; rrﬁe3eg] &3Z"6T&>C 1 Title of the Invention |CE MAKING METHOD AND | CE
MAKI NG APPARATUS Background of the Invention 5 1. Field of the Invention

The pr tion relates to a method of continuousl yl\mmmwmw ter
from aj@%@ﬂ&@@]ﬁ,ﬂl’"’state to make ice and not interfering umml on of
super cool' e or a long tine, and an apparatus capabl e ofisegent i nuously
maki ng i ce."6%®2*2. Description of the Related Art A general technol ogy of
produci ng supercool ed water to nake YSherbet ice thereof continuousl y is

di scl osed, for exanple, in US Patent No. 4,671,077. Besides, a nethod is

al so proposed which conti nuously. , . in the supercooled state in
a closed pipe to nake ice. 15 Te Auously for a long tine,

itle of the I
however, it is i agee i | ease) from
pr opagat i ng frof#g%gésﬁrﬁginﬂmre P(?g&g‘rgys pggééig@ ‘?‘%@Wﬁ ce, for
exanpl e, a supercooling releasing device, to a cooler so as to avoid freeze
of the cooler. Mire specifically, once supercool ed water which has been
produced 20 in a supercool erggtidicudefth thvehtidipse i n the supercooling
rel easi ng device, ice nucl ei“S‘E%FrTﬁ‘mTWT‘GWTH_and are renoved by water
fl ow §r o, Fieldvef thd Bosentivrd he supercool i ng rel easi ng device, and the
process is repeated. Such a phenonenon that. growth and renoval of ice on
and from a sur fRweprdseat dnventionhedateseto a metiod ofvédritineusiypesieasihgd
wat er propagates to the 25 upstreamside, that is, the supercooler, along
an i nner watet frona aosupetcoodedi gtatevhics hmiakec acmeanddnot imterferingt witht he
supercool i ng rel easji ng devi ce. 2 The reason why such propagation occurs
rel at es psoductionofrsupsrcoeledt watendfonaa lorng time, Mndean pparatusl ¢capabléefi ce
attached to the |1 face, even if exposed to the flow at a high velocity,
is stayi ﬁ@ng{lppp\é\ﬁ’nn}aﬂféngvéw- of the pipe or is noving downstreamat a very

upst iééﬁ%ﬁqsﬁﬁ:g%&ﬁfb&aﬁ%@@%e&hf? ne st at e.plhﬁéf o that even if the i ce
the face wner o/t fetelyech R8P S arlificing PR hE s Phafuk el
re9ar 4 Oted NRrlien RS 0" 1€ BNBIRed? *RA" SeurfBleC in DS oD

di scl oses a ne prevent i ng propagati on change I'hg a

connect | Bg5P1 097, Beslagane B tRaN S8 alke rtoplsed WhicR WiiRIpnaRases o

met hod of "préventing 1 ce ’fromentering necting plpe

speci al ~prReeHEFtHOsupEreBoRitstate in atlefedpin i fidkedicel pe on the side of an
i ce maki ng container to increase the flow velocity to 2.7 m's. 15 Further,
met hogls for wedbemake iedheortimeouslyifoe 4 botgaime| hokaser] it & saquarebod i ng
rel easing device also include a nethod of using a material having a | ow
heat conpeventi phaser chamgeraf{siypeacooking haelgake) f from i propagatingasfrdivscd osed
in the 35th Japan Heat Transfer Synposium Transaction (1998, P 221 ). 20
The t echpositign whese dee grysialrapxist for making ice, fosezasplenavwapercoqlingii r es
extra energz for_ heating, angd has a disagd ﬁ_gt age t hat aT i ncrease in

t enper at IRIEAYNEdRYISE, O 2 68PIET SRA%H0 AKa g&¢ PLdhe $00ler decrease in the

anount of ice oducti op. JThe technol o di,scl osed,i.n. .Japanese Paten

Lai d- Cpen No. Stiscihisallyy ence SuDeRoley Foker Which &, AT Prequs
prodyced. i ce wat er [ han the casg in. 'chtheflowveiocit i S. not
i ner8yselp Bégaﬁgcé)qlggsﬁﬁésr ifig in phase in thé supefcooling reé eas1n§/ device,

ice nuclei sequentially grow on and are removed by water flow from the wall

(@

Cl)
a

face in the supercooling releasing device, and the process is repeated. Such
a phenomenon that growth and removal of ice on and from a surface of a
solid substance in contact with the supercooled water propagates to the
25 upstream side, that is, the supercooler, along an inner wall of a connecting

pipe which is connected to the inlet of the supercooling releasing device.



3inthe flow velocity in the connecting pipe increases pipe resistance of
the connecting pipe. Mreover, it is necessary to take nmeasures separately
agai nst attachnent of foreign matter such as mnute flaws, scales or the

| i ke on the face, which has been provided with the special processing, of
the end 5 portion of the connecting pipe in order to keep for a long tinme
the effect of preventing phase change& from propagati ng upstream The nethod
of using a material having a | ow heat conductivity for the material of the
wal | face in itself cannot bring the adherence of ice to O (zero) because

there exi sfise HeatP % i g?%lﬁ‘?@P&gﬁtiﬁﬁ%c&ﬁ@%ﬁz{&gitb%at‘?iclﬁpéﬁﬁbf’)ice 35%nk0

therefore 1t is Inpos y prevent phase change from propagati ng
filchll

upstream vulMPdce, of Mdie 5151%1 ?, the Riecqftachedveytthenwadl davel ened ifm
consi deration of the abovel5 descfi bed di sadvantages, and it 1s an object

thereof t@xyorelyonthevRow #haddghhasieeityy Rnstayhnagell o8 the wwal cﬁfttherlﬁ?@' ing

rel easing dévice to a connecting pipe for a long tine wthout necessity of
t he abovefﬂeisqnbb‘ﬂ% datvnstreant ang verglow welosityadwiing the astachment 036 tiegt t o
a surface of an end portion of the connecting pipe for preventing the

pr opagét i phaserchangepyoceedeopsiream bydhe growte ofdoeiduging the state.al Nate
closed system In order to attain_the above-described object, an ice mnmaking
met hod of thakeperdbthe ios/isnremaved by the Aew.fagroupiofgnicre exystaladempinat er
whi ch has been br,ought to_a supercogql ed state in a supercooler to a .

cl osed- t yj3é & peEteBdt fy fage xherg te,abave He® AtRcheds drem: MRGTRINSEY vicehout
allowing the.25 water to be in contact with air, wherein water at 0OC or

hi gher i s DG 8OVt 0 an i nner face of the connecting pipe. As the water at

cuper cooler or i tneah b A8 BHiRnpmRghah fPF ShBle, “Bifiiesk "PantaNe.
h . i s, ad i
Chan 0% ARIEL 38 Bfsclodes & et Bf tteveliiRe ToapdpIPLR phARE ThatelPBy .
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liquid filmcan prevent ice fromattaching to an inner wa

connect i ngr@ﬁhﬁngmpel@ﬁdsmoﬁe@m to am endgretionnof wpsbnaecting gipsusi ¢he
even if 10 existing, do not grow but nmelt in tinme or are fl owed downstream
in the |iqidelof ahicamakingrcaritginer t6 dnoredsethe flowaldloéity ¢o @7 tivs.
connecting pipe, so that phase change never propagates upstream beyond the
porti bh of the E@mﬂmxmegh@dqﬁommaﬂenmgadbmmmf fcet toetheawall facedio ar
higher. In order .o atfaipn the above-described effect, it is necessary._to
keep the SHB@FGoQlng rrsfﬁaﬁlslg iHevage | also omdd c%ﬁﬁéﬁ'{941g)fppﬁ@ga@ amfgtiabos t o

0,
about 3 /(hg{/irtlgh 2 olvg\%era?tc%n%uctivity for the material of the wall face in itself as

disclosed in the 35th Japan Heat Transfer Symposium Transaction (1998, P.
221).

20 The technology disclosed in Japanese Patent No. 2806155, however,
requires extra energy for heating, and has a disadvantage that an increase in
temperature of the supercooled water unavoidably causes a decrease in the
amount of ice production.

The technology disclosed in Japanese Patent Laid-Open No. 2000-

25 74532 requires energy for transferring water and produced ice water more

than the case in which the flow velocity is not increased because the increase



water flowi ng into the supercooling releasing device. The flow velocity in
the connecting pipe is only required to be 1 m's or higher. An ice nmaking
apparatus of the present invention includes: a supercooler for bringing
water to a supercooled state; a closed-type 20 supercooling rel easing
device for releasing the water in the supercool ed state; a connecting pipe
for connecting an outlet of the supercooler and an inlet of the
supercool i ng rel easi ng device; an outer container for wat ertightly covering
an outer periphery of the connecting pipe; and a water injection pipe for

an out ry of t cting pipe: and & vet er on pipe for
ai'vi dod SReioNnYPlostS; B 1R SERRZHER. pidky SRR L BIRC BRI B e ,°

g nt ; eGP bet f
Phe. proscalieetie, Pirk! MUEbYEETICHS Becessny To! Mce, i AMCEThamRtaty 1 e
he pre _ o i fiE"en
ot o1 | conp e e e I e

outer cophahecface! WhivRIRK Bedh ?ﬁ)ﬁd%apmmedzé SGAD pidesanily, WX thel Bgd i nner

wal | of the connecting pipe to Torma liquid filmof the injected water on
the isneportidn off theheormoiag! piise bn prddetoddepafor’ 4 dongineathe dffeceder e,
the ice naking nmethod of the present invention can be preferably

i npl enenpeeienting pbaselchengofredn phepagaing inpissieam.of the connecting pi pe
slightly relieves the propagation with the gap 10 at the beginning of
formation of | ¢hepnethex of usinighg matemal having erlovoheaycondectivity foethee to
t he connecting, pipe, but cannot fully interfere with the propagation

upst r eanmaseriakel tie wabk fagganditsalfcannot brmg therdheteneeiofiicpitpd (zero)

desi gned, to bra@'c?h off froma conduit, ,which is copnected g(be% he

super cooPgFause thege eXists ng spbstanee bﬁﬁb&%@s ¢ateconsluctivary 96k fzarg) rand

necelti ¢ reftaiftis nBARIIPS v Bl R YERL Aie hier VAOE: ProPasiting ot ca
to a suihﬁ@&gaﬁ]_errperature or just requiring a very small quantity of

Summary of the Invention

The present invention is developed in consideration of the above-
15 described disadvantages, and it is an object thereof to stably prevent phase
change from propagating from a supercooling releasing device to a
connecting pipe for a long time without necessity of the above-described
extra heating energy or special processing provided to a surface of an end
portion of the connecting pipe for preventing the propagation, in making ice

20 Dby releasing supercooling in a so-called closed system.

In order to attain the above-described object, an ice making method of
the present invention is a method for making ice by sending water which has
been brought to a supercooled state in a supercooler to a closed-type
supercooling releasing device through a connecting pipe without allowing the

25  water to be in contact with air, wherein water at 0°C or higher is supplied to

an inner face of the connecting pipe. As the water at 0°C or higher, water



heat even if heating is required. 20 Brief Description of the Draw ngs FIG
1 is an explanatory view showi ng a general configuration of an ice making
apparatus according to an enbodinent; FIG 2 is a partially sectional side
vi ew showi ng an internal appearance of a connecting pipe in the ice making
apparatus according to this 25 enbodinent; FIG 3 is a sectional side view
showi ng anot her exanpl e of divided 6 end faces of the connecting pipe;
FIG 4 is a sectional side view show ﬁg still another exanple of the

di vided end faces of the connecting pipe; FIG 5 is a sectional side view

ana 1 G " Eondela0y HRREP bEL npadredt It SRR hIe Y, AP R O

connect | “Sg%gﬁfm'ﬁ%ﬁ&d nﬂta&?ﬂl &d PEEte'd[‘)éﬁfit Pised) HR'ig! BEEBﬁgse a

preferred e pre I nvention W e expl ai ned based 6n

the draw ?Iagggéblg%@%ﬁgxt‘pgt&r}ﬁgﬁg{,tﬁeﬁyg?(t;j on in detail. FIG 1 shows the

whol e con ratron o I ce maki ng apparatus 1 according to the

ermbodi ment, in Whéh vaterRETC0P gt higheass suppliddeitotite eatis®-cifdumfbrence
shel | -and-tube configuration. The supercool ér 2 has a function of cooling

15 watsr, oflancinneasabeof thet conhesting Ipipe) aliguidsfibg df theewateman0fCeezer
(not shown) to bring the water to a supercooled state, for exanple, at 0C
or | ower. highern ipufdratedsiate thé ehtires ugiscumderence, of hthe iianer oface] @f goet 2a
t hereof, one end portion of a conpecting pipe 3 is connected, and the_ other
end 20 poeonnecting pipe clowestreay frope a3ppsticnsupplied witha the oxater.t ygais
supercool j.ng, rel.easi ng device 4, The supercooling rel easing device 4 has a
functi on Bguididascag praveriiss, Hom @aaﬁgw to 3 e awal| epnegting

t hrough thge connectin ipe 3,,fromits suypercooled state for phase change
Lo ther ebpihs Ao Pbase Chnes, fapiy BroPAEAHREHDSEH. | nioe BUCIS, (6v5m bt 1o

(1, U S0, BP0 S 0 558 O AR i A it
ol osed- 1 y Bt EIE o TR £ordRR SR IEFA FHEERF (e chfisBolingibiBl. pp hat
From vari Duase, SuEGROever! pRURARNGT SRSt Mool e G O PHE e
e oo oA IS TIAEL S upyedioiol dpoukin a0 ket Inonant . o
11, for epopamhin thecaBbwe-described effect, it is necessary to keep the flow rate from
15 the outlet of the connecting pipe at about 2% to about 3% of the flow rate of
water flowing into the supercooling releasing device. The flow velocity in
the connecting pipe is only required to be 1 m/s or higher.
An ice making apparatus of the present invention includes: a
supercooler for bringing water to a supercooled state; a closed-type
20 supercooling releasing device for releasing the water in the supercooled state;
a connecting pipe for connecting an outlet of the supercooler and an inlet of
the supercooling releasing device; an outer container for watertightly
covering an outer periphery of the connecting pipe; and a water injection pipe
for injecting water into the outer container, wherein the connecting pipe is

25 divided over an entire circumference thereof with a gap between divided

portions thereof in the outer container.



Downst ream of the punp 12 along the conduit 11, one end portion of a water
injection pipe 21 is connected, and the other end portion thereof is 10
connected to an outer container 22 which watertightly covers the outer

peri phery of the connecting pipe 3. Therefore, part of the water in the
conduit 11 bypasses the supercooler 2 and is sent through this water
injection pipe 21 to the outer containeg 22. Accordingly, water is sent to
the water injection pipe 21 and to the supercooler 2 by one punp 12. 15 The
connecting pipe 3, as shown in FIG 2, is divided perpendicularly to an
axi al directionyyh t -2t a%ﬁﬁ dat h rs pherg:

that the connectlflng{ef)iqgg eﬁéﬁgl \E/Pge |§1t%f ;tr]?reug’g régm SI et?é:lg’nggg%l r%epi pe
3a and a : =Y - j ' . Ci i j

hj ected POMELBEIpETS, CRMARE oved BERgyHe cHCHRIBl IS eAROr MR U g1, 1
wat er 20 %_@t@ébﬂgdiﬁéeﬁoPﬂﬁ?dﬁéqghét&ﬁ' Int tHeo Wiltef Neorttahet, fvABA GAMBStiseam
on a flowin the connecting pipe 3 along a wall face of t he downstream si de
connect i nnjeicks] Fromt they djecfionnpipe dntol the dufier toptaihBe thHy enited cent be on
an inner wall face of the downstream side connecting pipe 3b. Note that
since 5 psepplied thpmiglethdgap lomtethp ififiet walhef tae¢ eonABefihgwipg torforirea
water injection pipe 21 is maintained until the water reaches the outer
cont ai ner ligmid tfikmeof shevdnjected wates omrtbe nervwaalr of ithe ¢cdmnecting pipe
connectinggpipe 3 through the | ater-described gap.d. The_ice paking

appar at us d@VastEsag appmdhergaps nb’gbﬁfﬁﬁ’re,h% m@&l&%mﬁb@di %%ﬂ}e present

For exanpleyetiiih Gl die ISERaply | BRBIARPDH! nolty SBGRIbI be Sidted. AhE ik er
is increaged int erature.to O.SCy%l{lﬁhelgyeheter 14. The ey, at 0.5C
s cool eddtyistoof REeOnBrCing pipg Stightiyofe "PoRAZAHOEIL, e 8RR er
3 . ’ pe . . davi h
wator 10 PEBG uinhing B S3uitors S sECPlacs®, B, o Bl SSperdIBIE, 1
f 0 ' ' LR fl 1t [

Veanun, | ereippding feffterty, it SRRNEOHANTbIhA ot Bty MR R He,
into the ﬁ?éolﬁéﬁgdtf&@ﬁﬁéﬁ@atﬁiﬁ&aﬁ&eio?dlﬂﬁﬁgé%ﬂ)érﬁﬁén.t he outer container 22 to

enter the c ecting pipe 3 through the divided portion of the connecting

pi pe 3, that isThehwagarinjection pipews devipsiedetombrasich toffsfroam d Bendujtyv of
t he supercooled water. Inthis event, since the gap d is provided at t he
entire 15whickuisf eormectedftot tee cupeecooleg gti the 3nlathsidef anembypassesd thet er
at 0.5C flows along the wall face of the inner wall of the downstream side
conneld i ngupencoohir, torks connected beswieenuthe danduitandtibe warter containsCthus ned
at the entire circunference of the wall face, that is, the inner face. It
shoul d bechmipatingnecgssity doi ensuse an cxia Walerciarogaand ablowing water to
spout i ng/éecej Vi ng. openi.n bet ween t he water q:qg{_jgcti ongrig’gﬂle and th

out er conP@IRIECteDLq a sydabiie, temPRTHUER AR JESL IS EAhVELY § QUKL t he
gap d angga redetsar mined. di stange therefrom This is a configuration for
the purp calFveahik gfﬂseréﬂflb‘i‘? f water fromthe entire circunference of
the wall face. 25 Consequently, even if the supercooling release, which is
i npl enented in the supercooling releasing device 4, will propagate upstream

al ong,4 he 9 wall face, t%@&gﬁ@-@ﬁwﬂgtﬁ%jﬁspr event ed because the
liqui'd filmat OC or highe T | face of the

downst ream si depp@nnegtd |8t S at v j bifi ot
existing, do notlgr o?vgbﬂg’ég}#ﬁiﬁa't |V#re or arw?mr%%stlggam y the flow
of water jo IhﬁRilf% ﬁ?pﬁfaﬁﬂ@h&brﬁh@g%'aﬁ érhBolirfiehel fil mat OC or higher
formed on the wal ace, and as a'result, phase change never propagates
upstream beyondFIGe 2uid ed partidily cesvirnidlngide peiew Ihowing ewantiatdrngeze
in the connecting pipe 3 and at the outlet of the supercooler 2, thus

maki ng i tappemahte of @ comidcyingapiape inecthenice mhkingy apparatus according to this

o

25 embodiment;

FIG. 3 is a sectional side view showing another example of divided



10 In contrast to the prior art, it is unnecessary to provi de speci al
processi ng such as application of a resin or the |ike onto the surface of
the wall face, and the stabl e propagation preventing effect can be obtai ned
for a long tinme. The water for formng the liquid filmis heated to 0.5C by
the preheater 14 in this enbodi nent, but the heating requires only very
little 15 energy which is nmuch smaller thap that in a nethod of preventing
freeze by directly heating the connecting pipe and the like as in the prior
art. Further, since part of the water flowing in the conduit 11 is branched

off to be éﬁﬂ?ﬁé&%fﬂf@cdrﬁ%&iﬁ%ﬁi&f@m ainer 22 in this enbodinment, it is

unnecessary to ensure separate wat er source of water to be injected

into 20 the out eFIGoAtRI HeecHSnalNide Vivdy sHuwingt bEllPddthal @xahdblesof the

installed to heat the water flowng in the conduit 11 in this enbodi nent,
an appr oprdptided entdeaeés o€ thepohateoting pipeas a heater in which, for
exanpl e, a sensor and a controller are conbined may be provided to

i ndi vi dual |y hedFIGhS isaa eectibnal side wi¢weshewing 3%etianother exapiple dflthe
Thereby, water to be injected can be individually set to suitable

t enper & urdividathfacest eff thenjonneotingopipe; 2hd s not necessarily drawn 10
fromthe branching off portion of the conduit 11, but water may be directly
taken fromthe vﬁﬁi\ﬁs@w\r gectiond] sidetview shewingrangthendivided, fapesofpthsl i ¢
wat er supply and, the, outer container 22 may be connected to each ot her

t hr ough a‘?féﬂ%ﬁé’ W& enperature regulator. 5 The divided end faces of the
connecting pipe 3, that is, an end face of the upstream side connecting
pi pe 3a and an end face of the downstream side connecting pipe 3b
preferably enpl oy shapes @ eSPEAL 3 es shown in FIG 3 and
thereafter. The exanpl e sHe& d Pegs 5’.'. RELUON, i ok the end face
of thgqal0 upstr 1 L | I+ St :

or of eaf ng- downarrisiafiiel A BRACr Bibinitror thephARAE HvEHE0H il be
downst r eamysy i i D oleStal : j ; :

upst T cam R TAAmeEPDAR bAYS fyigsitd eferfe T presaRiiR I detall, .

in which tPG.enghéwsgheiwhoR corsfig@riticn 8€ andee eaAkitG ﬂ?@ﬁaﬁ?s 1 ackBrding

t apered shape projecting dowmstreami 5 on an inner wWall" 31 side as inthe
exanpl e i noHhe embodimenieirewhichce superbeoléevd Hasefor sxdenplenaessdioatiedi pe
3b projects upstreamon an outer wall 32 side, and an end face 33 itself of
t he downstshelrand-debe mondigunatiopi pelBo supercoales i hascafundtionnof xoolingr d
upstream The exanple shown in FIG 5 has a configuration in which the end
20 fadé ofwales whieh & bear intsadueed thergipto,3usipgobrne Srasnasfreezen Gotan
inner wall 31 side farther than on an outer Il 34 side, the end face of
the downstSheOR)s bR Bet Waeip §ypsr99@\§ﬁss  Frapample, ARAEE Wl |
35 side farther than on an outer wall 32 side, and a tip 36 of the end face
of the upgw‘@&m si de connecting pipe 3a and a tip 37 of the end face of the

et SSﬁ”&iELFZ?} , Woed QG 08 o 8 sthepiflex s hat'ty 98 L1 ks 22 thessat o
FIG 6 j ' j '

pi pe 3a ﬁf’aﬁeéﬁépﬁgﬁmﬁﬁ %ﬁﬁgﬁ%%iﬁféﬁ I PR e SRR bh b
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32 side, qta}éagmgﬁaévi@ca. 38r1pd shgerd&ﬂiﬂgf%ﬂle‘hisﬁfg eevies W Ris B Atctorrf an
end face 39 of the downstream side connecting

releasing the supercooled water, which has flowed thereinto through the

walwh

connecting pipe 3, from its supercooled state for phase change to thereby
produce ice in a slurry form and allowing the ice to flow out to the outside.
25  As a trigger for releasing supercooling, for example, ultrasound generated by

an ultrasonic vibrator is used, and a well-known ultrasonic vibrator can be



pi pe 3b thenselves are in a shape curved convex to the outside of the
connecting pipe 3. The enploynent of the above-described shapes of the

di vided faces 10 of the connecting pipe 3 as shown in FIG 3 to FIG 6

all ows water entering the connecting pipe 3 through the gap d to flow nore
preferably along the inner wall 35 of the downstream side connecting pipe
3b to thereby forma liquid filmof the water nore preferably on the
surface of the inner wall 35 of the downstream side connecting pipe 3b. It
shoul d be noted that an aspect 15 shown in FIG 4 exhibited the best effect

in ther f ' . ’ eV 0 h
the use oPipraie isat R HIERInG UF Bloeatypk Mol tefeaile URVRATS
In additign to the above-described enbodi ment, for exanple, a plate type
heat exchanger can be used in place of the shell-and-tube type heat 20

exchanger (supeTeaflifilot-sideof de6 superatller 25a condaaxt FRAeeAn&tted! so that

contai ner, an annul ar-shaped outer” container with a dianmeter |arger than

that of twaterqakesby@ppnge12 feem ehdoubeesmredimsl3 heclading adesttatoRIge22.
According to the present invention, in making ice by releasing 25

super Gooltank isnsents intoatheedupercomles &t ebipstreairs afottss ipuenp ol tadbhy theevent
phase change from propagating fromthe supercooling releasing device to the
12 connectamipipilpe fonexamplega tprebeater Hobiis peoeideid: tp be ablerta heatt water
energy or_special pr ocessjtrnl]akpr ovided to the _surface of the end portion of

the conndd@whag b tae condui dor exapple; 10 @.XG. cont i nuousl y rel ease the
oper ati on'5  orANMSHEA R e DRsNZ Anedhs FRuyis 15 oné end porion of |
a water injection pipe 21 is connected, and the other end portion thereof is

10 connected to an outer container 22 which watertightly covers the outer
periphery of the connecting pipe 3. Therefore, part of the water in the
conduit 11 bypasses the supercooler 2 and is sent through this water injection
pipe 21 to the outer container 22. Accordingly, water is sent to the water
injection pipe 21 and to the supercooler 2 by one pump 12.

15 The connecting pipe 3, as shown in FIG. 2, is divided perpendicularly
to an axial direction thereof to create a gap d in the outer container 22, so that
the connecting pipe 3 is divided into an upstream side connecting pipe 3a and
a downstream side connecting pipe 3b. Accordingly, when water is injected
from the water injection pipe 21 into the outer container 22, the water

20 entering the connecting pipe 3 through the gap d flows downstream on a flow
in the connecting pipe 3 along a wall face of the downstream side connecting
pipe 3b, thereby forming a liquid film of the injected water on an inner wall
face of the downstream side connecting pipe 3b.

Note that since a pressure applied by the pump 12 to the water

25 flowing in the water injection pipe 21 is maintained until the water reaches

the outer container 22, there is no trouble to force the water into the



1. A nethod for making ice by sending water which has been brought to a
supercool ed state in a supercooler to a closed-type supercooling rel easing
devi ce through a connecting pipe without allowing the water to be in
contact 5 with air, wherein water at O0C or higher is supplied to an inner
face of said connecting pipe. 2. The nethod as set forth in claima1,
wherein as said water at 0 C or higher,o water imedi ately before being 10
i ntroduced into the supercooler is used. 3. The nethod as set forth in
claim1l1, wherein said water at OC or higher is water which has been taken

from a hedorgicBlifgibe ¥ dlehahbitierddediinppasgius or mking ice,
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supercool ed state; a connecting pipe for connecting an outlet of said

super cool elpoveddestribede confighrationunadcan! éxitmpRl efsthedogeriticti tHéredf iQut er

container for watertightly Covering an outer periphery of said connecting

pi pe; and expleihed riextec tHorrexzmpgle, whemjveatei np0i@!t &y takenofrea theordseivoir

contai ner, wherein said connecting pipe is divided over an entire
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outer container. 25 5. The apparatus as set forth in claim4, wherein said

wat er i nj seatepat PiPE tis @ﬁ@ﬂﬁgmmfa supercooted gtate ofwforexample,2°C in the
supercooler 2, and is sent, as it is, to the supercooling releasing device 4,
where the water is released from the supercooled state to form ice in a slurry
form, for example, at 0°C which is continuously flowed out to the outside.

10 Meanwhile, the water at 0.5°C branching off from the conduit 11 and
flowing into the water injection pipe 21 is injected into the outer container 22
to enter the connecting pipe 3 through the divided portion of the connecting
pipe 3, that is, the gap d, and flows downstream, as it is, on the flow of the
supercooled water. In this event, since the gap d is provided at the entire

15 circumference of the connecting pipe 3, the aforementioned water at 0.5°C
flows along the wall face of the inner wall of the downstream side connecting
pipe 3b, resulting in a liquid film of the water at 0.5°C formed at the entire
circumference of the wall face, that is, the inner face.

It should be noted that a junction point (an injected water

20 spouting/receiving opening) between the water injection pipe 21 and the
outer container 22 is set in such a manner to have an axis offset from the gap
d and a predetermined distance therefrom. This is a configuration for the
purpose of uniform injection of water from the entire circumference of the
wall face.

25 Consequently, even if the supercooling release, which is implemented

in the supercooling releasing device 4, will propagate upstream along the



connected to said supercooler at the inlet side and bypasses said
supercool er to be connected between said conduit and said outer container.
6. The apparatus as set forth in claim4, wherein said connecting pipe has
di vided end faces, the end face of an 5 upstream si de connecting pipe being
in a tapered shape projecting downstreamon an inner wall side and the end
face of a downstream side connecting pigpe being in a tapered shape

proj ecting upstreamon an outer wall side. 7. The apparatus as set forth in
claim4, wherein 10 said connecting pi pe has divided end faces, the end
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an outer wall side, the end face of a downstream side 20 connecting pipe

pr oj ecHi ng;uppswcdadn stateain thenbquidhfilmsaw@ C aot higherhformed en thetveall face,
side, and each of said end faces having a face perpendicular to an axi al
directi on amd as airpswlt, phase ohangevabies prepagated upstrepar beyend he emtledrofh i n
claim4, wherein said connecting. pipe has divided end faces, the end face
of an 25 gtqmwﬁnsanp@rﬁxecflmgppemtprf@pm im ghei canseetdngpipe £hand asr
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slurry form.

10 In contrast to the prior art, it is unnecessary to provide special
processing such as application of a resin or the like onto the surface of the
wall face, and the stable propagation preventing effect can be obtained for a
long time. The water for forming the liquid film is heated to 0.5°C by the
preheater 14 in this embodiment, but the heating requires only very little

15 energy which is much smaller than that in a method of preventing freeze by
directly heating the connecting pipe and the like as in the prior art.

Further, since part of the water flowing in the conduit 11 is branched
off to be injected into the outer container 22 in this embodiment, it is
unnecessary to ensure separately a water source of water to be injected into

20 the outer container 22.

Note that while the preheater 14 is installed to heat the water flowing
in the conduit 11 in this embodiment, an appropriate temperature regulator
such as a heater in which, for example, a sensor and a controller are
combined may be provided to individually heat the water flowing in the water

25 injection pipe 21. Thereby, water to be injected can be individually set to

suitable temperatures. The water injection pipe 21 is not necessarily drawn



outer wall side, and each of the end faces itself being curved convex to
the outside of said connecting pipe. 10. The apparatus as set forth in
claimd4, further conprising: 5 a tenperature regulator for regulating a
tenperature of water flowing in said water injection pipe. 11. The
apparatus as set forth in claim5, further conprising: a heater for

heating, upstream of a connecting portpon of the water injection pipe along
said conduit, water flowwng in said conduit. |0
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pipe 3b is in a tapered shape projecting upstream on an outer wall 32 side.

The example shown in FIG. 4 has a shape in which the end face of the
upstream side connecting pipe 3a is in a tapered shape projecting downstream
15 on an inner wall 31 side as in the example in FIG. 3, but the end face on the
downstream side connecting pipe 3b projects upstream on an outer wall 32
side, and an end face 33 itself of the downstream side connecting pipe 3b is

in a shape curved convex toward upstream.
The example shown in FIG. 5 has a configuration in which the end
20 face of the upstream side connecting pipe 3a projects downstream on an inner
wall 31 side farther than on an outer wall 34 side, the end face of the
downstream side connecting pipe 3b projects upstream on an inner wall 35
side farther than on an outer wall 32 side, and a tip 36 of the end face of the
upstream side connecting pipe 3a and a tip 37 of the end face of the
25 downstream side connecting pipe 3b have faces which are cut

perpendicularly to respective axial directions.
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The example shown in FIG. 6 has a shape in which the end face of the
upstream side connecting pipe 3a projects downstream on an inner wall 31
side farther than on an outer wall 34 side, the end face of the downstream
side connecting pipe 3b projects upstream on an inner wall 35 side farther
5 than on an outer wall 32 side, and an end face 38 of the upstream side
connecting pipe 3a and an end face 39 of the downstream side connecting
pipe 3b themselves are in a shape curved convex to the outside of the
connecting pipe 3.
The employment of the above-described shapes of the divided faces
10 of the connecting pipe 3 as shown in FIG. 3 to FIG. 6 allows water entering
the connecting pipe 3 through the gap d to flow more preferably along the
inner wall 35 of the downstream side connecting pipe 3b to thereby form a
liquid film of the water more preferably on the surface of the inner wall 35 of
the downstream side connecting pipe 3b. It should be noted that an aspect
15 shown in FIG. 4 exhibited the best effect in the results of the experiment the
present inventor carried out through the use of the shapes of the divided end
faces shown in FIG. 3 to FIG. 6.
In addition to the above-described embodiment, for example, a plate-
type heat exchanger can be used in place of the shell-and-tube type heat

20 exchanger (supercooler).

Besides, as well as the box-shaped outer container, an annular-shaped
outer container with a diameter larger than that of the connecting pipe 3 can
also be used as the outer container 22.
According to the present invention, in making ice by releasing
25 supercooling in a so-called closed system, it is possible to stably prevent

phase change from propagating from the supercooling releasing device to the
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What is claimed is:
1. A method for making ice by sending water which has been brought to
a supercooled state in a supercooler to a closed-type supercooling releasing
device through a connecting pipe without allowing the water to be in contact
with air, wherein

water at 0°C or higher is supplied to an inner face of said connecting
pipe.
2. The method as set forth in claim 1, wherein

as said water at 0°C or higher, water immediately before being
introduced into the supercooler is used.
3. The method as set forth in claim 1, wherein

said water at 0°C or higher is water which has been taken from a heat
storage tank and heated.
4, An apparatus for making ice, comprising:

a supercooler for bringing water to a supercooled state;

a closed-type supercooling releasing device for releasing the water in
the supercooled state;

a connecting pipe for connecting an outlet of said supercooler and an
inlet of said supercooling releasing device;

an outer container for watertightly covering an outer periphery of said
connecting pipe; and

a water injection pipe for injecting water into said outer container,

wherein said connecting pipe is divided over an entire circumference
thereof with a gap between divided portions thereof in said outer container.
5. The apparatus as set forth in claim 4, wherein

said water injection pipe branches off from a conduit, which is
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to be connected between said conduit and said outer container.
6. The apparatus as set forth in claim 4, wherein
said connecting pipe has divided end faces, the end face of an
5 upstream side connecting pipe being in a tapered shape projecting
downstream on an inner wall side and the end face of a downstream side

connecting pipe being in a tapered shape projecting upstream on an outer

wall side.
7. The apparatus as set forth in claim 4, wherein
10 said connecting pipe has divided end faces, the end face of an

upstream side connecting pipe being in a tapered shape projecting
downstream on an inner face side, the end face of a downstream side
connecting pipe projecting upstream on an outer wall side, and the end face
itself of the downstream side connecting pipe being curved convex toward
15 upstream.
8. The apparatus as set forth in claim 4, wherein
said connecting pipe has divided end faces, the end face of an
upstream side connecting pipe projecting downstream on an inner wall side
farther than on an outer wall side, the end face of a downstream side
20 connecting pipe projecting upstream on an inner wall side farther than on an
outer wall side, and each of said end faces having a face perpendicular to an
axial direction at a tip on the inner wall side.
9. The apparatus as set forth in claim 4, wherein
said connecting. pipe has divided end faces, the end face of an
25 upstream side connecting pipe projecting downstream on an inner wall side

farther than on an outer wall side, the end face of a downstream side
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outside of said connecting pipe.
10. The apparatus as set forth in claim 4, further comprising:
5 a temperature regulator for regulating a temperature of water flowing
in said water injection pipe.
11.  The apparatus as set forth in claim 5, further comprising:
a heater for heating, upstream of a connecting portion of the water

injection pipe along said conduit, water flowing in said conduit.
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