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(54) Quiet ice making apparatus

(57)  Anice-making machine (20) comprises an evap-
orator (36), a compressor (54) and a condenser (74) con-
nected in circuit with a supply line (184, 186, 188) and a
returnline (189). During a freeze cycle, refrigerantis sup-
plied via the compressor (54) and the condenser (74)
along the supply line to the evaporator (36) and returned
via the return line to the compressor (54). A pressure
regulator (157) is connected in circuit with the return line.
The pressure regulator (157) is operable during a harvest
cycle to limit flow of the refrigerant through the return line,
whereby the pressure and temperature of the refrigerant
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in the evaporator (36) increases to thereby assist in de-
frosting the evaporator to harvest ice. A receiver (40) is
connected in circuit with the compressor (54), the con-
denser (74) and the evaporator (36) and is operable dur-
ing the freeze cycle to direct the refrigerant flow to the
evaporator (36) via the supply line. The receiver (40) is
either operable during the harvest cycle to-direct the re-
frigerant to the evaporator (36) via a vapor line (191), or
is inoperable during the harvest cycle such that the re-
frigerant bypasses the receiver and the condenser such
that the refrigerant flows from the compressor (54) to the
evaporator (36) during the harvest cycle.
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Description

FIELD OF INVENTION

[0001] This invention relates to an ice cube-making
machine that is quiet at the location where ice is dis-
pensed.

BACKGROUND OF INVENTION

[0002] Ice cube-making machines generally comprise
an evaporator, a water supply and a refrigerant/warm
gas circuit that includes a condenser and a compressor.
The evaporator is connected to the water supply and to
a circuit thatincludes the condenser and the compressor.
Valves and other controls control the evaporator to op-
erate cyclically in a freeze mode and a harvest mode.
During the freeze mode, the water supply provides water
to the evaporator and the circuit supplies refrigerant to
the evaporator to cool the water and form ice cubes. Dur-
ing the harvest mode, the circuit converts the refrigerant
to warm gas that is supplied to the evaporator, thereby
warming the evaporator and causing the ice cubes to
loosen and fall from the evaporator into an ice bin or
hopper.

[0003] When installed in a location, such as a restau-
rant, where a small footprint is needed, ice making ma-
chines have been separated into two separate packages
or assemblies. One of the packages contains the evap-
orator and the ice bin and is located within the restaurant.
The other package contains the compressor and con-
denser, which are rather noisy. This package is located
remotely from the evaporator, for example, outside the
restaurant on the roof. The evaporator package is rela-
tively quiet as the condenser and compressor are re-
motely located.

[0004] This two package ice cube-making machine
has some drawbacks. It is limited to a maximum height
distance of about 35 feet between the two packages be-
cause of refrigerant circuit routing constraints. Addition-
ally, the compressor/condenser package weighs in ex-
cess of about 250 pounds and requires a crane for in-
stallation. Furthermore, service calls require the mechan-
ic to inspect and repair the compressor/condenser pack-
age in the open elements, since it is typically located on
the roof of a building. Due to inclement weather, it would
be highly desirable to be able to work on the compressor
in doors, since itis only the condenser that requires vent-
ing to the atmosphere.

[0005] During harvest mode, the condenser is by-
passed so that refrigerant is supplied from the compres-
sor in vapor phase to the evaporator. When the compres-
sor is located a distance from the evaporator, the refrig-
erant tends to partially change to liquid phase as it
traverses the distance, thereby affecting the efficiency
warming or defrosting the evaporator. One prior art so-
lution to this problem uses a heater to heat the vapor
supply line. Another prior art solution locates a receiver
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in the same package as the evaporator and uses the
vapor ullage of the receiver to supply vapor to the evap-
orator. Both of these solutions increase the size of the
package and, hence, its footprint in a commercial estab-
lishment.

[0006] Thus, there is a need for a quiet ice cube-mak-
ing machine that has a larger height distance between
the evaporator and the condenser and a lighter weight
for installation without the need for a crane.

[0007] Thereis also a need for an efficient way of pro-
viding vapor to an evaporator during harvest mode.

SUMMARY OF INVENTION

[0008] The ice cube-making machine of the present
invention satisfies the first need with a three package
system. The condenser, compressor and evaporator are
located in separate ones of the packages, thereby reduc-
ing the weight per package and eliminating the need for
a crane during installation. The compressor package can
be located up to 35 feet in height from the evaporator
package. For example, the evaporator package can be
located in a restaurant room where the ice cubes are
dispensed and the compressor package can be located
in a separate room on another floor of the building, such
as a utility room. This allows for service thereof to be
made indoors, rather than outdoors as required by prior
two package systems. The condenser package can be
located up to 35 feet in height from the compressor pack-
age. Forexample, the condenser package can be located
on the roof of the multistory building.

[0009] The evaporator package has a support struc-
ture that supports the evaporator. The compressor pack-
age has a support structure that supports the compres-
sor. The condenser package has a support structure that
supports the condenser.

[0010] The presentinvention satisfies the need for pro-
viding vapor to the evaporator during harvest mode by
increasing the pressure and temperature of the refriger-
antinthe evaporator. This is accomplished by connecting
a pressure regulator in circuit with the return line between
the evaporator and the compressor. The pressure regu-
lator limits flow, which increases pressure and tempera-
ture of the refrigerant in the evaporator. To achieve a
small footprint of the evaporator package, the pressure
regulator can be located in the compressor package.

BRIEF DESCRIPTION OF DRAWING

[0011] Other and further objects, advantages and fea-
tures of the present invention will be understood by ref-
erence to the following specification in conjunction with
the accompanying drawings, in which like reference char-
acters denote like elements of structure and:

Fig. 1 is a perspective view, in part, and a block di-
agram, in part, of the quiet ice cube-making machine
of the present invention;
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Fig. 2 is a perspective view, in part, and a block di-
agram, in part, of an alternative embodiment of the
quiet ice cube-making machine of the presentinven-
tion;

Fig. 3 is a circuit diagram of a refrigerant/warm gas
circuit that can be used for the quiet ice cube-making
machine of Fig. 1;

Fig. 4 is acircuitdiagram of an alternative refrigerant/
warm gas circuit that can be used for the quiet ice
cube-making machine of Fig. 1;

Fig. 5is acircuitdiagram of an alternative refrigerant/
warm gas circuit that can be used for the quiet ice
cube-making machine of Fig. 2; and

Fig. 6 is circuit diagram of another alternative refrig-
erant/warm gas circuit that can be used for the quiet

ice-cube making machine of Fig. 1.

DESCRIPTION OF THE PREFERRED EMBODIMENT

[0012] ReferringtoFig. 1, anice cube-making machine
20 of the present invention includes an evaporator pack-
age 30, acompressor package 50, a condenser package
70 and an interconnection structure 80. Evaporator pack-
age 30 includes a support structure 32 that has an up-
wardly extending member 34. An evaporator 36 is sup-
ported by support structure 32 and upwardly extending
member 34. An ice bin or hopper 38 is disposed beneath
evaporator 36 to receive ice cubes during a harvest
mode.

[0013] Compressor package 50 includes a support
structure 52 upon which is disposed a compressor 54,
an accumulator 56 and a receiver 40. Condenser pack-
age 70 includes a support structure 72 upon which is
disposed a condenser 74 and a fan 76. It will be appre-
ciated by those skilled in the art that support structures
32, 52 and 72 are separate from one another and may
take on different forms and shapes as dictated by partic-
ular design requirements. It will be further appreciated
by those skilled in the art that evaporator package 30,
compressor package 50 and condenser package 70 suit-
ably include various valves and other components of an
ice cube-making machine.

[0014] Interconnection structure 80 connects evapo-
rator 36, compressor 54 and condenser 74 in a circuit for
the circulation of refrigerant and warm gas. Interconnec-
tion structure 80 may suitably include pipes or tubing and
appropriate joining junctions.

[0015] Referring to Fig. 2, an ice-making machine 25
is identical in all respects to ice making machine, except
that receiver 40 is disposed on support structure 32 in
evaporator package 30 rather than in compressor pack-
age 50.

[0016] Referring to Fig. 3, a circuit 82 is shown that
may be used with the Fig. 1 ice cube-making machine.
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Circuit 82 includes interconnection structure 80 that con-
nects the components within compressor package 50 to
the components within evaporator package 30 and to the
components within condenser package 70. In evaporator
package 30, evaporator 36 is connected in circuit 82 with
a defrost valve 42, an expansion valve 44, a liquid line
solenoid valve 45, a drier 46 and an isolation valve 48.
In compressor package 50, receiver 40, compressor 54
and accumulator 56 are connected in circuit 82 with a
filter 51, a bypass valve 53, a check valve 55 and an
output pressure regulator 57. In condenser package 70,
condenser 74 is connected in circuit 82 with a head pres-
sure control valve 58. Head pressure control valve 58
may alternatively be placed in compressor package 50.
It will be appreciated by those skilled in the art that evap-
orator package 30, compressor package 50 and con-
denser package 70 may include other valves and controls
for the operation of ice cube-making machine 20. A heat
exchangerloop 87 is in thermal relationship with the liquid
refrigerantin accumulator so as to optimize the use there-
of during the freeze cycle.

[0017] Referring to Fig. 4, a circuit 182 is shown that
may be used with ice cube-making machine 20 of Fig. 1.
Circuit 182 includes interconnection structure 80 that
connects the components within compressor package
50 to the components within evaporator package 30 and
to the components within condenser package 70. In
evaporator package 30, evaporator 36 is connected in
circuit 182 with a defrost or cool vapor valve 142 and an
expansion valve 144. In compressor package 50, receiv-
er40, compressor 54 and accumulator 56 are connected
in circuit 182 with a filter 151, a bypass valve 153 and an
output pressure regulator 157. In condenser package 70,
condenser 74 is connected in circuit 182 with a head
master or head pressure control valve 158. A heat ex-
changer loop 187 is in thermal relationship with an output
tube of accumulator 56 to optimize the use of liquid re-
frigerant in the accumulator during the freeze cycle.
[0018] It will be appreciated by those skilled in the art
that evaporator package 30, compressor package 50 and
condenser package 70 may include other valves and
controls for the operation of ice cube-making machine
20. For example, ice-making machine 20 includes a con-
troller 193 that controls the operations thereof including
the activation of bypass solenoid valve 153 during the
harvest cycle. Alternatively, a pressure switch 192 during
harvest mode can activate solenoid valve 153.

[0019] According to a feature of the present invention
output pressure valve 157 operates to raise pressure and
temperature of the refrigerant in evaporator 36 during ice
harvesting.

[0020] During afreeze cycle, cool vapor valve 142 and
bypass valve 153 are closed and expansion valve 144
is open. Refrigerant flows from an output 184 of com-
pressor 54 via a line 185, condenser 74, head pressure
control valve 158, a line 186, receiver 40. Flow continues
via heat exchanger loop 187, a supply line 188, filter 151,
expansion valve 144, evaporator 36, a return line 189,
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accumulator 56, output pressure regulator 157 toan input
190 of compressor 54. Output pressure regulator 157 is
wide open during the freeze cycle such that the refriger-
ant passes without any impact on flow.

[0021] During a harvest cycle, cool vapor valve 142
and bypass valve 153 are open and expansion valve 144
is closed. Refrigerant in vapor phase flows from the out-
put of compressor 54 via either or both of bypass valve
153 or head pressure valve 158 through line 186 to re-
ceiver 40. Flow continues via a vapor line 191, cool vapor
valve 142, evaporator 36, return line 189, accumulator
56, output pressure regulator 157 to input 190 of com-
pressor 54.

[0022] Output pressure regulator 157 operates during
harvest to slow the flow and decrease pressure at input
190 to compressor 54. This results in a higher pressure
in evaporator 36 and higher temperature of the vapor in
evaporator 36. The higher temperature refrigerant in
evaporator 36 enhances the harvest cycle.

[0023] Output pressure regulator 157 may be any suit-
able pressure regulator that is capable of operation at
the pressure required in ice-making systems. For exam-
ple, output pressure regulator may be Model No. OPR
10 available from Alco.

[0024] Referring to Fig. 5, a circuit 282 is shown that
may be used with ice cube-making machine 25 of Fig. 2.
Circuit 282 includes interconnection structure 80 that
connects the components within compressor package
50 to the components within evaporator package 30 and
to the components within condenser package 70. In
evaporator package 30, evaporator 36 and receiver 40
are connected in circuit 282 with a defrost valve 242, an
expansion valve 244, a drier 246 and a check valve 248.
In compressor package 50, compressor 54 and accumu-
lator 56 are connected in circuit 282 with a head pressure
control valve 258. In condenser package 70, condenser
74 is connected in circuit 282. Head pressure control
valve 258 may alternatively be placed in condenser pack-
age 70. It will be appreciated by those skilled in the art
that evaporator package 30, compressor package 50 and
condenser package 70 may include other valves and
controls for the operation of ice cube-making machine 20.
[0025] Ice cube-making machines 20 and 25 of the
present invention provide the advantage of lightweight
packages for ease of installation. In most cases, a crane
will not be needed. In addition, the evaporator package
is rather quiet in operation, as the compressor and the
condenser are remotely located. Finally, the distance be-
tween evaporator package 30 and condenser package
70 is greatly enhanced to approximately 70 feet in height
from the 35 feet height constraint of the prior art two pack-
age system.

[0026] Referring to Fig. 6, a circuit 382 is shown that
may be used with ice cube-making machine 20 of Fig. 1.
Circuit 382 includes interconnection structure 80 that
connects the components within compressor package
50 to the components within evaporator package 30 and
to the components within condenser package 70. In
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evaporator package 30, evaporator 36 is connected in
circuit 382 with a defrost or cool vapor valve 342 and an
expansion valve 344. In compressor package 50, receiv-
er40, compressor 54 and accumulator 56 are connected
in circuit 382 with a filter 351, a bypass valve 353, a head
master or head pressure control valve 358 and an output
pressure regulator 357. A heat exchanger loop 387 pass-
es through accumulator 56 and is in thermal relationship
with an output tube of accumulator 56 to optimize the use
of liquid refrigerant in the accumulator during the freeze
cycle.

[0027] It will be appreciated by those skilled in the art
that evaporator package 30, compressor package 50 and
condenser package 70 may include other valves and
controls for the operation of ice cube-making machine
20. For example, ice-making machine 20 includes a con-
troller 393 that controls the operations thereof including
the activation of bypass solenoid valve 353 during the
harvest cycle. Alternatively, a pressure switch 392 during
harvest mode can activate solenoid valve 353.

[0028] According to a feature of the present invention
output pressure valve 357 operates to raise pressure and
temperature of the refrigerant in evaporator 36 during ice
harvesting.

[0029] During afreeze cycle, cool vapor valve 342 and
bypass valve 353 are closed and expansion valve 144
is open. Refrigerant flows from an output 384 of com-
pressor 54 via a line 385, condenser 74, head pressure
control valve 358 and a line 386 to receiver 40. Flow
continues via heat exchanger loop 387, a supply line 388,
filter 351, expansion valve 344, evaporator 36, a return
line 389, accumulator 56, output pressure regulator 357
to an input 390 of compressor 54. Output pressure reg-
ulator 357 is wide open during the freeze cycle such that
the refrigerant passes without any impact on flow.
[0030] During a harvest cycle, cool vapor valve 342
and bypass valve 353 are open and expansion valve 344
is closed. Refrigerant in vapor phase flows from the out-
put of compressor 54 to a vapor line 391 via either or
both of a first path that includes bypass valve 353 or a
second path that includes head pressure valve 358 line
386 and receiver 40. Flow continues via vapor line 391,
cool vapor valve 342, evaporator 36, return line 389, ac-
cumulator 56, output pressure regulator 357 to input 390
of compressor 54.

[0031] Output pressure regulator 357 operates during
harvest to slow the flow and decrease pressure at input
390 to compressor 54. This results in a higher pressure
in evaporator 36 and higher temperature of the vapor in
evaporator 36. The higher temperature refrigerant in
evaporator 36 enhances the harvest cycle.

[0032] The present invention having been thus de-
scribed with particular reference to the preferred forms
thereof, it will be obvious that various changes and mod-
ifications may be made therein without departing from
the spirit and scope of the present invention as defined
in the appended claims.

[0033] Aspects of the invention may include features
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taken from related aspects contained in the following
clauses.

changer disposed to optimize refrigerant in liquid

1. An ice-making machine comprising:

phase in said accumulator during said freeze cycle.

9. The ice-making machine of clause 8, wherein said

5 heat exchanger is a tube disposed in thermal rela-
an evaporator unit that comprises an evapora- tionship to an output line of said accumulator.
tor;
a compressor unit that comprises a compressor 10. The ice-making machine of clause 8, wherein
and a receiver; said heat exchanger is a tube disposed in thermal
a condenser unit that comprises a condenser 10 relationship with refrigerant inside said accumulator.
and a fan; and
a plurality of conduits that connects said evap- 11. An ice-making machine comprising:
orator, said compressor, said condenser and
said receiver in a circuit for the circulation of re- a condenser, a compressor and an evaporator,
frigerant, wherein said evaporator unit, said 75 wherein said evaporator is located remotely of
compressor unit and said condenser unit are lo- said condenser and said compressor;
cated remotely of one another. a receiver; and
a head pressure valve which causes refrigerant
2. The ice-making machine of clause 1, further com- to bypass said condenser during a harvest cycle
prising an accumulator disposed in said compressor 20 so as to direct refrigerant in vapor phase from
unit, and wherein said accumulator is connected in said compressor to said receiver and said evap-
said circuit. orator.
3. The ice-making machine of clause 1, further com- 12. The ice-making machine of clause 1, wherein
prising a hopper disposed in said evaporator unitto 25 said evaporator unit further comprises an evaporator
receive ice cubes formed by said evaporator. support structure, said compressor unit further com-
prises a compressor support structure and said con-
4. An ice-making machine comprising: denser unit further comprises a condenser support
structure.
a condenser, a compressor and an evaporator, 30
wherein said evaporator is located remotely of 13. The ice-making machine of clause 1, wherein
said condenser and said compressor; said compressor unit further comprises a filter con-
a receiver; and nected in said circuit.
a valve connected in circuit with said compres-
sor, said condenser, said evaporator and said 35 14. The ice-making machine of clause 1, wherein
receiver such that said valve causes refrigerant said condenser unit further comprises a fan.
to bypass said condenser and said receiver dur-
ing a harvest cycle so as to direct refrigerant in 15. The ice-making machine of clause 1, wherein
vapor phase from said compressor to said evap- said condenser unit further comprises a fan, and
orator. 40 wherein said compressor unit further comprises an
accumulator connected in said circuit.
5. The ice-making machine of clause 4, wherein said
valve is a solenoid valve activated during said har-
vest cycle by a pressure switch. Claims
45
6. The ice-making machine of clause 4, wherein said An ice-making machine comprising:
valve is a solenoid valve activated during said har-
vest cycle by a controller. an evaporator, a compressor and a condenser
connected in circuit with a supply line and a re-
7. The ice-making machine of clause 4, further com- 50 turn line such that during a freeze cycle, refrig-
prising a pressure regulator connected in circuit with erant is supplied via said compressor and said
said compressor and evaporator so as to limit flow condenser along said supply line to said evap-
of refrigerant from said evaporator to said compres- orator and returned via said return line to said
sor during said harvest cycle. compressor;
55

8. The ice-making machine of clause 4, further com-
prising an accumulator connected in circuit with said
evaporator and said compressor and a heat ex-

a pressure regulator connected in circuit with
said return line, wherein said pressure regulator
is operable during a harvest cycle to limit flow
of said refrigerant through said return line,
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whereby the pressure and temperature of said
refrigerantin said evaporator increases to there-
by assist in defrosting said evaporator to harvest
ice; and

a receiver connected in circuit with said com-
pressor, said condenser and said evaporator
and operable during said freeze cycle to direct
said refrigerant flow to said evaporator via said
supply line, and wherein said receiver is either
operable during said harvest cycle to direct said
refrigerant to said evaporator via a vapor line or
inoperable during said harvest cycle such that
said refrigerant bypasses said receiver and said
condenser such that said refrigerant flows from
said compressor to said evaporator during said
harvest cycle.

The ice-making machine of claim 1, further compris-
ing a head pressure valve which directs refrigerant
from said compressor to said receiver while bypass-
ing said condenser.

The ice-making machine of claim 1, wherein said
condenser and said compressor are located remote-
ly from said evaporator.

The ice-making machine of claim 1, wherein said
evaporator is in an evaporator unit, said compressor
is in a compressor unit and said condenser is in a
condenser unit, and wherein said evaporator unit is
located remotely of said compressor unit and said
condenser unit.

The ice-making machine of claim 1, further compris-
ing a vapor line and valving means for directing re-
frigerantin vapor phase from said compressorto said
evaporator during said harvest cycle.

The ice-making machine of claim 5, wherein said
valving means comprises a bypass valve which by-
passes said condenser and said receiver during said
harvest cycle.

The ice-making machine of claim 1, wherein during
said harvest cycle said pressure regulator reduces
flow of said refrigerant through said return line as
compared to the flow during said freeze cycle, with-
out stopping the flow.

The ice-making machine of claim 7, wherein during
said freeze cycle said pressure regulator does not
impede flow of said refrigerant through said return
line.

A method of operating an ice-making machine that
includes an evaporator, a compressor and a con-
denser, said method comprising:
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10

(a) providing refrigerant substantially in liquid
phase to an evaporator of said ice-making ma-
chine during a freeze cycle;

(b) providing refrigerant substantially in vapor
phase to said evaporator during a harvest cycle;
and

(c) limiting flow of said refrigerant during said
harvest cycle from said evaporator to a com-
pressor of said ice-making machine, whereby
the pressure and temperature of said refrigerant
increases in said evaporator to thereby assist in
the defrost of said evaporator.
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