionally, evaporator 120
is mounted within freezer chamber 106, as generally il-
lustrated in FIG. 1.

[0023] Within sealed refrigeration system 112, gase-
ous refrigerant flows into compressor 114, which oper-
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ates to increase the pressure of the refrigerant. This com-
pression of the refrigerant raises its temperature, which
is lowered by passing the gaseous refrigerant through
condenser 116. Within condenser 116, heat exchange
with ambient air takes place so as to cool the refrigerant
and cause the refrigerant to condense to a liquid state.

[0024] Expansion device 118 (e.g., a mechanical
valve, capillary tube, electronic expansion valve, or other
restriction device) receives liquid refrigerant from con-
denser 116. From expansion device 118, the liquid re-
frigerant enters evaporator 120. Upon exiting expansion
device 118 and entering evaporator 120, the liquid refrig-
erant drops in pressure and vaporizes. Due to the pres-
sure drop and phase change of the refrigerant, evapora-
tor 120 is cool relative to freezer chamber 106. As such,
cooled water and ice or air is produced and refrigerates
ice making appliance 100 or freezer chamber 106. Thus,
evaporator 120 is a heat exchanger which transfers heat
from water or air in thermal communication with evapo-
rator 120 to refrigerant flowing through evaporator 120.
[0025] Optionally, as described in more detail below,
one or more directional valves may be provided (e.g.,
between compressor 114 and condenser 116) to selec-
tively redirect refrigerant through a bypass line connect-
ing the directional valve or valves to a point in the fluid
circuit downstream from the expansion device 118 and
upstream from the evaporator 120. In other words, the
one or more directional valves may permit refrigerant to
selectively bypass the condenser 116 and expansion de-
vice 120.

[0026] In additional or alternative embodiments, ice
making appliance 100 further includes a valve 122 for
regulating a flow of liquid water to ice making assembly
102. For example, valve 122 may be selectively adjust-
able between an open configuration and a closed con-
figuration. In the open configuration, valve 122 permits
a flow of liquid water to ice making assembly 102 (e.g.,
to a water dispenser 132 or a water basin 134 of ice
making assembly 102). Conversely, in the closed con-
figuration, valve 122 hinders the flow of liquid water to
ice making assembly 102.

[0027] In certain embodiments, ice making appliance
100 also includes a discrete chamber cooling system 124
(e.g., separate from sealed refrigeration system 112) to
generally draw heat from within freezer chamber 106.
For example, discrete chamber cooling system 124 may
include a corresponding sealed refrigeration circuit (e.g.,
including a unique compressor, condenser, evaporator,
and expansion device) or air handler (e.g., axial fan, cen-
trifugal fan, etc.) configured to motivate a flow of chilled
air within freezer chamber 106.

[0028] Turning now to FIGS. 3 and 4, FIG. 4 provides
a cross-sectional, schematic view of ice making assem-
bly 102. As shown, ice making assembly 102 includes a
mold assembly 130 that defines a mold cavity 136 within
which an ice billet 138 may be formed. Optionally, a plu-
rality of mold cavities 136 may be defined by mold as-
sembly 130 and spaced apart from each other (e.g., per-
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pendicular to the vertical direction V). One or more por-
tions of sealed refrigeration system 112 may be in thermal
communication with mold assembly 130. In particular,
evaporator 120 may be placed on or in contact (e.g., con-
ductive contact) with a portion of mold assembly 130.
During use, evaporator 120 may selectively draw heat
from mold cavity 136, as will be further described below.
Moreover, a water dispenser 132 positioned below mold
assembly 130 may selectively direct the flow of water
into mold cavity 136. Generally, water dispenser 132 in-
cludes a water pump 140 and at least one nozzle 142
directed (e.g., vertically) toward mold cavity 136. In em-
bodiments wherein multiple discrete mold cavities 136
are defined by mold assembly 130, water dispenser 132
may include a plurality of nozzles 142 or fluid pumps ver-
tically aligned with the plurality mold cavities 136. For
instance, each mold cavity 136 may be vertically aligned
with a discrete nozzle 142.

[0029] In some embodiments, a water basin 134 is po-
sitioned below the ice mold (e.g., directly beneath mold
cavity 136 along the vertical direction V). Water basin
134 includes a solid nonpermeable body and may define
a vertical opening 145 and interior volume 146 in fluid
communication with mold cavity 136. When assembled,
fluids, such as excess water falling from mold cavity 136,
may pass into interior volume 146 of water basin 134
through vertical opening 145. In certain embodiments,
one or more portions of water dispenser 132 are posi-
tioned within water basin 134 (e.g., within interior volume
146). As an example, water pump 140 may be mounted
within water basin 134 in fluid communication with interior
volume 146. Thus, water pump 140 may selectively draw
water from interior volume 146 (e.g., to be dispensed by
spray nozzle 142). Nozzle 142 may extend (e.g., verti-
cally) from water pump 140 through interior volume 146.
[0030] In optional embodiments, a guide ramp 148 is
positioned between mold assembly 130 and water basin
134 along the vertical direction V. For example, guide
ramp 148 may include a ramp surface that extends at a
negative angle (e.g., relative to a horizontal direction)
from a location beneath mold cavity 136 to another loca-
tion spaced apart from water basin 134 (e.g., horizontal-
ly). In some such embodiments, guide ramp 148 extends
to or terminates above an ice bin 150. Additionally or
alternatively, guide ramp 148 may define a perforated
portion 152 that is, for example, vertically aligned be-
tween mold cavity 136 and nozzle 142 or between mold
cavity 136 and interior volume 146. One or more aper-
tures are generally defined through guide ramp 148 at
perforated portion 152. Fluids, such as water, may thus
generally pass through perforated portion 152 of guide
ramp 148 (e.g., along the vertical direction between mold
cavity 136 and interior volume 146).

[0031] As shown, ice bin 150 generally defines a stor-
age volume 154 and may be positioned below mold as-
sembly 130 and mold cavity 136. Ice billets 138 formed
within mold cavity 136 may be expelled from mold as-
sembly 130 and subsequently stored within storage vol-
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ume 154 ofice bin 150 (e.g., within freezer chamber 106).
In some such embodiments, ice bin 150 is positioned
within freezer chamber 106 and horizontally spaced apart
from water basin 134, water dispenser 132, or mold as-
sembly 130. Guide ramp 148 may span the horizontal
distance between mold assembly 130 and ice bin 150.
As ice billets 138 descend or fall from mold cavity 136,
the ice billets 138 may thus be motivated (e.g., by gravity)
toward ice bin 150.

[0032] Turning now generally to FIGS. 4 and 5, exem-
plary ice forming operations of ice making assembly 102
will be described. As shown, mold assembly 130 is
formed from discrete conductive ice mold 160 and insu-
lation jacket 162. Generally, insulation jacket 162 ex-
tends downward from (e.g., directly from) conductive ice
mold 160. For instance, insulation jacket 162 may be
fixed to conductive ice mold 160 through one or more
suitable adhesives or attachment fasteners (e.g., bolts,
latches, mated prongs-channels, etc.) positioned or
formed between conductive ice mold 160 and insulation
jacket 162.

[0033] Together, conductive ice mold 160 and insula-
tion jacket 162 may define mold cavity 136. For instance,
conductive ice mold 160 may define an upper portion
136A of mold cavity 136 while insulation jacket 162 de-
fines alower portion 136B of mold cavity 136. Upper por-
tion 136A of mold cavity 136 may extend between a non-
permeable top end 164 and an open bottom end 166.
Additionally or alternatively, upper portion 136A of mold
cavity 136 may be curved (e.g., hemispherical) in open
fluid communication with lower portion 136B of mold cav-
ity 136. Lower portion 136B of mold cavity 136 may be
a vertically open passage that is aligned (e.g., in the ver-
tical direction V) with upper portion 136A of mold cavity
136. Thus, mold cavity 136 may extend along the vertical
direction between amold opening 168 at a bottom portion
or bottom surface 170 of insulation jacket 162 to top end
164 within conductive ice mold 160. In some such em-
bodiments, mold cavity 136 defines a constant diameter
or horizontal width from lower portion 136B to upper por-
tion 136A. When assembled, fluids, such as water may
pass to upper portion 136A of mold cavity 136 through
lower portion 136B of mold cavity 136 (e.g., after flowing
through the bottom opening defined by insulation jacket
162).

[0034] Conductive ice mold 160 and insulation jacket
162 are formed, at least in part, from two different mate-
rials. Conductive ice mold 160 is generally formed from
athermally conductive material (e.g., metal, such as cop-
per, aluminum, or stainless steel, including alloys thereof)
while insulation jacket 162 is generally formed from a
thermally insulating material (e.g., insulating polymer,
such as a synthetic silicone configured for use within sub-
freezing temperatures without significant deterioration).
According to alternative embodiments, insulation jacket
162 may be formed using polyethylene terephthalate
(PET) plastic or any other suitable material. In some em-
bodiments, conductive ice mold 160 is formed from ma-
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terial having a greater amount of water surface adhesion
than the material from which insulation jacket 162 is
formed. Water freezing within mold cavity 136 may be
prevented from extending horizontally along bottom sur-
face 170 of insulation jacket 162.

[0035] Advantageously, an ice billet within mold cavity
136 may be prevented from mushrooming beyond the
bounds of mold cavity 136. Moreover, if multiple mold
cavities 136 are defined within mold assembly 130, ice
making assembly 102 may advantageously prevent a
connecting layer of ice from being formed along the bot-
tom surface 170 of insulation jacket 162 between the
separate mold cavities 136 (and ice billets therein). Fur-
ther advantageously, the present embodiments may en-
sure an even heat distribution across an ice billet within
mold cavity 136. Cracking of the ice billet or formation of
a concave dimple at the bottom of the ice billet may thus
be prevented.

[0036] In some embodiments, the unique materials of
conductive ice mold 160 and insulation jacket 162 each
extend to the surfaces defining upper portion 136A and
lower portion 136B of mold cavity 136. In particular, a
material having a relatively high water adhesion may de-
fine the bounds of upper portion 136A of mold cavity 136
while a material having a relatively low water adhesion
defines the bounds of lower portion 136B of mold cavity
136. For instance, the surface of insulation jacket 162
defining the bounds of lower portion 136B of mold cavity
136 may be formed from an insulating polymer (e.g., sil-
icone). The surface of conductive mold cavity 136 defin-
ing the bounds of upper portion 136A of mold cavity 136
may be formed from a thermally conductive metal (e.g.,
aluminum or copper). In some such embodiments, the
thermally conductive metal of conductive ice mold 160
may extend along (e.g., the entirety of) of upper portion
136A.

[0037] Although an exemplary mold assembly 130 is
described above, it should be appreciated that variations
and modifications may be made to mold assembly 130
while remaining within the scope of the present subject
matter. For example, the size, number, position, and ge-
ometry of mold cavities 136 may vary. In addition, ac-
cording to alternative embodiments, an insulation film
may extend along and define the bounds of upper portion
136A of mold cavity 136, e.g., may extend along an inner
surface of conductive ice mold 160 at upper portion 136A
of mold cavity 136. Indeed, aspects of the present subject
matter may be modified and implemented in a different
ice making apparatus or process while remaining within
the scope of the present subject matter.

[0038] Insomeembodiments, one or more sensorsare
mounted on or within ice mold 160. As an example, a
temperature sensor 180 may be mounted adjacent to ice
mold 160. Temperature sensor 180 may be electrically
coupled to controller 110 and configured to detect the
temperature within ice mold 160. Temperature sensor
180 may be formed as any suitable temperature detect-
ing device, such as a thermocouple, thermistor, etc. Al-
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though temperature sensor 180 is illustrated as being
mounted to ice mold 160, it should be appreciated that
according to alternative embodiments, temperature sen-
sor may be positioned at any other suitable location for
providing data indicative of the temperature of the ice
mold 160. For example, temperature sensor 180 may
alternatively be mounted to a coil of evaporator 120 or
at any other suitable location within ice making appliance
100.

[0039] As shown, controller 110 may be in communi-
cation (e.g., electrical communication) with one or more
portions of ice making assembly 102. In some embodi-
ments, controller 110 is in communication with one or
more fluid pumps (e.g., water pump 140), compressor
114, flow regulating valves, etc. Controller 110 may be
configured to initiate discrete ice making operations and
ice release operations. For instance, controller 110 may
alternate the fluid source spray to mold cavity 136 and a
release or ice harvest process, which will be described
in more detail below.

[0040] During ice making operations, controller 110
may initiate or direct water dispenser 132 to motivate an
ice-building spray (e.g., as indicated at arrows 184)
through nozzle 142 and into mold cavity 136 (e.g.,
through mold opening 168). Controller 110 may further
direct sealed refrigeration system 112 (e.g., at compres-
sor 114) (FIG. 3) to motivate refrigerant through evapo-
rator 120 and draw heat from within mold cavity 136. As
the water from the ice-building spray 184 strikes mold
assembly 130 within mold cavity 136, a portion of the
water may freeze in progressive layers from top end 164
to bottom end 166. Excess water (e.g., water within mold
cavity 136 that does not freeze upon contact with mold
assembly 130 or the frozen volume herein) and impurities
within the ice-building spray 184 may fall from mold cavity
136 and, for example, to water basin 134.

[0041] Onceice billets 138 are formed within mold cav-
ity 136, an ice release or harvest process may be per-
formed in accordance with embodiments of the present
subject matter. Specifically, referring again to FIG. 3,
sealed system 112 may further include a bypass conduit
190 that is fluidly coupled to refrigeration loop or sealed
system 112 for routing a portion of the flow of refrigerant
around condenser 116. In this manner, by selectively reg-
ulating the amount of relatively hot refrigerant flow that
exits compressor 114 and bypasses condenser 116, the
temperature of the flow of refrigerant passing into evap-
orator 120 may be precisely regulated.

[0042] Specifically, according to the illustrated embod-
iment, bypass conduit 190 extends from a first junction
192 to a second junction 194 within sealed system 112.
First junction 192 is located between compressor 114
and condenser 116, e.g., downstream of compressor 114
and upstream of condenser 116. By contrast, second
junction 194 is located between condenser 116 and
evaporator 120, e.g., downstream of condenser 116 and
upstream of evaporator 120. Moreover, according to the
illustrated embodiment, second junction 194 is also lo-
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cated downstream of expansion device 118, although
second junction 194 could alternatively be positioned up-
stream of expansion device 118. When plumbed in this
manner, bypass conduit 190 provides a pathway through
which a portion of the flow of refrigerant may pass directly
from compressor 114 to a location immediately upstream
of evaporator 120 to increase the temperature of evap-
orator 120.

[0043] Notably, if substantially all of the flow of refrig-
erantwere diverted from compressor 114 through bypass
conduit 190 when ice mold 160 is still very cold (e.g.,
below 10°F or 20°F), the thermal shock experienced by
ice billets 138 due to the sudden increase in evaporator
temperature might cause ice billets 138 to crack. There-
fore, controller 110 may implement methods for slowly
regulating or precisely controlling the evaporator temper-
ature to achieve the desired mold temperature profile and
harvest release time to prevent the ice billets 138 from
cracking.

[0044] In this regard, for example, bypass conduit 190
may be fluidly coupled to sealed system 112 using a flow
regulating device 196. Specifically, flow regulating device
196 may be used to couple bypass conduit 190 to sealed
system 112 at first junction 192. In general, flow regulat-
ing device 196 may be any device suitable for regulating
a flow rate of refrigerant through bypass conduit 190. For
example, according to an exemplary embodiment of the
present subject matter, flow regulating device 196 is an
electronic expansion device which may selectively divert
a portion of the flow of refrigerant exiting compressor 114
into bypass conduit 190. According to still another em-
bodiment, flow regulating device 196 may be a servomo-
tor-controlled valve for regulating the flow of refrigerant
through bypass conduit 190. According to still other em-
bodiments, flow regulating device 196 may be a three-
way valve mounted at first junction 192 or a solenoid-
controlled valve operably coupled along bypass conduit
190.

[0045] According to exemplary embodiments of the
present subject matter, controller 110 may initiate an ice
release or harvest process to discharge ice billets 138
from mold cavities 136. Specifically, for example, con-
troller 110 may first halt or prevent the ice-building spray
184 by de-energizing water pump 140. Next, controller
110 may regulate the operation of sealed system 112 to
slowly increase a temperature of evaporator 120 and ice
mold 160. Specifically, by increasing the temperature of
evaporator 120, the mold temperature of ice mold 160 is
also increased, thereby facilitating partial melting or re-
lease of ice billets 138 from mold cavities.

[0046] According to exemplary embodiments, control-
ler 110 may be operably coupled to flow regulating device
196 for regulating a flow rate of the flow of refrigerant
through bypass conduit 190. Specifically, according to
an exemplary embodiment, controller 110 may be con-
figured for obtaining a mold temperature of the mold body
using temperature sensor 180. Although the term "mold
temperature"is used herein, it should be appreciated that
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temperature sensor 180 may measure any suitable tem-
perature within the ice making appliance 100 that is in-
dicative of mold temperature and may be used to facilitate
improved harvest of ice billets 138.

[0047] Controller 110 may further regulate the flow reg-
ulating device 196 to control the flow of refrigerant based
in part on the measured mold temperature. For example,
according to an exemplary embodiment, flow regulating
device 196 may be regulated such that a rate of change
of the mold temperature does not exceed a predeter-
mined threshold rate. For example, this predetermined
threshold rate may be any suitable rate of temperature
change beyond which thermal cracking of ice billets 138
may occur. For example, according to an exemplary em-
bodiment, the predetermined threshold rate may be ap-
proximately 1°F per minute, about 2°F per minute, about
3°F per minute, or higher. According to exemplary em-
bodiments, the predetermined threshold rate may be less
than 10°F per minute, less than 5°F per minute, less than
2°F per minute, or lower. In this manner, flow regulating
device 196 may regulate the rate of temperature change
of ice billets 138, thereby preventing thermal cracking.
[0048] In general, the sealed system 112 and methods
of operation described herein are intended to regulate a
temperature change of ice billets 138 to prevent thermal
cracking. However, although specific control algorithms
and system configurations are described, it should be
appreciated that according to alternative embodiments
variations and modifications may be made to such sys-
tems and methods while remaining within the scope of
the present subject matter. For example, the exact
plumbing of bypass conduit 190 may vary, the type or
position of flow regulating device 196 may change, and
different control methods may be used while remaining
within scope of the present subject matter. In addition,
depending on the size and shape of ice billets 138, the
predetermined threshold rate and predetermined tem-
perature threshold may be adjusted to prevent that par-
ticular set of ice billets 138 from cracking, or to otherwise
facilitate an improved harvest procedure.

[0049] Referring now specifically to FIGS. 6 and 7, an
exemplary ice mold 200 and evaporator assembly 202
that may be used with ice making appliance 100 will be
described according to exemplary embodiments of the
present subject matter. Specifically, for example, ice
mold 200 may be used as mold assembly 130 and evap-
orator assembly 202 may be used as evaporator 120 of
sealed cooling system 112. Although ice mold 200 and
evaporator assembly 202 are described herein with re-
spect to ice making appliance 100, it should be appreci-
ated thatice mold 200 and evaporator assembly 202 may
be used in any other suitable ice making application or
appliance.

[0050] As shown, ice mold 200 generally includes a
top wall 210 and a plurality of sidewalls 212 that are can-
tilevered from top wall 210 and extend downward from
topwall 210. More specifically, according to the illustrated
embodiment, ice mold 200 includes eight sidewalls 212



13 EP 4 030 126 A1 14

that include an angled portion 214 that extends away
from top wall 210 and a vertical portion 216 that extends
down from angled portion 214 substantially along the ver-
tical direction. In this manner, the top wall 210 and the
plurality of sidewalls 212 form a mold cavity 218 having
an octagonal cross-section when viewed in a horizontal
plane. In addition, each of the plurality of sidewalls 212
may be separated by a gap 220 that extends substantially
along the vertical direction. In this manner, the plurality
of sidewalls 212 may move relative to each other and act
as spring fingers to permit some flexing of ice mold 200
during ice formation. Notably, this flexibility of ice mold
200 facilitates improved ice formation and reduces the
likelihood of cracking.

[0051] In general, ice mold 200 may be formed from
any suitable material and in any suitable manner that
provides sufficient thermal conductivity to transfer heat
to evaporator assembly 202 to facilitate the ice making
process. According to an exemplary embodiment, ice
mold 200 is formed from a single sheet of copper. In this
regard, for example, a flat sheet of copper having a con-
stant thickness may be machined to define top wall 210
and sidewalls 212. Sidewalls 212 may be subsequently
bent to form the desired shape of mold cavity 218, e.g.,
such as the octagonal or gem shape described above.
In this manner, top wall 210 and sidewalls 212 may be
formed to have an identical thickness without requiring
complex and costly machining processes.

[0052] According exemplary embodiments of the
present subject matter, evaporator assembly 202 is
mounted in direct contact with the top wall 210 of ice mold
200. In addition, evaporator assembly 202 may not be in
direct contact with sidewalls 212. This may be desirable,
for example, to prevent restricting the movement of side-
walls 212, e.g., to reduce to the likelihood of ice cracking.
Notably, when evaporator assembly 202 is mounted only
on top wall 210, the conductive path to each of the plu-
rality of sidewalls 212 is through the joint or connection
where sidewalls 212 meet top wall 210. Thus, it may be
desirable to make a sidewall width 222 as large as pos-
sible to provide improved thermal conductivity. For ex-
ample, the sidewall width 222 may be between about 0.5
and 1.5 inches, between about 0.7 and 1 inches, or about
0.8 inches. Such a sidewall width 222 facilitates the con-
duction of thermal energy to the bottom ends of each of
the plurality of sidewalls 212.

[0053] In addition, to improve the thermal contact be-
tween evaporator assembly 202 and ice mold 200, it may
be desirable to make top wall relatively large. Therefore,
according to exemplary embodiments, top wall 210 may
define a top width 224 and mold cavity 218 may define
a max width 226. According to exemplary embodiments,
top width 224 is greater than about 50% of max width
226. According to still other embodiments, top width 224
may be greater than about 60%, greater than about 70%,
greater than about 80%, or greater, of max width 226. In
addition, or alternatively, top width 224 may be less than
90%, less than 70%, less than 60%, less than 50%, or
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less, of maxwidth 226. It should be appreciated that other
suitable sizes, geometries, and configurations of ice mold
200 are possible and within the scope of the present sub-
ject matter. In addition, although only two ice molds 200
are illustrated in FIGS. 6 and 7, it should be appreciated
that alternative embodiments may include any other suit-
able number and configuration of ice molds 200.

[0054] Referring still to FIGS. 6 and 7, evaporator as-
sembly 202 may generally include a primary evaporator
tube 230 and a thermal enhancement structure 232
which is positioned within primary evaporator tube 230.
According to an exemplary embodiment, primary evap-
orator tube may be a copper pipe having a circular cross
section. The diameter of primary evaporator tube 230
may be between about 0.1 and 3 inches, between about
0.2 and 2 inches, between about 0.3 and 1 inches, be-
tween about 0.4 and 0.8 inches, or about 0.5 inches.
However, it should be appreciated that primary evapo-
rator tube 230 may be any other suitable size, shape,
length, and material.

[0055] As used herein, "thermal enhancement struc-
ture" is generally intended to refer to any suitable mate-
rial, structure, or features within interior of primary evap-
orator tube 230 which are intended to increase the re-
frigerant side surface area within primary evaporator tube
230. For example, as best shown in FIG. 8, thermal en-
hancement structure 232 may be a plurality of internal
tubes 240 that are stacked within primary evaporator tube
230. In general, these internal tubes 240 may be copper
pipes that have a smaller diameter than primary evapo-
rator tube 230. Internal tubes 240 may be stacked in pri-
mary evaporator tube 230 and extend approximately the
same length as primary evaporator tube 230.

[0056] According to an exemplary embodiment, the
thermal enhancement structure 232 includes greater
than 5 tubes, greater than 10 tubes, greater than 15
tubes, greater than 20 tubes, or more. In addition, or al-
ternatively, thermal enhancement structure 232 may in-
clude fewer than 50 tubes, fewer than 25 tubes, fewer
than 10 tubes, or fewer. The diameter of each internal
tube 240 may be between about 0.01 and 0.5 inches,
between about 0.04 and 0.2 inches, between about 0.06
and 0.1 inches, or about 0.08 inches. In addition, it should
be appreciated thatinternal tubes 240 may have different
sizes, lengths, or cross sectional shapes, e.g., in order
to efficiently and completely fill primary evaporator tube
230.

[0057] Alternatively, as shown in FIG. 10, thermal en-
hancement structure 232 may include a copper foam or
mesh structure 242. Alternatively, thermal enhancement
structure 232 may be a porous thermally conductive ma-
terial, a honeycomb structure, a lattice structure, or any
other suitable thermally conductive material that extends
from the internal walls of primary evaporator tube 230
through the center of primary evaporator tube 230 to in-
crease the refrigerant side surface area. It should be ap-
preciated that any other suitable thermal enhancement
structure 232 may be used while remaining within the
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scope of the present subject matter.

[0058] Asshown generally in FIGS. 6 and 7, after ther-
mal enhancement structure 232 is positioned within pri-
mary evaporator tube 230, primary evaporator tube 230
may be pressed or otherwise formed into a flattened or
noncircular cross sectional shape. In this manner, prima-
ry evaporator tube 230 may be placed in direct contact
with the top wall 210 of ice mold 200 and may have im-
proved thermal contact with the top wall 210. In addition,
the larger contact surface area between the top wall 210
and primary evaporator tube 230 facilitates a simplified
brazing or soldering process to join primary evaporator
tube 230 with top wall 210. In addition, pressing primary
evaporator tube 230 into a noncircular cross section im-
proves the thermal contact between internal tubes 240,
e.g.,toincrease the refrigerant side surface area of evap-
orator assembly 200. Once formed, according to an ex-
emplary embodiment, evaporator assembly 202 may be
used with sealed cooling system 112. In this manner, for
example, compressor 114 may urge a flow of refrigerant
through condenser 116, expansion device 118, and
evaporator assembly 202, as described above.

[0059] Now that the construction of ice making appli-
ance 100 and evaporator assembly 202 have been de-
scribed according to exemplary embodiments, an exem-
plary method 300 of forming an evaporator assembly will
be described. Although the discussion below refers to
the exemplary method 300 of forming evaporator assem-
bly 202, one skilled in the art will appreciate that the ex-
emplary method 300 is applicable to the operation of a
variety of other evaporator configurations and methods
of formation.

[0060] Referring now to FIG. 10, method 300 includes,
atstep 310, positioning a thermal enhancement structure
inside a primary evaporator tube. In this regard, as ex-
plained above, thermal enhancement structure 230 may
be copper internal tubes 240 or copper foam 242. For
example, 15 internal tubes having an outer diameter of
0.8 inches may be positioned within primary evaporator
tube 230, which may be a copper tube having a diameter
of 0.5 inches.

[0061] After the thermal enhancement structure is in
place, step 320 includes pressing the primary evaporator
tube into a non-circular shape to increase the thermal
contact between the thermal enhancement structure and
the primary evaporator tube. In this regard, for example,
the primary evaporator tube 230 may be pressed or com-
pressed to deform the primary evaporator tube 230 and
create improved thermal contact between each of the
internal tubes 240 and the primary evaporator tube 230,
as shown for example by dotted lines in FIGS. 8 and 9.
The primary evaporator tube 230 may then be installed
into a sealed refrigeration system, such as sealed cooling
system 112 as evaporator 120.

[0062] Step 330 includes attaching the primary evap-
orator tube onto an ice mold that defines a mold cavity.
In this regard, for example, deformed primary evaporator
tube 230 may be soldered, brazed, or otherwise attached
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to top wall 210 of ice mold 200. In this manner, when
sealed cooling system 112 is circulating refrigerant, pri-
mary evaporator tube 230 absorbs thermal energy from
the ice mold 200 and transfers it to the refrigerant. The
thermal enhancement structure 232 enables more effi-
cient transfer of thermal energy from the ice mold 200 to
the refrigerant.

[0063] FIG. 10 depicts steps performed in a particular
order for purposes of illustration and discussion. Those
of ordinary skill in the art, using the disclosures provided
herein, will understand that the steps of any of the meth-
ods discussed herein can be adapted, rearranged, ex-
panded, omitted, or modified in various ways without de-
viating from the scope of the present disclosure. Moreo-
ver, although aspects of method 300 are explained using
ice making appliance 100 and evaporator assembly 202
as an example, it should be appreciated that these meth-
ods may be applied to the operation of any evaporator
assembly or an ice making appliance having any other
suitable configuration.

[0064] 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. An ice making assembly comprising:

an ice mold defining a mold cavity;

an evaporator assembly in thermal communica-
tion with the ice mold, the evaporator assembly
comprising:

a primary evaporator tube placed in direct
contact with the ice mold; and

a thermal enhancement structure posi-
tioned within the primary evaporator tube.

2. Theice making assembly of claim 1, wherein the ice
mold comprises:

a top wall; and
a plurality of sidewalls cantilevered from the top
wall and extending downward from the top wall.

3. The ice making assembly of claim 2, wherein the
evaporator assembly is in direct contact with the top
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wall of the ice mold.

The ice making assembly of claim 2, wherein the top
wall and the plurality of sidewalls are formed from a
single sheet of copper and have a constant thick-
ness.

The ice making assembly of claim 2, wherein the top
wall defines a top width and the mold cavity defines
a max width, the top width being greater than 50
percent of the max width.

The ice making assembly of claim 2, wherein each
of the plurality of sidewalls are separated by a gap
to permit flexing relative to each other.

The ice making assembly of claim 2, wherein the
plurality of sidewalls comprise eight sidewalls form-
ing a mold cavity having an octagonal cross section.

The ice making assembly of claim 1, wherein the ice
making assembly comprises a plurality of ice molds,
the evaporator assembly being placed in thermal
communication with each ofthe plurality ofice molds.

The ice making assembly of claim 1, wherein the
thermal enhancement structure comprises copper
foam.

The ice making assembly of claim 1, wherein the
thermal enhancement structure comprises a plurality
of internal tubes.

The ice making assembly of claim 1, wherein the
primary evaporator tube is formed into a non-circular
cross section.

The ice making assembly of claim 10, wherein the
plurality of tubes comprise greater than 10 tubes.

The ice making assembly of claim 10, wherein the
plurality of tubes comprises about 15 tubes.

The ice making assembly of claim 1, wherein the
primary evaporator tube is a half-inch copper tube.

The ice making assembly of claim 1, further com-
prising:

a refrigeration loop comprising a condenser and
an expansion device in serial flow communica-
tion with each other and with the evaporator as-
sembly; and

a compressor operably coupled to the refriger-
ation loop and being configured for circulating a
flow of refrigerant through the refrigerant loop.

A method of forming an ice making assembly, com-
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17.

18.

19.

20.

18
prising:

positioning a thermal enhancement structure in-
side a primary evaporator tube;

pressing the primary evaporator tube into a non-
circular shape to increase the thermal contact
between the thermal enhancement structure
and the primary evaporator tube;

attaching the primary evaporator tube onto an
ice mold that defines a mold cavity.

The method of claim 16, wherein the primary evap-
orator tube is brazed or soldered onto a top wall of
the ice mold.

The method of claim 16, wherein the ice mold com-
prises:

a top wall; and
a plurality of sidewalls cantilevered from the top
wall and extending downward from the top wall.

The method of claim 18, wherein each of the plurality
of sidewalls are separated by a gap to permit flexing
relative to each other.

The method of claim 16, wherein the thermal en-
hancement structure comprises copper foam or a
plurality of internal tubes.
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