;e3e| : f6RT; ANNEX 2 APPARATUS FOR PRODUCI NG HYDRATE SLURRY FI ELD OF THE
| NVENTION  The present invention relates to an apparatus fF[ generatin
hydrate slurry. The present invention relates, particularly] hﬂvgg"“jj"
apparatus for generating hydrate slurry that is usable for aA '
transporting nmediumin an air-conditioning facility or an ingustriat
facility to use cold thermal storage. BACKGROUND OF THE | NVENTI ON When
aqueous sol ution that contains a guest conpound (herein, nﬁmﬂmmm~mmmmmrund
is formed as salts. That is, such as tetra-n-butyl ammoniu

tetra-iso-anyl ammoniumsalt, tetra-iso-butyl phosphonlun1salt *159150%

tri-iso- aayPARAMTGS NFOR BRODUGHNG e LY DRATE esBgegPuUs sol ution is cooled, th

guest conpound is enclosed in a cage-shaped clathrate latti “

wat er nol ecul es, which are host nol ecul es. And the guest comwu mwmm M m

crystalli f#&ﬁ ﬁzﬁéﬁi (liquid clathrate hydrate) . Theghydrate is

generat'edlsz edﬂéﬁiﬂﬁaﬁ &%nperature of 0 C at atnospheric pressure

The hydrate nm ]gg? |_d at | ng ﬂq? val ue
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is several tinmes t wat er because of the brg hea The

hydrate I@e&@f@@ﬁﬁe {ydfr'a'%"e CEMPEA) . OF @S . p f@gieﬁ@elhwéﬁegsn' SelsRended in

aqueous sol ution, hat the hydrate exists in a shape of hydrate slurry,
whi ch poslsaassseulsfﬁm v ¥nhipghfd ti difoy: %Jhéfswﬁ@,hmftéﬂmﬁafy |l ry
possesses a preferable characteristic usable for a cold transporting medi um
for an aiisamable domg ¢abtd|titansporting medium in an air-conditioning

facility or an industrial facility to use cold thermal storage.

BACKGROUND OF THE INVENTION

When aqueous solution that contains a guest compound
- (herein, the guest compound is formed as salts. That is, such
as tetra-n-butyl ammonium salt, tetra-iso-amyl ammonium salt,
tetra-iso-butyl phosphonium salt, tri-iso-amyl sulfonium salt
and etc.). The aqueous solution is cooled, the guest compound
| is enclosed in a cage~shaped clathrate lattice formed by water
molecules, which are host molecules. Ahd the gu.est compound'is
crystallized to form a hydrate (liquid clathrate .hydrate) . The
hydrate is generated at equal or higher temperature of 0 C at
atmospheri.c pressure. The hydrate makes it possible to store the
cold heating amount, whose value ié several times that of cold
water because of the big.ger latent heat. The hydrate is composed
of fine crystal grains. And the hydrate is éuspénded in aqueous
solution, so that the hydrate exists in a shapé of hydrate slurry,
which possesses relatively high fluidity. Therefore, such
hydrate slurry possesses a preferable characteristic usable for

a cold transporting medium for an air-conditioning facility ox



1 for an industrial facility to use a cold thermal storage.
Conventionally, cooling aqueous solution that contains a guest conpound has
generated the above-described hydrate slurry, by neans of exchangi ng heat
bet ween the cold nmedi um ( such as cold water) and the aqueous sol ution, by
usi ng one set of the heat exchanger. In this case, when the aqueous
solution that contains a guest conpound is cool ed, supercooling occurs. As
a result, the hydrate sonetinmes exists as a formof the agueous solution at -

t he Iomer t enper at re t ha erature, t he_hydrate generates.
After thefat BBShUBFLEiaY FactiSEvcb0 BRS: A ERLthee rBRingRgERGeS
supercooling th ti aa[}ﬁ?% n face in
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degrades the heat transfer performance of the heat exchanger. Furthernore,
sonme casebiappans ofhexchargangdmat betwernnths cuigemedbimd(surtaagreatd

extent in the heat .exchanger, and afterwards, supercooli ng is canceled. In
such a ca¥@! eFheaHQdFataeaﬂgeeeﬁeﬁa%'éawap. BYy‘,JSéBgt RRE £8B 9F SERRiNSAHI the
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- exchanger. As described above, it causes an unstable system operation to

cancel thshsubedzabei sometimeseoss tolan |aonfqrm oife theagqegchangelution

Additionally, in _order for the convention nmet hod to enerat drate
slurry t haf [BEsdQUEE LHFRIER IR nbRPhek ed 'C(ﬂ ‘Y?Qét"g? {:%%I ed

by a refrhgaigigngeﬂaea&@ angetle ﬁ?é'eé’ég‘@eox;i’é“%MlE ?ﬁ‘tlgoé‘&ngé gaest
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exchanger inaghe Iryge é"ﬁ@ﬁaxﬁ% Nsf eip@f 88015HEN the adietuss ts/cpﬁ;artm oisa
mul titubul ar type one . In the conventional nethod, the nutual materials
are exchangedeﬂﬁdsgohaahmjz tThpsfeussnriaget bp shevheabnekchanger. At

di sadvant age ens i.s that s difficult to generate directl
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heat in an evaporator o the refrigerating nma is to say,
attenpt i degeedesotpenneatetirhfsiiydr peefoknanyebyfmenashebtesrbnagyeg. t he
mutual heat in the evaporator, the heat resistance increases. Because the
vi scosi t yFBrthRemhyen atsoms 19332 i kapibefher thasn thieatapfeans eso bt ehels

hydr at t t h toth I f t hand,
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slurry that has the predeferm ned heat densi
is generated rapidly, so that the v:Lscosz.ty of the hydrate slurry

increases, and also the flow resistance and the pressure losses
increase. As .a result, the corresponding pump power is required
to increase. And in the worst case, blocking happens in some part
of the heat exchanger. As described above, it causes an unstable
system operation to cancel the supercooling of aqueous solution
in the heat exchanger.
Additionally, in order for the conventional method to
generate the hydrate slurry that possesses a predetermined heat
. density, the cold water cooled by a refrigerating machine and

the aqueous solution that contains a guest compound are



However, in the above-described conventional apparatus- for generating the
hydrate slurry, a punp for cold water and a punp for hydrate slurry are
required, in addition to a plate type or nmultitubul ar type heat exchanger.
This requirenment invited some sorts of problens such that the equi pnent
cost becones higher and the energy consunption becones hi gher. SUMVARY OF
THE | NVENTI ON The present invention provides an apparatus for generating
hydrate slurry efficiently by preventing aqueous solution on a 3 ‘heat

transfer surface in a heat exchanger from canceling the supercooling. In
order to HEEBPROFGEIopiTcEOMENEPF St thEetgdh BrEDABESTan TRSpheR s for

gener ati ng,hudhate RLUTLYIodhe MUCK L8 AT Y.l 2 K Uee ol 200U

sol ution an aqueous sol'ut1on ‘t hat  cont ai

conpound ByeUst N i 1GGQULHI SR /B §REET Bk hd R dtalchiall HEENod T hEnguest
conpound generates the hydrate at tenperature of nore than 0 ~. The

appar at usmptupli meseaibilsstreeakcbrobadgén andhaaseagnd heat exchanger. The
- first heat exchanger supercools the aqueous sol ution during hol ding the
aqueous sol uti oRPENT82EPRUMAYsERE c2boyemertianefddheadvanbadn feaPReRFs t he

hydr at e sl yr The .se .heat exchanger.  is,located. on {he downsiream side
of the fi %gtJél?Y]%%tlh‘gxlc gﬁ‘%&r"cuﬁ'ﬁ’ gec%?'b‘%%%%evﬁjtﬁe% _&%@séﬁ?r?ﬁseﬁhf)ﬁy when
gener at i nghhRehB¥dhal eddtdrhined M APRUAIUS, b ESoPLRd fRD! Sqhdeksmeans
for canceling the supercooling of aqueous solution are | ocated bétween the
first heasoéuthangewhichl ddrtasissoadguest conplomrgeby rheand e fappananysndor

generating the hydrate slurry, in accordance with the present invention, it
i s prefer ABPeMiRERL aLPRTr P i3y YRRt Ofd theareExdAgkgEL 8T Bagh i ded so
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means for "I njecting ST'ufry Into SUpercoo aqueots ~sol on-are

cited. |nstierpreyeddardvEntkERanging cHY AheLAl HegaURh tPle B gPSFatbaN 0. 7
rC, how degree the aqueous solution 1s supercooled by the first heat

exchanger theeheatt e sipmoon| ingrezsgee Becdebenddeasris abSfifter ertethet ween

t he starthng tenperature, at, which the hydrate begins to %gnerate fromthe -
aqueous solHt e hydrate is

pEg slurry is higher than that of water and t
apt to adhere to the cooling surface. On the other hand, since
the heat transfer area of evaporator is small, it may be that
the heat resistance is large, it is very difficult to generate
directly the hydrate slurry that has the predetermined heat
density.

However, in the above-described conventional apparatus for
generating the hydrate slurry, a pump for cold water and a pump
for hydrate slurry are required, in addition to a plate type or
multitubular type heat exchanger. This requirement invited some

sorts of problems such that the equipment cost becomes higher

and the energy consumption becomes higher.

SUMMARY OF THE INVENTION
The present invention provides an apparatus for generating

hydrate slurry efficiently by preventing aqueous solution on a



4 possessing a determ ned concentration and the tenperature of the

super cool ed aqueous soluticon. Also, it is preferable that the quantity of
the.hydrate slurry injected into the agueous sol ution supercool ed by the
first heat exchanger is 1 vol%or nore, nore preferably 1. 8 vol % or nore,
of the total quantity of the aqueous solution. Al so, the Reynol ds nunber of
t he aqueous solution is preferably 4500 or nore. The hydrate slurry

i ntroduced into the supercool ed aqueous solution nay be the hydrate slurry
gener at ed t he seéond heat exchanger, or may be the hydrate slurry stored

b .
ina ther%gtsiiﬁ?%ﬁ SY afRTEBFCt AR Ry Heaite eNChoNFeIA oM £ANGRAING drhe

cancelingsﬁﬁgré§gf{ﬁ$oling, a cooling portion of a small refrigerating
machi ne, a Towienpérature protrusion, an oscillating portion of an

ul trasoni c osciij abplierd dPVEE£LINERAE FHHHddAl Obhe 8 p3edEnt MntRInt &M Xi Ng
bl ade, a punp, or the like is used. As described above, when a plural of

t he seconprireddeexchapgeraitsspfay igeed radiag hpdbate v lhotanl Ehe thyaelrapes at | on
can be switched over, as described bel ow.. For exanple, when adhered hydrate
i s det ect BHUTRY the asBéstdrReal 20eeRWYyeTo UL inn at Bygeate at €QHe g dr at e

slurry a he plural_of. t he secand heat exchanger..it nmakes it Jjaossible
o opur at UTRRUE PRITR St Se R AR OERE Syare BrpT T Lo B
gener at ednédi bl @erRGAME NERE NSHTHAR0STur AP Th dillk St G3RBouhRG RGN Heat
exchanger is switched over to"another one to continue to0 generate the
hydrat e stherlhydfate ahetbmpeabeuskupfy mareéheéhancOnd hedthee xagmamgerus i n

which it stopped generating@the hydrate slurry, starts nelting. Al so, the
pl ural i t ySOPPFhees e ochtr hkteakcphrhprprosh 2 3\Feeord Ieat wxghanger.

per at  on hY EtoPers SrAPROShot ReFE 6t SR Y pEuElS e T TRk (kg
provi des RP1APRGIBi¢Sadiowe IRt ih RydRal e qalidr s¥atéNearaPrahatascanabl es
the cost to be reduced, and the apparatus enables the energy to be saved,
by econonhgahg exghlaaigent ypeods nthé i hylalade t yperhgat Bhechamgendariteat punp.
exchanger is located on the downstream side of the first heat |
exchanger;
In accordance with the present invention, when generating
the hydrate slurry in the apparatus, it is preferable that means
for canceling the supercooling of agqueous solution are located
between the first heat exchanger and the second heat exchanger.
In the apparatus for generating the hydrate slurry, in
accordance with the present invention, it is preferable that a
plurality of the second heat exchangers is provided so as to be
switchable.
As means for canceling the supercooling, for example, means
for injecting hydrate slurry into supercooled aqueous solution
are cited. 1In the present invention, it is preferably equal or
higher than 0.7 °C, how degree the aqueous solution is supercooled
by the first heat exchanger. Here, the supercooling degree is

defined as a difference between the starting temperature, at

which the hydrate begins to generate from the aqueous solution



In order to attain the above-nentioned objects, the present invention

provi des an apparatus for 'generating hydrate slurry that contains hydrate
of guest conpound by cooling aqueous sol ution that contains guest conpound,
whi ch generates hydrate at equal or high tenperature of 0 C. The apparatus
conprises: a refrigerating machine having a plurality of evaporators
provided so as to be switchable; a conposed circul ation system for the
aqueous solution of the guest conpound, so as to cool the aqueous solution
of the guest conpound by each of said evaporators; control neans for

st oppi ng PESFERA§iRAR S§itesisnest apnéﬁnéragh@ngam%fch@omtwmé the
evapor at or, n the .circulation systemf t he .aqueous _sol uti on, o he
guest conﬁgﬁg CPREFHeaEHSBBFa?%+u¥§°Broéﬁ%ﬂ?'dﬁaqﬁbPr§F§FFEh§ gBB%iﬁﬁethe
aqueous sglihicaRyQir khe Heslcs TR Ao BB NG LYRDUiieRius 808 fEaRS f or
supplying a high-tenperature refrigerant”in said refrigerating nmachine to
an evapor atiperconled b tioelfingt heaqesetangekuison il e puest meoppound
stops. In accordance with the present invention, the apparatus for 6

gener at i n§rRfgrabdysl u8 Mpldr erarais y ofr B¢ dextategnentdydef b aguepies her

or not the circulati syst.em_arra d in_the orator is blocked b
hydr at e. R?igltrég& {’ﬁﬂsagtféﬁ Ny s,nluﬁ‘Pelreﬁgrt ?lé‘%’feotulr‘?esP&P%(}\?Pnbgi s

used. Forpgggggggqy 4BQo"BINFoRee @ flow neter, a thernoneter provided on
an outl et pipe froimthe evaporator of the circulation systemand a

differential pressure gage provided across an inlet pipe to the evaporator
of the circulation systemand the outlet pipe fromthe evaporator.

The hydrate slurry introduced into the supercooled aqueous
solution may be the hydrate slurry generated by the second heat
exchanger, or may be the hydrate slurry stored in a thermal storage
tank for the hydrate slurry.

Also, as means for canceling the supercooling, a cooling
portion of a small refrigerating machine, a low-temperature
protrusion, an oscillating portion of an ultrasonic oscillator,
a low-frequency oscillator, a static mixer, a mixing blade, a
pump, or the like is used.

As described above, when a plural of the second heat
exchanger is provided so as to be switchable, the operation can
be switched over, as described below. For example, when adhered
hydrate is detected in the second heat exchanger to be used to
generate the hydrate slurry among the plural of the second heat
exchanger, it makes it possible to operate the System in such
a way that the hydrate slurry stops being generated in the second
heat exchanger. And in this case, the second heat exchanger is
switched over to another one to continue to generate the hydrate
slurry. And, the hydrate slurry in the second heat exchanger,
inwhich it stopped generating the hydrate slurry, startsmelting.

Also, the plurality of the second heat exchanger may be switched



As for generating the hydrate slurry in accordance with the present

i nvention, for instance, a generating apparatus which has the refrigerating
machi ne as an absorption refrigerating machi ne. And the apparatus has neans
for supplying refrigerant gas generated in the generator to the evaporator
in which cooling the aqueous solution of the guest conpound stops. In
accordance with the present invention, the apparatus for generating the
hydrate slurry nmay be the refrigerating nachine, which is a conpression
refrigerating nmachine, and which has nmeans for supplying refrigerant gas

gener at eCY#T tHFETHreashaty Shenblzeafotng dntegvarle Tesopehfc Hales the

sol ution g onpound stops. Furthernore, the apparatus for
generatiHgé%ﬁggﬂygﬁg%%génﬁrry, may be a case, the refrigerating nachine,

which is the compr@ssdord Qfkiager ahb%gerfasgseet,aeﬂe%%&&msim&?r

supplying refrigerant liquid generated in condenser to the evaporator,

wher e coaprogidesears apbatraansof féhe gripstattinnpouydratepsslhpraccaince
with the present invention, the apparatus for generating the hydrate slurry
i s preferappParatusyppahlepethe cpsgqucvuse sspdured, oknghd&hguanpazaipound i s
super cool J he circul ati,on,systemarranged in.the evapprator. And the
apparatusgﬁ%%?%%a ef%ﬂe%%%é§1fﬁésﬁﬁg ub@rgSSPBHléfggeao$f?ﬁ%'gﬂﬁiﬁﬁboled
aqueous S@ﬁyii@@bﬁPaﬁeﬂfﬁétﬁeé@ee§¥ﬂéﬁ§§rsgﬂarﬁ-pahﬁ.neans are |ocated on
an outlet pipe of the circulation systemfor the aqueous solution of the
guest conpoundIlfircxdemhecaataiirathe. absvéhreneaosed @bjetes thg present

- supercooling, a cooling portion of a small refrigerating machine, a
| ow t enpetBRYSREBLPR OPFREI @RS 2 aRRATIEYS nEopovenerr bingmydra s opiurry
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hydrate slurry, at |east one kind selected froma group consisti'ng of :
t et ra- n- bat ylequaioromrhiss ttempetrastiso-afind @mmoni um salt, tetra-i so-butyl
phosphonium salt, and tri-iso-anmyl sulfoniumsalt is used. :
The apparatus comprises:
a refrigerating machine having a plurality of evaporators
provided so as to be switchable;
a composed circulation system for the aqueous solution of
the guest compound, so as to cool the aqueous solution of the
guest compound by each of said evaporators;
control means for stopping cooling the aqueous solution
of the guest compound in one evaporator when the circulation
system for the aqueous solution of the guest compound in the
evaporator is blocked, and for starting cooling the aqueous
solution oflthe guest compound in another evaporator; and
means for supplying a high-temperature refrigerant in said
refrigerating machine to an evaporator, in which cooling the

aqueous solution of the guest compound stops.

In accordance with the present invention, the apparatus for



BRI EF DESCRI PTI ON OF THE DRAWNGS Fig. 1 is a schematic drawi ng of an
air-conditioning systemincluding an apparatus for generating hydrate
slurry, as one exanple of the present invention. Fig.2 is a chart show ng
the presence and absence of canceling the supercooling under conditions of
the inj ection rate of hydrate slurry and the degree of supercooling of
aqueous solution, as one exanple of the present invention; Fig.3 is a chart
showi ng the presence and absence of canceling the supercooling under

conditions of the Re nunber of 8 aqueous solution and the injection rate
of hydratEeEFEFFﬁnQashﬁﬁ§a§§anﬁiErBY tREeprE3bAY i Pyeniden; means for.

detecting whether or not the circulation system arranged in the
evaporator is blocked by hydrate.

As one of the detecting means, at least one of the following
is used. For instance, the means are a flow-meter, a thermometer
provided on an outlet pipe from the evaporator of the circulation
system and a differential pressure gage provided across an inlet
pipe to the evaporator of the circulation system and the outlet
pipe from the evaporator.

As for generating the hydrate slurry in accordance with
the present invention, for instance, a generating apparatus which
has the refrigerating machine as an absorption refrigerating
machine. And the apparatus has means for supplying refrigerant
gas generated in the generator to the evaporator in which cooling
the aqueous solution of the guest compound stops.

In accordance with the present invention, the apparatus
for generating the hydrate slurry may be the refrigerating
machine, which is a .compression refrigerating machine, and which
has means for supplying refrigerant gas generated in the
compressor to the evaporator, where cooling aqueous solution of
the guest compound stops.

Furthermore, the apparatus for generating the hydrate
slurry, may be.a case, the refrigerating machine, which is the
compression refrigerating machine, and which has means for
supplying refrigerant liquid generated in a condenser to the
evaporator, where cooling aqueous solution of the guest
compound stops.

In accordance with the present invention, the apparatus

for generating the hydrate slurry is preferable, in which the



Fig.4 is a schematic drawi ng of an apparatus for generating hydrate slurry,
whi ch has a small type heat exthanger for injecting hydrate slurry, as

anot her ‘exanple of the present invention; Fig. 5is a schematic draw ng of
an apparatus for generating hydrate slurry, provided with neans for

cancel ing the supercooling, as another exanple of the present invention;
Fig.6 is a schematic drawi ng show ng one exanple of neans for canceling the
supercooling, in accordance with the present invention; Fig.7 is a
schematic drawi ng showi ng anot her exanpl e of neans for canceling the
super cool #}#EOVH aetvrdancefwthe guesr esppoungy st isppertopled sng the

schemati c I ng. show anot her exa e of neans for, canceling the
supercool?%m%gﬁ%%(ﬁy(fa e tHY ﬁe”gE ScRY2PRYRReT O&ndﬁpb_egz\g;%@tus
schenat i ch g fu | By o€ geans. £ o |

super cool i ng, idr%&aggg\r,%%wg%gpﬁé]ﬁ:htehgag%gg%{[e| nvent€|t %rf; E@?ﬁﬂé&s&%%d
schemat i cagirewi $1gs showvi oy a0 @fehair adeanhlee hotirakans 1H10kyCarke ! méwns hare
supercool ing, in accordance with the present invention; Fig.ll is a
schemat i clePatRhgnAHvRLes iR afiihe oiranlappon syssefofoysheraduamys
hydrate s| ccordance, with the present invention; Fig. 12 is a

uyr I n
schemat i cs%jl:%%% %ﬁoﬁﬁl?\gg‘r‘rﬁiﬁsc‘?%‘?o%‘? e%f?’ﬂgtlb?oﬁﬁ?ﬂar%h‘ar means for
preventing the RPRALAhYSHERYD EEHEEHHF& e é&ollx???', 2 ?oéf@ﬁ&‘i}d&ﬂ{rﬁ""' ng
showi ng one exanple of neans for cancelindg the supercooli ng;
of a small refrigerating machine, a low-temperature protrusion,
an oscillating portion of an ultrasonic oscillator, a low-
_frequency oscillator, hydrate slurry injecting means, a static
mixer, a mixing blade, a pump, or the like can be applied to the
apparatus.

As the guest compound used in the apparatus generating the
hydrate slurry, at least one kind selected from a group consisting
of tetra-n-butyl ammonium salt, tetra-iso-amyl ammonium salt,
tetra-iso-butyl phosphonium salt, and tri-iso-amyl sulfonium

salt is used.

BRIEF DESCRIPTION OF THE DRAWINGS |

Fig.1l is a schematic drawing of an air-conditioning system
including an apparatus for generating hydrate slurry, as one
example of the present invention.

Fig.2 is a chart showing the presence and absence of
canceling the supercoolingunder conditions of the injection rate
of hydrate slurry and the degree of supercooling of aqueous
solution, as one example of the present invention;

Fig.3 is a chart showing the presence and absence of

canceling the supercooling under conditions of the Re number of



Fig.l4 is a schematic drawi ng showi ng anot her exanple of neans for
canceling the supercooling; Fig.l5 is a schematic drawi ng show ng anot her
exanpl e of an apparatus for generating hydrate slurry, in accordance with
the present invention; and Fig.16 is a schematic drawi ng show ng anot her
exanpl e of an apparatus for generating hydrate slurry, in accordance with
the present invention. 10 DESCRI PTI ON OF THE PREFERRED ENBQODI MENTS

EMBODI MENT 1 The term "guest conpound” used in the present invention is
defined as a conmpound, which is encl-osed in a cage-shaped clathrate lattice
fornmed by2@4€eRSnEPBELeR, aRfli Eheaiblaetionoratel ef, hudrasapetutiye % OqC

or nore. Zﬂg gﬂ?@%léoggogﬁgn%§F%é¥§;3§%E§%q to generate a hydrate (liquid

cl at hrat e "hydra y Co 48t i on at at nospheri c pressure.-

As the guest coppguads beddrembOil u&aama”éfl%‘nsé’ﬁbafégﬁ?g}rﬁsg?n@és'%ﬁfﬁggm um

salt, tetra-n-butyl phosphoniumsalt, tefra-iso-any d
the |ike hydreteedslubhey hydhatk $asr ry, swhadne thee hydatt exdhdie rguest
conpound i s m xed in aqueous solution, possesses preferable characteristics
as a col diPp§R$pBAEt hydneds ururY areai anethert iecampd of axfi | they present
industrial facilkity to use a cold thermal storage. However, as described
above, it ﬁaﬁﬁgﬁgnsone sort of the problemthat the heat transfer

per L or mance of th. head 2 Cxahanoe] ¢ G‘Eﬁﬁ%ﬁ Cof b eanEJQPaJe&!@{q:i g&ﬁﬁ@&@ﬂg
g in the Dblocking of heat exchanger, due to canceling the

super cool hydrateaqsdausysol priovided with means for canceling the

supercooling, as another example of the present invention; |

Fig.6 is a schematic drawing showing one example of means
for canceling the supercooling, in accordance with the present
invention;

Fig.7 is a schematic drawing showing another example of
means for canceling the supercooling, in accordance with the
present invention;

Fig.8 is a schematic drawing showing another example of
means for canceling the supercooling, in accordance with the
present invention;

Fig.9 is a schematic drawing showing another example of
means for canceling the supercooling, in accordance with the
present invention;

Fig.10 is a schematic drawing showing another example of
means for canceling the supercooling, in accordance with the
present invention;

Fig.1ll is a schematic drawing showing one example of an

. apparatus for generating hydrate slurry, in accordance with the
present invention;

Fig.1l2 is a schematic drawing showing means for.detecting

blocking and means for preventing the apparatus from blocking;



In the apparatus for generating the hydrate slurry, a heat exchanger for
generating the hydrate slurry is separated into the first heat exchanger
and.the second heat exchanger. The first one is for supercooling agueous
solution during holding the aqueous solution in a liquid state. The ot her
one is |located downstreamto the first heat exchanger in order to cool the
hydrate slurry. Therefore, it becones easy to avoid canceling the
supercooling in the heat exchanger. As a result, it becones easy to take
t he counterneasures_agai nst such a problemthat is caused 11 by canceling
t he supercool i %13 He Ryseherati ¢ dsavinghsBPwAgat oke fpardeoP £ meajis t he
hydrate s r revents.the hydrate.slurry frombeing generated rapidly in
t he heat gé%héﬁgg?¥lfgngéau3H¥F§?°?ﬁénﬁydrate does not adhere to a heat
transfer surfacgi®fid HAERBROQr ' e
exchanger to possgss ?ﬁzhﬁsﬁﬁnizedQﬁggfwgggagﬁg?&gﬁggﬁgﬁggki?xéﬂgb?ggéthe
heat exchmeges forioaneaiéngyhehél supeetoolliygef the hydrate slurry w thout
decreasing the flow velocity of the hydrate slurry in the viewpoint of
per f or mance. AnERg hd abpar sahenadil g erewinion ghowd nigy anathes| exayptarcbHbt ai n
the optinzed q@Fa atﬁg for conti.,nuing the operation., Agueous solutjqn is
I ae o

super cool 83 % T T PhIMEH Bhsh &&ra.teAPﬁ'élrer'dé RECEAPRTS Bt Thg i s

cancel ed. ¢ 8 %pggeﬁ@sgnvgngygﬁatgnas generated suddenly. As a result, the
viscosity of the hydrate slurry 1ncreases, resulting in increasing the flow

resi stance and Fheg. pé ess W & dmeatasic drasdade Bhbyinghanbeleirr edampl® gower
increases. In the worst case, the bl ocking happens in the heat exchanger.
As descri BREPRRMTRLUE it |d9Rp Ratd i Jeidradls B usryaqdaoascesiantewitvi t es
t he unsta@h§h§¥ste o] erat%on in the heat exchanger. The apparatus for
gener ati ng yar at 8"¥FIFF9 1 n accordance with the present invention can
avoid the aforenentioned problens. In the exenplary enbodi nent,
hereinafter, the first heat exchanger is defined as a sensibl e-heat heat
exchanger because of absorbing sensible heat from aqueous solution and
because of supercooling the aqueous sol ution during keeping the aqueous
solution in a liquid state. The second heat exchanger is also defined as a
| at ent - heat heat exchanger. Because the heat exchanger absorbs the | atent
heat for transferring fromthe 12 aqueous solution to the hydrate (in the
actual situation, the heat exchanger absorbs the sensible heat fromthe
hydrate slurry at the sane tine), in order to cool hydrate slurry. The
apparatus for generating the hydrate slurry in accordance with the present
i nvention, sometinmes, provides neans for canceling the supercooling of
~aqueous solution, which is |ocated between the first heat exchanger
(sensi bl e-heat heat exchanger) and the second heat exchanger (I atent-heat
heat exchanger). There is hardly fear such as canceling the supercooling of
t he aqueous solution in the heat exchanger. So, particularly, canceling the
supercool i ng prevents the heat exchanger from bl ocking in the heat
exchanger. It may be a case, such as provided neans for injecting the
hydrate slurry into the supercool ed aqueous sol ution. Such neans are those
for canceling the supercooling. In this case, the supercool ed degree of the
aqueous solution by the first heat exchanger (sensible-heat heat exchanger)
is determned to the supercool ed degree of equal or higher than 0.7 C

Q herwi se, the quantity of the hydrate slurry inj ected into the

super cool ed aqueous solution by the first heat exchanger is determned to

t he degree of the equal or nore than 1 vol% . Preferably the degree is the
equal or nore than 1. 8 vol % . Regardl ess of the supercool ed degree, the
Reynol ds nunber of the aqueous solution is applied to canceling the

- super cool ed aqueous sol ution, whose nunber is the equal or nore than 4500.

10



The hydrate slurry injected into the supercool ed aqueous sol uti on obtains
the sane effect as those resulting fromgenerating the hydrate slurry by

t he- second heat exchanger (| atent-heat heat exchanger) or those resulting
fromusing the 13 hydrate slurry that is stored in a thermal storage tank
for the hydrate slurry. Furthernore, the follow ng nmeans obtains the sane
as the above-nentioned effect. For instance, a cooling portion of a snal
refrigerating machine, a |lowtenperature protrusion, an oscillating portion
of an ultrasonic oscillator, a |owfrequency oscillator, a static mxer, a
i Xi ng bIQﬂﬁgRépﬁﬁﬁﬂ,OSrTFﬁePFFFERFEDagHBP éMFUTShe neans for canceling the
supercool i ng of the aqueous solution. There may be a case that a plurality
of the second heat exchanger (I atent-heat heat exchanger) is provided so as
to be sw tpRebk@ENtTN1SuUch a case, when the adhered hydrate is detected in

t he second exchanger, which is used for generating the hydrate slurry,

anot her second Teattexmhaggesti Sompbhndeduoy@r ih Nté defesOn€oNivéni€ion
generating the hydrate slurry. At the same tine, the previous second heat
exchanger *SwAPERNsdopped gomPcamichg whtiehhyidr strclsiaad yin beconges-sisapdd f or

lting- ion. As.a. t, t hydr at | [ bt ai ned wth high
ot ci anchie RRERER T8 TGAFELEArTIT (e HEFREAPa0EElLead BRSH, SHRUIRTS (he
hydrat e | foadbatd, | g eriils AL U BEC 2o loC K0 J180RCRSRBELAR! o FOT

exanple, there is a sign that the flow resistance 1s r-Tess than
t he predeteystaktlizaliueo genébhatet HehfliparealBiggidheleghabtOrhy@sstdhan
the predeterm ned value. Otherwise, there is a sign that the exchanged
heating vBY #P9kinhEheqpareens sl tinm athatpe solee Bi rinkss sxtase. ASudhe si gns
[ the flowrate, and the

ore det echodey RBIETO LIS Prossuts | iasay he lion faley Aid Loy

SW t chi NafiHBh14MCs £ €] atbt¥aOh-bhey 2ERISpRERI ufXEPEP LA £00-LifRpE Nea!
sulfonium salt, and the like are cited. The hydrate slurry, where
the hydrate of the guest compound is mixed in aqueous solution,
possesses preferable characteristics as a cold transporting
~medium for an air-conditioning facility or an industrial facility
to use a cold thermal storage. However, as described above, it
happens some' sort of the problem that the heat transfer
performance of the heat exchanger decrease, the pump power
increases, resulting in the blocking of heat exchanger, due to
canceling the supercooling of aqueous solution.

In the apparatus for generating the hydrate slurry, a heat
exchanger for generating the hydrate slurry is separated into
the first heat exchanger and the second heat exchanger. The first
one is for supercooling aqueous solution during holding the
aqueous solution in a liquid state. The other one is located
downstream to the first heat exchanger in order to cool the hydrate
slurry. Therefore, it becomes easy to avoid canceling the

supercooling in the heat exchanger. As a result, it becomes easy

to take the countermeasures against such a problem that is caused

11



exchanger) at the fixed tinme interval makes it possible to elimnate a
device for detecting the adhered hydrate in the second heat exchanger,
resulting in sinplifying the system EXAMPLE As one of the exenplary
enbodi ments, one exanple is described in accordance with the draw ng, as
follows. As one exanple of the, present invention, FIG 1 shows an
air-conditioning systemthat incorporates an apparatus for generating
hydrate slurry. First, essential conponents in the air-conditioning system
are schenmatically_explained. A refr[geratin% machi ne 1, which includes a
cool i ng tB¥efangaipnanthe swpnrAgetingepé. thgehydzese sdbdryater serving as
a cold thermnal dium for_.,coaling agyeous solution and hydrate slurry. As
GEPCP LGS SPRECORd IR LI AR e S{ RS Y RERVIREE

t he heat exchanger

exchangerthé BRy@¥h¢eds l’ﬁrﬁ:@”sﬂﬂnﬁ'@@fﬁg hggheféﬁi@a”%biﬁﬁy Sty rﬁ?%‘ue%?a%vi ‘h

exchanger) 2 cools the aguéous sol utioh means for “exchangi ng

the col d eackangdwo |CGdmsdqueatlneathes hgkiaager Gobserep thdirate @¥changess) 3a
and 3b | ocated on the downstream side of the sensibl e-heat heat exchanger 2

cool hydrh¥ensferryupfaneant the kxahaeythgngent Wheheforecolt emtleles

Al t hough e cold water generated by the refrjigerating machine 1 is

suppl i ed {:get}h%age%‘sq&’@n@%ﬁei? B‘éﬁfeéﬁcﬂéﬁd‘éﬁnl’g‘“%ﬁi} 178 Y SEBRPIAERT YRat
exchanger anday 8hathl dd) ¢ ALLE! ok OndliGe XM AN bl Fi8y Jo1 080! @
wat er nmay be supplied to eac evice IN series . e numnber of Talént* heat

heat exchafigehe hpgrdtetdleLrprwithcut THECREHSOHE BREVELON {ERScLOPISE NS a
guest corrgound is sent to the sensibl e-heat heat exchanger 2 froma thermnal

storage tBAR Bydrpteaglessy dal uthenviewpodhsd ofo penf cdwgmee .ofArkb the
super cool aLe. d either one of,the | atent-heat heat exchangers 3a and
3b furt he%g%%%?éufhggﬁycﬁeaﬁeerasﬂﬂgr y’t'ﬁﬁnz‘ry e-oyS tEEe| FAY ﬂi’é"aﬁbe?%ol i ng
Of the acygoutisedubbRaratulnfoouBRLiRATh {ReObpbRELIBRS! DI - heat heat

exchanger 2. And the hydrate slurry returnS tot ernmal storage tank 4.

In the system Bqueopectsiodmtiione Ssi Supennesdlest t heavpilpe Det when Héwer
sensi bl e-heat heat exchanger 2 and the |atent-heat heat exchangers 3a and
3b from a®PFPRNSALt hAitwirardsm Bielcsupexeeol tngnt s heancébed . ekehtiniger s 3a

d 3b. B t.h ) ted injecti i , f the hydrate, sl
et SR T heo Y HES S b BEnEUP AT REAL Y] s BT BtL e APE VAEATS Hboess
brings upofamechia9athe 13438/ SRCLEARLS! A8, AOURPYS ﬁ%ﬂé%é’i;?%%% in/&ts ate

slurry is sent fromthe thernmal storage tank 4 t©0 air-condi ner [oad 6,
and t he areebstasceé E@ndrtherMpres staled 1blseernl Coheeagenitd yGonkenesku irddne
air-conditioner load 6, returns to the thernmal storage tank 4 . From a hot
wat er tarfRUMP PRgersReFeagesent t Bhe HECT At ePRSheathedat oekinankrrrsss or 3b

that requjte |t i for,the hydr.ate slurry. Al_though th
aqueous si(') ut%lhdgﬁ %én%gjt %ggh?}hpggé sll_l\fr’r;ae )réerl (?(Sll e%?%‘flé/USicﬁé’Cte_ﬂ‘g‘n@pI%‘%vat er
gener at edsiye£ 8601 8h¢;| §€F akhBOuBBERNNR 1bnAS ry iGQQ IvHEk NRULUBIL & Pred. the
cold Water taken out of, for exanple, an ice thermal storage tank may be
usabl e f oPPerzbbdnnbn MW lmatAeschazigeirouglfhthappaeatak Sdorgemwetating i s
provi ded j.n Fi e thermal storage tank is not always required. And

Fi 1, t ! :
the hydr at’e Q&FV%S STIVe 4N 3 EPEIRRER 1 Ha dthen PEeseRthARYERLHRD AN sent
directly 3@oiderRd’ s £GP ﬁefgﬁeagﬁﬁob;%si n after, the operation of the
air-conditioning systemshown in g. 'S explained in nore detail. Wen
the system starls,tid@x@npl aty bidodlimentyl htreARdrft@r, the first heat
exchanger is defined as a sensible-heat heat exchanger because
of absorbing sensible heat from aqueous solution and because of
supercooling the aqueous solution during keeping the aqueous
solution in a liquid state. The second heat exchanger is also

defined as a latent-heat heat exchanger. Because the heat

exchanger absorbs the latent heat for transferring from the
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t he aqueous solution that contains a guest conpound (for exanple,
tetra-n-butyl amoni um brom de (TBAB) ) is stored in the thermal storage
tank 4. The concentration of the guest conpound in the aqueous solution is
determ ned, which is suitable to the air-conditioner load in the
air-conditioning system Changing the concentration enabl es the heat
density of the hydrate slurry and the tenperature of cold water to be
variable, so as to be suitable to the air-conditioner |oad, provided in the
ai rconditioning system 1n the exenplary exanple, the concentration is

det er mi nedaueobe abdution-weothdeliydrate $inrtheopetwazl ngituation, the
air-conditioning, the hydrate slurry has been prepared. First, the aqueous

sol ution f‘ﬁaf' GhangRy absgrlgethamensikleneal rem the hrdraker $MITEY or age
tank 4 throu t epsj bl e- hea t .ex g nd at ent - heat heat
exchangerggagg§ gg?%gggthhe?§t§5§g%uﬁ§ %ggETﬁgd%?%SrSFQ?E f-heat heat
exchanger 3b isTRet afgetratiext foihegefbEh@ehat | Alde MGGl E3upRgrated to
circulate cold water of 4 to 6~C generated by the heat exchanger 1n the
refri ger adcagrdanhend th thetpredwdt iavehdnger, soméetimesf progideismyeamshi ne
1 through_t he sensibl e-heat heat exchanger_ 2 and the |atent-heat, heat
exchanger £85 BHNGELAGTIatRS| §UREEEPOFIMY PE IQUeRS S Ridh, WHeEhgtRous

solution i e e ngl. bl_e- heat, he e n . t.he ee such
That supetSSF P bPoHe B S en LA AT: SR P TRLEE
hydrate séxeh¥ngéryengietiesle Edebhar hdde Byxehahges! Uﬁflra‘rtér&—%%%&f ahedet o
the extent of enabling the systemto operate for the |oad of the

ai r- condi ekochangerihi | Ehéhe hisir dterdlwr riedrs eaahedaby taepcéldirgt - tieat

heat exchanger 3a, Thus, first, the aqueouys solution is flown in the

appar at uss‘f‘gﬁrﬁgﬁé?‘é‘gi *f thee 2BPEPHSeSSLUEAPN AR dthE heakardShapaETc 0?0 i ng

wat er as ' ' i Arpces e t

| at ent - heg?gﬁgg{Jigﬁ}:%éng({esﬁjq#elrioﬁgzl %%gywr%dlp%:}ﬁ%oﬁlglmg%né'?%g?%ggt %tg%hylgg% e
slurry. NexthahBeragwemuplsekihhoini $heUpeatoeketabyethe sensi bl e-heat heat
exchanger 2. The degree of supercooling the aqueous solution is determ ned
to set at 0.7i &t may &g eheasensarcit asepubvitedanemns Logvling ectingl thaeot be
equal or Jower . th t he .tenperature of the cold water, which is_a cooling
medi um) .kh‘ﬁ‘gﬁFe WIE L ARTOnt R SYPEE et BYUPRUS IRIUAPT nSUCh PaRns

hydrat e SLYEr ¥ndako Adie ApHaotihSolbl | SRpERcBoIYRE! CAN GthiY Afse Merfe the
aqueous solution 1 n a supercoo state TIows in the pi pe between’the
sensi bl e- bepbrbealleaxabgrger of ahe HipidAiLHolttiohan; exehpnget BeatAnd
here, the hydrate slurry is injected fromthe pipe on the downstream side
of the | aesahhrgernhdaeneibhanheat3hedy eaghahgene iamj deteomipegets thqhe
hydrate in the injected hydrate sluryy serves as .a nucl f enerating
t he hydraFBpFﬁcPﬂgegqaggﬁ €s8 ut?%ﬂﬁf1?ﬁ1,léﬁﬁ?:§aﬁﬁ?gbgfe 's@g?%rﬁfs?he
aqueous Sehutdodh+ Y JF the £0l584 Y, 1286831 Pl & B8R sBE8LcE3E8aNger
2, is canceled to generate the hydrate slurry, which has a | ow solid phase
rati o. Suagequest kpluthenhpdrahe Siuvstyheatfaxthangeeolisddbyetitned to

| at ent - heat heat exchanger 3a. Since the hydrate slurry is sent to the

| at ent - heBheiagresefdiifeeanal ogupere ddamy viedd -al PEgforabel nderEse at
that tinme, At such t the flow.r of, t he ¢ol d ter | ntrol l.ed,
unich 11088 T SaHRE 15 PBre R tEShE nBn SRS HE b S8 REbR TRy

whi ch posgggees , atHeské fho @St tof AU b sbhatiendikOapplied
air-conditioner 6, is generated. Thus, the operation can be shifted to a
hi ghl y ef Ebccantedprgathensumeysneied eaduesouy draliet isinr mhosandutiber is
air-conditjoning can initialize the operation. 18 At the tinme of the

ai r - condi th8nPHAY2dperatrsk, thAB 4§080us solution of 10 to 12 ~, which has

returned to the e 0, ﬂgg . 4 t.he a i.h-condj.tioper 6,
is sent to the g%%sﬁgﬁégﬁ%a% eégqgggﬁg%%gﬁhﬂﬂbf%%hgu §%8§89F§h9§3%%8§2 and
i's supercgehadibf ds@tLEndT thike senperadfdi®: Sal0 thobe rAURAKGIY | A¥omS
cancel ed by injecting the hydrate slurry through the injection pipe 5,

whi ch | eadenevagéngr diienghydeaty dsdneryl by ythehesseohegriesat seabbang@rd ~.
The hydratg slurry is further cooled by the | atent-heat heat exghanger 3a
and the hydriEBtsPEAtyRratLPRChRRIERE %lﬂe"rff%r’re HGTHFS B R VeSS the
thermal storage tank 4, the hydrate slurry possessing the degree of about
6.5 Cis sent to the load for air=conditioner 6, by a |oad punp 14. At this
time, the heat density of hydrate slurry is controlled so that the total
power to be required for both conveyi ngggopower to the heat exchanger and
conveying power to the load is mnimzed. In the way, it becones possible
to save the energy to operate the apparatus. During operating the
air-conditioning system judging fromthe viewoint that the hydrate slurry

o . o R b o, o, " o, o,



19 judgnent is done, based on nonitoring the flow rate of the hydrate
slurry. And the judgenent is done, based on detecting that the introduced
flowrate of the hydrate slurry into the | atent-heat heat exchanger

reduces. Simlarly, it is also judged whether or not the hydrate slurry
adheres to the heat transfer surface of the | atent-heat heat exchanger. The
judgenent is based on the increased anount of the pressure |osses, and
based on the decreased amobunt that is the tenperature difference between
the inlet and the outlet of the cold water or the hydrate slurry, which is
suppl i ed hydrpéel alvaryhehet Henstoxredaiger. thiermahaftaragd ttank &rpl thaed
how t o opgrgte the.nelting operation. Supplying the cold water to one

| at ent - heBAYORBEF 8XUfZNger 3a stops . On the contrary, and supplying the
cold water to t?ﬁr@h@‘ffnok@t ephe hf@il%\ﬁgﬁ?%gm% 0S4 SameBYsSPhECNI NG

over the usabl e heat exchafger ffom atent-heé& eat excﬁanger ato

t he | at enabbeatmeagt opsahaFFeict3b Fot tiHstdfRiWEra SV B S idn CoONt 4nued
to be generated continuously. To the |atent-heat heat exchanger 3a, which
is not supprilédrefriageretdobdmaghéne,t helhwtt¥hperatsrsuppbtedsionm anhot

wat er tank 7,53 order to pelt the ﬁdhered,hydrate slurry to the heat
transfer S8FFACEBTFRGPRT AR ob@htdEPsoRU BaEhILAECROR HRYSETPEREREY ti ng,
which is g a he LNt hqt .er 7 {.S. . US i.n _Fi |,
Water on PRETESANSFrarstrbLe Bl R iRt bRKe ] » il dE, theltBhe

usabl e fotsthppltkti g @per akhfAB. fbA thRcabewg wRAt EQF@QCQ@§Eﬁ§DbEOﬂhei n
case that the flowrate of the hydrate slurry to the |atent-heat heat

exchanger aguepugseolutiopase t hat the exchanged heating val ue decreases, or
in case that tthgressure | osses incaeases, the_nelting ogeration i s done.

Contrarily, if TRelM¥nBSopefatfohRE 30Plupalitynef bhestecerd; hery

swi t chi N0eQuREngoR! YiBkLhY ALk ohelt -dealahisel) SXENAR dlsd S X time

interval, detecfion Instrunments such as a ownet er pressure gage,

t her nomet ewitshabilei. nalRGuckhe Risd] RREhOth€eRableded Red sy 64 4Y 80t86ted
sinplified. As nentioned above, the heat exchanger for generating the
hydr at e shBriiie secomghesnchanygear o which ie werd £oof geherabing abehhvdeate One

is a sensible-heat heat exchanger for supercooling agueous solytion. in a
|7 qui d st 3LBETY A ARPRACSE HRFOTE ReataSRDoRERE fiBaTY LXCPENGUET of SBOFF ng
hydrate skyr el ' e I ~heat at
exchanger Sosi st i e Hdie b R bk R¥e Ly CIT) Hhe T ey, ehe
exchanger pteotiohkoskicagd hddte edbatrie ANy e, s bysibed egeheif s yiggnthe

generated continuously with high efficiency. Next, in the exenplary _
enbodi menbydrpger ednry.s keremeredudpybieudpirndgne Helngomraratomii ti obs for

the degre upercoal i.ng .t he agueous sol ut.i on, by bh .sensihl.e--heat heat
exchanger%.gLI]—'ﬁl’t %Eelrenglygf%t_ e_srlggayt lfs °§6ta§inr?§ld,'y ?’H‘q%s _ é‘c!lrﬁnegé’t'i on
rate of the hydpasegglid dedddite@CHedeh Ol tHISd AURMH P b bR {iRe@hEET O
cancel the supercooling of the aqueous sol ution.
the hydrate is adhered to or not and whether the blocking happens
or not. For example, there is a sign that the flow resistance
is the equal or less than the predetermined value, or that the
flow rate is the equal or less than the predetermined value.
Otherwise, there is a sign that the exchanged heating value is
the equal or less than the predetermined value. Such signs are
detected by measuring the pressure losses, the flow rate, and
the temperature in the pipe.

Furthermore, themelting operation by successive switching

over the plurality of the second heat exchanger (latent-heat heat
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In Fig. 2, the abscissa represents the injection rate of the hydrate slurry
(volunme ratio of the hydrate slurry to the total quantity of the agueous
solution) . The ordinate represents the degree of supercooling the agueous
solution for various concentrations of the guest conpound in the agueous
solution. The conditions, in which supercooling was cancel ed, is indicated
by . And the conditions , in which supercooling was not canceled, is

i ndi cated by X. Whether or not canceling the supercooling is present
(absent or not) is judged fromthe viewpoint of whether 21 or not a

rising tefPERabUrE) | @tddihat Bixede tivecdmi@ vl thekespstc doisisiyley i ng

h h i ded ] d j d f th
|y et 1 onebeP P EREsT AERECR FhretecePei g TRESSheRer Ruaras 2 Che A9RPRgr co

‘ . 'y A : | J
0 SUperCH@étnSxEHSnéQHeOH§s§9£EﬁbogP'§1ﬁﬂﬂ§kygégegﬂgegg%gﬁﬁgo 7 Cor |

the inj ection rate of fhe hydrateé urry 1s ual her than 1
vol % of the flowrate of the aqueous solution, it is alnobst enough to
cancel the supercooling of the aqueous solution. Furthernore , if the

i njecti onE?‘%*t‘gLEf the hydrate slurry is the equal or higher than 1.8 vol %

of the flow ratg_ of the aqueous sol ution, supercooling the aqueous so] ution
is, surely, can%%l &g T‘ﬁﬁs',:é?’g STETTP tﬂ“@mﬁlflmteﬁ‘é"si'nj NG cGXRAPBLSL Sl urry

suffl ces 4e5cPRBE) LRUaLBELSHREL CARLY NEnD' abDR1ARNCRUS £8ALLON. And TOSE
of the remaining hydrate slurry is use or the Fbad for arr conditioner 6.
And, furthernorks éme exsmble resutié Nordsomt sineyhtdon s HRSCT i ashdealow,
that is, the conditions in which supercooling the aqueous solution is
cancel ed *eHafenfgtinvimgy mylsden Re)ahuibeo o natesaqaroappesktitisorfoihe Re

nunber is deterpined to be Re =D U_.p/ r~ , usin i pe dianeter (D) ,
f1ow vel o%?’t‘?/r%ﬂ%%&%‘g%a’é%lﬁﬁw-( UfFir S&e@?ﬁ?”{“ﬁq) gﬁaﬂaeeséﬂ? cHRt of
viscositya{rfeonditiOnkhg- 3ystBR aksd ssg ﬁgﬂé%ﬁgg ¥ Ree&%ﬁ%ﬁ%edand“ihe.
ordinate represents injection rate of the ﬁy rate s u?ry. he condition in
whi ch supeefobyengting nacikcthed i whindi daicddideys a coabiingheowendigumy, i n .
whi ch supercooling was not canceled is indicated by X . This experinment was
conduct edSR T t PECRRYIRES of €BEpergRR TR s heo bg usater sep TV ing apoutcold ~

and at t L ion rate of the hydrate slurry, that i he,  equal or
o gher ¢ naheBhe SAel Fof Bool iiq M &8s Sqtddide ha franr s e e
Reynol ds numbexs ofné hige 26 Ueptisam@h it OF ¢éné9§tm%a£hgrhm dNAR-#500,
the hydrate slurry is injected into the System and supercool 1 ng the “aqueous
sol uti on astwetsthge baateérdhagen fesprovidbe. hyalrades H1s+ReLarhaet
generated efficiently and stably. Next, an apparatus for generating hydrate
slurry i reXCRIPIRRCE HFEh hert rchanggpTk dfconds pike aaqueone e bt ien

descri be i . in i i 5 i.s conpected to the pipe
bet ween t eﬁég\ﬁgi %?lélé hggfa hﬁéé %eaﬁggééwgﬁgdﬁaetﬁrat _e%f"—o He%terh%—a&eag
exchangerite 8 €chaigé oM &E€omd e dhensoyEst| e shde3®i1ddred on
| at ent - heat heat exchangers 3a and 3b. From such injection pipe, the part
of the hythatdownarrsayeaiatatcddthy shpslibilenheh¢ahehtatxehahgage? ¢ool
i njected I'H%zgaéet]es&a ueous solution in supercool ed state. |Instead, as

shown in ; Ys'f‘%%n%ff%sxrfgéflggﬁahaﬁaérw#*Jr thenerat iRt ehe
hydr at ' b t
nydrat e ohidagt) Y, AR DUACIZIAERALACRY o PEOEEEQORECITEINE,

generating iveshppglakd Fourdhe serisiblisvnewieshéhe sgesbbberheatadipatne
exchanger_ 2, the | atent-heat heat exchangers 3a and 3b, the thermal storage

tank 4, tirtentrheskelhwmafeexrbangenerdaiany Sheinyphzalblel dnr pheGxampialed on
the injection pi D nd _pi pes .f.or _connecti t hese, el enents each other.
As the hex ovve&clr{g%gleq' f%Ur tg"@né:f’&fji Hat?ﬁemﬁydggt 8UBPLLRY 59 eaCk HEV1iGH ze
plate tYph Beale8XCang thmid S5 TaRRRL haldk )20 U RIS PRENANIEL . OF
the like are used. If the hydrate slurry generating he exchanger IS

provi ded am ndre. mireraqudomss stlerpiean tHaa teont £idy . a Ahsdst acdmbdaid t ank
may be added to the h%/drate slurry generating heat exchanger 20, according
e sensible-heat heat exchanger 2 from a thermal

to the necesi§ry, teot

storage tank 4. The aqueous solution is cooled to the degree of
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23 bef orehand prepare the hydrate slurry that is required at the starting
time. Furthernore, in the air-conditioning systemprovided with the thermal
storage tank 4 as shown in Fig. 1 ( the hydrate slurry in the thermnal
storage tank 4 may be used. As nentioned above, the apparatus for
generating the hydrate slurry is used for injecting the hydrate slurry on

t he downstream si de of the sensibl e-heat heat exchanger 2 to cancel the
supercool i ng of the aqueous solution. Instead, as shown in Fig. 5, neans

for canceling sugergoglin 30 may be provided in the pipe between the
sensi bl e- Re§FPREGLCERENS -2 BRg eddhed ane iRfatthRata ks baiirat sheat and

oD 19 S ERRea] 45 Rl 6080 2 YgTBIE LN, RFUSEE! 4G, SRPES VS

i ncl udi ng the nsi eat exchanger

exchanger by3aafigdl3hg tthe ShPeFRocIHNAIE HAHK af’qx(ed;ﬂ@eéoi@{i&ﬁ)l'm‘?cﬂgésg

t hese el enents each other, and the neans for canceling supercoollng

Exanpl es @pwnhgresmnsiflerof atrtoe|dengs inipertont iheg t3@ xathangfeawn . Wah8 the
reference,tqQ Figs. 6 to 10. The nmeans for canceling supercooling shown in
Fig. 6 coH¥8§P§eoFlHrEMoFPﬁBrﬁér tproithg2thenmadt stioregs sankl 4ref Ihgeheating

machi ne 3 d e; L Lhg porti 32 is inserfed in_a pipe 21 fromthe
out si de. Sgﬁ’gm&l@nﬂﬁf%?{%gnt%lep%g%llisné:o&ﬂ'etcisctﬁ# %f Br BV}PgeEeFﬂe?ﬂetlb? pe 21
i's cool edstAsdBUECReat tHEaURLCIEndOMEr2 t Rty t BBt eTREEALUREAEOTheat
generating the hydrate by the small refrigerating machine 31, and thus the

hydr at e agkehasgevst Ba andf3ivef rafien tilpe aguehes dsansttiream shdehohashéeen
super cool gd b% tge sensi bl e- heat heat_exchanger 2, gets in contact wth the
cool i ng poftfBh—heat hertSushardeshcia mpd FR-hBYswavaeE theteenrestedg

portion 3 i . 0 nucl eus. 24 . Therefaqre, supercooljng is
cancel ed gﬁggéhg%?%gﬁé%o%ees%gg:?et %Y&QE%E?a?]eu’fﬁé Jff&/&lnﬂteé:?ceﬁslf’ﬁg Jf‘?é%ns

for cancehgiigoasnas 0ol bMtin @ bOWeEBBEEAL $£ £t 0T WUMS IV AW BYiAgBekbi er
el enent may be inserted in the pipe 21. Such a | owtenperature protrusion
is, like earcebbhigrmheenpeocooflineo £ mild ageé o geralhi tigorac IThech gdwae i N

Fig. 6, alfo cooled to degree of the tenperature, which is the equal or

| ower t haRthEY fehiePht Ir e Shegbheratf fFatsdfarktt tona bavapeditiere¥ hus a |
hydrate i t d ' f Wh h | ut]
o Tscka et o, 4 0 WOl SOl L1

havi ng been supercool SsInco

protrusi ogonsteedyil atlee atihverd sy il drier AYdR®s eetihias W LREPERSLH £
protrusion acts as a product nucleus, so that supercooling is cancel ed and

it beconesterndgetbagkntr atfrarhe edr sederThenkednshbar wearecelisngent to
supercoolLﬂg fggggtlgeg;ghegthgxghanger 3a or 3b that requires melting
operation for the hydrate slurry.

Although the agueous solution and the hydrate slurry are
cooled by using the cold water generated by the refrigerating
machine 1 as a cooling medium in Fig. 1, the cold water taken
out of, for example, an ice thermal storage tank may be usable
for a cooling medium. Also, although the thermal storage tank
4 is provided in Fig. 1, the thermal storage tank is not always
required. And the hydrate slurry generated by the latent-heat
heat exchanger may be sent directly to the air-conditioner load.

Herein after, the operation of the air-conditioning system

shown in Fig. 1 is explained in more detail.

When the system starts, there is no hydrate slurry. And
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a oscillating portion 34 connected to an ultrasonic oscillator 33, and the
oscillating portion 34 is inserted in the pipe 21 fromthe outside. Wen

t he. agueous sol uti on having been supercool ed by the sensi bl e-heat heat
exchanger 2 gets in contact with the oscillating portion 34 , supercooling
is canceled by the oscillation, and thus it becones easy to generate a
hydrate. Al so, instead of ultrasonic waves, oscillation with a | ow
frequency of several hertz to several hundred hertz nay be used. The neans
for canceljng supercooling shown in Fig. 8 have a static nmixer 38 having a
mechani snFREATURCUS eaiutéanpihate cpptatiaser spRg tarrmpewnaid friexan lawi ch

is provid Lo_Lh ipe 21. The . st at. l 8.stirs the supercoole
aqueous Sgga%goﬁ?gggy?h%@n?r%m&ppr@p&%q m%g chR Y YP A ebé%%‘ﬂ?gl easy
t o gener agLorBge EarW drat @nhel C ' E%{._p r hRag; shayn in
Fig. 9 haveoa %?xing bl ade ﬁ%?gﬂgggeﬁgﬁgég ?ﬂqgh%ggge ?ﬁg@?kg %ﬁ an

i nt er redi ageepost iswlufidhe ipi pgedrmimed s wotiathediby suidisle 390 Hige

m xing blade 40 stirs the supercool ed aqueous solution, so that

super cool #hE-Fenghhieney ]a?RFE in bee et eandi tieoryore syis¢en . hy Ckargihe
means for ncel i nq super.cool i sho in Fig. .10 have a punp 50 i n which
an i npel !%lﬁgicsor*c(ﬁrg‘treaggﬁ{’ 5"6%?{%%5%%% 8\??’8&&14 ‘hgéﬁ‘q HggFﬁﬁﬁi%&‘é’:r@brti on
of the pl&ﬁdZQheT@&nls’élﬁytéi?es&fr%oi&%é’c'é’?%&%@%é‘ﬂi‘&?ﬂé S%gééa@o b?eﬁ t hat
supercooling is canceled and It becones easy to generate a hydrate: e '
confi gur asubbalbhy e stloh abatcenliypasfepi Aoads [V I@sd Ofint HeDi Per-21

bet ween the sensi bl e-heat heat exchanger 2 and the | atent-heat heat
exchangerSORAL hhenBRY 2ridteme ranshe cexermoaty eraupke cothéng as shown in

Figs . 6 10 is_provi.ded in_this bypass.pipe, Al so, the_numher of neans
for cance Clgrrl\%e%{dﬁ%%c%ﬁIlisngei:gr‘ﬂbflefliF\%Dgﬁc?t{)"dpto?ng,"w_’égd thefaand 3ets
cancel i ngosePLE£RY! 8 M RSRIAMABDAL h !H%&Légx AU QGAHAN- pdgl | her
a plurality of, neans for canceling supercooling a different type may be
conbi ned prepereded.FiAstestie hathedoy esoceisdi g tice t tite pigFedtorage

invention, a systemis provided for generating the hydrate slurry
ef fi ci ent ¥32k |4 iheiranlasehdingdheofthermady stempgsusansos| thyough the

Fapidly. SRaR S F e f HEA T BRE Gt e AT Br AT e b R A E e AR or
surface i%athe BeatgexChengestiGANSEAYeNS! Y & ééanﬁﬂ@ﬁéié Ll makes
it possible to mnimze the heat transfer area of the heat exchanger. And
t he 26 exchanger 3b is not used. Next, the refrigerating machine 1 is
operated to circulate cold water of 4 to 6C generated by the heat
exchanger in the refrigerating machine 1 to the heat exchanger
in the refrigerating machine 1 through the sensible-heat heat
exchanger 2 and the latent-heat heat exchanger 3a by using a cold
water pump 11. At the same time, the aqueous solution is cooled:
by the sensible-~heat heat exchanger 2 to the degree such that
supercooling is canceled naturally, and a small quantity of the_
hydrate slurry is generated. Further, the hydrate slurry is
generated to the extent of enabling the system to operate for
the load of the air-conditioning, while the hydrate slurry is
cooled by the latent-heat heat exchanger 3a. Thus, first, the

aqueous solution is flown in the apparatus for generating the

hydrate slurry. And afterwards, the cooling water as a cooling
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exenpl ary enbodi nent nakes it possible to increase the flow velocity of the
hydrate slurry, w thout decreasing the perfornmance of the heat transfer. As
a result, the exenplary enbodi nent invites the apparatus for generating the
hydrate slurry and the nethod for generating the hydrate slurry in the
optimzed way. 27 EMBODI MENT 2 In the exenplary enbodi mrent of the
apparatus for generating the hydrate slurry in accordance with the present
invention, a circulation systemfor the aqueous sol ution of the guest
conpound is |located in an evaporator of a refri erating machi ne, in order
to cool tW@dé&@eéﬁsf§6WBti§Hcgfatﬁ§°§§§§tpééﬁﬁégﬁdthﬁn ghentxbaprahgat

enbodi nmen h er, for nerating the .hydrate slurry is_not
eau rea. cxshabBly SFOHTSG-LEh, SRITLR S NEs S sk g
embodi nent enabjegtt hetgyst gquboube ggmﬂglt%hedisFugggﬁggB%Feda_B urghity of
evaporators is provided so as to be swtchable. And en ocking begins in

t he processnsfibdierbebathewt ekehatngeaus . saths dearek éheugpeazioolampoutigei n
one evaporator, it stops cooling the aqueous solution of the guest conpound
in the eva@Beabsr sodwtipa dentdeksrmimed hte eespatathbr? & ot snexvl (et he

aqueous sQlution,of th est _conpound. .I.n such_a wa since .t he :
c?lrjculuati %ﬁﬁglﬁﬁa&}f'ﬂeo?gt ue. zfd‘}’eedﬁ% g"‘(?l SiGH %T’Hllh’é°§¥f§%t I%‘F‘p}pﬁ’ﬁq,MWch
has ent er ggapnt Qh%h%eh%%%t'ﬁg:es'[&gettfxéscBQ& ua%@r_,ijﬁe‘horfs Atcbél{&gcgi o

required to increase the punp power tor transporting the aqueous so

of the gumetliomipouTiten Furt herjesoite onapling k3 ofedaales’ &nrefdégaoaphjestt he
refrigerating machine is supplied to the evaporator . At that time , in the
evapor at ohe| RYHgatgl peuayysipppethecafinpgushecigtiéons isopusiparepoted

t . the_circul ati ess,. th tiqn f lting th
D at o SRRRH- ABrbACHRL AT SR iyt & agB et oda S TR F1 0% g
the heat iRStHE phse SISt AN JROGH N hdist Qaeraeéléxﬁ]cha!r%ge@e%ogﬁa the

obtai nable to save the energy. 28 Furthernore, 1 n the apparatus for
gener at i natkethhidaat best uexghangar chd daxmd hid), tihe &yeiraltar ¥larbpodi gent,
the means for detecting that the circulation system]|ocated in the

evapor at otPR&FECEnEEPB thEt ®iFige MM JeI§ ipwrsigeeamheld®ooEnthei datenfreans

make it p i.bl e engrating t hydrate slurry ip o evapor at or.
G the colERkdat RuthaBade R B W SR I BRIt o pibe 8, coME K THEA RS Ot ot o
slurry i niﬁ“@ié"&hj@%@!@arﬁ*@faté B 1Y 688QestdlS aMMiEBby S VRN0LBHOLSL LS
switched over automatically and quickly. Further, in the apparatus for

gener at i nghehlwydnatate tHaagueonsanzhrtioorwe Whus ,t hhe esvgrgd avol eerboataent
t he aqueous sol ution of the %uest conmpound i s supercooled in the
circul ati 8h &)st eriirerst 8alrkirRe WhaFHr 4B0BUPAXEORESSs Divorth@ancel i ng the

Sy her 00, 8n8 B8 ALak AR SUL SU | 27 309 LOLANETA Dol LVl e

slurry I'S provi d'Irnthe ou e Clrcu Stem

aqueous shiytikhes Sfudhe, gHESh KOBOLLW sblee phes & FaRAAt OBubiBguaRely,
enable the hydrate slurry in the circulation systemlocated in'the

evapor at ofheohydnetet s luThy denduatidemmmeited Y othdel btest-kaatnheathe

CreT! & Yo URSHE, o BrevaNL e INCLALE L QLM BLOPKIN, 1A e
heat exchanger 3a, supercooling has already been canceled at that
time. At such a time, the flow rate of the cold water is
controlled, which flows into the latent-heat heat exchanger 3a.
The hydrate slurry, which possesses a desired heat density
according to the load for air-conditioner 6, is generated. Thus,
the operation can be shifted to a highly efficient operation to
generate the hydrate slurry. And the air-conditioning can

initialize the operation.
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Exanpl e The following is one description of one exanple of the exenplary
enbodi nent. Fig.ll shows one exanple of the apparatus for generating the
hydrate slurry, in accordance with the exenplary enbodi nent. 29 The
apparatus for generating the hydrate slurry uses a double effect an _
absorption refrigerating machine 110, which has a double effects, and which
uses water as a refrigerant and lithiumbrom de (Liar) as an absorbent. The
essential conponents of such a absorption refrigerating nmachine are two
evaporators 120a and 120b, which are al so used as a heat exchangers for
generating hydrAte&hsg timg ofithabsbrbeond80ioning rapempariemnt thelatfieaussecond

gener at or 1?0 . and ond 160Q. Furthernore, a cooling tower 170 is
provi ded F8 uEbBBRﬁa Fr@ E%gﬁﬁﬁrg HALER hadireturdelsta the thermaheriagels0
and the | YeQUs ut j t tqs Q in,a thermal storage
tank 101 Fgﬁ}t(rgﬂsporte%%l n%&c’)gg %égt ir}ﬁgrg‘t%ﬁqgledﬁct%ca ectaigd?'n f‘%essgécg%roat%‘re bg an

aqueous sgéusibmepuaat%t@%HmﬁgaqqeggStﬁelgéﬂ@fhﬂﬁoﬁwgﬁwlsﬂ'd iat is
to say, the aqueous sol ution possesses the | ower tenperaturé than the

gener at i ngupenpeciedr dégree dfythhattsmpntatume Squedi€ . sol Sipercosemiqs in
aliquid state. As described |ater, the aqueous sol ution, which has been

super cool &8 F3PIHE LR PR IaGriing e i ) sdyrpy Wpruahhshedi e gisan for

i i in:Fig.11) . _And th
coluti on BERE N R LR 0 S URHA R sicdend Miar At e 1 0FEY ¢ BBAR HeiRRige
tank 101.iétabbus YifEC .2 fiheShyidal &1k 2 S Hdra &1L ol Yy ahe

different hydration nunber respectively (the tenperature generating the
second hylahertiheatdimat exahanger 3k ahd the Stydnadreasdhreyi séturmy e in a
case, the_existence_ is influenced by the concentration the aqueous sol ution

of the gubRt EREFBAhASTPRAEEchaRK chncdhiomt i Eheamak a7e@TagR) Fank 4,

super cool { g g};g aydr -4 desqsi | at e~ there is a
circulation sg/'st en?% (;%?'ut h ggggggggégl g%’?o%éa%fe? ho? Sgggtt gbﬁpogugﬁa“_e’?nnt such
a circul atoothe ys6 8N £630 a i d-forafiueidife S @ UtHyoR Nekdr psmpatk .t oat henider mal
storage tank 101 through the heating tube located in the evaporator from

t he t her nbime; okkedreathiderGi tivedh byldee téesdotrrygishedherobledoso tttat nsi de

of the heatin talsjf)e has entered into the blocking stage by the adhered
hydrate s ?r‘ggf"’r RWREE PR FREUITagefo¥ RAthGRRVIEY IBiggPPIRE . tarde |

hydrate shugfVed h I t]?gl,gE [ r 0 . dNto g, 1 oad
105 by usiﬁgéaeiéﬁj%;r}ge%ugn%aﬁoiggﬁﬁ% oadég%%,f}f%e co#)d{%g‘gltﬁig\gl%%e'
hydrate sInrtlyeiway}iit Zeskomes poesiyle ate Sdwe rvhd isrdy tdeopamBus
solution and returns back to the thermal storage tank 101. In the exenplary

enbodi nenthe t2@Paratusne case where an operation for generating the hydrate

slurry is done, using the evapor.ator. 120a...The aqueous sol ytion of_the
guestyconpoumj?$F%“§opﬁéF%éﬂ%thea1r—cond1¥10n1%gsystem,judglngfrom

- the viewpoint that the hydrate slurry begins to adhere to the
heat transfer surface of the latent-heat heat exchanger 3a,
generating the hydrate slurry in the latent-heat heat exchanger
3a stops, in order to prevent the hydrate slurry form blocking.
'And the hydrate slurry continues to generate, switching over the
heat exchanger to the latent-heat heat exchanger 3b. The
latent-heat heat exchanger 3a enters into the operation stage
for melting. It is judged whether the hydrate slurry adheres to
the heat transfer surface of the latent-heat heat exchanger or
not, by monitoring the flow rate of the hydrate slurry with a

provided flowmeter (not shown in the drawing). For example, such -
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storage tank 101 flows in a heating tube 103a | ocated in the evaporator
120a, by using the aqueous solution punp 102. The water, which is condensed
by the condenser 160, is transported into the evaporator 120a through a
pi pe 162 by using a punp 16la. And the water .is sprayed onto the
evaporator 120a and the water evaporates on the surface of the heating tube
103a. As a result, the aqueous solution of the guest conpound, which flows
into the heating tube 103a, is cooled. Steam which is evaporated in the
evaporator, 120a, is sent into the absorber 130 through a pipe 121a. In the
absor ber 19dgmestyis denennbased en noritoningthhat Elowalate of thieahydnattahi ch

i's suppliei fronléhﬁ second %eneratpr 150, i s sprayed out from a nozzle
131. In t REYZEYor BBF 188 Juddemehhg wdhe pikasedy o1 detsesing, thatckhe uns

fromthe LAG 7 Lo nser, 160. | i water in
t he cool i %thE g\%grc %%176%2%%%5?%0%? gdH ?ﬁf%gghscéf%oo’f ilngtovvggsr%?%%@%ﬁa, by
using a chehithgxehbayepURdhéss . SOsuhi DAr1yhi €8 D3saibs seageaturéegeyal ue
of Liar and which is sprayed into the absorber 130, is cooled by the
cool i ng watepoththefhydsate shepadheremtter thiepbed2trandfehesabfacdi ng
perfornanc; gﬁ t.he stean1g¥aporized water) is pronmoted to be a high degree.
The vapor PPt diRathbeataperaepeet odthe d usssnepedi »passidionothe whi ch

has the c e h.ar |yt concentrating Liar, and
the sol ut faa arFar motdity 82, b prengud: d8atse e dnbBrBe: oo
sol ution debuthBedlamsunt {Hie: Bet tRE Bdmp &L BRSO 'R F N dSHhEABEROFL L
into the first generator 140 through a pipe 133 by using an absorbed

sol uti on pBkptisnd shkeauthgttobethdlcoidpwatededri theéhkeyfiraseé gbmerafor
140. And | pw ter eratuge atean1is fed into the heating tube 141. The | ow
t enper at uF81§Pedmh PUPREAEAAtRITRY 22hERE-EEacBepsss8sbRRgeTel ativel y | ow

tenperature, sugh st : he f ory. oW { enper at ure

steam which is sﬁ%%??g é?b %Eef%e%%ﬁg%EFggeﬁ§ﬁl?xh%é?ga%ﬁet%%lu?# }Pg

di luting éparatwbinch BEppedihgothbhecabswdidr ¥30 onfNthtdhe- NG €rhést

evaporated to dilute the solution concentrating Liar. The solution diluting

Liar is fedchangernia séepsd Qrtdveacont1s0yt larslighprlyipg ke coldrwéeeror e,

t he vaporjzed water nerated in . the first generator 140 passes, through the
E8 s Bty 238

sol uti on atpaF- PRt heateess f&r 3P GYtami + nBYLIRL Behine 143
And th i I h i 6
e 144 OYOE| (R (ReBb1eS Akt Richahddl ofkOl THECTaTepttR Rl MBS,

the pi pe é48hangkecid ed. tHdd atepeheed Hehele:gaigdedbi in ithe sfhasher,
generator_ 140 flows in the pipe. The vaporized water 32 enabl es the

sol uti on R¥AERREr alvngy L¢entinggd td lhengenenatedicontis®ousdybe Heathe And
water is aj ed esulting in further_ concentrating the concentrated
sol ution ggggﬁgrgeTEe SaﬁcﬁﬁfgﬁPgarsé?utVBﬁcgflﬁi5?? ﬁﬁ?%ﬂfﬁ sWhERpthe
concent r a6ddkate, | ¥Re 8RS Er S§08appI1LACLRRAVE HER!hO0EE ERARCS
restore the absorbing perfornmance of the Vvaporized water. And then, the

sol ution is cugpt itedmedtt tiee rathd redl B dira tiehslabsorberths3eatntrass fised for
absorbing the vaporized water fromthe evaporator 120a. Furthernore, the

vapor i zed*Wat 8Fe gehehatedt ex¢hangak ond lgdiniah she ot vaterdormel ting.,

d | h | i ' 72.is | d
The conachaer™ 160 “oeh P8 Rasrel!EnceRh i M Rellodiy g pafirinzo |

may flow Fi§e CookbRerWaheftheWdioth silr@s ig1dd1&£0ald N Vel €LhPd PenddR.
enabl es the vaporized water generated in the first generator 140 and in the

second gepRehangeispayobeondante. fdhethennedsédgwaperaithionhe condenser 160
is fed to the g%per tor, 120a. ) . )

n the above mentioned description, in case that the flow
rate of the hydrate slurry to the latent-heat heat exchanger
decreases, in case that the exchanged heating value decreases,
or in case that the pressure losses increases, the melting

operation is done. Contrarily, if the melting operation is
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Such a refrigerating cycle nakes it possible to supercool the aqueous
sol ution of the guest conpound, which has possessed about 12 ~ and which
has. been supplied fromthe thermal storage tank 101. And then, superciooling
i s cancel ed outside the evaporator120a, resulting in generating the
hydrateslurry. The generated hydrate slurry of about 5 "~Cin this manner
returns back to the thernmal storage tank 101. The neans for canceling
supercooling will be described | ater. However, when the above-descri bed
hydrate slurry is generated in the operation, the hydrate adheres to the
i nsi de of PeR&ommedi nhyt ubecd€ssivelnt ealvitch img ewapor ator pl@Paliand of
bl ocki ng onetin%s b%g%ns in the heating tube 103a. When a sign, which

7 PRGHE

means whet-REFDGTRR JeREAY2RIBPERL §Be fixedEimetidtanyalnedeeasthont ube
103a | ocat; [ e rapo eratjon _generati t he hydrate
slurry i natﬁgéig\l}%ggrsﬁggﬂlg%aés goggr!eéﬁnfg%pv\%srs sr,e il eévﬁﬁgrglg%?m?‘ge Wt ched
over to anethelimyagesat orrHROR 1R ieARtIgMEhRB 18BN B Ok yARRAT akibNTps he
hydrate slurry. In the exenplary enbodi nent, sol enoi d-operated val vesl63a
and-122a adwpdlidded. It stops transporting the condensed water fromthe
condenser 160 to the evaporator 120a, and it stops transporting the
vapori zed wat er ffshmmaidiapgshekese 11bg heathexgbangpsr LeBoIeRprat e,

sol enoi d- r I 63b_and 122b open. Transporting star which is
t he condegggdﬁ&g? 8)r£3f %gir%%ep%osn%ean% z?ecti)édl‘?% Erhee%&?a&?lrg‘re’of’%l}igﬁ. Negs,
the operakkeRaggeer, 3(51&@@stahQeﬂ¥ﬂb@éehéBHrHé’a@QQEhQH§§rlﬁbz“&hﬁ@ré@@lin
evaporator 120b. On the other hand, the evaporator 120a enters into t%e

st age of ahevepubtsabpbpen dn adiquidmitabet Badopke atther herclatent-hasat
hydr at e sLurry has stopped. For the nelting operation, either the steam
gener at ed™FPATt IR gEPEr §P8L 1RG0 hrdnafee cHRAERY ed PREL SIroatiding out | et

of the Seggﬂgaﬂﬁf&gr&f ggvil:%?xaibieufaeg?x% —rhga'p%%tattﬁggé EnbOfs %%lrteilglglh?lﬁef he

Her ei naf t one case i s described at” usrng € St eam generat

second gener goysikHQ agoaphedbnsounee {9teABlhéng BREROIIEHA R e FTRELERT
operation. In such a case, a bypass pipe 153 provided with a

sol enoi d- bperking imlthe device adnedthent, hydtatanspupeylén behgeséeatedi pe
is | ocated between éhe second generator 150 and t he condenser 160. Here,
some of tfBRVAPYPPSEY WALhr hdgRePifdGiPRC¥he second generator 150 is

BT et i, BRI ShsheRts oREate R TeL U AL e b 0
by studying the proper conditions for the degree of supercooling
the aqueous solution by the sensible-heat heat exchanger 2.
Furthermore, the result is obtained, which is the injection rate
of the hydrate slurry inj ected into the aqueous solution in oxder
to cancel the supercooling of the aqueous solution.

In Fig. 2, the abscissa represents the injection rate of
the hydrate slurry (volume ratio of the hydrate slurry to the
total quantity of the aqueous solution). The ordinate represents
the degree of supercooling the aqueous solution for wvarious
concentrations of the guest compound in the aqueous solution.
The conditions, in which supercooling was canceled, is indicated
by O. And the conditions , in which supercooling was not canceled,

is indicated by X. Whether or not canceling the supercooling

is present (absent or not) is judged from the viewpoint of whether
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bl ocking sign in the heating tube 103a, the sol enoi d-operated val ves 163a
and 122a are cl osed, as descri bed above. Keeping on such state, a

sol enoi d- operat ed val ve 154a in the bypass pipe 153 opens, in order to
transport part of the vaporized water generated in the second generator 150
into the evaporator 120a. It nmay be a case that the nelting operation is
performed, using the condensed water at the outlet of the second generator
150 as a heat source for nelting. In such a case, a bypass pipe 145
provided with a sol enqi d-operated valve is attached to the pipe 144 for

condensed®faf@r BetWSdRd HemRegaid ifeddr Aae Bl miee the comelisey W66, | n
such a wa A condensed ter at the outle f the second

gener at or ﬁg%ﬂﬁgo?}gﬁgﬁp}sﬁs&q %‘?‘Fhﬁﬁgwﬁﬂ?%ﬁ Ii%‘él‘é?fg)%*épet@?féﬁa'ﬁ he
adher ed hydaatewhBi@ehRe slikeisd® fOft Heh rg P tlgget T, i 0, say,
detecting a bl ocki ngesi gr?li nst he heat ie'Ln %ﬂbler}gjl a, %?aga%%lée}géoi%?%%ae?%t ed
val ves 1683uang.122a are closed as described above. Keeping on such state,
a sol enoi d-operated valve 146a in the byﬁass pi pe 145 opens for
transporting paff SPeBoddeONsdtidvderifit thhedegrieet off supe=madrichgyetive at or

150 into perataqr. 120a. The ove-descri bed nel ting,operation enabl es
t he evapo%gﬁggxgzgéﬁt‘%lﬁé’ ready®and ugﬁbﬂ’e‘L t a%pérati n°Ferdr athig t he

hydrate shujeytagai fatddr @REYnidrd ; T&NHan ' s¢ that
a blocking sign is detected in *ﬁ% ﬁ%a%q%& g%&%%ﬁ&%%z)%eg%rﬁé?h%%n
evapor at ot ¢@Db, of hehepEiawi pate Wbf cthgeagli@bes sbBubyek at £t Sisird Mndskt he
evaporator 120b, stops. And switching over the evaporator to the evaporator
120a, the®BPReht ton ¢iireht Fhe sHEPemEoodtiags| of r gheomguesss, BSlution.

Fur t her no ns, fqr, detecting bl ocking in the heating tube | ocated
in the evglgg?ié?gtpgg%d ’néa € 8 S5 é’nf?%ﬁ 8&%‘? iGLate SXBFEYneE Wieh

referencee@afi@r H2ghep Fhin 128, vd 1€ S¥aPREaE DS, 1208 | fd%&récggsg%é?fe' y.

But, the evaporator 120b has the sane configuration as the evapo 120a.
As shown $@l¥tgon 1 3upe dfdopdipigethd 8duend sasd het homaisersuh 8 eahsslall ed on

an outlet_pipe 107 running fromthe heating tube 103a. Al so, a differential
pressure Blg'bg' BFRal e sttidy 24 s8¢ anipRted hygsatesslunny mpfidices

heating t let pjpe 1Q7 _running fromthe heati t ube
103a. SucE dé::\]??lc%gefsl%g](rjg_ettgg_e%l%%?c%é%%&q io%gt&ﬁe?q\‘é%"b? Sedutden - @ﬁ‘ggﬁ‘%ﬁ%re of
the aqueoss 6iéULéRAihSndi hiarget ELARYLNE 0GRy 11 JRE A P, NOt
the flow rate of the aqueous solution is different fromthe determ ned one.

Ot her wi sesondibt Howvére€. ar e Arsbd fuortisetente ngcivdetdul Orrewiltiiey from
differential  pressure_of aqueous solution between the inlet and the outl et

i s differBHIYiRh 1hIRREEIREARE M. TR dh¥i ceheneenditions Hentiirigeh ube
3a to be t r t he ;hydr at e. bl ocki n rocedurge has begun.
Means for%ﬁ%ﬁl&;ﬁ%ugggc%&%%%%sz&?li%%oa s, pro Fggg ST9PREIDG: I Ete gi pe

107 on t eeyonds r @ sl el ofUthe daYi&ass M ide. f ow RRt SEmdSl 14 he
thernmoneter 182, or the differential pressure gage 183 indicates that the
heating tifeewoRedasehecRed Prit® *tdé bl oeking mipgeiameeede(Rrt ifrowi gnal
is sent to {he sol enoi d-operat val ves as, descri bed above. Such an input

e d [ L al
signal in %l‘%%’et%oﬂef_;ﬁ‘&“&PglﬁePaE@alea| » SIS thR) evaRBraasdhit it o
igg—er . 'hgtcngtJIi% c'a'%litt'yng nOPEr &ty Ply. I'_3'“',r {:ﬂgréwégiségg:e%x%%%lnt%f rb r}1(;T‘,11't]:13|eC)r . ter
and the ordinate represents injection rate of the hydrate slurry.
The condition in which supercooling was canceled is indicated
by O, and the condition in which supercooling was not canceled
is indicated by X. This experiment was conducted at the degree

of supercooling the aqueous solution about 0.8 C and at the

injection rate of the hydrate slurry that is the equal or higher

than 2 vol%.
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thernoneter 182, or the differential pressure gage 183 can be used for
controlling the refrigerating performance of the refrigerating machi ne so
as to supercool the aqueous solution of the guest conpound. The neans for
cancel i ng supercooling shown in Fig. 13 has an injection port 207 for
injecting hydrate fromhydrate slurry vessel 205 into the outlet pipe 107
via a punp 206. When the supercool ed aqueous sol ution gets into contact
with the hydrate injected through the injection port 207, the injected
hydrate nmakes it possible easily to generate the hydrate, sinultaneously
with the gener at@8kaDdraE £igs uditelis fongidshbag whenrthe Reynalgls number

confi gur at.ic0 a._cas uch that,a bypass pipe 220 is |lo d onto the
out | et pi%g ?Bga¥qugﬁsp3?§u °Pcﬁfn§h9aF§§332?% Eﬁagfﬁztgﬁa ggégteﬁﬂﬁnto
the outl chylira@el8Tuffd 10 MIRASH BIRS 2RE. sy £E0R iy Rlibe A00140 ERANS
for canceling supercooling such as a cooling portion of a snal

refriger abngomachohetisnl beatarnkdly t bankelass Aspe AUl ther By€F&AEE tO
Figs. 15 and 16, the apparatus for generating the hydrate slurry are

descri bed SLHY8¥c 6ABaREe IRiner agele e figiendgd yolandhe tabdiypl ary embodi nent .
The appar at us f@r eneratin th% hygﬁate slurry uses a )
conpr essi on-r ef L §er atdhg 2REEAFTES W T h I5RE 7Bk " P¥ALRFE SMYFSWat bPs
First, thgcesphi aty; i S Fi Fj ) S

expl ai ned. cAggath%g% :‘Jﬁgmdi%%ft Sk gﬁrgt@i S'Jrl?%be‘g’mse}een i%’?"i’%@%&‘]&i ’g. 16
i s expl ai dedcrlibeHi pelo¥s and 16, the essential conponents of the
conpression refrigerating machine are two evaporators 30l1a and 301b, which
are al so used ad"hEa¥.éxchBRgép3ersiogenépat Pngs3gonnpyderdt sostherpipra

conpresso 0 a_gondenser . 30 d expansi on valyves 304a and 304
correspon Fﬁ‘d%F Hetfé?a%%?%{?mg gﬁﬁ%%%o?ﬁ%’ég%fa aé‘ﬁ’d%gﬁlgagﬂﬁﬁﬁg?ﬁt Fi gs.
15 and 16nage shehhngdds! yheahyPe, oAl RAEDANGRS Sr0ind BbhnbYPEaNegla
exchangers, where exchanging the heat is done'via a heat transfer SUr Face.
I n of casefttiee dbdlentaheattubeat ypechwriergefaraid b .t heoagirtisn$etyiban of
t he guest c¢onpound flows on the tube (heating tube) side. And a refrigerant

flows on PRResHE1g Pardeot ihe hydeatis s1uKY gpneraties hydde tahpotnbdeat
circul ateg ciyculation syste ere the aqueous sol ution of the guest
corrp_ound,ﬁleégt ?eétnds]flﬁ%r_eerd f‘?e‘orﬁ%é'et%eerﬂjrng?ortz‘ e %‘h?mﬁ]otsc’é'ﬁgﬂvﬂ? '3 t fie
heating tpbpekecalied sRakBe CYRABLEALONa¥i 8nRnagHEPYS. SO ULT ORaRYNR; 305 -
And the aqueous solution is supercoofed. And t hen, canceling supercooling
to form hofirthe kéart rexchimgearubmu yssmnati iony rigtelhysideaek silntcayt 6 waer mal
storage tank. Alfhough not shown in the above-nentioned Figs., detecting

g
means, nedRPTIYILeHSaRHP RBetCoBrfagehand pPrePrrRchs ByarasepsburtEd as
t he sane (1o Y P appasy.atus gengr.at . t drate slurry.shown
in Fig | gapg!ref (%rdﬂse%%gl'opgfla%yon?ﬁﬁésl ng ?ﬁgtté\ggp(?:}gt%e SRR T AT Fgr t he
appar at usgenekstifg gl egEr S WlueRyofwh Déh GUesiudsmeldndehbab1ELQusei N a
heating tube |ocated in the evaporator 30la. At this stage, a
sol enoi d- bpetaxchanger 2313henta teh brivealt dpatiesdthaaigess 3alandidd,3tRa on
t he upstr§€n1an d mmstrean1§iges of the evaporator 30la open and

sol enoi d- 6PEFAREISYAFFEE 33RK AndtB$2ReBh ?HEhGBQ?FegﬂFaEGnGBaﬁéPgeﬁﬂ?sides
of the evaparatar sg’.’g;:gyaﬁg_ EEB@?QedV\Bﬁ”tﬁQeiﬁgéf;'t%nt Bosel t%ﬁd?‘f‘é@é ator
h ocKki 0 0 val v

30l1la enters into the g procedure, the enoi d=operate S 3lla
and 312a Bortdunngst iegrohayt dhenshtearidi dehedf. t e EivapPRaA! 8kcBIAge 38

for generating the hydrate slurry 20, a small size plate type

heat exchanger, an enclosed tank jacket type heat exchanger, or
the like are used. If the hydrate slurry generating heat
exchanger 20 is provided in this manner, the system can start
quickly. Also, a buffer tank may be added to the hydrate slurry

generating heat exchanger 20, according to the necessity, to
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are cl osed, and the sol enoi d-operated val ves 311b and 312b on the upstream

and downstream si des of the evaporator 301b open. Using the evaporator 301b
makes it possible to continue to operate generating the hydrate slurry. On

t he ot her hand, keeping sol enoi d-operated val ves 314a and 315a open, a _
hi gh-tenperature and hi gh-pressure refrigerant liquid at the outlet of the

condenser 303 flows into the evaporator 30l1a, by way of bypassing. In such

a way, nelting operation is done (the condensed refrigerant | i qui d passes

by way ofbt e pass I|ne% g efrr era quj d, whose tengerature has
decr eased®b ofﬁ | PFRp25Fe it BYdrptess PrFM Fﬁéto%ﬁeFegvaﬁ a2 brt3®1b.

There mysfesrelﬁgnttr e, Caa&w ﬂ?e hgﬁt B tife '%e Shd 16 § %rargf %}&Eeé’f‘”b

enters into the Bl ocking proced i S case, safne o onIs the
sane as dpsexibed wbenNechd rthlaxgxallﬁtokagéetarﬁy b AsHaRe i:h@tlgf Of, the
generatlng the hydrate slurry perforns the operation using the evaporator
301a. ThabyHzateheluppar Anusheothermhé agoeege Saink idomagf behesgdest
conmpound. In the procedure, the agueous solution flows in the heating tube
|l ocated in the é§aﬂSP598Fe§O§Q°VﬁheﬁhFhépﬁé§?FH§ £o%e geRerpEiBgapor at or

301 ent etfol B 8-Le bogkings Nosedue s (e SISl OReLALed REY S0t 112

i s closed, a sol enol doper ated

hi gh- terrpehat db@nafdedingBidlee STUMR S es‘errismﬂ%uh@@ Rat k@x&%ﬂ?‘ér@ the
conpressor 302 flows by way of the bypassing |line. And then ting
operationchscpértbﬁnédpéthQOddndepﬁedheehqhgeuansoga$1pmsseﬁnbyemay a$ the
bypass |in é Al.t haugh not shown in Fig. for the evaporator 301b as
wel |, a b§ 5 ¥ dnnFithd % JSBERRDI H°5p€?§?§&1\?§| VIRSHGA i Hy Ray the

bypass pi Eodlife eghgvhethﬁagﬁg £@Egg %ﬁéVseﬁéﬁéléoﬁegﬁeh§§§03§¥ ? or

301a are provi n |ng € evaporator rs into
t he bl OCkizngnarﬂﬁedwﬁnthﬁeﬁﬂn@e@@%ﬁh&l‘?@ﬁs MBS dndegh abeug.i 6§ prekor med.
The apparatus for generating the hydrate urry shown in Fig. 15 and Fig.

| 6 al so aBRl¥ve thertinp off eths dydradse slurhy s;yas*teamtsthtg/\napmafa’gum As

d bed, b tail th t
appar ot us T GaR8: SEPnaePRIBRREFE BPak s*RRRBESF: 2potbPbRALEBLORRATN ( ho

cost redUﬁIe!aQ”e x‘i’ @f@é WG, T tth'er}gn fr %g‘o?:% QUEDGk A PLALESt¥RE OF 2

mul titubul ar type t exc anger an a punp
connectlng these elements each other and the means for canceling

supercooling 30.

Examples of the means for canceling supercooling 30 are
shown with reference to Figs. 6 to 10.

The means for canceling supercooling shown in Fig. 6
consists of a cooling portion 32 connected to a small
refrigerating machine 31, and the cooling portion 32 is inserted
in a pipe 21 from the outside. As shown in Fig. 6, the ceoling
portion 32 provided in the pipe 21 is cooled to degree of the

'.equal or lower than the temperature for generating the hydrate
by the small refrigerating machine 31, and thus the hydrate
adheres to the surface. When the aqueous solution, which has
.been supercooled by the sensible-heat heat exchanger 2, gets in
contact with the cooling portion 32, the hydrate adhering to the

surface of the cooling portion 32 activates as a product nucleus
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What is clainmed is: 1. An apparatus for generating hydrate slurry, wherein
the hydrate slurry is a mxture of aqueous solution and a hydrate, the
hydrate slurry is generated by cooling aqueous sol ution containing a guest
conpound by using a cooling nmedium and the guest conpound generates a
hydrate at tenperature of nore than 0OC , the apparatus conprising a first
heat exchanger and a second heat exchanger, the first heat exchanger
supercool i ng the aqueous solution while holding the agueous solution in a
liquid state_and the second heat exchanger cooling the hydrate slurry, the
second heat CRERSAPER: LHIRREGPAVIRRE SoRaRAelad thgm, st tdasfomes dasyr st

heat exch -Ihe.apparatys according to claiml1, characterized in
t hat cancggg Snﬁ%gﬁg ngﬁaﬁ%@&th t he supercooling of the agueous sol ution

is provided between said first heat exchanger and said second heat
exchanger. 3. The apparatus according to claiml or 2, characterized in.
that a pluralitdsothsaednsetontadirail iexcbapgetsodifghrdbiiedenpe agthfebe

switchable. 4. The apparatus according to claim2 or 3, characterized in
that the PXREEMSA§InBaNENgorRe kivke edemendy magt bedimsengtederhytieapeps! urry
into the §ﬂPer%£8%?qa3ﬂ3§9€§m58i§€$32'pﬁétrusion is, like the cooling
portion of the small refrigerating machine shown in Fig. 6, also
cooled to degree of the temperature, which is the equal or lower
than the temperature of generating the hydrate in advance, and
thus a hydrate is kept to be adhered to the surface. When the
aqueous solution having been supercooled gets in contact with
the low-temperature protrusion, the hydrate adhering to the
surface of the low-temperature protrusion acts as a product
nucleus, so that supercooling is canceled and it becomes easy
to generate the hydrate.
The means for canceling supercooling shown in Fig. 7 have
a oscillating portion 34 connected to an ultrasonic oscillator
33, and the oscillating portion 34 is inserted in the pipe 21
from the outside. When the aqueous solution having been
supercooled by the sensible-heat heat exchanger 2 gets in contact
with the oscillating portion 34, supercooling is canceled by the
oscillation, and thus it becomes easy to generate a hydrate.
Also, instead of ultrasonic waves, oscillation with a low
frequency of several hertz to several huhdred.hertz may be used.
The means for canceling supercooling shown in Fig. 8 have
a static mixer 38 having a mechanism such as a twisted plate for
reversing and mixing a fluid, which is provided in the pipe 21.
The static mixer 38 stirs the supercooled aqueous solution, so

that the supercooling is canceled and it becomes easy to generate
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5. The apparatus according to claim4, characterized in that the aqueous
sol ution supercooled by the first heat exchanger has a supercooling degree
of 0.7 ~C or nore. 6. The apparatus according to claim4, characterized in
that the hydrate slurry introduced into aqueous sol ution supercool ed by the
first heat exchanger is in an anount of 1 vol%or nore of the total anount
of the aqueous solution. 7. The apparatus according to claim4,
characterized in that the hydrate slurry introduced into aqueous sol ution
supercooled said first heat exchanger is in an anount of 1.8 vol % or
nor e of tﬁe éFﬁ% Camount of the aqueous solution. 8. The apparatus

according to cI@hgln%()r?é‘@"cﬁ“c%‘h‘cééﬂ%sh?@&cw 184504 SO @yl

Reynol ds nunber 0O or nore ara Us accord ing t c?alm

charact er azed ximd hataddewhydnaties Slhbllﬁsﬁédl Ahr eduesslsé nt Qn%éQQEeﬁOQJnedan
aqueous solution is generated by the second heat exchanger. 10. The
apparatusla§§§m§dhgt§0peralnn40fchaﬁapupﬁ|Zédand iharothtetyly a2 enstew ry

i nt roduced_i nt o super,cool ed .aqueous solution is accommodated in_a fhermnal
st or age tgﬁ H{}]'d‘rlﬁgekiﬁ}?r SHrSTHEeaﬁjﬁ%ﬁrﬁQ%l%%éﬁlPﬁioﬁé $OLEFI0mn 2,

char ?‘Cter %é@ ﬁﬂx*b%trfct s éé’ﬁc%f‘é‘&ea!r{c{"? 513'?8&% R Y

portion o era &t pr@?ru5|on an
oscillatlaghpathten of an uItrasonlc oscillator, a Iom#frequency

The means for canceling supercooling shown in Fig. 10 have
a pump 50, inwhich an impeller is rotated in a pump casing provided
in an intermediate portion of the pipe 21. The pump 50 stirs
the supercooled aqueous solution, so that supercooling is
canceled and it becomes easy to generate a hydrate.

The configuration may be such that a bypass pipe is provided
on the pipe 21 between the sensible-heat heat exchanger 2 and
the latent-heat heat exchangers 3a and 3b. And the means for
canceling supercooling as shown in Figs. 6 to 10 is provided in
this bypass pipe. Also, the number of means for canceling
supercooling is not limited to one, and the means for canceling
supercoolingmay be provided at a plurality of location. Further,
a plurality of means for canceling supercooling a different type
may be combined to be used.

As described above, according to the present invention,
a system 1is provided for generating the hydrate slurry
efficiently. In the heat exchanger of the system, supercooling
is cancelled, and then, such canceling prevents the hydrate from
generating rapidly. Therefore, it brings up no adhered hydrate
to the heat transfer surface in the heat exchanger.

Consequently, the exemplary embodiment makes it possible to

minimize the heat transfer area of the heat exchanger. And the

26



42 oscillator, a static mxer, a mxing blade, or a punp. 12. The
apparatus according to claim 3, characterized in that when adhesi on of
hydrate is detected in a second heat exchanger which is being used to
generate hydrate slurry, of said plurality of second heat exchangers
operation is perforned such that the production of hydrate slurry is
stopped in the second heat exchanger and the second heat exchanger is

swi tched over to another one to continue the production of hydrate slurry,
and the hydrate slurry in the second heat exchanger in which the production
of hydr at §x§T"BIlP§Yi §"’¥°P§ﬁﬁ'@@ti Pakas et BISSIREC afpadRCTea®E: e nflaw
claim 3, [ rized Lp that .sajd plLurality o econd, heat exchangers are
owi tohed S0P oBE blls' VRS, abbPrke” i R ePOER o SR SN el g
operati onpetformhfcaPBa hdS nda%0dais fidk Cli M Ine Hl10F ACEIE | Q&b Tatpat
sai d guest conpound is at |east one selected fromthe group consisting of

t et r a- n- bempbdamesnni umvidlets, et r@ppsvatuy| fammgenemnatdniy et riaydredrs vl
phosphonium salt, and tetraiso-anyl sulfoniumsalt. 15. In_an apparatus for
gener at i n§LH¥dVagRdsthe methnd fav enendftding &hef hydsatecshpsundinytheol i ng
aqueous sgl%gigne ontai ning a guest conmpound which generates a hydrate at
tenperaturg of* ﬁléhg?yfhan 0 C, the apparatus conprising: a refrigerating
machi ne having a plurality of evaporators provided so as to be swtchable;
43 a circulation systemfor the aqueous solution of the guest conpound,
so as to cool the aqueous solution of the guest conpound by each of said
evaporators; controlling neans for stopping cooling the agueous sol ution of
t he guest conpound in one evaporator when the circulation systemfor the
aqueous sol ution of the guest conpound in the evaporator is blocked, and
the circulation systemfor starting cooling the agueous solution of the
guest conpound i n another evaporator; and
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means for supplying a high-tenperature refrigerant in said refrigerating
machi ne to an evaporator in which cooling the agueous solution of the guest
conpound stops. 16. The apparatus according to claim 15, characterized by
further conprising neans for detecting that the circulation system arranged
in said evaporator is blocked by hydrate. 17 . The apparatus according to
claim16 , characterized in that said detecting neans is at |east one of a
fl ommeter and a thernoneter provided on an outlet pipe fromthe evaporator
of said circulation systemand a differential pressure gage provi ded across
an inl et BBEPIMENRe2evaporator of said circul ation systemand the outl et
pi pe fromthe e ra . r gt cC i 0.cl al 5. .
characterized i %ﬁlt %aet é’g%ﬂ“%fg’@( :ép%é’iag?‘ %ﬁ% ﬁg(ﬁﬁeneg ﬁgéép%%&%t%gr%ﬁ%%atlng
refrigerath8@thyasitaes AlfrPas MRAvrdaiices WRY khe PQEEEH%V 8RveR@SofENer at ed
in a generator to the evaporator in which cooling the aqueous sol ution of

t he guestcivapdahiontsypstemlfor e afheocaspssht tisomofothk gyetst cdraponrid,
characterized in that said refrigerating machine is a conpression

refri ger abfnkPFaledf 4@ aRETRROTANNS ofor Bebhl geryting magdvine, 4Bso¥deer at ed
in a conppessor .tq.the evaporat i n which cooling. aqueoqus. sol utjon_of the
guest con{ﬁguﬁaog‘to S ) s 11 sao(;{)lé Ja?rbsogcég‘lgdiqllﬁ%tto ccT"éﬁ%"fg, In’the
charact er égsﬂpwrgr@&boﬁn@f@i 5 HRIAL % BRaBE D 14 bEndr&OIRE 4% Kdrate
refrigerating machi ne and has neans for supplying refrigerant |iquid

gener at edsilnraycisndens eedud riebde evmparationith ivhiacbonoehthgnthespseous
solution of the guest _conpound stops. 21. The apparatus according to_any

one of cl 8PmthserempdaryirthrdientearrRieRathe sy siqicbrbesvimrl bhied- t he
guest Conpﬂyggahﬁo%%gleéﬁ)goﬁlreadli!t'}# to*keggz'ﬁ@é L 3han; 8Y :E&FE&‘&F}Q&%% kg sal d

evaporator, and can | means -1 or Irng the percoo state of the

super cool g¢i 8gHEBYE . SOl HhHOWH&h IV A ihd NBehyfkat £n SItHd Yphrdckasateg onto
an outlet pipe of the circulation systemTfor the aqueous solution of the

guest conpbduoadlétongsahd egapouat splu2onThE dhpagaest acmpedndgiboomeai m
21, characterized in that said canceling neans is a_coqling portion of a
smal | ref BVERPERFAG  nhENS FRPS £IVMRS B AINSOYS SOLNSIOR CAnthecoresti ng

20Tt o0, kg SRS (UEBLLLELST of LAURUISIEY BRI AL e bigie e,
appar at Uss8a€ek0881 1 Agafie uddu €| S8 1Bt dlon teF The ghest compound. In
such a way, since the circulation system for the agqueous solution
of the guest compound, which has entered into the blocking stage,
is not used. Therefore, it is not required to increase the pump
power for transporting the aqueous solution of the guest
compound.

Furthermore; a high-temperature refrigerant in the
refrigeratingmachine is supplied to the evaporator. At that time,
in the evaporator, it has already stopped cooling the aqueous
solution of the guest compound. In the circulating process, the
operation for melting the hydrate, which has entered into the
blocking stage, is done by utilizing the heat inside the

refrigerating machine. As a result, it becomes obtainable to

save the energy.
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characterized in that said guest conpound is at |east one selected fromthe
group consisting of tetra-n-butyl amoniumsalt, tetra-iso-anyl ammoni um
salt, tetra-iso-butyl phosphoniumsalt, and tri-iso-anyl sulfoniumsalt. 46
JARCA A AU AT A{r AL A T AU A{L AR A D AA D AAr A{r. AhL Ar AUCA{ A AU . Ah.
AUr . AU. AU. AU. A{. AU. A. Ahr. A. . AU. AA Ay. AU. AU. A. A. Ah. A{. A{F . Ah. A . AU. AhF

A OCGHI {v}:z !:utztoje [V]ca]ca]ca]ca]ca]cal]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
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1 [ 10%uas E(c)eoxﬂdance w1th the exemplary embodiment, the agqueous solution
| of the guest compound is supercooled in the circulation system
‘located in the evaporator. And means for canceling the
supercooled state of the aqueous solution and for generating the
hydrate slurry is provided in the outlet pipe of the circulation
system for the aqueous solution of the guest compound from the
evaporator. The means enable the hydrate slurry in the
circulation system located in the evaporator to generate. The
generated amount is to the least extent.
The exemplary embodiment can prevent the hydrate form
blocking in the circulation system, and the pump power from

increasing.

Example

The following is one description of one example of the
exemplary embodiment.

Fig.1ll shows one example of the apparatus for generating

the hydrate slurry, in accordance with the exemplary embodiment.
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The apparatus for generating the hydrate slurry uses a double
effect an absorption refrigerating machine 110, which has a
double effects, and which usés water as a refrigerant and lithium
bromide (LiBr) as an absorbent. The essential components of such
a absorption refrigerating machine are two evaporators 120a and
120b, which are also used as a heat exchangers for generating
hydrate slurry, an absorber 130, a first generator 140, a second
generator 150, and a condenser 160. Furthermore, a cooling tower
170 is provided for supplying cooling water, which is used in
the condenser 160 and the like.

Aqueous solution of the guest compound in a thermal storage
tank 101 is transported'into a heating tube located in the
evaporator by an aqueous solution pump 102. And the aqueous
solution is supercooled. That is to say, the aqueous solution
possesses the lower temperaturé than the generating temperature
of the hydrate, but the agqueous solution remains ina liquid state.
As described later, the aqueous solution, which has been
supercooled in the evaporator, are canceled to be supercooled
by means for canceling supercooling (not shown in Fig. 11). And
then, the aqueous solution becomes hydrate slurry, and returns
back to the thermal storage tank 101. At this time, a first
hydrate and a second hydrate with a different hydration number
respectively (the temperature generating the second hydrate is
higher than that of the first hydrate) exiét, may be in a case,
the existence is influenced by the concentration the aqueous
solution of the guest compound. In such a concentration area,
canceling the supercooling generates the second hydrate. As
described later, there is a circulation system for the aqueous

solution of the guest compound. In such a circulation system,
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. the agugpys gplu ution returns back to the thermal storage tank
101 through the heating tube located in the evaporator from the
thermal storage tank 101. Means for detecting whether or not the
inside of the heating tube has entered into the blocking stage
by the adhered hydrate slurry is provided in the stage. (not shown
in Fig.11l). The hydrate slurry in the thermal storage tank 101
is transported into a load 105 by using a slurry pump 104. 1In
the load 105, the cold heat of the hydrate slurry is utilized,
and the hydrate slurry turns to the agqueous solution and returns

back to the thermal storage tank 101.

In the exemplary embodiment, there is one case where an
operation for generating the hydrate slurry is done, using the
evaporator 120a.

The aqueous solution of the guest compound in the thermal
storage tank 101 flows in a heating tube 103a located in the
evaporator 120a, by using the aqueous solution pump 102. The
water, which is condensed by the condenser 160, is transported
into the evaporator 120a through a pipe 162 by using a pump 161a.
And the water is sprayed onto the evaporator 120a and the water
evaporates on the surface of the heating tube 103a. As a result,
the aqueous solution of the guest compound, which flows into the
lheating tube 103a, is cooled. Steam, which is evaporated in the
evaporator 120a, is sent into the absorber 130 through a pipe
121a.

In the absorber 130, solution, which has the concentrated
value of LiBr and which is supplied from the second generator
150, is sprayed out from a nozzle 131. In the absorber 130, a

cooling water pipe 172 is located, which runs from the cooling
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tower 170 is transported into the cooling water pipe 172, by using
a cooling water pump 171. Solution,.which has the concentrated
value of LiBr and which is sprayed into the absorber 130, is cooled
by the cooling water that flows in the cooling water pipe 172.
And the absorbing performance of the steam (vaporized water) is
promoted to be a high degree. The vaporized water from the
evaporator 120a is absorbed by solution, which has the
concentrated value of LiBr. The solution concentrating LiBr and
the solution diluting LiBr gather'at the bottom of the absorber
130. The solution diluting LiBr at the bottom of the absorber
130 is transported into the first generator 140 thréugh a pipe
133 by using an absorbed solution pump 132.
A heating tube 141 is provided in the first generator 140.
And low temperature steam is fed into the heating tube 141. The
low temperature steam is generated by a heat source possessing
relatively low temperature, such as exhaust heat from the factory.
The low-temperature steam, which is supplied to the heating tube
141, heats the solution diluting LiBr, which is fed from the
absorber 130. And, the water is evaporated to dilute the solution
concentrating LiBr. The solution diluting LiBr is fed into the
second generator 150 through a pipe 142. Furthermore, the
vaporized water generated in the first generator 140 passes
through the solution concentrating LiBr in the second generator
150 through a pipe 143. And the vaporized water is further fed
into the condenser 160 through a pipe 144.
In the solution concentrating LiBr in the second generator

150, the pipe 143 is located. The vaporized water generated in

the first generator 140 flows in the pipe. The vaporized water
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enables the solution concentrating LiBr, which flows in the pipe
143, to be heat. And watér is evapdrated, resulting in further
concentrating the concentrated solution of LiBr. The
concentrated solution of LiBr, which has been concentrated at
the two separate stages in the above-mentioned manner, restore
the absorbing pexrformance of the vaporized water. And then, the
solution is supplied to the nozzle 131 in the absorber 130, and
is used for absorbing the vaporized water from the evaporator
120a. Furthermore, the vaporized water generated in the second
generator 150 is fed into the condenser 160 through a pipe 152.

The cooling water pipe 172 is located in the condenser 160,
so that the cooling water from the cooling tower 170 may flow.
The cooling water, which flows in the cooling water pipe 172,
enables the vapoiizeduwater'generated in the first generator 140
and in the second generator 150 to condense. The condensed water
in the condenser 160 is fed to the generator 120a.

Such a refrigerating cycle makes it possible to supercool
the aqueous solution of the guest compound, which has possessed
about 12 C and which has been supplied from the thermal storage
tank 101. And theﬁ, supercooling is canceled outside the
evaporator 120a, resulting in generating the hydrate slurry. The
generated hydrate slurry of about 5°C in this manner returns back
to the thermal storage tank 101. The means for canceling
supercooling will be described later.

However, when the above-described hydrate slurry is
generated in the operation, the hydrate adheres to the inside
of the heating tube 103a located in the evaporator 120a, and
blocking sometimes begins in the heating tube 103a.

When a sign, which means whether or not blocking happens,
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120a, the operation generating the hydrate slurry in the
evaporator 120a stops. Afterwards, one evaporator is switched -
over to another evaporator 120b to continue the operation
generating the hydrate slurry.

In the exemplary embodiment, solenoid-operated valves 163a
and 122a areclosed. It stops transporting the condensed water
from the condenser 160 to the evaporator 120a, and it stops
transporting the vaporized water from the evaporator 120a to the
absorber 130. And then, solenoid-operated valves 163b and 122b
open. Transporting starts, which is the condensed water from
the condenser 160 to the evaporator 120b. Thus, the operation
generating the hydrate slurry continues by using the
evaporator 120b.

On the other hand, the evaporator 120a enters into the stage
of the melting operation, in which the operation generating the
hydrate slurry has stopped. For the melting operation, either
the steam generated in the second generator 150 or the condensed
water at the outlet of the second generator 150 is used for a
heat source for melting.

Hereinafter, one case is described that using the steam
generated in the second generator 150 as a heat source for melting
performs the melting operation. In such a cése, a bypass pipe
153 provided with a solenoid-operated valve is attached to the
steam pipe 152. The steam pipe is located between the second
generator 150 and the condenser 160. Here, some of the vaporized
water generated in the second generator 150 is transported to
the evaporator 120a in order to melt the adhered hydrate to the

inside of the heating tube 103a. That is to say, detecting a
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blocking sign in the heating tube 103a, the solenoid-operated
valves 163a and 122a are closed, as described above. Keeping
on such state, a solenoid-operated valve 154a in the bypass pipe
153 opens, in order to transport part of the vaporized water

generated in the second generator 150 into the evaporator 120a.

It may be a case that the melting operation is performed,
using the condensed water at the outlet of the second generator
150 as a heat source for melting. 1In such a case, a bypass pipe
145 provided with a solenoid-operated Valve is attached to the
pipe 144 for condensed water between the second generator 150
and the condenser 160. In such a way, part of the condensed water
at the outlet of the second generator 150 is transported to the
evaporator 120a in order to melt the adhered hydrate into the
inside of the heating tube 103a. That is to say, detecting a
blocking sign in the heating tube 103a, the solenoid-operated
valves 163a and 122a are closed as described above. Keeping on
such state, a solenoid-operated valve 1l46a in the bypass pipe
145 opens for transporting part of condensed water at the outlet
of the second generator 150 into the evéporator.lZOa. The
above-described melting operation enables the evaporator 120a
to be ready and usable for the operation generating the hydrate
slurry again.

Not only in the above-mentioned case but in case that a
blocking sign is detected in the heating tube 103b located in
the evaporator 120b, the operation, which generates the hydrate
slﬁrry in the evaporator 120b, stops. And switching over the
evaporator to the evaporator 120a, the operation generating the

hydrate slurry continues.
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Furthermore, the means for detecting blocking in the
heating tube located in the evaporator and means for preventing
detecting are explained with reference to Fig. 12. In Fig. 12,
the evaporator 120a is described merely. But, the evaporator 120b

has the same configuration as the evaporator 120a.

As shown in Fig. 12, a flowmeter 181 and a thermometer 182
are installed on an outlet pipe 107 running from the heating tube
103a. Also, adifferential pressure gage 183 is connected across
an inlet pipe 106 running to the heating tube 103a and the outlet
pipe 107 running from the heating tube 103a. Such devices are
used for detecting whether or not the temperature of the aqueous
solution is different from the determined one, whether or not
the flow rate of the aqueous solution is different from the
determined one. Otherwise, the devices are used for detecting
whether or not the differential pressure of aqueous solution
between the inlet and the outlet is different from the determined
one. The device enables the heating tube 3a to be detected
whether or not the hydrate blocking procedure has begun. Means
for canceling supercooling 200 is, also, provided on the outlet
pipe 107 on the downstream side of such devices.

When the flow-meter 181, the thermometer 182, or the
differential pressure gage 183 indicates that the heating tube
103a has entered into the blocking stage, the detection signal
is sent to the solenoid-operated valves as described above. Such
an input signal into the solenoid-operated valves enables the

evaporator l20a to enter into the melting operation.

Furthermore, the signal of the flowmeter 181, the
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10b 10b=1Q3R& (for J:gr{dﬁ‘oﬁ.}l.lng the refrigerating performance of the
refrigerating machine so as to supercool the aqueous solution

of the guest compound.

The means for canceling supercooling shown in Fig. 13 has
an injection port 207 for injecting hydrate from hydrate slurry
vessel 205 into the outlet pipe 107 via a pump 206. When the
supercooled aqueous solution gets into contact with the hydrate
injected through the injection port 207, the injected hydrate
makes it possible easily to generate the hydrate, simultaneously
with the generated hydrate as nucleus.

"As shown in Fig.1l4, the configuration may be a case such
that a bypass pipe 220 is located onto the outlet pipe 107, flow
path switching valves 221 and 222 are located onto the outlet
pipe 107 and the bypass pipe 230, respectively. And the means
for canceling supercooling such as a cooling portion 202 of a
small refrigerating machine is located in the bypass pipe 230.

With reference to Figs. 15 and 16, the apparatus for
generating the hydrate slurry are described in accordance with
other examples of the exemplary embodiment. The apparatus for
generating the hydrate slurry uses a compression-refrigerating
machine, which has two switchable evaporators. First, the
configuration, which is common to Fig. 15 and Fig. 16, is explained.
And then the different configuration between Fig. 15 and Fig.
16 is explained.

- In Figs. 15 and 16, the essential components of the
compression refrigerating machine are two evaporators 30la and

301lb, which are also used as heat exchangers for generating
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hydrate slurry, a compressor 302, a condenser 303, and expansion
valves 304a and 304b corresponding the evapbrators. The
evaporators 30la and 301b shown in Figs. 15 and 16 are
shell-and-tube type heat exchangers or plate type heat exchangers,
where exchanging the heat is done via a heat transfer surface.
In of case the shell-and-tube type heat generator, the aqueous
solution of the guest compound flows on the tube (heating tube)
side. And a refrigerant flows on the shell side. The aqueous
solution of the guest compound circulates in a circulation system,
where the aqueous solution of the guest compound, is transported
froma thermal storage tank (not shown) to the heating tube located
_in the evaporator via an agqueous solution pump 305. .And the aqueous
solution is supercooled. And then, canceling supercooling to form
.hydrate slurry, the aqueous solution returns back into the
thermal storage tank. Although not shown in the above-mentioned
Figs., detecting means, means for canceling supercooling, and
the like are aiso provided as the same as Fig.1ll.

The apparatus for generating the hydrate slurry shown in
Fig.1l5 performs the operation, using the evaporator 30la. That
is, the apparatus cools the aqueous solution of the guest compound
that flows in a heating tube located in the evaporator 30la. At
this stage, a solenoid-operated valve 313 and solenoid-operated
valves 311a and 312a on the upstreain and downstream sides of the
evaporator 30la opens, and solenoid~-operated valves 311b and 312b
on the upstream and downstream sides of the evaporator 301lb are
closed.

When the heating tube in the evaporator 30la enters into
the blocking procedure, the solencid-operated valves 3lla and

312a on the upstream and downstream sides of the evaporator 30la
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the upstream and downstream sides of the evaporator 301b open.
Using the evaporator 301bmakes it possible to continue to operate
generating the hydrate slurry. On the other hand, keeping
solenoid-operated valves 314a and 315a open, a high-temperature
and high-pressure refrigerant liquid at the outlet of the |
condenser 303 flows into the evaporator 30la, by way of bypassing.
In such a way, melting operation is done (the condensed
refrigerant liquid passes by way of the bypass line). The
refrigerant liquid, whose temperature has decreased by the
melting operation, is sent to the other evaporator 30lb. There
may be a contrary case that the heating tube in the evaporator
301b enters into the blocking procedure. In this case, the same
operation is the same as described above.

In Fig. 16, there may be a case that for generating the
hydrate slurry performs the operation using the evaporator 301la.
That is, the apparatus cools the aqueous solution of the
guest compound. In the procedure, the agqueous solution flows in
the heating tube located in the evaporator 301la. When the heating
tube in the evaporator 30la enters into the blocking procedure,
the solenoid-operated valve 31la is closed, and a solenoid-
operated valve 316a opens. Thus, a high-temperature and
high-pressure refrigerant gas at the outlet of the compressor
302 flows by way of the bypassing line. And then melting operation
is performed (the condensed refrigerant gas passes by way of the
bypass line).

Although not shown in Fig. 16, for the evaporator 301b as
well, a bypass pipe and a solenoid-operated valve corresponding

to the bypass pipe and the solenoid-operated valve 316a for the
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evaporator 30la are provided. When the heating tube in the
evaporator 30lb enters into the blocking procedure, the same
operation as described above is performed.
The apparatus for generating the hydrate slurry shown in
Fig. 15 and Fig.16 also achieve the same effects as those of the
system shown in Fig.1l.
As described above in detail, according to the present
invention, the apparatus for generating the hydrate slurry makes
it possible to obtain the cost reduction and energy saving,

resulting from deleting a plate type or a multitubular type heat

exchanger and a pump.
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What is claimed is:

1. An apparatus for generating hydrate slurry, wherein the
hydrate slurry is a mixture of aqueous solution and a hydrate,
the hydrate slurry is generated by cooling aqueous solution
containing a guest compound by using a cooling medium, and the
guest compound generates a hydrate at temperature of more than
0C,

the apparatus comprising a first heat exchanger and a second
heat exchanger, the first heat exchanger supercooling the aqueous’
solution while holding the aqueous solution in a liquid state
and the second heat exchanger cooling the hydrate slurry, the
second heat exchanger being provided on the downstream side of

said first heat exchanger.

2. The apparatus according to claim 1, characterized in that
canceling means for canceling the supercooling of the aqueous
solution is provided between said first heat exchanger and said

second heat exchanger.

3. The apparatus according to claim 1 or 2, characterized in
that a plurality of said second heat exchangers are provided so

as to be switchable.
4, The apparatus according to claim 2 or 3, characterized in

that the canceling means comprises means for introducing the

hydrate slurry into the supercooled aqueous solution.
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5. The apparatus according to claim 4, characterized in that
the aqueous solution supercooled by the first heat exchanger has

a supercooling degree of 0.7 C or more.

6. The apparatus according to claim 4, characterized in that
the hydrate slurry introduced into agqueous solution supercooled
by the first heat exchanger is in an amount of 1 vol% or more

of the total amount of the aqueous solution.

7. The apparatus according to claim 4, characterized in that
the hydrate slurry introduced into aqueous solution supercooled
by said first heat exchanger is in an amount of 1.8 vol% or more

of the total amount of the aqueous solution.

8. The apparatus according to claim 4, characterized in that

the aqueous solution has a Reynolds number of 4500 or more.

9. The apparatus according to claim 4, characterized in that
the hydrate slurry introduced into supercooled aqueous solution

is generated by the second heat exchanger.

10. The apparatus according to claim 4, characterized in that
the hydrate slurry introduced into supercooled aqueous solution

is accommodated in a thermal storage tank for hydrate slurry.

11. The apparatus according to claim 2, characterized in that
the means for canceling supercooling is a cooling portion of a
small refrigerating machine, a low-temperature protrusion, an

oscillating portion of anultrasonic oscillator, a low-frequency
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oscillator, a static mixer, a mixing blade, or a pump.

12. The apparatus according to claim 3, characterized in that
when adhesion of hydrate is detected in a second heat exchanger
which is being used to generate hydrate slurry, of said plurality
of second heat exchangers, operation is performed such that the
production of hydrate slurry is stopped in the second heat
exchanger and the second heat exchanger is switched over to
another one to continue the production of hydrate slurry, and
the hydrate slurry in the second heat exchanger in which the

production of hydrate slurry is stopped is melted.

13. The apparatus according to claim 3, characterized in that
said plurality of second heat exchangers are switched over
successively at the fixed time interval to perform melting

operation.

14. The apparatus according to claim 1, characterized in that
said guest compound is at least one selected from the group
consisting of tetra-n-butyl ammonium salt, tetra-iso-amyl
ammonium salt, tetra-n-butyl phosphonium salt, and tetra-

iso-amyl sulfonium salt.

15. In an apparatus for generating hydrate slurry containing
a hydrate of guest compound by cooling aqueous solution
containing a guest compound which generates a hydrate at
temperature of higher than 0 C, the apparatus comprising:

a refrigerating machine having a plurality of evaporators

provided so as to be switchable;
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by each of said evaporators;
controlling means for stopping cooling the aqueous
solution of the guest compound in one eVaporator when the
circulation system for the aqueous solution of the guest compound
in the evaporator is blocked, and the circulation system for
starting cooling the aqueous solution of the guest compbund in
another evaporator; and
means for supplying a high-temperature refrigerant in said
refrigerating machine to an evaporator in which cooling the

aqueous solution of the guest compound stops.

16. The apparatus according to claim 15, characterized by
further comprising means for detecting that the circulation

system arranged in said evaporator is blocked by hydrate.

17. The apparatus according to claim 16, characterized in that
said detecting means is at least one of a flowmeter and a
thermometer provided on an outlet pipe from the evaporator of
said circulation system and a differential pressure gage provided
across an inlet pipe to the evaporator of said circulation system

and the outlet pipe from the evaporator.

18. The apparatus according to claim 15, characterized in that
said refrigerating machine is an absorption refrigerating
machine and has means for supplying refrigerant gas generated
in a generator to the evaporator in which cooling the aqueous

solution of the guest compound stops.



19. The apparatus according to claim 15, characterized in that
said refrigerating machine is a compression refrigerating
machine and has means for supplying refrigerant gas generated
in a compressor to the evaporator in which cooling aqueous

solution of the guest compound stops.

20. The apparatus according to claim 15, characterized in that
said refrigerating machine is a compression refrigerating
machine and has means for supplying refrigerant liquid generated
in a condenser to the evaporator in which cooling the agueous

solution of the guest compound stops.

21. The apparatus according to any one of claims 15 to 20,
characterized in that the aqueous solution of the guest compound
is supercooled in the circulation system arranged in said
evaporator, and canceling means for canceling the supercooled
state of the supercooled aqueous solution to generate the hydrate
slurry is located onto an outlet pipe of the circulation system
for the aqueous solution of the guest compound from said

evaporator.

22. The apparatus according to claitﬁ 21, characterized in that
said canceling means is a cooling portion of a small refrigerating
machine, a low-temperature protrusion, an oscillating portion
of anultrasonic oscillator, a low-frequency oscillator, hydrate

slurry injecting means, a static mixer, amixing blade, or a pump.

23. The apparatus according to any one of claims 15 to 22,
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characterized in that said guest compound is at least one selected
from the group consisting of tetra-n-butyl ammonium salt,
tetra—iso—amyl.ammoniun\salt,‘tetra—iso—buty&.phosphoniun\salt,

and tri-iso-amyl sulfonium salt.
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