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COLD STORACE ARTI CLE TRANSPORT SYSTEM COLD STORAGE METHOD FOR
COLD STORAGE ARTI CLE, AND TRANSPORT METHOD FOR COLD STORAGE

ARTI CLE

TECHNI CAL FI ELD
The present invention relates to a cold storage unit, a
novi ng body, an ice slurry supply system a cold storage
article transport system a cold storage nethod for a cold
storage article, and a transport nmethod for a cold storage

article.

BACKGROUND ART

Hi therto, as a cold source for a cold storage unit,
various freezers are used that require a power source such as
el ectric power and the |ike. However, the cold storage unit is
often used all day |ong, and power consunption by the freezer
is not preferable fromthe viewpoint of running cost and
energy saving. |In particular, a cold storage vehicle that is
provided with the cold storage unit is not suitable for |ong-
termcold storage, since they require fuel to drive a power
source such as an engine. In relation to this, a technique has
been di scl osed (for exanple, see Patent Docunent 1) such that
a cool i ng chanber for housing dry ice is provided on a top end

side of the cold storage container (cold storage unit), and



air cooled by the dry ice is blowm into the cargo chanber via
a bl ower.
Pat ent Docunent 1: Japanese Unexani ned Patent Application,

Publ i cati on No. 2004-26174

DI SCLOSURE OF THE | NVENTI ON

Probl ens to be Solved by the I nvention

However, in the cold storage container using the dry ice,
there is a need of form ng the cooling chanmber to have a
seal ed structure so as to prevent carbon di oxi de generated by
the sublimation of the dry ice fromleaking into the cargo
chanber, and di scharging the carbon dioxide into the
atnosphere via a through-hole provided to the cold storage
contai ner and/or a gap formed by elimnating a | ower side
packi ng from anong packing for sealing a storage door. |If
there is no carbon dioxide di scharge neans, depending on the
airtightness of the cooling chanber, there may be a case in
whi ch the cooling chanber is filled with carbon di oxide,
increases in pressure, and is finally deforned. Also, since
carbon dioxide is a typical greenhouse gas, to discharge the
carbon di oxi de generated by the sublinmation of dry ice into
t he atnosphere is not preferable fromthe viewpoint of global
envi ronnental protection. Furthernore, since the dry ice
cannot be recycled, there is also a di sadvantage that using
dry ice is costly.

The present invention has been made in view of such

circunst ances, and an object of the present invention is to



provide a cold storage unit that has a high cold storage
capacity, does not generate carbon dioxide, and can recycle a
cold source. Also provided are a noving body and an ice slurry

supply system

Means for Solving the Probl ens

In order to achieve the above object, in accordance with
an aspect of the present invention, there is provided a cold
storage unit, wherein a casing that defines a cold storage
space has a heat insulating structure, a partition wall that
faces the casing is provided at |least at a top portion of the
col d storage space, and a gap between the casing and the
partition wall is filled with an ice slurry that is a mxture
of brine and flake ice acquired by freezing the brine.

In addition, the cold storage unit according to an aspect
of the present invention can include, a supply port for
supplying the ice slurry into the gap, and a di scharge port
for discharging the ice slurry fromthe gap

In addition, the gap can house an ice slurry storage
filled with the ice slurry.

In addition, the casing can be forned as a doubl e wal
interposed with a heat insulator, and a wall surface abutting
the heat insulator is adhered with a heat insulation sheet for
reflecting radi ant heat.

In accordance with an aspect of the present invention,
there is provided a noving body that can install a plurality

of cold storage units.



I n accordance with an aspect of the present invention,
there is provided an ice slurry supply system wherein a
di stribution base can be provided with an ice slurry supply
equi pment for supplying the ice slurry to the cold storage
unit installed on the noving body.

I n accordance with an aspect of the present invention,
there is provided a cold storage article transport systemt hat
stores and transports a cold storage article in the cold
storage unit supplied with refrigerant including flake ice
acquired by freezing the brine, including, a freezing point
adjusting unit for adjusting a freezing point of the brine
based on a cold storage tenperature required for the cold
storage article, a flake ice production unit for producing the
flake ice fromthe brine having the freezing point thereof
bei ng adjusted, and a supply anmount adjusting unit for
adj usting a supply anount of the generated flake ice to the
cold storage unit based on a transit tine required for the
cold storage article.

In addition, the brine can be salt water, and the
freezing point adjusting unit can adjust the freezing point of
the brine supplied to the flake ice production unit by
adjusting a solute concentration of the salt water.

In addition, a plurality of types of the brine each
having a different freezing point can be prepared, and the
freezing point adjusting unit can adjust the freezing point of

the brine supplied to the flake ice production unit by



sel ecting a predeterm ned type of the brine from anong the
plurality of types of the brine.

In addition, the refrigerant supplied to the cold storage
unit can be an ice slurry that is a mxture of the flake ice

and t he brine.

Effects of the Invention
According to the present invention, it is possible to
provide a nethod that can realize |ong-duration transportation
of a cold storage article by a cold storage unit that has a
hi gh col d storage capacity, does not generate carbon dioxide,

and which allows for the cooling source to be recycl ed.

BRI EF DESCRI PTI ON OF THE DRAW NGS

Fig. 1 is a cross-sectional view showing a configuration
of a cold storage unit according to an enbodi ment of the
present invention;

Fig. 2 is a cross-sectional view showi ng a configuration
of a cold storage unit according to anot her enbodi nent of the
present invention;

Fig. 3 is an inage view including a partial cross-
sectional perspective view showing an outline of a flake ice
production device according to an enbodi nent of the present
i nventi on;

Fig. 4 is an inmage view showing an outline of an entire
flake ice production systemincluding the flake ice production

device of Fig. 3;



Fig. 5is an imge view show ng an outline of an ice
slurry supply system according to an enbodi nrent of the present
i nvention; and

Fig. 6 is a diagram showi ng an exanple of a heat

insulating structure of the cold storage unit of Fig. 1.

PREFERRED MODE FOR CARRYI NG OUT THE | NVENTI ON

<l ce>
Ice used for the cold storage unit according to the present
invention is an ice (also referred to as "flake ice") which
satisfies the followi ng conditions (a) and (b) and is forned
froma liquid (also referred to as "brine") that includes an
aqueous solution including a solute.

(a) The tenperature upon conplete nmelting of the ice is |ower
t han 0C.

(b) Arate of change in solute concentration of an aqueous
solution to be generated fromthe ice in nelting process is
30% or | ess.

It is known that solidifying point depression, in which
the solidifying point of the aqueous solution decreases,
occurs in a case in which a solute such as comon salt is
di ssolved in water. By the action of solidifying point
depression, the solidifying point of an aqueous solution in
whi ch a solute such as common salt is dissolved decreases.
This neans that ice formed from such an agueous solution is
ice which is solidified at a | ower tenperature than ice fornmed

fromfresh water.



Here, the heat required when ice converts to water is called
"latent heat", but this latent heat is not acconpani ed by a
tenperature change. By the effect of such latent heat, the ice
having a | owered solidifying point, as described above, is
sustained in a stable state at a tenperature equal to or | ower
than the solidifying point of fresh water at the tine of
nelting and thus a state in which the cold energy is saved is
sustai ned. Consequently, the capacity of the above-described
ice to cool the cold storage object is inherently higher than
that of ice formed fromfresh water. However, the present
i nventors di scovered that when ice produced by the
conventional nethod is used to cool the cold storage object,
the tenperature of the ice itself rapidly increases, and
therefore the cooling capacity thereof is insufficient. The
present inventors investigated the reasons for this and
di scovered that, in the conventional nethod, even if the ice
is froman aqueous solution including a solute such as conmobn
salt, actually a solute-free ice is produced before the
aqueous solution freezes. As a result, what is produced is a
m xture of the solute-free ice and the renmaining solute, or
ot herwi se only a slight anount of ice having a | owered
solidifying point. Consequently, an ice having high cooling
capacity has not been produced.

However, the present inventors have succeeded in
producing an ice froma liquid including an aqueous sol ution
havi ng a decreased solidifying point by a predeterm ned nethod

(described later). Such ice, which is used for the cold



storage unit according to the present invention, satisfies the
above described conditions (a) and (b). Hereinafter, the
conditions (a) and (b) will be described.

(Tenmperature at the Conpletion of Melting)
Wth regard to the above (a), since the ice used for the cold
storage unit according to the present invention is the ice
formed fromthe liquid including the aqueous sol ution
including the solute, the tenperature of the solidifying point
thereof is lower than that of fresh water (solute-free water).
Therefore, the ice has a feature that the tenperature at the
conpletion of nelting is less than 0°C. The "tenperature at
the conpletion of nelting"” is intended to nean the tenperature
of water obtained by nelting the entire anount of ice used for
the cold storage unit according to the present invention by
| eaving the ice under conditions above the nelting point (such
as roomtenperature at atnospheric pressure) to start nelting

The tenperature at the conpletion of nelting is not
particularly limted as long as the tenperature is bel ow 0C,
and it can be changed as appropriate by adjusting the type and
the concentration of the solute. The tenperature at the
conpl etion of nmelting of the ice is preferably | ower as the
cooling capacity is higher, and specifically, the tenperature
is preferably -1°C or less (-2°C or less, -3C or less, -4C or
less, -5C or less, -6C or less, -7C or less, -8C or |less, -
9C or less, -10C or less, -11C or less, -12C or less, -13C

or less, -14C or less, -15C or less, -16°C or less, -17C or



less, -18C or less, -19C or less, -20C or less, or the like).
Meanwhil e, there is also a case in which it is preferable to
bring the solidifying point closer to the freezing point of a
col d storage object (such as a case for preventing damage to
fresh plant and ani mal foodstuff). |In such a case, the
tenperature at the conpletion of nelting is preferably not too
| ow, for exanple, -21°C or higher (-20C or higher, -19C or
hi gher, -18C or higher, -17°C or higher, -16C or higher, -15C
or higher, -14°C or higher, -13°C or higher, - 12°C or higher, -
11°C or higher, -10C or higher, -9°C or higher, -8C or higher,
-7C or higher, -6°C or higher, -5C or higher, -4C or higher,
-3C or higher, - 2°C or higher, -1°C or higher, -0.5C or
hi gher, or the like).

(Rate of Change in Solute Concentration)
Wth regard to the above (b), the ice used for the cold
storage unit according to the present invention has a feature
that the rate of change in solute concentration of the aqueous
solution generated fromthe ice in the nmelting process
(hereinafter, abbreviated as the "rate of change in solute
concentration"” in sone cases in the present specification) is
30% or less. Even in the nethod described in Patent Docunent 1,
there is also a case in which a small anmount of ice having a
decreased solidifying point is generated. However, since nost
of the ice is a mxture of solute-free ice and solute crystals,
cooling capacity thereof is not sufficient. In the above-
descri bed case of the ice largely containing the m xture of

solute-free ice and solute crystals, when the ice is placed
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under a nelting condition, the elution rate of the solute
while nelting is not consistent. This nmeans that, at a tine
close to the start of nelting, a |arge amount of the solute is
eluted, as the nelting progresses, the elution anount
decreases, and at a tinme close to the conpletion of nelting, a
small ampbunt of the solute is eluted. |In contrast, the ice
used for the cold storage unit according to the present
invention is formed froma liquid including an agueous
solution including a solute, and therefore has a feature that
the change is snmall in elution rate of the solute in the
melting process. Specifically, the rate of change in solute
concentration of the aqueous solution generated fromthe ice
in the nelting process is 30% Incidentally, the "rate of
change in solute concentration of the aqueous sol ution
generated fromthe ice during the nelting process" is intended
to mean the proportion of the concentration of the solution at
the conpletion of nelting of the ice against the solute
concentration of the solution generated at an arbitrary point
of time in the nelting process. Incidentally, the "solute
concentration” is intended to nean the nmass concentration of
the solute in the aqueous sol ution.

The rate of change in solute concentration with regard to
the ice used for the cold storage unit according to the
present invention is not particularly limted as |long as the
rate is 30%or |less. However, a snall rate of change in solute
concentration nmeans a high purity (i.e., a high cooling

capacity) of the ice formed fromthe aqueous sol ution having
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the | owered solidifying point. Fromthis viewpoint, the rate
of change in solute concentration is preferably 25% or | ess
(24% or less, 23%or less, 22%or less, 21%or |ess, 20% or
|l ess, 19% or less, 18% or less, 17%or |less, 16%or |less, 15%
or less, 14%or less, 13%or less, 12%or less, 11%or |ess,
10% or less, 9%or less, 8%or less, 7%or less, 6%or |ess,
5%or less, 4%or less, 3%or less, 2%or less, 1%or |ess,
0.5%or less, or the like). Meanwhile, the rate of change in
sol ute concentration may be 0.1% or nore (0.5%or nore, 1% or
nore, 2%or nore, 3%or nore, 4% or nore, 5%or nore, 6% or
more, 7% or nore, 8% or nore, 9% or nore, 10% or nore, 11% or
nore, 12%or nore, 13%or nore, 14%or nore, 15%or nore, 16%
or nore, 17%or nore, 18% or nore, 19% or nore, 20% or nore
or the like).

(Sol ut e)
The type of solute to be included in the ice used for the cold
storage unit according to the present invention is not
particularly limted as long as it is a solute when water is
used as a solvent, and can be sel ected as appropriate
according to the desired solidifying point, the application
for which the ice is to be used, and the |ike. Exanples of the
solute may include a solid solute and a liquid solute, and
exanpl es of a typical solid solute may include salts
(inorganic salts, organic salts, and the like). Particularly,
anong the salts, conmon salt (NaCl) is preferable since the
tenperature of solidifying point is not excessively decreased

and it is suitable for cooling of fresh plants and ani mals or
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portions thereof. In addition, conmmon salt is preferable from
t he vi ewpoi nt of easy procurenent as well since it is included
in seawater. Exanples of the liquid solute may incl ude

et hyl ene glycol. Incidentally, the solute may be included
singly, or two or nore types thereof nmay be incl uded.

The concentration of the solute included in the ice used
for the cold storage unit according to the present invention
is not particularly limted, and can be selected as
appropriate according to the type of solute, the desired
solidifying point, the application for which the ice is to be
used, and the like. For exanple, in the case of using commobn
salt as the solute, fromthe viewpoint of further decreasing
the solidifying point of the aqueous solution and thus being
able to obtain a high cooling capacity, it is preferable that
the concentration of common salt is 0.5% (wWv) or nore (1%
(wv) or nore, 2% (w v) or nore, 3% (wv) or nore, 4% (wv) or
nore, 5% (wv) or nore, 6% (wv) or nore, 7% (wWv) or nore, 8%
(wv) or nore, 9% (w v) or nore, 10% (wv) or nore, 11% (wv)
or nore, 12% (wv) or nore, 13% (wv) or nore, 14% (wv) or
nore, 15% (wv) or nore, 16% (wv) or nore, 17% (wv) or nore,
18% (W v) or nore, 19% (w'v) or nore, 20% (wW v) or nore, or
the like). Meanwhile, it is preferable not to excessively
| ower the tenperature of solidifying point in the case of
using the ice used for the cold storage unit according to the
present invention for cooling fresh plants and ani mal s or
portions thereof, and it is preferable that the concentration

of common salt is 23% (wv) or less (20% (w v) or less, 19%
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(wv) or less, 18% (wWv) or less, 17% (wv) or less, 16% (w V)
or less , 15% (wv) or less, 14% (wv) or less, 13% (w V) or
less, 12% (W v) or less, 11% (wv) or less, 10% (wWv) or |ess,
9% (W v) or less, 8% (wWv) or less, 7% (wv) or less, 6% (wvV)
or less, 5% (wv) or less, 4% (wv) or less, 3% (wv) or |ess,
2% (W v) or less, 1% (wv) or less, or the like).

The ice used for the cold storage unit according to the
present invention is suitable for use as a refrigerant to coo
the cold storage object, since it has an excellent cooling
capacity. Exanples of a |owtenperature refrigerant nay
i ncl ude an organic solvent to be used as an anti-freezing
sol ution such as ethanol in addition to ice, but the ice has a
hi gher thermal conductivity and a hi gher specific heat than
these anti-freezing solutions. For this reason, an ice having
a lowered solidifying point arising fromdissolution of a
solute such as the ice used for the cold storage unit
according to the present invention is useful also fromthe
vi ewpoi nt of having a cooling capacity superior to other
refrigerants at tenperatures |ower than 0°C such as an anti -
freezing sol ution.

The ice used for the cold storage unit according to the
present invention may or may not include conponents other than
t he above-described sol ute.

In the present invention, the term"ice" refers to one
acquired by freezing a liquid including an aqueous sol ution.
Al so, the ice used for the cold storage unit according to

the present invention is sustained in a stable state at a
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tenperature equal to or |lower than the solidifying point of
fresh water, and thus the ice can be sustained in a non-
separating state for a long time. For this reason, for exanple,
in a case in which the liquid constituting the ice used for

the cold storage unit according to the present invention is a

liquid that further includes oil in addition to the aqueous
solution including the solute, as will be described later, a
state in which the oil is uniformlasts for a long tine, and

thus a non-separating state can be sustained for a long tine.

As descri bed above, the liquid constituting the ice used
for the cold storage unit according to the present invention
may be a liquid which further includes oil in addition to the
aqueous solution including the solute described above.
Exanpl es of such a liquid nmay include raw m |k, industria
wast e including water and oil (such as waste mlk). It is
preferable that the liquid is raw mlk fromthe viewpoint that
the functionality when eating the ice is inproved. It is
presuned that the reason for inproved functionality is that
the oil (fat) included in the rawmlk is confined in the ice.
Incidentally, the ice used for the cold storage unit according
to the present invention nmay be constituted only by ice
obt ai ned by freezing the aqueous sol ution including the solute
descri bed above.

In a case in which the liquid constituting the ice used
for the cold storage unit according to the present invention
further includes oil, the ratio of water and oil in the liquid

is not particularly limted, and is selected as appropriate in
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a range of, for exanple, 1 : 99to 99 : 1 (10 : 90 to 90 : 10,
20 : 80 to 80 : 20, 30 : 70 to 70 : 30, 40 : 60 to 60 : 40, or
the like).

In addition, the ice used for the cold storage unit
according to the present invention nmay be an ice from an
aqueous solution including two or nore types of solutes each
having a different degree of solidifying point depression. In
this case, the ice used for the cold storage unit according to
the present invention may be a mxture of ice from an aqueous
solution including one solute and ice froman aqueous sol ution
including the other solute. In this case, for exanple, if ice
from an aqueous sol ution including ethylene glycol as a solute
is added to ice from an aqueous solution including salt as a
sol ute having a degree of solidifying point depression
different to that of ethylene glycol, it is possible to delay
the nelting of the ice fromthe aqueous sol ution including
ethyl ene glycol. Alternatively, the ice used for the cold
storage unit according to the present invention may be ice
from an aqueous sol ution prepared by dissolving two or nore
types of solutes in the sanme aqueous solution. In addition, to
concurrently use two or nore types of solutes each having a
different degree of solidifying point depression is also
useful to decrease the nelting point of ice froman aqueous
solution including a solute to be the target. For exanple, in
the case of using comobn salt as a solute, it is possible to
decrease the nmelting point of ice formed from saline solution

by concurrently using a solute (ethylene glycol, calcium
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chloride, or the like) which can decrease the nelting point
further than common salt, and for exanple, it is possible to
realize a tenperature in the vicinity of -30°C, which cannot be
realized only by ice formed fromsaline solution. The ratio of
two or nore types of solutes each having a different degree of
solidifying point depression can be changed as appropriate
according to a purpose.

(Refrigerant to Cool Cold Storage Object (Al so Referred
to as "lce Slurry"))
The present invention includes a refrigerant, including the
above-described ice, to cool the cold storage object. As
descri bed above, the ice used for the cold storage unit
according to the present invention is suitable for a
refrigerant to cool a cold storage object, since it has an
excel |l ent cooling capacity.

The ice slurry may include a conponent other than the
above-described ice. For exanple, the ice slurry may be
constituted by a m xture of ice and water by including water
in addition to the above-described ice. In a case in which the
ice slurry further includes water including the same solute as
the solute included in the ice, the solute concentration of
the ice is preferably close to the solute concentration of the
wat er, the reason for which is as foll ows.

In a case in which the solute concentration of the ice is
hi gher than the solute concentration of the water, the
tenperature of the ice is |lower than the saturated freezing

poi nt of the water, and thus the noisture freezes i mediately



17

after the water having a | ower solute concentration is m xed
with the ice. On the other hand, in a case in which the solute
concentration of the ice is lower than the solute
concentration of the water, the saturated freezing point of

the water is |ower than the saturated freezing point of the
ice and thus the ice nelts and the tenperature of the
refrigerant conposed of the m xture of ice and water decreases.
This nmeans that, in order not to change the state of the

m xture of ice and water (state of ice slurry), as described
above, it is preferable to set the solute concentrations of

ice and water to be m xed to be about the sane. |In addition,
in a case in which the refrigerant is in the state of a

m xture of ice and water, the water may be one generated as
the ice nelts or one separately prepared, but the water is
preferably one generated as the ice nelts.

Specifically, in the case of constituting the ice slurry
by a mixture of ice and water, the ratio of the solute
concentration in the ice and the solute concentration in the
water is nore preferably 75 : 25 to 20 : 80, still nore
preferably 70 : 30 to 30 : 70, yet nore preferably 60 : 40 to
40 : 60, yet still nore preferably 55 : 45 to 45 : 55,
particularly preferably 52 : 48 to 48 : 52, and nost
preferably 50 : 50. Particularly in the case of using conmon
salt as the solute, it is preferable that the ratio of the
concentration of the solute in ice to the concentration of the

solute in water is in the above range.
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Water to be a raw material of the ice used for the cold
storage unit according to the present invention is not
particularly limted, but it is preferable that the ice is an
ice fromseawater, water prepared by adding salt to seawater,
or diluted seawater in the case of using a common salt as the
solute. Procuration of seawater, water prepared by adding salt
to seawater, or diluted seawater is easy, thereby enabling
cost reduction.

Al t hough the ice slurry may or may not further include a
solid having a thermal conductivity higher than that of the
ice used for the cold storage unit according to the present
invention, it is preferable to further include the solid. It
is possible to achieve quick cooling of a target of cooling in
a short time by utilizing a solid having a high therma
conductivity, but in this case, the solid itself also |oses
cold energy in a short tine and the tenperature thereof is
likely to increase and the solid is thus unsuitable for |ong-
termcooling. Meanwhile, it is suitable not to utilize a solid
having a high thermal conductivity for |ong-term cooling but
it is unsuitable not to utilize the solid for quick cooling of
a target of cooling. However, the ice used for the cold
storage unit according to the present invention has a high
cooling capacity as described above, and is thus useful from
the viewpoint that long-termcooling is also possible while
obtai ning a quick cooling capacity by the solid having a high
t hermal conductivity. Exanples of the solid having a thernal

conductivity higher than that of the ice used for the cold
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storage unit according to the present invention may include
nmetal s (al umi num silver, copper, gold, duralumn, antinony,
cadm um zinc, tin, bisnuth, tungsten, titanium iron, |ead,

ni ckel, platinum magnesium nolybdenum zirconium beryllium
i ndium niobium chromium cobalt, iridium palladium, alloys
(steel (carbon steel, chrom um steel, nickel steel, chrom um
ni ckel steel, silicon steel, tungsten steel, nanganese steel,
and the like), nickel chronme alloy, alum num bronze, gunnetal,
brass, Manganin, nickel silver, constantan, solder, alunel,
chromel, nonel netal, platinumiridium and the like), silicon,
carbon, ceramcs (alum na ceramcs, forsterite ceramcs,
steatite ceramics, and the like), marble, brick (nagnesia
brick, Corhart brick, and the like), and the |i ke each having
a thermal conductivity higher than that of the ice used for
the cold storage unit according to the present invention are
enpl oyed. In addition, the solid having a thermal conductivity
hi gher than that of the ice used for the cold storage unit
according to the present invention is preferably a solid
having a thermal conductivity of 2.3 WmK or nore (3 WmK or
nore, 5 WmK or nore, 8 WmK or nore, or the like), nore
preferably a solid having a thermal conductivity of 10 Wm K
or nore (20 WmK or nore, 30 WmK or nore, 40 Wm K or nore,
or the like), still nore preferably a solid having a therma
conductivity of 50 WmK or nore (60 WmK or nore, 75 Wm K
or nore, 90 WmK or nore, or the like), yet nore preferably a
solid having a thermal conductivity of 100 Wm K or nore (125

WmK or nore, 150 WmK or nore, 175 WmK or nore, or the
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like), still yet nore preferably a solid having a thernmal
conductivity of 200 Wm K or nore (250 WmK or nore, 300 Wm
K or nore, 350 WmK or nore, or the like), particularly
preferably a solid having a thermal conductivity of 400 Wm K
or nore (410 WmK or nore, or the like).

In a case in which the ice slurry used for the cold
storage unit according to the present invention includes the
above-descri bed solid having a thermal conductivity higher
than that of the ice used for the cold storage unit according
to the present invention, the ice slurry is suitable for |ong-
term cooling even when a |arge anmount of the solid is included,
as described above. For exanple, the ratio of the nass of the
solid having a thermal conductivity higher than that of the
ice used for the cold storage unit according to the present
invention to the mass of the ice, which is included in the ice
slurry, used for the cold storage unit according to the
present invention (or a total mass of the liquid including the
aqueous solution and the ice, which is included in the ice
slurry, used for the cold storage unit according to the
present invention) may be 1/100000 or nore (1/50000 or nore,
1/10000 or nore, 1/5000 or nore, 1/1000 or nore, 1/500 or nore,
1/100 or nore, 1/50 or nore, 1/10 or nore, 1/5 or nore, 1/4 or
nore, 1/3 or nore, 1/2 or nore, and the like).

The above-described solid according to the present
i nvention may have any shape, but has preferably a particulate
shape. In addition, the solid may be included in a state of

bei ng included inside the ice used for the cold storage unit
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according to the present invention or in a state of being

i ncl uded outside the ice, but the cooling capacity is higher
when the solid is included in a state of being included
outside the ice since the solid is likely to come into direct
contact with the target of cooling. For this reason, it is
preferable that the solid is included in a state of being
included outside the ice. In addition, in a case in which the
ice slurry includes the above-described solid, the ice may be
produced in a state in which the solid is mxed with water to
be a raw material of the ice in advance.

Herei nafter, a description will be given of an enbodi nent
of the present invention with reference to the acconpanying
dr awi ngs.

[Cold Storage Unit 1]
Fig. 1 is a cross-sectional view showing a configuration of a
cold storage unit 1 according to an enbodi ment of the present
i nvention.
As shown in Fig. 1, the cold storage unit 1 is provided with a
casing 4, a cold storage space 5, a partition wall 6, a heat
insulator 7, and a heat insulating sheet 8.

The casing 4 is in a cuboid-like shape, and has a heat
insulating structure. Also, inside of the casing 4, the
partition wall 6 is disposed facing the casing 4 and
surroundi ng the cold storage space 5. A nethod for configuring
the casing 4 in the heat insulating structure is not
particularly limted. In the present enbodinment, the cold

storage unit 1 has a double wall structure nmade of steel or
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FRP (Fi ber-Reinforced Plastics) interposed by the heat
insulator 7 in a gap between the double wall. A nenber to be
enpl oyed as the heat insulator 7 is not particularly limted.
Specifically, for exanple, urethane form glass wool, vacuum
insulation material, or the |like may be enployed. Here, the
"vacuum insul ation material" is intended to mean an insul ator
acqui red by covering a porous core by a lamnate film
reducing a pressure inside, and sealing the film

The cold storage space 5 is a space fornmed by being
surrounded by the partition wall 6 for housing a cold storage
object. The partition wall 6 is a wall surrounding the cold
storage space 5 for cooling the cold storage space 5 by itself
bei ng cooled by an ice slurry 3, which will be described later
The wal | partition 6 is preferably configured by a materi al
having a high thermal conductivity. Mre particularly, for
exanpl e, netal such as al um num or copper may be enpl oyed. As
aresult of this, it is possible to efficiently cool the cold
storage space 5 of the cold storage unit 1.

Bet ween the casing 4 and the partition wall 6, a gap 50
is provided. The gap 50 is filled with the ice slurry 3. By
filling in the gap 50 with the ice slurry 3 fornmed using a
brine that can maintain a required sub-zero tenperature, it is
possi ble to cool the cold storage space 5 down to the required
sub-zero tenperature.

Here, the "brine" is intended to mean a liquid including a
liquid heat medium having a | ow freezing point. More

particularly, for exanple, sodiumchloride solution (salt
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wat er), magnesi um chl oride sol ution, ethylene glycol, or the
like is included in the brine. A so, the "flake ice" is
intended to nean a flake-like shaped ice acquired by freezing
the brine so as to have a uniform concentration. The flake ice,
having a |l arge specific surface area, can rapidly cool the
cold storage article. The flake ice acquired by freezing the
brine can draw a | arge amount of |atent heat fromthe
surroundi ng when nelting. During the nelting, tenperature does
not rise. Accordingly, it is possible to cool the cold storage
object for a long period of time. The ice slurry includes a

m xture of the brine and the flake ice acquired by freezing
the brine, and thus includes a sherbet-like shaped ice. The
ice slurry can easily be filled in the gap 50 conpared to a
hard bl ock-1i ke shaped ice, and has a feature of hardly
causi ng uneven cool i ng.

At an upper portion of a side surface of the casing 4, an
ice slurry supply port 40 is provided that enables the ice
slurry 3 to be supplied to the gap 50. Also, at a |ower
portion of the side surface of the casing 4, an ice slurry
di scharge port 41 is provided that enables the ice slurry 3 to
be di scharged fromthe gap 50. Further, the ice slurry supply
port 40 is provided with an on-off valve 42, and the ice
slurry discharge port is provided with an on-off valve 43. As
aresult of this, by nmeans of a punp or the like, it is
possible to fill the gap with the ice slurry via the supply

port, and to discharge the nelted ice slurry via the discharge
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port, thereby maintaining the ice slurry filled in the gap 50
in a state of having a high cooling capacity.

On an inner side wall surface abutting the heat insulator
7, the heat insulating sheet 8 is adhered for reflecting
radi ant heat. A nmethod of reflecting radiant heat is not
particularly limted. In the present enbodi ment, a method of
attaching the heat insulating sheet 8 is enployed. In this
case, as the heat insulating sheet 8, for exanple, a multi-
| ayered sheet may be enpl oyed, one |ayer of which being
produced in a manner such that one side of an al um num
deposited nmenbrane is reinforced with a film and the other
side is attached with a heat insulator such as woven fabric,
expanded sheet, or the |like. Al though not shown, on a side
surface portion of the cold storage unit 1, a heat insulating
door is provided for carrying in and out the cold storage
object. Although, in the present enbodinment, only the inner
side wall surface abutting the heat insulator 7 is adhered
with the heat insulating sheet 8, in addition to the inner
side wall surface abutting the heat insulator 7, an outer side
wal | surface abutting the heat insulator 7 may be adhered with
the heat insulating sheet 8. As a result of this, the heat
i nsul ati ng sheets adhered to the inner wall surfaces of the
doubl e wall reflect radiant heat, and thus it becones possible
to prevent heat transm ssion to the cold storage space.

[Cold Storage Unit 2]

Al t hough the cold storage unit 1 of Fig. 1 is configured such

that the gap 50 is directly filled with the ice slurry 3,
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there is no particular limtation to this. The gap 50 may
house an ice slurry storage in which the ice slurry 3 is
filled. This means that, in place of filling the gap 50 with
the ice slurry 3 using a punp or the like, a plurality of ice
slurry storages 9, in which the ice slurry 3 is filled, may be
placed in the gap 50. Fig. 2 is a cross-sectional view show ng
a configuration of a cold storage unit 2 according to anot her
enbodi nent of the present invention. As shown in Fig. 2, in
the cold storage unit 2, the plurality of the ice slurry
storages 9, in which the ice slurry 3 is filled, are placed in
the gap 50 between the casing 4 and the partition wall 6.
Al t hough a shape and material of the ice slurry storage 9 are
not particularly limted, the ice slurry storage 9 is
preferably fornmed in a shape such that it is easy to be placed
in the gap 50 and with a material having a high therm
conductivity. In the cold storage unit 2 according to the
present enbodi nent, as the ice slurry storage 9, a cylindrica
airtight container formed by a netal having a high therm
conductivity and replaceable with the ice slurry 3 is enployed.
Al t hough not shown, the partition wall 6 is provided with an
open-cl ose door for carrying the ice slurry storage 9 in the
gap 50.

[ Fl ake I ce Production Device]
It is inpossible to generate the ice used for the cold storage
unit according to the present invention even when a liquid
t hat includes an aqueous solution and is in a state of being

accunul ated in a container is cooled fromthe outside. It is
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considered that this is due to insufficient cooling rate.
However, a flake ice production device 10 according to an
enbodi ment of the present invention enables an unprecedented
rapid cooling in a manner such that a liquid including an
aqueous solution including a solute is sprayed so as to be
atom zed and in direct contact with a wall surface naintained
at a tenperature equal to or |ower than the solidifying point
of the aqueous solution. It is considered that, as a result of
this, the ice having a high cooling capacity that satisfies
t he above-described conditions (a) and (b) can be produced.
Exanpl es of the wall surface may include an inner wal
surface of a cylindrical structure such as a drum1l in Fig. 3,
which will be described |later. However, the wall surface is
not particularly limted as long as the wall surface can be
kept to at a tenperature equal to or |lower than the
solidifying point of the aqueous solution. The tenperature of
the wall surface is not particularly linmted as long as it is
kept at a tenperature equal to or lower than the solidifying
poi nt of the aqueous solution, but it is preferable that the
tenperature is kept at a tenperature |ower than the
sol idifying point of the aqueous solution by 1°C or nore (2C
or nore, 3C or nore, 4°C or nore, 5C or nore, 6°C or nore, 7C
or nore, 8C or nore, 9C or nore, 10C or nore, 11°C or nore,
12°C or nore, 13°C or nore, 14°C or nore, 15C or nore, 16°C or
nmore, 17°C or nore, 18C or nore, 19°C or nore, 20C or nore
21°C or nore, 22°C or nore, 23°C or nore, 24°C or nore, 25C or

nore, or the like) fromthe viewpoint of being able to produce
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an ice high purity including the ice that satisfies the
conditions (a) and (b).

A nmethod for spraying is not particularly limted, but it
is possible to spray, for exanmple, by injecting from an
i njection hole 13a provided to an injection unit such as an
injection unit 13 in Fig. 3, which will be described later. 1In
this case, a water pressure at the tinme of injection may be,
for exanple, 0.001 MPa or nore (0.002 MPa or nore, 0.005 MPa
or nore, 0.01 MPa or nore, 0.05 MPa or nmore, 0.1 MPa or nore,
0.2 MPa or nore, or the like) and may be 1 MPa or less (0.8
MPa or less, 0.7 MPa or less, 0.6 MPa or less, 0.5 MPa or |ess,
0.3 MPa or less, 0.1 MPa or less, 0.05 MPa or less, 0.01 MPa
or less, or the like.

In addition, as shown in Fig. 3, which will be described
| ater, spraying of the liquid may be conducted through
conti nuous spraying in which a rotating nmeans such as a
rotatable rotary shaft 12 is provided on a central axis of the
vertical drum 11 and spraying is conducted while rotating the
rotating neans.

(Col I ection Step)
After the above-described ice generating step, the present
invention includes a step of collecting the ice generated on
the wall surface.

A method for collecting is not particularly limted. For
exanple, the ice on the wall surface nay be scraped off by

means of a unit such as a blade 15 as shown in Fig. 3, which
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will be described |ater, and the ice which has fallen may be
col | ect ed.

Incidentally, when the ice is produced, ice-naking heat
is generated, but there is a possibility that an actual
nmelting conpletion tenperature is affected as the ice exposed
to this ice-making heat. Therefore, it is considered that the
nel ting conpletion tenperature is affected by, not only the
type and concentration of the solute, but also the ice-nmaking
heat. Accordingly, it is possible to adjust the actual nelting
conpl eti on tenperature, by adjusting the amount of the ice-
maki ng heat remaining in the ice. It is possible to adjust the
i ce-maki ng heat by adjusting the retention tine of the ice on
the wall surface in the collection step according to the
present invention.

Fig. 3 is an inage view including a partial cross-
sectional perspective view showing an outline of a flake ice
production device 10 according to an enbodi nent of the present
i nventi on.

As shown in Fig. 3, the flake ice production device 10
i ncludes the drum 11, the rotary shaft 12, and the injection
unit 13, a scraping unit 14, the blade 15, a flake ice
di scharge port 16, an upper bearing nenber 17, a heat
insulating protective cover 19, a geared notor 20, a rotary
joint 21, a refrigerant clearance 24, a bush 28, a refrigerant
supply unit 29, and a rotation control unit 27. The drum1l is
configured by an inner cylinder 22, an outer cylinder 23 which

surrounds the inner cylinder 22, the refrigerant clearance 24
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formed between the inner cylinder 22 and the outer cylinder 23.
An outer peripheral surface of the drum 11 is covered by the
heat insulating protective cover 19 in a cylindrical shape.

Al t hough material of the inner cylinder 22 and the outer
cylinder 23 is not particularly limted, steel is enployed in
the present enbodinment. To the refrigerant clearance 24, a
refrigerant is supplied via a refrigerant tube 35 fromthe
refrigerant supply unit 29, thereby cooling an inner

peri pheral surface of the inner cylinder 22.

The rotary shaft 12 is disposed on the central axis of
the drum 11 and rotates around the material axis by taking the
central axis as the axis and using the geared notor 20
install ed above the upper bearing nenber 17 as a power source.
A rotation rate of the geared notor 20 is controlled by the
rotation control unit 27, which will be described later. 1In
addition, the rotary joint 21 is attached to the top portion
of the rotary shaft 12. On an upper portion of the rotary
shaft 12, a vertical hole 12a is forned, extending in the
material axis direction in communication with each pipe of the
injection unit 13 (see Fig. 4).

The injection unit 13 is constituted by a plurality of
pi pes each provided at a tip portion with an injection hole
13a for injecting the brine toward the inner peripheral
surface of the inner cylinder 22, and rotates together with
the rotary shaft 12. The brine injected through the injection
hol e 13a adheres to the inner peripheral surface of the inner

cylinder 22, which has been cooled by the refrigerant, and is
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qui ckly frozen w thout being provided with time for separation
The plurality of pipes constituting the injection unit 13
radially extend fromthe rotary shaft 12 in a radial direction
of the drum 11. Although installation height of each pipe is
not particularly limted, in the present enbodi nent, each pipe
is installed at an upper position of a height of the inner
cylinder 22 of the drum11l. Incidentally, a spray nozzle or
the |ike may be enployed in place of the pipe.

The scraping unit 14 is constituted by a plurality of
arns each equipped at a tip portion with the blade 15 adapted
to scrape off the brine adhered in a frozen state to the inner
peri pheral surface of the drum 11. The scraping unit 14
extends in the radial direction of the drum 11, and rotates
together with the rotary shaft 12. The plurality of arns
constituting the scraping unit 14 are nmounted so as to be
symmetrical with respect to the rotary shaft 12. Al though a
nunber of arns is not particularly limted, in the present
enbodi nent, the nunber of arns is set to two. Size and
mat erial of the blade 15 nounted on the tip portion of each
armare not particularly limted as long as the bl ade can
scrape off the frozen brine. |In the present enbodi nent, each
bl ade 15 is made of stainless steel plate material having a
| ength approxinmately equal to the entire length (entire
hei ght) of the inner cylinder 22, and forned on an end surface
facing the inner cylinder 22 with a plurality of serrations
15a. Flake ice is obtained as the frozen brine is scraped off

by the blade 15, and the flake ice falls through the fl ake ice
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di scharge port 16. The flake ice fallen through the flake ice
di scharge port 16 is stored in a flake ice storage tank 34
(Fig. 4) disposed i mediately bel ow the flake ice production
devi ce 10.

The upper bearing nmenber 17 having the shape of a pot, is
inverted and seals the upper surface of the drum 11. The bush
24 for supporting the rotary shaft 12 is fitted at the centra
portion of the upper bearing menber 17. The rotary shaft 12 is
supported only by the upper bearing nenber 17, and a | ower end
of the rotary shaft 12 is not pivotally supported. This neans
that, there is no obstacle at the | ower place of the drum 11
for the flake ice scraped by the blade 15 to fall down, and
thus the | ower plane of the drum 11 serves as a flake ice
di scharge port 16 for discharging the flake ice. The
refrigerant supply unit 29 supplies to the refrigerant
clearance 24 the refrigerant for cooling the inner peripheral
surface of the inner cylinder 22 via the refrigerant tube 35.
The refrigerant to be supplied by the refrigerant supply unit
29 is not particularly limted as |long as being able to cool
the inner peripheral surface of the inner cylinder 22.
Specifically, for exanple, LNG (Liquefied Natural Gas) can be
enpl oyed as the refrigerant. In the present enbodi nent, the
refrigerant to be supplied to the refrigerant clearance 24 can
be circul ated between the refrigerant clearance 24 and the
refrigerant supply unit 29 via the refrigerant tube 35. As a
result of this, it is possible to maintain the refrigerant

supplied to the refrigerant clearance 24 in a state of having
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a high cooling function. The rotation control unit 27 adjusts
the rotation rate of the geared notor 20, thereby adjusting a
rotation rate of the injection unit 13 and the scraping unit
14 rotating together with the rotary shaft 12. A nethod for
the rotation control unit 27 to control the rotation rate is
not particularly limted. Specifically, for exanple, a control
nmet hod using an inverter may be enpl oyed.

[ Fl ake I ce Production Systeni
Fig. 4 is an imge view showing an outline of an entire fl ake
i ce production system 60 including the flake ice production
device 10 of Fig. 3.

The flake ice production system60 is provided with the
fl ake ice production device 10, a brine storage tank 30, a
punp 31, a brine tube 32, a brine tank 33, the flake ice
storage tank 34, the refrigerant tube 35, and a freezing point
adjusting unit 36. The brine storage tank 30 stores the brine
to be raw material of the flake ice. The brine stored in the
brine storage tank 30 is fed to the rotary joint 21 via the
brine tube 32 by operating the punp 31, and becones the fl ake
ice by the flake ice production device 10. This neans that,
the brine fed to the rotary joint 21 is fed to the verti cal
hole 12a fornmed in the rotary shaft 12 and the rotary joint 21,
and further fed fromthe vertical hole 12a to each pipe
constituting the injection unit 13.

The brine tank 33 supplies the brine to the brine storage
tank 30 in a case in which the brine in the brine storage tank

30 has decreased. Incidentally, the brine which has not been
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frozen on the inner peripheral surface of the inner cylinder
22 but has flowed down is stored in the brine storage tank 30
and is again fed to the rotary joint 21 via the brine tube 32
by operating the punp 31. The flake ice storage tank 34 is
di sposed i mmedi ately below the flake ice production device 10
and stores flake ice which has fallen through the flake ice
di scharge port 16 of the flake ice production device 10.

The freezing point adjusting unit 36 adjusts the freezing
point of the brine to be supplied to the brine storage tank 30
fromthe brine tank 33. For exanple, in a case in which the
brine is salt water, since the freezing point of the salt
wat er vari es dependi ng on the concentration, the freezing
poi nt adjusting unit 36 adjusts the concentration of the salt
water stored in the brine storage tank 30. A nethod for
adjusting the freezing point of the brine is not particularly
[imted thereto. For exanple, it is also possible to enploy
the following method. That is, there are provided a plurality
of brine storage tanks 30, and a plurality of types of brine
each having a different freezing point are stored in
respective brine storage tanks 30. Thereafter, the brine
freezing point adjusting unit 36 selects a predeterm ned type
of brine based on a required tenperature of the flake ice (for
exanpl e, a cooling tenperature required for a conveyed article
to be conveyed by the flake ice) and supplies the brine to the
fl ake ice production device 10. Thus, by adjusting the
freezing point of the brine, it is possible to adjust the

tenperature of the flake ice to be produced.
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In the following, on a premise that the brine is salt
wat er, a description will be given of the operation of the
flake ice production system 60 including the flake ice
producti on devi ce 10 having the above-described configuration.
First, the refrigerant supply unit 29 supplies the refrigerant
to the refrigerant clearance 24 and sets the tenperature of
the inner peripheral surface of the inner cylinder 22 to be
| ower than the freezing point of salt water by approximtely -
10°C. This nakes it possible to freeze the salt water adhered
to the inner peripheral surface of the inner cylinder 22. Wen
the inner peripheral surface of the inner cylinder 22 is
cool ed, the rotation control unit 27 drives the geared notor
20 so as to rotate the rotary shaft 12 around the materi al
axis. Wien the rotary shaft 12 rotates, the punp 31 supplies
salt water, which is brine, fromthe brine storage tank 30 to
the rotary shaft 12 via the rotary joint 21. Wen the salt
water is supplied into the rotary shaft 12, the injection unit
13 rotating together with the rotary shaft 12 injects the salt
wat er toward the inner peripheral surface of the inner
cylinder 22. The salt water injected fromthe injection unit
13, on contacting the inner peripheral surface of the inner
cylinder 22, instantly freezes to ice. At this tinme, the
rotation control unit 27 controls the rotation rate of the
rotary shaft 12 so as to be 2 to 4 rpm Incidentally, in a
case in which a spray nozzle is enployed in place of the pipe
as a constituent of the injection unit 13, the rotation

control unit 27 controls the rotation rate of the rotary shaft
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12 so as to be 10 to 15 rpm The ice generated on the inner
peri pheral surface of the inner cylinder 22 is scraped off by
the scraping unit 14 rotating together with the rotary shaft
12. The ice scraped by the scraping unit 14 falls through the
flake ice discharge port 16 as the flake ice. The flake ice
whi ch has fallen through the flake ice discharge port 16 is
stored in the flake ice storage tank 34 disposed i medi ately
bel ow the fl ake ice production device 10. As described above,
the salt water which has not converted to ice but has flowed
down on the inner peripheral surface of the inner cylinder 22
is stored in the brine storage tank 30, and is fed again via
the brine tube 32 to the rotary joint 21 by operating the punp
31. In a case in which the salt water in the brine storage
tank 30 has decreased, the brine tank 33 supplies the salt
water stored in itself to the brine storage tank 30.

Here, the rotation control unit 27 can change the
tenperature of the flake ice produced by the flake ice
production device 10 by changing the rotation rate of the
geared notor 20. For exanple, it is assuned that salt water is
enpl oyed as the brine. In this case, it has been hitherto
consi dered that the freezing point at which the salt water
freezes depends on the solute concentration thereof alone. For
exanple, if the solute concentration is 0.8% it has been
hitherto considered that the salt water freezes at -1.2C in
any case. However, when the applicant of the present invention,
enpl oying salt water as the brine, changed the rotation rate

of the rotary shaft 12 using the flake ice production device
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10 according to the present enbodi nent, the applicant of the
present invention discovered that the tenperature of the flake
ice to be produced fromsalt water of the same concentration
changes depending on the rotation rate, and particularly, the
t enper at ure decreases when the rotation rate decreases. The
reason for this is because a state of the flake ice storing
the ice-making heat is maintained until conpletion of nelting.
Thus, it is possible to adjust the tenperature of flake ice,
while fixing the concentration of brine to a desired val ue
according to targets of refrigeration and freezing.

[lce Slurry Production Method]
In the following, a description will be given of an exanpl e of
a nmethod for producing ice slurry fromthe above-descri bed
brine and flake ice. It is possible to produce the ice slurry
3 neeting requirenents of cold storage tenperature and cold
storage tinme by using as material a plurality of types of
bri ne, which have been prepared in advance. Incidentally, the
met hod is described on the assunption that the brine is salt
wat er, and the cold storage object is a fresh nmarine product,
and al so, the fresh marine product, which is the cold storage
obj ect, is instantaneously frozen by being directly placed in
the ice slurry 3 without using the cold storage unit 1 or the
cold storage unit 2 described above.

In order to instantaneously freeze the fresh marine
product, the solute concentration in the salt water, which is
the raw material of the ice slurry, is greatly increased as

conpared to the conventional one. The theoretical saturated
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freezing point of salt water having a solute concentration of
13.6%is -9.8C, and the theoretical saturated freezing point
of salt water having a solute concentration of 23.1%is -21.2C.
In a case in which the solute concentration of salt water is

| ess than 13.6% the freezing speed of the fresh marine
product by the produced ice slurry 3 slows down. On the other
hand, in a case in which the solute concentration in salt

wat er exceeds 23.1% the salt precipitates as a crystal and
thus the saturated freezing point of salt water increases.
Incidentally, when the fresh marine product is directly
imersed in the ice slurry 3, since a surface of the fresh
mari ne product is instantaneously frozen and icebound, even if
the solute concentration of the ice slurry is high, salt does
not intrude into the fresh mari ne product.

The solute concentrations of the flake ice and the salt
wat er, which are to be mxed for producing the ice slurry, are
preferably close (within the difference of a few % to each
other. |If the solute concentration of the flake ice is higher
than that of the salt water, since a tenperature of the flake
ice is lower than the saturation freezing point of the salt
water, imredi ately after adding the salt water having a | ower
sol ute concentration, the water conponent thereof freezes. On
the other hand, if the solute concentration of the flake ice
is lower than that of the salt water, since the saturation
freezing point of the salt water is |lower than that of the
flake ice, the flake ice nelts and the tenperature of the ice

slurry 3 is lowered. Consequently, in order not to change the



38

state of the ice slurry 3, it is preferable to set the solute
concentrations in flake ice and salt water to be m xed to be
about the sane.

A mass ratio of the flake ice and the salt water to be
mxed is 75 : 25 to 20 : 80 (flake ice : salt water),
preferably 60 : 40 to 50 : 50 (flake ice : salt water). |If the
mass ratio of the flake ice exceeds 75 mass % due to a high
solid conponent ratio, gaps are forned between the fresh
mari ne product and the ice slurry 3, and the ice slurry 3 does
not cone into close contact with the fresh marine product. On
the other hand, if the mass ratio of the flake ice is bel ow 20
mass % it is difficult to instantaneously freeze the fresh
mari ne product with the produced ice slurry.

Therefore, in a case in which the brine is salt water,
ice slurry is produced by mxing a flake ice produced by the
fl ake ice production device 10 using salt water having a
sol ute concentration (concentration of brine) of 13.6%to
23.1% and salt water having a solute concentration of 13.6%to
23.1% In the present enbodi nent, the tenperature of the
produced ice slurry is set to -9.8C to -21.2C. The
tenperature of the salt water to be m xed with the produced
flake ice is set to anbient tenperature or a tenperature | ower
t han anbi ent tenperature. As the tenperature of the salt water
decreases, an ice making efficiency increases.

In a case in which the brine is other than salt water, a
concentration of brine and a nass ratio of flake ice and brine

to be m xed are adjusted so that the tenperature of the ice
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slurry to be produced should be a required tenperature. Thus,
by adjusting the concentration of brine and the mass ratio of
flake ice and brine to be mxed, it is possible to produce a
plurality of types of ice slurries each having a different
t enper at ur e.

[lce Slurry Supply System and [Cold Storage Article
Transport Systenj
In the followi ng, a description will be given of a nmethod for
supplying the ice slurry produced according to the above-
descri bed nmethod to the cold storage unit 1, and a nethod for
transporting a cold storage article utilizing the cold storage
unit 1. Fig. 5is an imge view showing an outline of an ice
slurry supply system according to an enbodi nent of the present
i nvention.

As shown in Fig. 5, a cold storage noving body 44
according to the present enbodinent is a freight train
provided with the cold storage unit 1. The cold storage noving
body 44 is not limted to a freight train and may be a cargo-
carrying vehicle, a ship, or an aircraft. However, in a case
of the freight train, it can be expected to have effects such
as elimnation of traffic jamby not using a car, CO2 em ssion
reduction by not emtting exhaust gas, inprovenent of
transport efficiency, energy consunption saving, and the like.
Since the cold storage space 5 is cooled by filling the ice
slurry 3 in the gap 50 of the cold storage unit 1, it is
possible to store and transport the cold storage object in the

col d storage space 5 without need of electric power for
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cooling. Also, greenhouse gas such as carbon dioxide is not
emtted unlike dry ice that sublines to carbon dioxide.
Further, it is possible to freeze and reuse the nelted ice
slurry as the source for cooling.

The cold storage unit 1 can have a cold storage
tenperature freely set independently of other cold storage
units 1, and has no linmtations on the tenperature at a
| ocation to be installed. Accordingly, it is possible to |Ioad
goods of different cold storage tenperatures (goods including
a plurality of cold storage units 1 having respective cold
storage tenperatures set independently) including goods of
anbi ent tenperature (goods carried without the cold storage
unit 1) on a single cold storage noving body 44 or a single
novi ng body of anbient tenperature. Thus, it is possible to
contribute to an efficient cargo-carrying. Further, as
descri bed above, in the cold storage unit 1, since it is
possible to supply the ice slurry 3 via the ice slurry supply
port 40 and to discharge the ice slurry 3 via the ice slurry
di scharge port 41, it is possible to replace the ice slurry 3
at a predeterm ned distribution base 45 equi pped with an ice
slurry supply apparatus 46, and to freely set a transit tine
by changing an anmount of the ice slurry 3. Thus, |ong-distance
transportation beconmes possible, the distribution base 45
serving as a relaying point. Here, the "distribution base" is
a distribution hub. In the present invention, a station, a gas
station, a sea port, an airport, or the |ike where the cold

storage novi ng body 44 such as a freight train, a truck, a
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ship, an aircraft stops is collectively referred to as a
"distribution base".

At a distribution base 45 equi pped with the ice slurry
supply apparatus 46, the ice slurry 3 is produced by the ice
slurry supply apparatus 46. The ice slurry 3 produced by the
ice slurry supply apparatus 46 is supplied to the cold storage
unit 1 by an ice slurry supply adjusting unit 47. This means
that, the ice slurry 3 produced by the ice slurry supply
apparatus 46 is supplied to the cold storage unit 1 provided
to the cold storage noving body 44 via a pressure pipe and the
ice slurry supply port 40 of the cold storage unit 1. Al so,
the ice slurry 3 that has been filled in the cold storage unit
1 is recovered by the ice slurry supply apparatus 46 via the
ice slurry discharge port 41 of the cold storage unit 1. The
ice slurry 3 recovered by the ice slurry supply apparatus 46
can be reused as raw material for producing the flake ice.

The ice slurry supply adjusting unit 47 adjusts a type
and supply anount of the ice slurry 3 to be supplied to the
cold storage unit 1 according to a cold storage tenperature
and a cold storage tinme of the cold storage unit 1. The ice
slurry 3 has a different tenperature depending on a type of
the flake ice. Accordingly, the ice slurry supply adjusting
unit 47 selects a suitable type of ice slurry fromanong a
plurality of types of the ice slurry 3 each having a different
tenperature according to the cold storage tenperature of the
cold storage unit 1, and adjusts a fill anount of the ice

slurry 3 to be suitable according to the cold storage tine of
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the cold storage unit 1. In a case in which the brine is salt
water, hitherto, in the ice obtained by freezing salt water,
freezing begins fromthe part of fresh water having a higher
freezing point, the part which is finally frozen is in a
situation in which there is a part formed as a small anount of
salt water is frozen and a salt precipitated is attached
around the ice, and the solute concentration in the ice is
nonuni form Moreover, at the tinme of nelting, the part which
is finally frozen nelts first and salt water having a high
concentration of solute results, and thus the nelted water has
a technical problemthat the solute concentration greatly
changes in the nelting process and the tenperature increases
toward 0°C. However, the flake ice produced by the flake ice
production device 10 is instantaneously frozen w thout being
given the tinme for water and salt to separate. Thus, it
becones possible to acquire a flake ice having an

approxi mately uni form solute concentration. Also, the solute
concentration and the tenperature fromthe start to end of

nel ting stay approximately constant. Thus, it is possible to
adjust a period of tinme to maintain the cold storage
tenperature in the cold storage unit 1 to a predeternined cold
storage tenperature as needed, by adjusting an anount of the
ice slurry 3 in the cold storage unit 1. More particularly, it
is possible to increase a maxi mum duration of cold storage by
i ncreasing the anount of the ice slurry 3 in the cold storage
unit 1, and to decrease the maxi mrum duration of cold storage

by decreasing the amount of the ice slurry 3 in the cold
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storage unit 1. Accordingly, it is possible to adjust a fil
anount of the ice slurry 3 according to the transit tinme of
the cold storage object. Thus, it becones possible to
efficiently transport the cold storage object over a |ong
di stance under a suitable cooling environnent.

In a case of the cold storage noving body 44 provided
with the cold storage unit 2, it is possible to nmaintain a
cooling state of the cold storage space 5 by replacing the ice
slurry storage 9 accommpdated in the cold storage unit 2 with
another ice slurry storage 9 at the distribution base 45. In
the cold storage unit 2, simlarly to the cold storage unit 1,
the ice slurry storage 9 suitable for the cold storage
tenperature of the cold storage unit 2 is selected from anong
a plurality of types of ice slurry storages 9, and a nunber of
the ice slurry storage 9 is adjusted to be suitable for the
cold storage tine of the cold storage unit 2. Thus, it becones
possible to efficiently transport the cold storage object over
a long di stance under a suitable cooling environnent.

Incidentally, it is also possible to transport a cold
storage article being instantaneously frozen by directly
placing the cold storage article into the ice slurry 3 wthout
using the cold storage unit 1 or the cold storage unit 2
descri bed above. More particularly, for exanple, a fresh
mari ne product can be instantaneously frozen in the ice slurry
3, thereafter took out fromthe ice slurry 3, and
cryopreserved at a tenperature when instantaneously frozen or

| ess. Thus, even after a long-tinme transportation to a renote
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pl ace, the fresh marine product does not deteriorate in
freshness and taste.

Fig. 6 is a diagram showi ng an exanpl e of a heat
insulating structure of the cold storage unit 1 of Fig. 1

As shown in Fig. 6, the casing 4 of the cold storage unit
1 is provided with a double wall outside of the insulator 7,
and a bl ower clearance 81 is provided between the walls. Air
is constantly blown in the blower clearance 81. Thus, it is
possible to further inprove the heat insulating effect of the
cold storage unit 1. The cold storage unit 1 having a high
heat insulating effect can be applied to various fields.
Specifically, for exanple, the cold storage unit 1 can be
applied to a refrigerator/freezer, a reefer container, a
refrigerator/freezer truck, a cold box, a cooler box, and the
like. By having the ice slurry supply apparatus 46 as a
station, a versatile usage of the cold storage unit 1 becones
possi ble. The cold storage unit 1 does not need a freezer or a
power generator, the brine (salt water) as the refrigerant is
reusabl e, and the high heat insulating effect thereof enables
| ong-di stance transportation. Further, the cold storage unit 1
can accommopdate a frozen transport, a cold transport, and an
ordi nary transport, and can contribute to energy saving and
CX2 reduction. Incidentally, the heat insulating structure
shown in Fig. 6 can be applied to the cold storage unit 2 of
Fig. 2 as well.

Enbodi ments of the present invention have been descri bed

above, but the present invention is not in any way limted to
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the configurations described in the above-nenti oned
enbodi ments, and the present invention also includes other
enbodi ments and nodi fications that can be considered within
the scope of the matters described in the clains. In addition,
various nodifications and conbi nati ons of the above-nentioned
enbodi ments may be applied as long as they do not deviate from
the gist of the present invention.

For exanple, in the above-described enbodi nents, the gap
50 has been provided on six surfaces inside of the casing 4.
However, the gap 50 nay be provided on only one surface (for
exanple, a ceiling surface) inside of the casing to be filled
with the ice slurry 3. Further, the shape of the cold storage
unit 1 or the cold storage unit 2 is not limted to the
cuboi d-1i ke shape as in the above-descri bed enbodi nents.
Further, the cold storage noving body 44 is not limted to a
freight train, and may be a noving body such as a cargo-
carrying vehicle including a car, a ship, and an aircraft.
Further, in the above-described enbodi nents, the brine has
been described to be salt water (sodiumchloride agueous
solution). However, the brine is not particularly limted
thereto. Specifically, for exanple, a cal ciumchloride agueous
sol ution, a magnesium chl ori de aqueous sol ution, ethylene
glycol, and the like nay be enployed. Thus, it is possible to
prepare a plurality of types of the brine each having a
di fferent freezing point according to a difference of a solute

and concentrati on.
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Further, the ice produced by the ice production device
according to the present invention, although being desirable
to be an ice froma liquid including an agueous sol ution
including a solute that satisfies the above descri bed
conditions (a) and (b), may be an ice that does not satisfy
either or both of the conditions (a) and (b). This neans that,
ice slurry including ice and water each having a different
solute concentration my be used to cool a cold storage object.

Al so, if the above described ice slurry contains a solid
having a thermal conductivity higher than that of the ice, in
t he process of cooling, the solid having a thernal
conductivity higher than that of the ice is preferably
i nt er posed between the cold storage object and the ice
included in the ice slurry. Thus, long-term cooling becones
possi bl e, while having a quick cooling capacity in a short
time due to the solid having the high thermal conductivity. In
such a case, dependi ng on purpose, another substance nay be
i nterposed anong the ice, the solid having the thernmal
conductivity higher than that of the ice, and the cold storage
object. For exanple, in a case in which the ice slurry
i ncludes a substance that is not preferable to directly
contact the cold storage object (for exanple, a solid such as
netal having a thermal conductivity higher than that of the
ice or the like, which is not desirable to directly contact
the cold storage object froma viewpoint of safety), the cold
storage object may be cooled in a manner such that either one

of the ice slurry and the cold storage object is confined in a



47

bag so as to avoid the direct contact between the ice slurry
and the cold storage object.

Sunmari zi ng the above, the cold storage unit, the noving
body, the ice slurry supply systemto which the present
invention is applied can take various enbodi ments as |ong as
it has the follow ng configuration. 1In the cold storage unit
(for exanple, the cold storage unit 1 of Fig. 1) to which the
present invention is applied, a casing (for exanple, the
casing 4 of Fig. 1) that defines a cold storage space (for
exanpl e, the cold storage space 5 of Fig. 1) has a heat
insulating structure, a partition wall (for exanple, the
partition wall 6 of Fig. 1) that faces the casing is provided
at least at a top portion of the cold storage space, and a gap
(for exanple, the gap 50 of Fig. 1) between the casing and the
partition wall is filled with an ice slurry (for exanple, the
ice slurry 3 of Fig. 1) that is a mxture of brine (for
exanple, salt water) and flake ice acquired by freezing the
brine. As a result of this, it is possible to provide a cold
storage unit that has a high cold storage capacity, does not
generate carbon di oxide, and can recycle ice slurry as a
source for cooling. Also, it is possible to easily transport a
cold storage object to a renote pl ace.

In addition, the ice slurry can include a solid such as
nmetal having a thermal conductivity higher than that of the
flake ice. As aresult of this, it is possible to increase a

cooling capacity.
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In addition, the cold storage unit can include a supply
port (for exanple, the ice slurry supply port 40 of Fig. 1)
for supplying the ice slurry into the gap, and a di scharge
port (for exanple, the ice slurry discharge port 41 of Fig. 1).
As a result of this, it is possible to reuse the ice slurry 3,
whi ch has been di scharged fromthe ice slurry di scharge port
41, as raw naterial to produce the flake ice.

In addition, the gap can house an ice slurry storage (for
exanple, the ice slurry storage 9 of Fig. 2) filled with the
ice slurry. As aresult of this, it is possible to maintain a
cold storage state of the cold storage space 5 by repl acing
the ice slurry storage 9 accommobdated in the cold storage unit
2 with another ice slurry storage 9.

In addition, the casing can be forned as a doubl e wal
i nterposed with a heat insulator (for exanple, the heat
insulator of Fig. 1), and a wall surface abutting the heat
i nsul ator can be adhered with a heat insulating sheet (for
exanpl e, the heat insulating sheet 8 of Fig. 1).

In addition, the noving body (for exanple, the cold
storage noving body 44 of Fig. 5) to which the present
invention is applied can install a plurality of the cold
storage units.

In addition, in the ice slurry supply systemto which the
present invention is applied, a distribution base can be
provided with an ice slurry supply equi prent (for exanple, the

ice slurry supply apparatus 46 of Fig. 5) for supplying the
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ice slurry to the cold storage unit installed on the noving
body.

In addition, the cold storage article transport system
to which the present invention is applied, can store and
transport a cold storage article in the cold storage unit (for
exanple, the cold storage unit 1 of Fig. 1) supplied with
refrigerant (for exanple, the ice slurry 3 of Fig. 1)
including flake ice acquired by freezing the brine, and can
include, a freezing point adjusting unit (for exanple, the
freezing point adjusting unit 36 of Fig. 4) for adjusting a
freezing point of the brine based on a cold storage
tenperature required for the cold storage article, a flake ice
production unit (for exanmple, the flake ice production device
10 of Fig. 3) for producing the flake ice fromthe brine
havi ng the freezing point thereof being adjusted, and a supply
amount adjusting unit (for exanple, the ice slurry supply
adjusting unit 47 of Fig. 5) for adjusting a supply anmount of
the generated flake ice to the cold storage unit based on a
transit tinme required for the cold storage article. As a
result of this, it becones possible to efficiently transport
the cold storage object over a |ong distance under a suitable
cool i ng environnent.

In addition, the brine is salt water, and the freezing
poi nt adjusting unit can adjust the freezing point of the
brine supplied to the flake ice production unit by adjusting a

sol ute concentration of the salt water.
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In addition, a plurality of types of the brine (for
exanpl e, magnesi um chl ori de aqueous sol ution, ethylene glycol,
and the like) each having a different freezing point are
prepared, and the freezing point adjusting unit can adjust the
freezing point of the brine supplied to the flake ice
production unit by selecting a predeterm ned type of the brine
fromanong the plurality of types of the brine.

The refrigerant supplied to the cold storage unit can be
an ice slurry (for exanple, the ice slurry 3 of Fig. 1) that

is a mxture of the flake ice and the brine.

EXPLANATI ON OF REFERENCE NUMERALS

1, 2: Cold Storage Unit, 3: Ice Slurry, 4: Casing, 5:
Col d Storage Space, 6: Partition Wall, 7: Heat Insulator, 8:
Heat |nsul ating Sheet, 9: Ice Slurry Storage, 10: Flake Ice
Producti on Device, 11: Drum 12: Rotary Shaft, 12a: Verti cal
Hol e, 13: Injection Unit 13a: Injection Hole, 14: Scraping
Unit, 15: Blade, 15a: Serrations 16: Flake Ice Di scharge Port,
17: Upper Bearing Menmber, 19: Heat I|nsulating Protective Cover,
20: Geared Mtor, 21: Rotary Joint, 22: Inner Cylinder, 23:
Quter Cylinder, 24: Refrigerant Cl earance, 27: Rotation
Control Unit, 28: Bush, 29: Refrigerant Supply Unit, 30: Brine
Storage Tank, 31: Punp, 32: Brine Pipe, 33: Brine Tank, 34:
Fl ake I ce Storage Tank, 35: Refrigerant Tube, 36: Freezing
Poi nt Adjusting Unit, 40: lce Slurry Supply Port, 41: Ilce
Slurry Di scharge Port, 42, 43: On-off Valve, 44: Cold Storage

Movi ng Body, 45: Distribution Base, 46: lce Slurry Supply
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Apparatus, 47: lce Slurry Supply Adjusting Unit, 50: Gap, 60:
Fl ake I ce Production System 70 : Ice Slurry Supply System

81: Bl ower d earance
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CLAI M5
1
A col d storage unit,
wherein a casing that defines a cold storage space has a heat
insulating structure, a partition wall that faces the casing
is provided at least at a top portion of the cold storage
space, and
a gap between the casing and the partition wall is filled with
an ice slurry that is a mxture of brine and flake ice

acquired by freezing the brine.

2.
The cold storage unit according to Claim1 conprising:
a supply port for supplying the ice slurry into the gap, and

a discharge port for discharging the ice slurry fromthe gap

3.
The cold storage unit according to daim1l,
wherein the gap houses an ice slurry storage filled with the

ice slurry.

4.
The cold storage unit according to any one of Clainms 1 to 3,
wherein the casing is formed as a double wall interposed with

a heat insulator, and a wall surface abutting the heat
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insulator is adhered with a heat insulating sheet for

reflecting radi ant heat.

5.
A noving body to which can be installed a plurality of cold

storage units according to any one of Clains 1 to 4.

6.

An ice slurry supply system

wherein a distribution base is provided with an ice slurry
supply device for supplying the ice slurry to the cold storage

unit installed on the noving body according to Claimb5.

7.

A cold storage article transport systemthat stores and
transports a cold storage article in the cold storage unit
according to any one of Clains 1 to 4 supplied with
refrigerant including flake ice acquired by freezing the brine,
conpri si ng:

a freezing point adjusting unit for adjusting a freezing point
of the brine based on a cold storage tenperature required for
the cold storage article,

a flake ice production unit for producing the flake ice from
the brine having the freezing point thereof being adjusted,

and
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a supply anount adjusting unit for adjusting a supply anmpunt
of the generated flake ice to the cold storage unit based on a

transit time required for the cold storage article.

8.

The cold storage article transport system according to Claim?7,
wherein the brine is salt water, and the freezing point
adjusting unit adjusts the freezing point of the brine

supplied to the flake ice production unit by adjusting a

solute concentration of the salt water

9.

The cold storage article transport system according to Claim?7,
wherein a plurality of types of the brine each having a

di fferent freezing point are prepared, and the freezing point
adjusting unit adjusts the freezing point of the brine

supplied to the flake ice production unit by selecting a
predeterm ned type of the brine fromanong the plurality of

types of the brine.

10.

The cold storage article transport system according to any one
of Cains 7 to 9,

wherein the refrigerant supplied to the cold storage unit is

an ice slurry that is a mxture of the flake ice and the brine.
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11.
A col d storage nethod for a cold storage article using the

cold storage unit according to any one of Clains 1 to 4.

12.
A transport method for a cold storage article using the noving

body according to C aimb5.

13.
A transport nethod for a cold storage article using the cold
storage article transport system according to any one of

Clains 7 to 9.



