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(57) An ice supply device (C) includes an ice storage
tank (T) that stores sherbet ice, a supply path (31) through
which the sherbet ice is taken out of the ice storage tank

(T), and a water flow path (80) that joins the supply path
(31) and through which water flows.
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Description

TECHNICAL FIELD

[0001] The present disclosure relates to an ice supply
device and an ice making system.

BACKGROUND ART

[0002] In order to refrigerate saltwater fish or the like,
sherbet ice produced from salt water such as seawater
may be used. The sherbet ice generated by an ice making
device is stored in an ice storage tank and supplied to a
user by a pump as needed.
[0003] When saltwater fish is refrigerated using sher-
bet ice, it is known that a temperature suitable for cold
storage varies depending on a type and size of the fish.
When the saltwater fish is refrigerated at a low temper-
ature less than a temperature suitable for the saltwater
fish to be refrigerated, the body of the saltwater fish may
be frozen, and a commercial value of the fish may be
greatly impaired.
[0004] Therefore, it has been proposed that a salinity
of the sherbet ice is adjusted when the sherbet ice pro-
duced by the ice making device is supplied to a location
of use (see, for example, Patent Literature 1). Note that
there is a correlation between the temperature and the
salinity of the sherbet ice, and the temperature can be
indirectly adjusted by adjusting the salinity.
[0005] In a production apparatus for sherbet ice mixed
with salt water disclosed in Patent Literature 1, fresh wa-
ter is poured into an ice storage tank to adjust the salinity
of the sherbet ice mixed with salt water in the ice storage
tank, and the sherbet ice after the adjustment is taken
out from the ice storage tank.

CITATION LIST

[PATENT LITERATURE]

[0006] PATENT LITERATURE 1: Japanese Laid-
Open Patent Publication No. 2008-281293

SUMMARY OF THE INVENTION

[TECHNICAL PROBLEM]

[0007] However, in the production apparatus disclosed
in PATENT LITERATURE 1, the fresh water is poured
into the ice storage tank storing the produced sherbet ice
to adjust the salinity of the sherbet ice, and thus only
sherbet ice having a certain specific salinity can be ob-
tained. When it is desired to refrigerate different types of
saltwater fish, it is therefore difficult to adjust the salinity
of the sherbet ice to a salinity suitable for the saltwater
fish.
[0008] An object of the present disclosure is to provide
an ice supply device and an ice making system capable

of adjusting a salinity of sherbet ice supplied to a user.

[SOLUTION TO PROBLEM]

[0009]

(1) An ice supply device of the present disclosure
includes an ice storage tank that stores sherbet ice,
a supply path through which the sherbet ice is taken
out of the ice storage tank, and a water flow path that
joins the supply path and through which water flows.

[0010] In the ice supply device of the present disclo-
sure, the water flow path through which water flows joins
the supply path through which the sherbet ice is taken
out of the ice storage tank. Accordingly, a salinity of the
sherbet ice supplied to a user can be adjusted.
[0011] (2) The ice supply device according to (1) de-
sirably further includes a pump disposed downstream of
a junction at which the water flow path joins the supply
path in a flow direction of the sherbet ice. By arranging
the pump downstream of the junction in the flow direction
of the sherbet ice, one pump allows the sherbet ice and
water to flow.
[0012] (3) The ice supply device according to (1) or (2),
desirably further includes a flow rate regulating valve pro-
vided in the water flow path, and a control unit that con-
trols the flow rate regulating valve for a salinity of the
sherbet ice after joining to become a target value. The
salinity of the sherbet ice after joining can be adjusted
by controlling the flow rate regulating valve provided in
the water flow path by the control unit.
[0013] (4) The ice supply device according to (3) de-
sirably further includes a first temperature sensor that
detects a temperature of the sherbet ice or a first con-
centration sensor that detects a salinity of the sherbet
ice downstream of the junction in the flow direction of the
sherbet ice, in which the control unit controls the flow rate
regulating valve for the temperature detected by the first
temperature sensor or the salinity detected by the first
concentration sensor to become a target value. The sa-
linity of the sherbet ice after joining can be adjusted by
controlling the flow rate regulating valve using the tem-
perature or the concentration detected by the first tem-
perature sensor or the first concentration sensor.
[0014] (5) The ice supply device according to (3) de-
sirably further includes a first temperature sensor that
detects a temperature of the sherbet ice downstream of
the junction in the flow direction of the sherbet ice, in
which the control unit calculates a salinity from the tem-
perature detected by the first temperature sensor and
controls the flow rate regulating valve for the salinity hav-
ing been calculated to become a target value. Since there
is a correlation between the salinity and the temperature
of the sherbet ice, by detecting the temperature of the
sherbet ice by the first temperature sensor, the salinity
can be calculated from the detected temperature. Then,
the control unit adjusts the flow rate of water to join the
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supply path by controlling the flow rate regulating valve
such that the calculated salinity becomes the target val-
ue, and thus the salinity of the sherbet ice after joining
can be adjusted.
[0015] (6) In the ice supply device according to (3) to
(5), the control unit desirably controls an opening degree
and/or an opening time of the flow rate regulating valve.
The control unit can adjust the flow rate of the water to
join the supply path by controlling the opening degree
and/or the opening time of the flow rate regulating valve.
[0016] (7) The ice supply device according to (3) to (6)
desirably further includes a second concentration sensor
that detects a salinity of the sherbet ice in the ice storage
tank, in which the control unit prohibits an operation of
taking out the sherbet ice in the ice storage tank when
the salinity detected by the second concentration sensor
is not within a predetermined range. By prohibiting the
operation of taking out the sherbet ice in the ice storage
tank when the detected salinity is not within the prede-
termined range, the sherbet ice in an insufficient state is
prevented from being supplied to the user.
[0017] (8) The ice supply device according to (1) to (7)
desirably further includes a second temperature sensor
that detects a temperature of the sherbet ice in the ice
storage tank, and a salinity calculation unit that calculates
a salinity of the sherbet ice based on a temperature of a
medium to be cooled supplied to the ice storage tank,
the temperature of the medium to be cooled being de-
tected by the second temperature sensor before an op-
eration of the ice making device, and a temperature of
the sherbet ice stored in the ice storage tank, the tem-
perature of the sherbet ice being detected by the second
temperature sensor after a start of the operation of the
ice making device. The salinity of the sherbet ice can be
calculated by the salinity calculation unit on the basis of
the temperature of the medium to be cooled before the
operation and the temperature of the sherbet ice after
the start of the operation that are detected by the second
sensor.
[0018] (9) The ice supply device according to (1) to (8)
desirably further includes an input unit that receives a
salinity and an amount of the sherbet ice taken out from
the ice storage tank. The user can take out a desired
amount of sherbet ice having a desired salinity by input-
ting the salinity and the amount of sherbet ice in the input
unit.
[0019] (10) In the ice supply device according to (1) to
(9), the supply path desirably includes a takeout port
through which the sherbet ice in the ice storage tank is
taken out, the takeout port being disposed in the ice stor-
age tank, and the takeout port is desirably disposed be-
low a liquid level of the sherbet ice in the ice storage tank
by a predetermined distance. By taking out the sherbet
ice near the liquid level from the takeout port disposed
below the liquid level of the sherbet ice in the ice storage
tank T by a predetermined distance, sherbet ice having
a high ice packing factor (IPF: a ratio of a weight of ice
to a total weight (weight of ice/(weight of ice + weight of

water))) can be supplied to the user.
[0020] (11) In the ice supply device according to (1) to
(10), cooled water desirably flows through the water flow
path. By joining the cooled water to the supply path, the
sherbet ice can be prevented from being melted, and the
sherbet ice having a high IPF can be supplied to the user.
[0021] (12) The ice supply device according to (11) de-
sirably includes a cooling apparatus that cools the water
to be flowed through the water flow path.
[0022] (13) An ice making system of the present dis-
closure includes a refrigerant circuit that produces the
sherbet ice and the ice supply device according to (1) to
(12).
[0023] In the ice making system of the present disclo-
sure, the sherbet ice produced by the refrigerant circuit
can be stored in the ice storage tank, and the water flow
path through which water flows joins to the supply path
through which the sherbet ice is taken out of the ice stor-
age tank. Accordingly, a salinity of the sherbet ice sup-
plied to a user can be adjusted.
[0024] (14) In the ice making system according to (13),
the refrigerant circuit desirably includes a compressor, a
first heat exchanger that dissipates heat from a refriger-
ant compressed by the compressor, and a second heat
exchanger that exchanges heat between the refrigerant
having dissipated heat in the first heat exchanger and a
medium to be cooled serving as a raw material of the
sherbet ice and cools the medium to be cooled.
[0025] In this configuration, the medium to be cooled
can be cooled by the refrigerant flowing through the re-
frigerant circuit to produce sherbet ice.
[0026] (15) The ice making system according to (14),
the refrigerant circuit desirably further includes a third
heat exchanger that exchanges heat between the refrig-
erant having radiated heat in the first heat exchanger and
the water to be flowed through the water flow path and
cools the water.
[0027] In this configuration, the water to be flowed
through the water flow path can be cooled using the re-
frigerant of the refrigerant circuit that produces the sher-
bet ice.
[0028] (16) The ice making system according to (15)
desirably further includes a water tank that stores the
water cooled by the third heat exchanger.
[0029] In this configuration, the cooled water can be
stably supplied to the supply path.
[0030] (17) The ice making system according to (16)
desirably further includes a third temperature sensor that
detects a temperature of the water in the water tank, a
control valve that controls a flow of the refrigerant in the
third heat exchanger, and a second control unit that con-
trols an operation of the control valve based on the tem-
perature detected by the third temperature sensor.
[0031] In this configuration, the temperature of the wa-
ter in the water tank can be detected appropriately.
[0032] (18) In the ice making system according to (17),
the third temperature sensor is desirably disposed in a
lower part of an inside of the water tank.
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[0033] In this configuration, a lower temperature of the
water stored in the water tank can be detected by the
third temperature sensor, and by controlling the operation
of the control valve on the basis of this temperature, it is
possible to prevent the water in the water tank from being
cooled more than necessary (frozen).
[0034] (19) An ice making system of the present dis-
closure includes an ice making device and the ice supply
device according to any of (1) to (12).
[0035] In the ice making system of the present disclo-
sure, the water flow path through which water flows joins
the supply path through which the sherbet ice is taken
out of the ice storage tank. Accordingly, a salinity of the
sherbet ice supplied to a user can be adjusted.

BRIEF DESCRIPTION OF DRAWINGS

[0036]

FIG. 1 is an explanatory diagram of an ice making
system according to Embodiment 1 of the present
disclosure.
FIG. 2 is an explanatory diagram of an ice making
machine in the ice making system illustrated in FIG.
1.
FIG. 3 is an explanatory diagram of an ice supply
device including an ice storage tank in the ice making
system illustrated in FIG. 1.
FIG. 4 is an explanatory diagram of a controller of
the ice supply device illustrated in FIG. 3.
FIG. 5 is an explanatory plan view of an inside of the
ice storage tank.
FIG. 6 is a flowchart of an example of control for
adjusting a salinity of seawater in the ice storage
tank.
FIG. 7 is an explanatory diagram of an ice making
system according to Embodiment 2 of the present
disclosure.
FIG. 8 is an explanatory diagram of a controller of
the ice making system illustrated in FIG. 7.
FIG. 9 is a flowchart illustrating an example of water
temperature control in a water tank.
FIG. 10 is a flowchart illustrating an example of con-
trol of a proportional control valve.

DETAILED DESCRIPTION

[0037] An ice supply device and an ice making system
of the present disclosure will be described in detail below
with reference to the accompanying drawings. The
present disclosure should not be limited to the following
exemplification, but is intended to include any modifica-
tion recited in the claims within meanings and a scope
equivalent to the scope of the claims.

[Embodiment 1]

[0038] FIG. 1 is an explanatory diagram of an ice mak-

ing system S according to Embodiment 1 of the present
disclosure, FIG. 2 is an explanatory diagram of an ice
making machine 1 in the ice making system S illustrated
in FIG. 1, and FIG. 3 is an explanatory diagram of an ice
supply device C including an ice storage tank T in the ice
making system S illustrated in FIG. 1.
[0039] The ice making system S includes an ice mak-
ing device I and the ice supply device C. The ice making
device I and the ice storage tank T which is a component
of the ice supply device C are connected to each other
by a pipe.

[Ice making device I]

[0040] The ice making device I produces sherbet ice
from a medium to be cooled by exchanging heat with a
refrigerant. In the present embodiment, seawater is used
as the medium to be cooled, and the ice making device
I produces fine ice using the seawater as a raw material,
and returns sherbet ice mixed with seawater, in which
the produced fine ice and the seawater are mixed, to the
ice storage tank T. The sherbet ice is also referred to as
slurry ice, ice slurry, slough ice, or liquid ice. As the me-
dium to be cooled, for example, salt water containing salt
in water can be used instead of seawater. The "water
referred herein includes industrial water, tap water, and
fresh water that are substantially free of salt.
[0041] The ice making device I includes a compressor
2, a heat source-side heat exchanger 3 (first heat ex-
changer), a four-way switching valve 4, a use-side ex-
pansion valve 5, a heat source-side expansion valve 6,
an internal heat exchanger 7, and a receiver 8, in addition
to the ice making machine 1 constituting a use-side heat
exchanger (second heat exchanger). These devices are
connected by a refrigerant pipe 96 to constitute a refrig-
erant circuit 95.
[0042] As illustrated in FIG. 1 and FIG. 2, the ice mak-
ing machine 1 includes an evaporator 13 (second heat
exchanger) including an inner pipe 11 and an outer pipe
12, and an ice scraper 14. The ice making machine 1 is
a horizontal double pipe ice making machine in which
axes of the inner pipe 11 and the outer pipe 12 are dis-
posed horizontally. In the evaporator 13, liquid refrigerant
passes through most of an annular space 24 between
the inner pipe 11 and the outer pipe 12.
[0043] The inner pipe 11 is an element through which
the seawater serving as the medium to be cooled passes.
The inner pipe 11 is made of a metal material such as
stainless steel or iron. The inner pipe 11 has a cylindrical
shape, and is disposed in the outer pipe 12. Both ends
of the inner pipe 11 are closed. In the inner pipe 11, the
ice scraper 14 is disposed to scrape off ice produced on
an inner peripheral surface of the inner pipe 11 and to
disperse the ice into the seawater in the inner pipe 11. A
seawater pipe 15 that supplies the seawater in the ice
storage tank T into the inner pipe 11 is connected to one
axial end of the inner pipe 11. A sherbet pipe 16 that
returns the seawater from the inner pipe 11 to the ice
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storage tank T is connected to the other axial end of the
inner pipe 11.
[0044] The outer pipe 12 has a cylindrical shape, and
is made of a metal material such as stainless steel or iron
as in the inner pipe 11. A plurality of (three in an illustrated
example) refrigerant inlet pipes 17 branched down-
stream of the use-side expansion valve 5 are connected
to a lower part of the outer pipe 12. A refrigerant outlet
pipe 18 leading to the internal heat exchanger 7 is con-
nected to an upper part of the outer pipe 12. In the present
embodiment, three refrigerant inlet pipes 17 are provid-
ed, but the number of refrigerant inlet pipes 17 may be
two or less or four or more. The number of refrigerant
outlet pipes 18 is one, but may be two or more.
[0045] The ice scraper 14 includes a shaft 19, support
bars 20, blades 21, and a motor 22. The shaft 19 has the
other axial end that extends outward from a flange 23
provided at the other axial end of the inner pipe 11. The
other axial end of the shaft 19 is connected to the motor
22 that drives the shaft 19. The support bars 20 are dis-
posed upright on a peripheral surface of the shaft 19 at
predetermined intervals, and the blades 21 are attached
to distal ends of the support bars 20. Each of the blades
21 is, for example, a band plate-shaped member made
of a synthetic resin. Each of the blades 21 has a tapered
shape directed forward in a rotational direction.
[0046] In a normal ice making operation, the four-way
switching valve 4 is maintained at a state indicated by a
solid line in FIG. 1. High-temperature high-pressure gas
refrigerant discharged from the compressor 2 flows
through the four-way switching valve 4 into the heat
source-side heat exchanger 3 functioning as a condens-
er, exchanges heat with air provided by the operation of
the fan 10, and is condensed and liquefied. The liquefied
refrigerant then flows into the use-side expansion valve
5 via the heat source-side expansion valve 6 in a fully
open state, the receiver 8, and the internal heat exchang-
er 7. The refrigerant is decompressed to have a prede-
termined low pressure by the use-side expansion valve
5, and supplied through the refrigerant inlet pipe 17 into
the annular space 24 between the inner pipe 11 and the
outer pipe 12 that constitute the evaporator 13.
[0047] The refrigerant ejected into the annular space
24 exchanges heat with the seawater supplied into the
inner pipe 11 to evaporate. The seawater containing fine
ice produced by cooling by evaporation of the refrigerant
flows out of the sherbet pipe 16 and returns to the ice
storage tank T. The refrigerant gasifies by the evapora-
tion in the ice making machine 1. Thereafter, the refrig-
erant is sucked into the compressor 2. At that time, if the
refrigerant containing liquid enters the compressor 2
without being completely evaporated in the ice making
machine 1, the compressor 2 may malfunction due to a
sudden increase in pressure inside a compressor cylin-
der (liquid compression) and a decrease in viscosity of
a refrigeration oil. Therefore, the low-pressure refrigerant
that has left the ice making machine 1 to protect the com-
pressor 2 exchanges heat with the high-pressure refrig-

erant that has passed through the receiver 8 in the inter-
nal heat exchanger 7, is heated, and returns to the com-
pressor 2. The internal heat exchanger 7 is of a double
pipe type. The low-pressure refrigerant from the ice mak-
ing machine 1 exchanges heat with the high-pressure
refrigerant when passing through the space between the
inner pipe and the outer pipe of the internal heat exchang-
er 7. The refrigerant is thus heated and then returns to
the compressor 2.
[0048] If the flow of the seawater is stagnated in the
inner pipe 11 of the ice making machine 1, the ice is
accumulated in the inner pipe 11 (ice accumulation) to
hinder the operation of the ice making machine 1. In this
case, a defrosting operation (a heating operation) is per-
formed for melting the ice in the inner pipe 11. At this
time, the four-way switching valve 4 is maintained at a
state indicated by a broken line in FIG. 1. The compressor
2 discharges the high-temperature high-pressure gas re-
frigerant. The gas refrigerant flows into the annular space
between the inner pipe 11 and the outer pipe 12 of the
ice making machine 1 via the four-way switching valve 4
and the internal heat exchanger 7. The gas refrigerant
exchanges heat with the ice-containing seawater in the
inner pipe 11 to be condensed and liquefied. The liquefied
refrigerant then flows into the heat source-side expansion
valve 6 via the use-side expansion valve 5 in a fully open
state, the internal heat exchanger 7, and the receiver 8.
The heat source-side expansion valve 6 decompresses
the liquefied refrigerant to a predetermined low pressure.
Thereafter, the refrigerant flows into the heat source-side
heat exchanger 3 functioning as an evaporator. During
the defrosting operation, in the heat source-side heat ex-
changer 3 functioning as an evaporator, the refrigerant
gasifies by exchanging heat with air provided by the op-
eration of the fan 10. Thereafter, the refrigerant is sucked
into the compressor 2.

[Ice supply device C]

[0049] As illustrated in FIG. 3, the ice supply device C
is a device that supplies sherbet ice produced by the ice
making device I to a user. The ice supply device C in-
cludes the ice storage tank T that stores sherbet ice, a
supply path 31, and a water flow path 80 that joins the
supply path 31 and through which water flows. The supply
path 31 includes an on-off valve. By opening the on-off
valve, sherbet ice is supplied to the user. In the present
embodiment, the on-off valve is an electromagnetic valve
37, but may be a valve or the like manually opened by
the user. The ice supply device C includes a controller
25 serving as a control unit. As illustrated in FIG. 4, the
controller 25 includes a CPU 25a, a memory 25b such
as a RAM and a ROM, and a transmission and reception
unit 25c that performs transmission to and reception from
external devices, sensors, and the like. The controller 25
achieves various kinds of control concerning an opera-
tion of the ice making system S, including operation con-
trol of the ice supply device C, in such a manner that the
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CPU 25a executes a computer program stored in the
memory 25b. The controller 25 controls driving of drive
units or actuators such as electromagnetic valves 37, 73,
and 91, a proportional control valve 83, and pumps 32
and 38, which will be described later. In addition, the con-
troller 25 receives detection signals from temperature
sensors 84 and 92 and a water level sensor 33 by the
transmission and reception unit 25c. The controller 25 is
communicably connected to a control unit 27 of the ice
making device I, controls an operation of the ice making
device I via the control unit 27, and receives a signal from
a sensor or the like of the ice making device I via the
control unit 27. A main control unit of the ice making sys-
tem S can be attached to the ice making device I.
[0050] The ice storage tank T is made of a metal ma-
terial such as stainless steel or iron. The ice storage tank
T has a rectangular cylindrical shape with a rectangular
horizontal cross section. The ice storage tank T is a
sealed container having a lid, but in FIG. 1 and FIG. 3,
the lid is not illustrated in order to facilitate understanding
of a configuration of an upper part of an inside of the ice
storage tank T.
[0051] The pump 32 that transfers the seawater in the
ice storage tank T into the inner pipe 11 of the ice making
machine 1 by the seawater pipe 15 is disposed near a
bottom of the inside of the ice storage tank T. By driving
the pump 32 disposed near a bottom surface to transfer
the seawater in the ice storage tank T into the inner pipe
11 of the ice making machine 1, it is possible to impart
fluidity to the sherbet ice in the ice storage tank T.
[0052] The water level sensor 33 is provided in the ice
storage tank T. On the basis of a detection signal from
the water level sensor 33, the seawater is replenished
and discharged as described later. The water level sen-
sor 33 is detectable of a plurality of water levels in the
ice storage tank T, and is disposed to be detectable of,
for example, positions of 90%, 70%, 45%, 30%, and 25%
of a height of the ice storage tank T from the bottom. As
the water level sensor 33, a generally known sensor can
be used. A discharge path 90 that discharges the sea-
water in the ice storage tank T is connected to near the
bottom of the ice storage tank T. The discharge path 90
includes an electromagnetic valve 91.
[0053] The supply path 31 is a flow path or a passage
for supplying sherbet ice produced by the ice making
device I and stored in the ice storage tank T to the user.
The supply path 31 has a supply port 39 that releases
the sherbet ice taken out from the ice storage tank T at
a downstream end. As the supply path 31, a pipe, a hose,
or a combination thereof can be used. The pump 38 is
disposed in the supply path 31, and the sherbet ice in
the ice storage tank T can be sucked and taken out to
outside by driving the pump 38.
[0054] A float 40 is a member that floats in the ice stor-
age tank T apart from an inner wall 30 of the ice storage
tank T. The float 40 in the present embodiment is a hollow
body and can be made of a synthetic resin such as a
vinyl chloride resin (PVC). The float 40 has a square

shape in plan view and a substantially rhombic shape in
side view. Specifically, an upper surface 40a of the float
40 has an upper inclined surface inclined from an outer
edge toward a center of the float 40 so as to be away
from a liquid level. Similarly, a bottom surface 40b of the
float 40 has a lower inclined surface inclined from the
outer edge toward the center of the float 40 so as to be
away from the liquid level. A shape of the float 40 is not
limited in the present disclosure, and a float having a
circular shape in plan view, a float having a triangular
shape, or a float having a polygonal shape having five or
more sides can also be used. The upper surface and/or
the bottom surface of the float 40 may be a flat surface
instead of an inclined surface.
[0055] A size of the float 40 is not limited in the present
disclosure, but in a case where the float 40 having a
square shape in plan view floats in the ice storage tank
T having a rectangular inner wall in plan view, when a
length (shorter length) of one side of the ice storage tank
T is W, a length of one side of the float 40 having a square
shape can be 0.3 W to 0.5 W, for example. In a case
where the float 40 having a circular shape in a plan view
floats in the ice storage tank T having a circular shape in
a plan view, when D is an inner diameter of the ice storage
tank T, an outer diameter of the float 40 having a circular
shape can be set to 0.3 D to 0.5 D, for example.
[0056] An opening 41 vertically penetrating is formed
at the center (center in plan view) of the float 40. The
opening 41 has a circular shape in plan view. In the
present embodiment, a distal end 34a of a hose 34 con-
stituting a part of the supply path 31 is inserted into the
opening 41 and fixed to the float 40. The hose 34 has a
bellows portion 34b at a base of the distal end 34a. The
bellows portion 34b can expand and contract by a pre-
determined distance along a longitudinal direction or an
axial direction of the hose 34. An end of the bellows por-
tion 34b opposite to the distal end 34a is connected to
an enlarged diameter portion 35a at an end of a pipe 35
constituting the supply path 31. A position of the pipe 35
is fixed by a fixing tool (not illustrated).
[0057] One end of a chain 36 is fixed to each of four
corners of the float 40 having a square shape. The other
end of the chain 36 is locked to the inner wall 30 of the
ice storage tank T. A length of each chain 36 is set to a
length that allows vertical movement and horizontal
movement within a certain range of the float 40. The float
40 can move up and down within a certain range by the
presence of the bellows portion 34b. The presence of the
chain 36 restricts horizontal movement of the float 40
beyond a certain range.
[0058] In the present embodiment, the pipe 35, the
hose 34, and the opening 41 constitute the supply path
31. A distal end (opening edge) of the opening 41 of the
float 40, which is a distal end of the supply path 31, func-
tions as a takeout port 42 for sucking and taking out the
sherbet ice stored in the ice storage tank T. The takeout
port 42 is located on the bottom surface 40b of the float
40. In other words, the takeout port 42 is located below
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the liquid level of the sherbet ice stored in a tank body.
A position of the takeout port 42 in a vertical direction is
not limited in the present disclosure, but the size, shape,
weight, and the like of the float 40 can be selected such
that the takeout port 42 is positioned, for example, about
10 cm to 40 cm below a liquid level L of the sherbet ice.
[0059] Since ice has a specific gravity smaller than that
of seawater, the ice moves upward by buoyancy. Thus,
the sherbet ice near the liquid level in the ice storage tank
T has an IPF higher than that of the sherbet ice near the
bottom surface. In the present embodiment, since the
takeout port 42 at the distal end of the supply path 31 is
disposed not at a lower part or the center but at the upper
part of the ice storage tank T in the vertical direction, it
is possible to supply sherbet ice having a high IPF to the
user. At this time, since the takeout port 42 at the distal
end of the supply path 31 is disposed below the liquid
level of the sherbet ice, it is possible to prevent air from
being sucked from the takeout port 42 when the sherbet
ice is sucked from the takeout port 42. Then, it is possible
to prevent the pump 38 from being damaged by the
sucked air.
[0060] Since the bottom surface 40b of the float 40 has
the lower inclined surface inclined from the outer edge
of the float 40 toward the takeout port 42 so as to be away
from the liquid level, the air in the liquid around the takeout
port 42 can be released upward along the inclined sur-
face. It is therefore possible to further prevent the air from
being sucked from the takeout port 42 at the distal end
of the supply path 31.
[0061] The ice supply device C according to the
present embodiment has a return flow path 50 that
branches from the supply path 31 downstream of the
pump 38 disposed in the supply path 31 and returns the
sherbet ice to the ice storage tank T. The return flow path
50 is connected to the sherbet pipe 16 that returns sea-
water containing ice produced by the ice making machine
1 to the ice storage tank T. The return flow path 50 is
provided with a safety valve 51. The safety valve 51 is
opened when a pressure in the return flow path 50 is
increased to exceed a predetermined pressure. The
safety valve 51 also plays a role of opening and returning
the sherbet ice into the ice storage tank T when the pres-
sure in the return flow path 50 branched from the supply
path 31 increases to exceed a predetermined pressure
in a case where the pump 38 is driven even though the
sherbet ice cannot be supplied from the supply port 39
due to a failure of the electromagnetic valve 37 provided
in the supply path 31. The sherbet ice falls from a release
port of a release pipe to be described later, which is dis-
posed above the liquid level L of the sherbet ice stored
in the ice storage tank T, and thus the sherbet ice near
the liquid level can be disturbed. Further, it is possible to
prevent the sherbet ice from being frozen. By opening
the safety valve 51 to lower the pressure in the flow path
of the sherbet ice, it is possible to avoid failure of the
pump 38 due to excessive pressure.
[0062] Instead of the safety valve 51, an electromag-

netic valve that is controllable to be opened and closed
may be used. In this case, the electromagnetic valve is
controlled by the CPU 25a of the controller 25 to be closed
when the sherbet ice is being supplied to the user through
the supply port 39 of the supply path 31, and is controlled
to be open when the sherbet ice is not being supplied
from the supply port 39 of the supply path 31. When the
sherbet ice is not supplied, the sherbet ice can be re-
turned into the ice storage tank T by operating the pump
38 and controlling the electromagnetic valve to be
opened. This makes it possible to impart fluidity to the
sherbet ice stored in the ice storage tank T and to prevent
the sherbet ice from being frozen.
[0063] The pump 38 disposed in the supply path 31
functions as a pump for supplying the sherbet ice in the
ice storage tank T to the user from the supply port 39,
and can function as a pump for returning the sherbet ice
taken out from the ice storage tank T to the ice storage
tank T via the return flow path 50 branching from the
supply path 31. A supply pump and a return pump for the
sherbet ice can be shared.
[0064] By causing the CPU 25a of the controller 25 to
interlock the operation of the pump 38 and opening and
closing control of the electromagnetic valve that is con-
trollable to be opened and closed, it is possible to prevent
the sherbet ice from being frozen in the ice storage tank
T. Specifically, the pump 38 is driven constantly or peri-
odically while the ice making device I is operating, and
the sherbet ice in the ice storage tank T can flow and
circulate through the return flow path constantly or peri-
odically. Thus, the sherbet ice near the liquid level is pre-
vented from being frozen during ice making. The elec-
tromagnetic valve is controlled to be opened and closed
by the CPU 25a of the controller 25 to be interlocked with
the driving of the pump 38. By causing the sherbet ice in
the ice storage tank T to flow and circulate through the
return flow path constantly or periodically while the ice
making device I is not operating, the sherbet ice in the
ice storage tank T can be prevented from being frozen.
[0065] As illustrated in FIG. 5, a downstream end of
the sherbet pipe 16 is branched into four branch pipes
60. A release pipe 61 is attached to a downstream end
of each of the branch pipes 60. A plurality of (six in an
example illustrated in FIG. 5) release ports 62 are formed
on a lower surface of the release pipe 61. The branch
pipes 60 and the release pipes 61 are disposed above
the liquid level L of the sherbet ice stored in the ice storage
tank T. By causing the sherbet ice to fall from the release
port 62 located above the liquid level L of the sherbet ice,
it is possible to impart fluidity to the sherbet ice near the
liquid level. Further, the sherbet ice near the liquid level
can be prevented from being frozen.
[0066] In the present embodiment, a downstream end
of the seawater supply pipe 70 that supplies seawater to
the ice storage tank T is connected to the sherbet pipe
16. The seawater sucked from a seawater acquisition
port by a pump (not illustrated) joins the sherbet pipe 16
via a sterilization and filtration device 72 and the electro-
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magnetic valve 73, and is supplied from the release ports
62 of the release pipes 61 to the ice storage tank T. The
sterilization and filtration device 72 is a device for remov-
ing foreign substances contained in the seawater and
sterilizing bacteria contained in the seawater. The sea-
water can be supplied to the ice storage tank T using the
seawater supply pipe 70 on the basis of the detection
signal of the water level sensor 33 described above.
[0067] The ice supply device C according to the
present embodiment includes the water flow path 80
through which water flows and that joins the supply path
31 through which the sherbet ice is taken out of the ice
storage tank T. The water flow path 80 joins the supply
path 31 upstream of the pump 38 for sucking and taking
out the sherbet ice from the ice storage tank T in a flow
direction of the sherbet ice. As a result, the number of
required pumps can be reduced to one from two. Instead
of water, salt water containing salt in water can also be
used.
[0068] In the present embodiment, an input unit 26 (see
FIG. 4) communicably connected to the controller 25 is
provided. The user can take out a desired amount of sher-
bet ice having a desired salinity from the supply port 39
by inputting the salinity and the amount of sherbet ice to
be taken out from the ice storage tank T.
[0069] In the present embodiment, the water stored in
the water tank 81 is sucked by the pump 38 and joins the
supply path 31 via the proportional control valve 83 as a
flow rate regulating valve. In addition, a temperature sen-
sor 84 as a first temperature sensor is provided down-
stream of a junction of the water flow path 80 and the
supply path 31 and downstream of the pump 38 to detect
a temperature of the sherbet ice. Since there is a corre-
lation between the salinity and the temperature of the
sherbet ice, by detecting the temperature of the sherbet
ice by the temperature sensor 84, the salinity can be cal-
culated from the detected temperature. This calculation
can be performed by the CPU 25a of the controller 25.
Then, an opening degree and/or an opening time of the
proportional control valve 83 is adjusted by the CPU 25a
of the controller 25 such that the calculated salinity be-
comes a target value on the basis of the calculated sa-
linity, and thus the sherbet ice having a desired salinity
can be obtained. For example, when the opening degree
of the proportional control valve 83 is a full open degree,
a flow rate of the sherbet ice flowing through the supply
path 31 and a flow rate of the water flowing through the
water flow path 80 are configured to be substantially
equal. This configuration can set a concentration of the
sherbet ice taken out from the electromagnetic valve 37
to about a half of a concentration of the sherbet ice stored
in the ice storage tank T. For example, when the opening
degree of the proportional control valve 83 is 50%, a ratio
of the flow rate of the sherbet ice flowing through the
supply path 31 and the flow rate of the water flowing
through the water flow path 80 are two to one. It is there-
fore possible to set the concentration of the sherbet ice
stored taken out from the electromagnetic valve 37 to

about two thirds of the concentration of the sherbet ice
stored in the ice storage tank T. When time for fully open-
ing the proportional control valve 83 is about half of time
for operating the pump 38, the concentration of the sher-
bet ice taken out from the electromagnetic valve 37 can
be about two thirds of the concentration of the sherbet
ice stored in the ice storage tank T. Instead of the tem-
perature sensor 84, a concentration sensor 84 (first con-
centration sensor) that detects a salinity may be used.
In this case, the opening degree and/or the opening time
of the proportional control valve 83 can be adjusted by
the controller 25 such that the salinity becomes a target
value on the basis of the detected salinity.
[0070] In the present embodiment, the temperature
sensor 92 as a second temperature sensor that detects
the temperature of the sherbet ice in the ice storage tank
T is disposed in the ice storage tank T. The salinity of the
sherbet ice can be obtained by the CPU 25a of the con-
troller 25 on the basis of the temperature of the seawater
before the operation and the temperature of the sherbet
ice after a start of the operation that are detected by the
temperature sensor 92. The CPU 25a of the controller
25 changes the opening degree and/or the opening time
of the proportional control valve 83 on the basis of the
salinity to adjust the flow rate of water to join from the
water flow path 80 to the supply path 31. Accordingly, a
salinity of the sherbet ice supplied to a user can be ad-
justed. Note that it is also possible to use a concentration
sensor 92 as a second concentration sensor instead of
the temperature sensor 92 as the second temperature
sensor. In this case, the CPU 25a of the controller 25 can
obtain the concentration of the sherbet ice in the ice stor-
age tank T by the concentration sensor 92.
[0071] Since there is a correlation between the salinity
and the temperature of the sherbet ice, by detecting the
temperature of the sherbet ice by the temperature sensor
92, the salinity can be calculated from the detected tem-
perature by the CPU 25a of the controller 25. Then, when
the calculated salinity is not within a predetermined
range, the CPU 25a of the controller 25 prohibits an op-
eration of taking out the sherbet ice in the ice storage
tank T. When the salinity of the sherbet ice in the ice
storage tank T is excessively low, the IPF of the sherbet
ice is also low, and the sherbet ice is not sufficiently used
as sherbet ice. By prohibiting the operation of taking out
the sherbet ice in the ice storage tank when the detected
salinity is not within the predetermined range, the sherbet
ice in an insufficient state is prevented from being sup-
plied to the user. Note that, in a case where the concen-
tration sensor 92 as the second concentration sensor is
used instead of the temperature sensor 92 as the second
temperature sensor, the CPU 25a of the controller 25
prohibits the operation of taking out the sherbet ice in the
ice storage tank T when the salinity of the sherbet ice
detected by the concentration sensor 92 is not within the
predetermined range.
[0072] In the present embodiment, the CPU 25a of the
controller 25 controls the electromagnetic valve 91 and
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the electromagnetic valve 73 upon determination that the
salinity calculated on the basis of the temperature de-
tected by the temperature sensor 92 exceeds a prede-
termined value. Specifically, the CPU 25a of the control-
ler 25 opens the electromagnetic valve 91 when the cal-
culated salinity exceeds the predetermined value. As a
result, the seawater in the ice storage tank T is dis-
charged to outside via the discharge path 90. When a
first predetermined condition is satisfied, the CPU 25a
closes the electromagnetic valve 91 and then opens the
electromagnetic valve 73 to supply the seawater to the
ice storage tank T. When a second predetermined con-
dition is satisfied, the CPU 25a closes the electromag-
netic valve 73. In this manner, by discharging the sea-
water in the ice storage tank T and supplying the seawa-
ter to the ice storage tank T on the basis of the salinity
of the seawater in the ice storage tank T, the salinity of
the seawater in the ice storage tank T can be reduced to
less than a predetermined value, and as a result, the ice
making device I can be continuously operated. Accord-
ingly, ice making efficiency of the ice making system S
can be improved. As means for detecting the concentra-
tion of the seawater in the ice storage tank T, a salinity
sensor can also be used.
[0073] The "predetermined value" described above is
not limited in the present disclosure, but can be, for ex-
ample, 7%. When the salinity of the sherbet ice in the ice
storage tank T exceeds 7%, ice making in the ice making
machine 1 becomes difficult and the ice making efficiency
may decrease. The predetermined value can be appro-
priately set via an input unit (not illustrated) of the con-
troller 25. The set predetermined value is stored in the
memory 25b. The "first predetermined condition" and the
"second predetermined condition" may be, for example,
a decline in a water level as a division between water
and ice to a certain position. Under the first predeter-
mined condition, the CPU 25a of the controller 25 detects
that the water level has declined to a first position by the
water level sensor 33. As the first position, for example,
a position of 45% of the height of the tank from the bottom
can be selected from the plurality of water levels detected
by the water level sensor 33. Since there is a possibility
that the pump may be damaged if only ice is handled,
when the water level declines to the first position, the
water discharge is stopped and the water supply is start-
ed. Under the second predetermined condition, the CPU
25a of the controller 25 detects that the water level has
risen to a second position by the water level sensor 33.
As the second position, for example, a position of 90%
of the height of the tank from the bottom can be selected
from the plurality of water levels detected by the water
level sensor 33. The first position and the second position
can be appropriately set via an input unit (not illustrated)
of the controller 25. The set first position and second
position are stored in the memory 25b. In the present
embodiment, as illustrated in FIG. 6, the following control
flow is executed. The CPU 25a of the controller 25 detects
the salinity of the sherbet ice in the ice storage tank T by

the temperature sensor 92 disposed in the ice storage
tank T (step S1). The CPU 25a of the controller 25 de-
termines whether the salinity exceeds 7% (step S2), and
advances the processing to step S3 upon determination
that the salinity exceeds 7%. In step S3, the CPU 25a
transmits a command to stop the operation of the ice
making device I to the control unit 27 of the ice making
device I. The CPU 25a opens the electromagnetic valve
91 provided in the discharge path 90 connected to the
ice storage tank T (step S4). As a result, the seawater
near the bottom surface of the ice storage tank T is dis-
charged. The discharged seawater may contain some
sherbet ice.
[0074] Next, in step S5, the CPU 25a determines
whether the water level detected by the water level sen-
sor 33 has declined to a water level lower than the first
predetermined condition. Upon determination that the
water level has declined to the water level lower than the
first predetermined condition in step S5, the CPU 25a
advances the processing to step S6 and closes the elec-
tromagnetic valve 91 in step S6. Next, the CPU 25a
opens the electromagnetic valve 73 (step S7). As a result,
the seawater (having a salinity of about 3.5%) is supplied
into the ice storage tank T. Next, in step S8, the CPU 25a
determines whether the water level detected by the water
level sensor 33 has risen to a water level higher than the
second predetermined condition. Upon determination
that the water level has risen to a water level higher than
the second predetermined condition in step S8, the CPU
25a advances the processing to step S9 and closes the
electromagnetic valve 73 in step S9. Thereafter, in step
S10, the CPU 25a transmits a command to start the op-
eration of the ice making device I to the control unit of
the ice making device I. The processing returns to step
S1 after execution of step S10, and the CPU 25a of the
controller 25 detects the salinity of the sherbet ice in the
ice storage tank T by the temperature sensor 92 disposed
in the ice storage tank T. By repeating such steps S1 to
S10, the ice making device I can be continuously oper-
ated. A target salinity in the ice storage tank T can be set
to, for example, 3.5% to 7%. By performing such control,
the ice making device I can be continuously operated.
[0075] When the salinity of the seawater in the ice stor-
age tank T detected by the temperature sensor 92 ex-
ceeds a predetermined value, the CPU 25a of the con-
troller 25 may control the electromagnetic valve 91 of the
discharge path 90 and the electromagnetic valve 73 of
the seawater supply pipe 70 such that the salinity of the
seawater in the ice storage tank T becomes the target
salinity. The control in this case can be performed as
follows. The CPU 25a of the controller 25 recognizes the
salinity of seawater supplied from the seawater supply
pipe 70. The CPU 25a of the controller 25 can control
the electromagnetic valve 91 and the electromagnetic
valve 73 such that the salinity when salt water having
different concentrations is mixed in the ice storage tank
T becomes the target salinity by calculating an amount
of seawater discharged from the ice storage tank T and
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an amount of seawater supplied from the seawater sup-
ply pipe 70 when the salinity of the seawater in the ice
storage tank T becomes a predetermined value. In this
case, the first predetermined condition can be the amount
of seawater discharged from the ice storage tank T, and
the second predetermined condition can be the amount
of seawater supplied from the seawater supply pipe 70.
[0076] Water is supplied to the water tank 81 via a con-
trol valve 86. Afloat switch 87 is disposed in the water
tank 81, and the control valve 86 is controlled to open
and close on the basis of a detection signal from the float
switch 87 to start and stop the supply of water to the water
tank 81.

[Action and effects of Embodiment 1]

[0077] In Embodiment 1 (embodiment of the ice supply
device), the water flow path 80 through which water flows
joins the supply path 31 through which the sherbet ice is
taken out of the ice storage tank T. As a result, the salinity
of the sherbet ice supplied to the user can be easily ad-
justed by adjusting the flow rate of water to join the supply
path 31. When, for example, sherbet ice for refrigerating
different types of saltwater fish is required after a prede-
termined amount of sherbet ice is supplied to the user,
the salinity of the sherbet ice can be adjusted only by
adjusting the flow rate of water from the water flow path
80 to join to the supply path 31, which improves usability
of the ice supply device C.
[0078] In Embodiment 1, the pump 38 is disposed
downstream of the junction where the water flow path 80
joins the supply path 31 in the flow direction of the sherbet
ice. By arranging the pump 38 downstream of the junction
in the flow direction of the sherbet ice, one pump allows
the sherbet ice and water to flow.
[0079] In Embodiment 1, the proportional control valve
83 is disposed in the water flow path 80, and the opening
degree and/or the opening time of the proportional control
valve 83 are controlled by the CPU 25a of the controller
25 such that the salinity of the sherbet ice after joining
becomes a target value. The salinity of the sherbet ice
after joining can be adjusted only by controlling the open-
ing degree and/or the opening time of the proportional
control valve 83 provided in the water flow path 80.
[0080] In Embodiment 1, the temperature sensor 84
that detects the temperature of the sherbet ice is provided
downstream of the junction of the supply path 31 and the
water flow path 80 in the flow direction of the sherbet ice,
and the CPU 25a of the controller 25 controls the opening
degree and/or the opening time of the proportional control
valve 83 such that the detected temperature becomes a
target value. The salinity of the sherbet ice after joining
can be adjusted by controlling the proportional control
valve 83 using the temperature by detected the temper-
ature sensor 84. In this case, since there is a correlation
between the salinity and the temperature of the sherbet
ice, the salinity of the sherbet ice can be calculated from
the temperature detected by the temperature sensor 84.

[0081] In Embodiment 1, the temperature sensor 92 is
disposed in the ice storage tank T, and on the basis of
the temperature of the seawater before the operation and
the temperature of the sherbet ice after the start of the
operation that are detected by the temperature sensor
92, the salinity of the sherbet ice is calculated by the CPU
25a of the controller 25. Then, on the basis of the calcu-
lated salinity, the salinity of the sherbet ice supplied to
the user can be adjusted by adjusting the flow rate of
water to join the supply path 31 from the water flow path
80.
[0082] In Embodiment 1, the temperature sensor 92
detects the temperature of the sherbet ice, and the CPU
25a of the controller 25 calculates the salinity from the
detected temperature. Then, when the calculated salinity
is not within a predetermined range, the CPU 25a of the
controller 25 prohibits an operation of taking out the sher-
bet ice in the ice storage tank T. When the salinity of the
sherbet ice in the ice storage tank T is excessively low,
the IPF of the sherbet ice is also low, and the sherbet ice
is not sufficiently used as sherbet ice. By prohibiting the
operation of taking out the sherbet ice in the ice storage
tank when the detected salinity is not within the prede-
termined range, the sherbet ice in an insufficient state is
prevented from being supplied to the user.
[0083] In Embodiment 1, the input unit 26 communica-
bly connected to the controller 25 is provided, the user
can take out a desired amount of sherbet ice having a
desired salinity from the supply port 39 by inputting the
salinity and the amount of sherbet ice to be taken out
from the ice storage tank T.
[0084] In Embodiment 1, the supply path 31 includes
the takeout port 42 for taking out the sherbet ice in the
ice storage tank T, and the takeout port 42 is disposed
below the liquid level L of the sherbet ice in the ice storage
tank T by a predetermined distance. Since fine ice con-
stituting the sherbet ice has a specific gravity smaller
than that of seawater, the ice moves upward by buoyan-
cy. Thus, the sherbet ice near the liquid level in the ice
storage tank T has an IPF higher than that of the sherbet
ice near the bottom surface. By taking out the sherbet
ice near the liquid level by the takeout port 42 disposed
below the liquid level L of the sherbet ice in the ice storage
tank T by a predetermined distance, the sherbet ice hav-
ing a high IPF can be supplied to the user.
[0085] In Embodiment 1 (embodiment of the ice mak-
ing system), the water flow path 80 through which water
flows joins the supply path 31 through which the sherbet
ice is taken out of the ice storage tank T. As a result, the
salinity of the sherbet ice supplied to the user can be
easily adjusted by adjusting the flow rate of water to join
the supply path 31. When, for example, sherbet ice for
refrigerating different types of saltwater fish is required
after a predetermined amount of sherbet ice is supplied
to the user, the salinity of the sherbet ice can be easily
adjusted only by adjusting the flow rate of water from the
water flow path 80 to join to the supply path 31, which
improves usability of the ice making system S.
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[Embodiment 2]

[0086] FIG. 7 is an explanatory diagram of an ice mak-
ing system according to Embodiment 2 of the present
disclosure. FIG. 8 is an explanatory diagram of a control-
ler of the ice making system illustrated in FIG. 7.
[0087] The ice making system S according to the
present embodiment includes the ice making device I
and the ice supply device C as in Embodiment 1. The ice
making system S according to the present embodiment
further includes a cooling apparatus 100 and a temper-
ature sensor (third temperature sensor) 103. The cooling
apparatus 100 cools water flowing through the water flow
path 80. The third temperature sensor 103 detects a tem-
perature of the water cooled by the cooling apparatus
100.
[0088] The cooling apparatus 100 and the third tem-
perature sensor 103 according to the present embodi-
ment are disposed in the water tank 81 that is a compo-
nent of the ice supply device C. The cooling apparatus
100 includes a heat exchanger (third heat exchanger).
Hereinafter, the heat exchanger constituting the cooling
apparatus 100 is also referred to as a cooling heat ex-
changer 100. The cooling heat exchanger 100 is inserted
into the water tank 81 to exchange heat with water in the
water tank 81. The cooling heat exchanger 100 can
adopt, for example, a configuration in which a heat trans-
fer tube through which a refrigerant flows is wound in a
coil shape.
[0089] The cooling heat exchanger 100 according to
the present embodiment is supplied with the refrigerant
used in the ice making device I. As in Embodiment 1, the
ice making device I includes the ice making machine 1
constituting the use-side heat exchanger (second heat
exchanger), the compressor 2, the heat source-side heat
exchanger 3 (first heat exchanger), the four-way switch-
ing valve 4, the use-side expansion valve 5, the heat
source-side expansion valve 6, the internal heat ex-
changer 7, and the receiver 8. These devices are con-
nected by a refrigerant pipe 96 to constitute a refrigerant
circuit 95.
[0090] A first branch pipe 97 branches from a refriger-
ant pipe 96a between an outflow portion 3a of the liquid
refrigerant in the heat source-side heat exchanger 3 and
the use-side expansion valve 5, specifically, from the re-
frigerant pipe 96a between the receiver 8 and the internal
heat exchanger 7. A second branch pipe 98 branches
from a refrigerant pipe 96b between an outflow portion
1a of a gas refrigerant in the ice making machine 1 and
a suction portion 2a of a gas refrigerant of the compressor
2, specifically, from the refrigerant pipe 96b between the
internal heat exchanger 7 and the four-way switching
valve 4. The first branch pipe 97 is connected to a refrig-
erant inlet 100a of the cooling heat exchanger 100. The
second branch pipe 98 is connected to a refrigerant outlet
100b of the cooling heat exchanger 100.
[0091] The refrigerant having dissipated heat in the
heat source-side heat exchanger 3 passes through the

heat source-side expansion valve 6 and the receiver 8,
branches from the refrigerant pipe 96a to the first branch
pipe 97, and flows into the cooling heat exchanger 100.
The refrigerant having passed through the cooling heat
exchanger 100 passes through the second branch pipe
98, joins the refrigerant pipe 96b, passes through the
four-way switching valve 4, and is sucked into the com-
pressor 2. The cooling heat exchanger 100 is provided
in the refrigerant circuit 95 in parallel with the ice making
machine 1.
[0092] The first branch pipe 97 is provided with a cool-
ing expansion valve 101 that decompresses the refrig-
erant. The liquid refrigerant flowing through the first
branch pipe 97 is decompressed by the cooling expan-
sion valve 101 to become a low-temperature low-pres-
sure gas-liquid two-phase refrigerant, and is supplied to
the cooling heat exchanger 100. The cooling heat ex-
changer 100 causes heat exchange between the water
in the water tank 81 and the refrigerant. By this heat ex-
change, the refrigerant absorbs heat from the water in
the water tank 81 and evaporates, and the water in the
water tank 81 is cooled.
[0093] The cooling expansion valve 101 is opened to
supply the refrigerant to the cooling heat exchanger 100,
and is closed to stop supplying the refrigerant to the cool-
ing heat exchanger 100. Thus, the cooling expansion
valve 101 functions as a control valve that controls the
flow of the refrigerant to the cooling heat exchanger 100.
The cooling expansion valve 101 opens and closes on
the basis of the temperature detected by the third tem-
perature sensor 103. Specifically, when the temperature
detected by the third temperature sensor 103 exceeds a
predetermined upper limit temperature Tth1, the cooling
expansion valve 101 is opened to cool the water in the
water tank 81. Specifically, when the temperature detect-
ed by the third temperature sensor 103 exceeds a pre-
determined lower limit temperature Tth2, the cooling ex-
pansion valve 101 is closed to stop cooling the water in
the water tank 81. The upper limit temperature Tth1 can
be set to a temperature at which the sherbet ice having
joined the water in the supply path 31 does not exces-
sively melt. For example, the upper limit temperature Tth1
can be set to 5°C. The lower limit temperature Tth2 can
be set to a temperature at which the water in the water
tank 81 does not freeze. For example, the lower limit
temperature Tth2 can be set to 2°C. By setting the lower
limit temperature Tth2 to a temperature at which the water
does not freeze, the sherbet ice and water can be pre-
vented from being unable to join together.
[0094] The third temperature sensor 103 is disposed
in a lower part of the water tank 81 (below a center of the
water tank 81 in the vertical direction). Thus, a lower tem-
perature of the water in the water tank 81 can be detected.
The third temperature sensor 103 is preferably disposed
below the cooling heat exchanger 100. The third temper-
ature sensor 103 is more preferably disposed near a bot-
tom surface of the water tank 81.
[0095] The second branch pipe 98 is provided with a
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fifth temperature sensor 105. The fifth temperature sen-
sor 105 detects a temperature of the refrigerant having
passed through the cooling heat exchanger 100. When
the cooling expansion valve 101 is open, an opening de-
gree of the cooling expansion valve 101 is adjusted such
that a degree of superheating of the refrigerant obtained
using a detection result of the fifth temperature sensor
105 becomes a predetermined set value.
[0096] An opening and closing operation of the cooling
expansion valve 101 is controlled by the control unit (sec-
ond control unit) 27 of the ice making device I. As the
controller 25 of the ice supply device C, the control unit
27 includes a CPU 27a, a memory 27b such as a RAM
and a ROM, and a transmission and reception unit 27c
that performs transmission to and reception from external
devices, sensors, and the like. The control unit 27
achieves various kinds of control concerning the opera-
tion of the ice making system S, including the operation
control of the ice making device I, in such a manner that
the CPU 27a executes a computer program stored in the
memory 27b. The control unit 27 controls driving of the
compressor 2, the four-way switching valve 4, the expan-
sion valves 5, 6, and 101, and the like. The control unit
27 receives a detection signal from the fifth temperature
sensor 105 or the like through the transmission and re-
ception unit 27c. The control unit 27 is communicably
connected to the controller 25 of the ice supply device
C, and acquires detection results of the temperature sen-
sors 103 and 104 and the like received by the controller
25.
[0097] The water flow path 80 is provided with a fourth
temperature sensor 104. The fourth temperature sensor
104 detects the temperature of water immediately before
joining the supply path 31. When the temperature of the
water joining the supply path 31 is high, the sherbet ice
after joining is easily melted, and there is a possibility
that the salinity of the sherbet ice decreases and the tem-
perature rapidly increases. Therefore, the temperature
of the water before joining is detected by the fourth tem-
perature sensor 104, and the opening degree of the pro-
portional control valve 83 is adjusted on the basis of the
detection result. The opening degree of the proportional
control valve 83 is adjusted by the controller 25 as in
Embodiment 1.

(Water temperature control in water tank)

[0098] FIG. 9 is a flowchart illustrating an example of
water temperature control in the water tank.
[0099] The control unit 27 cools the water in the water
tank 81 in accordance with a procedure illustrated in FIG.
9 and maintains a water temperature within a predeter-
mined range. The control unit 27 first acquires a water
temperature T by receiving a detection signal from the
third temperature sensor 103 in the water tank 81 (step
S11).
[0100] Next, the control unit 27 determines whether
the water temperature T exceeds the predetermined up-

per limit temperature Tth1 (step S12). The upper limit tem-
perature Tth1 can be set to 5°C as described above. When
a determination in step S12 is positive (YES), the control
unit 27 performs control to open the cooling expansion
valve 101 in order to cool the water in the water tank 81
(step S13).
[0101] When the determination in step S12 is negative
(NO), the control unit 27 further determines whether the
water temperature T is lower than the predetermined low-
er limit temperature Tth2 (step S14). The lower limit tem-
perature Tth2 can be set to 2°C as described above. When
a determination in step S14 is positive (YES), the control
unit 27 performs control to close the cooling expansion
valve 101 (step S15). Specifically, the control unit 27 clos-
es the cooling expansion valve 101 when the cooling
expansion valve 101 is open, and maintains a closed
state when the cooling expansion valve 101 is closed.
As a result, cooling of the water in the water tank 81 is
stopped.
[0102] When the determination in step S14 is negative
(NO), the control unit 27 maintains an open or close state
of the cooling expansion valve 101 (step S16). Specifi-
cally, the control unit 27 maintains an open state when
the cooling expansion valve 101 is open, and maintains
a closed state when the cooling expansion valve 101 is
closed.
[0103] The control unit 27 can maintain the tempera-
ture of the water in the water tank 81 within a predeter-
mined range from Tth1 to Tth2 by repeating the above
procedure.

(Control of proportional control valve)

[0104] The controller 25 according to the present em-
bodiment adjusts the opening degree of the proportional
control valve 83 in accordance with the temperature of
the water flowing through the water flow path 80. Specif-
ically, the controller 25 obtains an amount of water to join
the sherbet ice in the ice storage tank T from the tem-
perature (salinity) of the sherbet ice in the ice storage
tank T, the temperature (salinity) of the sherbet ice that
the user wants to take out, and the temperature of the
water to join the sherbet ice, and adjusts the opening
degree of the proportional control valve 83.
[0105] For example, when the sherbet ice in the ice
storage tank T is at -3°C and the sherbet ice at -1.5°C
as a set temperature is taken out, the controller 25 makes
the opening degree of the proportional control valve 83
different between when the temperature of the water
flowing through the water flow path 80 is 2°C and when
the temperature is 5°C. Specifically, the controller 25
makes the opening degree of the proportional control
valve 83 smaller when the water temperature is 5°C than
when the water temperature is 2°C.
[0106] Assuming that the opening degree of the pro-
portional control valve 83 is the same between when the
temperature of the water is 2°C and when the tempera-
ture of the water is 5°C, the IPF of the sherbet ice changes
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more greatly and the temperature of the sherbet ice
reaches the set temperature more quickly when the water
at 5°C joins than when the water at 2°C joins. Therefore,
there is a high possibility that the temperature of the sher-
bet ice exceeds the set temperature.
[0107] When the water temperature is 5°C, the con-
troller 25 according to the present embodiment makes
the opening degree of the proportional control valve 83
smaller than the opening degree when the water temper-
ature is 2°C to decrease the change in the IPF and in-
crease the time to reach the set temperature. It is there-
fore possible to prevent the temperature of the sherbet
ice from exceeding the set temperature.
[0108] In the present embodiment, since the water
temperature in the water tank 81 is controlled to 2°C to
5°C, the controller 25 sets the lowest 2°C as a "reference
temperature" and sets the opening degree of the propor-
tional control valve 83 at this time as a "reference opening
degree". When the water temperature exceeds the ref-
erence temperature, the controller 25 operates the open-
ing degree of the proportional control valve 83 from the
reference opening degree in a closing direction. The con-
troller 25 is configured to operate the opening degree of
the proportional control valve 93 to be larger in the closing
direction as the temperature of water in excess of the
reference temperature increases.
[0109] FIG. 10 is a flowchart illustrating an example of
the control of the proportional control valve.
[0110] The controller 25 controls the opening degree
of the proportional control valve by a procedure illustrated
in FIG. 10 to adjust the temperature of the sherbet ice to
the set temperature. The controller 25 first acquires the
water temperature by receiving a detection signal from
the fourth temperature sensor 104 in the water flow path
80 (step S21).
[0111] Next, the controller 25 calculates a difference
between the water temperature and a reference temper-
ature (for example, 2°C) (step S22). Then, the controller
25 calculates an operation amount (closing amount) of
the proportional control valve 83 from the reference open-
ing degree using the difference (step S23).
[0112] Next, the controller 25 operates the proportional
control valve 83 in accordance with the calculated oper-
ation amount to join the water from the water flow path
80 to the supply path 31 (step S24).

[Action and effects of Embodiment 2]

[0113] The ice supply device C and the ice making sys-
tem S according to Embodiment 2 have the following
action and effects in addition to the action and effects in
Embodiment 1.
[0114] In the ice supply device C according to Embod-
iment 2, the cooled water flows in the water flow path 80.
It is therefore possible to prevent the sherbet ice from
being melted by the joined water and to supply the sher-
bet ice having a high IPF to the user.
[0115] In Embodiment 2, the ice supply device C in-

cludes the cooling apparatus 100 that cools the water
flowing through the water flow path 80. It is therefore
possible to prevent the sherbet ice from being melted by
the joined water and to supply the sherbet ice having a
high IPF to the user.
[0116] The ice making system S according to Embod-
iment 2 includes the refrigerant circuit 95 that produces
sherbet ice and the ice supply device C. Thus, the sherbet
ice produced by the refrigerant circuit 95 can be stored
in the ice storage tank T, and water can join to the supply
path 31 through which the sherbet ice is taken out of the
ice storage tank T. Accordingly, a salinity of the sherbet
ice supplied to a user can be adjusted.
[0117] In Embodiment 2, the refrigerant circuit 95 in-
cludes the compressor 2, the heat source-side heat ex-
changer (first heat exchanger) 3 that dissipates heat from
the refrigerant compressed by the compressor 2, and the
ice making machine 1 which is the use-side heat ex-
changer (second heat exchanger) that exchanges heat
between the refrigerant having dissipated heat in the heat
source-side heat exchanger 3 and a medium to be cooled
serving as a raw material of sherbet ice to cool the me-
dium to be cooled. Therefore, the medium to be cooled
can be cooled by the refrigerant flowing through the re-
frigerant circuit 95 to produce sherbet ice.
[0118] In Embodiment 2, the refrigerant circuit 95 fur-
ther includes the cooling heat exchanger (third heat ex-
changer) 100 that exchanges heat between the refriger-
ant having dissipated heat in the heat source-side heat
exchanger 3 and water to be flowed through the water
flow path 80 to cool the water. Therefore, the water flow-
ing through the water flow path 80 can be cooled using
the refrigerant of the refrigerant circuit 95 that produces
the sherbet ice.
[0119] In Embodiment 2, the water tank 81 that stores
water cooled by the cooling heat exchanger 100 is further
provided. Therefore, the cooled water can be stably sup-
plied to the supply path 31.
[0120] In Embodiment 2, provided are the third tem-
perature sensor 103 that detects the temperature of the
water in the water tank 81, the cooling expansion valve
(control valve) 101 that controls the flow of the refrigerant
in the cooling heat exchanger 100, and the control unit
(second control unit) 27 that controls the operation of the
cooling expansion valve 101 on the basis of the temper-
ature detected by the third temperature sensor 103.
Thus, the temperature of the water in the water tank 81
can be controlled appropriately.
[0121] In Embodiment 2, the third temperature sensor
103 is disposed in a lower part of the inside of the water
tank 81. Therefore, a temperature as low as possible of
the water stored in the water tank 81 can be detected,
and by controlling the operation of the cooling expansion
valve 101 on the basis of this temperature, it is possible
to prevent the water in the water tank 81 from being
cooled more than necessary (frozen).
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[Other modifications]

[0122] The present disclosure should not be limited to
the embodiments described above, and can be variously
modified within the scope of the claims.
[0123] For example, in the embodiments, the ice stor-
age tank has a rectangular cylindrical shape having a
rectangular horizontal cross section, but the present dis-
closure is not limited thereto. The ice storage tank may
be a tank having a cylindrical shape with a circular hori-
zontal cross section, or a tank having a polygonal hori-
zontal cross section.
[0124] Instead of the evaporator according to the em-
bodiments, for example, an evaporator in which a refrig-
erant is ejected by a nozzle into the annular space be-
tween the inner pipe and the outer pipe can be used.
[0125] Further, in the embodiments, the horizontal
double pipe ice making machine in which the axes of the
inner pipe and the outer pipe are disposed horizontally
is exemplified as the ice making machine. However, the
configuration of the ice making machine is not limited in
the present disclosure, and ice making machines having
various shapes and structures, such as a vertical double
pipe ice making machine in which the axes of the inner
pipe and the outer pipe are disposed vertically can be
adopted.
[0126] In the embodiments, the adjustment of the sa-
linity and the amount of the sherbet ice supplied to the
user, which are input to the input unit 26, is not illustrated.
However, for example, the salinity of the sherbet ice can
be adjusted by controlling the opening degree of the pro-
portional control valve 83 to set a value detected by the
first temperature sensor 84 to a temperature correspond-
ing to the target salinity. The supply amount of sherbet
ice can be adjusted by providing a sensor (not illustrated)
capable of measuring a flow rate near the electromag-
netic valve 37 and by opening the electromagnetic valve
37 for a time until a target amount of sherbet ice is sup-
plied.
[0127] In Embodiment 2, the cooling heat exchanger
as the cooling apparatus may be disposed outside the
water tank. In this case, a water circuit that draws water
from the water tank by a pump to circulate can be pro-
vided, and the cooling heat exchanger can be provided
in the water circuit.
[0128] In Embodiment 2, the cooling heat exchanger
as the cooling apparatus may be provided in a refrigerant
circuit other than the refrigerant circuit in the ice making
device. The cooling apparatus need not use a refrigerant.
[0129] In Embodiment 2, the water temperature is de-
tected by the temperature sensor provided in the water
flow path for the control of the proportional control valve,
but the water temperature may be detected by the tem-
perature sensor in the water tank. However, the propor-
tional control valve can be controlled more accurately by
detecting the water temperature immediately before join-
ing the supply path by the temperature sensor provided
in the water flow path.

[0130] In Embodiment 2, the control of the proportional
control valve may be feedback control based on the tem-
perature or salinity of the sherbet ice after joining to the
water.
[0131] In Embodiment 2, a temperature sensor may
be provided not only in the lower part but also in the upper
part of the water tank.
[0132] In Embodiment 2, the temperature range of the
water in the water tank is exemplified as 2°C to 5°C, but
may be a temperature range different from this temper-
ature range.

REFERENCE SIGNS LIST

[0133]

1 ice making machine (second heat exchanger)
2 compressor
3 heat source-side heat exchanger (first heat ex-

changer)
4 four-way switching valve
5 use-side expansion valve
6 heat source-side expansion valve
7 internal heat exchanger
8 receiver
10 fan
11 inner pipe
12 outer pipe
13 evaporator
14 ice scraper
15 seawater pipe
16 sherbet pipe
17 refrigerant inlet pipe
18 refrigerant outlet pipe
19 shaft
20 support bar
21 blade
22 motor
23 flange
24 annular space
25 controller
26 input unit
27 control unit
30 inner wall
31 supply path
32 pump
33 water level sensor
34 hose
34a distal end
34b bellows portion
35 pipe
36 chain
37 electromagnetic valve
38 pump
40 float
40a upper surface
40b bottom surface
41 opening

25 26 



EP 4 083 542 A1

15

5

10

15

20

25

30

35

40

45

50

55

42 takeout port
50 return flow path
51 safety valve
60 branch pipe
61 release pipe
62 release port
70 seawater supply pipe
72 sterilization and filtration device
73 electromagnetic valve
80 water flow path
81 water tank
83 proportional control valve
84 first temperature (concentration) sensor
86 control valve
87 float switch
90 discharge path
91 electromagnetic valve
92 second temperature (concentration) sensor
95 refrigerant circuit
96 refrigerant pipe
97 first branch pipe
98 second branch pipe
100 cooling heat exchanger (third heat exchanger,

cooling apparatus)
101 cooling expansion valve (control valve)
103 third temperature sensor
104 fourth temperature sensor
105 fifth temperature sensor
C ice supply device
I ice making device
L liquid level
S ice making system
T ice storage tank

Claims

1. An ice supply device (C) comprising:

an ice storage tank (T) that stores sherbet ice;
a supply path (31) through which the sherbet ice
is taken out of the ice storage tank (T); and
a water flow path (80) that joins the supply path
(31) and through which water flows.

2. The ice supply device (C) according to claim 1, fur-
ther comprising a pump (38) disposed downstream
of a junction at which the water flow path (80) joins
the supply path (31) in a flow direction of the sherbet
ice.

3. The ice supply device (C) according to claim 1 or 2,
further comprising:

a flow rate regulating valve (83) provided in the
water flow path (80); and
a control unit (25) that controls the flow rate reg-
ulating valve (83) for a salinity of the sherbet ice

after joining to become a target value.

4. The ice supply device (C) according to claim 3, fur-
ther comprising a first temperature sensor (84) that
detects a temperature of the sherbet ice or a first
concentration sensor (84) that detects a salinity of
the sherbet ice downstream of the junction in the flow
direction of the sherbet ice, wherein
the control unit (25) controls the flow rate regulating
valve (83) for the temperature detected by the first
temperature sensor (84) or the salinity detected by
the first concentration sensor (84) to become a target
value.

5. The ice supply device (C) according to claim 3, fur-
ther comprising a first temperature sensor (84) that
detects a temperature of the sherbet ice downstream
of the junction in the flow direction of the sherbet ice,
wherein
the control unit (25) calculates a salinity from the
temperature detected by the first temperature sensor
(84) and controls the flow rate regulating valve (83)
for the salinity having been calculated to become a
target value.

6. The ice supply device (C) according to any one of
claims 3 to 5, wherein the control unit (25) controls
an opening degree and/or an opening time of the
flow rate regulating valve (83).

7. The ice supply device (C) according to any one of
claims 3 to 6, further comprising a second concen-
tration sensor (92) that detects a salinity of the sher-
bet ice in the ice storage tank (T), wherein
the control unit (25) prohibits an operation of taking
out the sherbet ice in the ice storage tank (T) when
the salinity detected by the second concentration
sensor (92) is not within a predetermined range.

8. The ice supply device (C) according to any one of
claims 1 to 7, further comprising:

a second temperature sensor (92) that detects
a temperature of the sherbet ice in the ice stor-
age tank (T); and
a salinity calculation unit (25a) that calculates a
salinity of the sherbet ice based on a tempera-
ture of a medium to be cooled supplied to the
ice storage tank (T), the temperature of the me-
dium to be cooled being detected by the second
temperature sensor (92) before an operation of
the ice making device, and a temperature of the
sherbet ice stored in the ice storage tank (T),
the temperature of the sherbet ice being detect-
ed by the second temperature sensor (92) after
a start of the operation of the ice making device
(I).
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9. The ice supply device (C) according to any one of
claims 1 to 8, further comprising an input unit (26)
that receives a salinity and an amount of the sherbet
ice taken out from the ice storage tank (T).

10. The ice supply device (C) according to any one of
claims 1 to 9, wherein

the supply path (31) includes a takeout port (42)
through which the sherbet ice in the ice storage
tank (T) is taken out, the takeout port (42) being
disposed in the ice storage tank (T), and
the takeout port (42) is disposed below a liquid
level (L) of the sherbet ice in the ice storage tank
(T) by a predetermined distance.

11. The ice supply device (C) according to any one of
claims 1 to 10, wherein cooled water flows in the
water flow path (80).

12. The ice supply device (C) according to claim 11, com-
prising a cooling apparatus (100) that cools the water
to be flowed through the water flow path (80).

13. An ice making system (S) comprising:

a refrigerant circuit that produces the sherbet
ice; and
the ice supply device (C) according to any one
of claims 1 to 12.

14. The ice making system (S) according to claim 13,
wherein

the refrigerant circuit includes
a compressor (2),
a first heat exchanger (3) that dissipates heat
from a refrigerant compressed by the compres-
sor (2), and
a second heat exchanger (1) that exchanges
heat between the refrigerant having dissipated
heat in the first heat exchanger (3) and a medium
to be cooled serving as a raw material of the
sherbet ice and cools the medium to be cooled.

15. The ice making system (S) according to claim 14,
wherein the refrigerant circuit further includes a third
heat exchanger (100) that exchanges heat between
the refrigerant having dissipated heat in the first heat
exchanger (3) and the water to be flowed through
the water flow path (80) and cools the water.

16. The ice making system (S) according to claim 15,
further comprising a water tank (81) that stores the
water cooled by the third heat exchanger (100).

17. The ice making system (S) according to claim 16,
comprising:

a third temperature sensor (103) that detects a
temperature of the water in the water tank (81);
a control valve (101) that controls a flow of the
refrigerant in the third heat exchanger (100); and
a second control unit (27) that controls an oper-
ation of the control valve (101) based on the tem-
perature detected by the third temperature sen-
sor (103).

18. The ice making system (S) according to claim 17,
wherein the third temperature sensor (103) is dis-
posed in a lower part of an inside of the water tank
(81).

19. An ice making system (S) comprising:

an ice making device (I); and
the ice supply device (C) according to any one
of claims 1 to 12.
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