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DESCRI PT1 ON METHOD AND APPARATUS FOR
PRODUCI NG CLATHRATE HYDRATE SLURRY, AND METHOD F
OPERATI NG THE SAME APPARATUS 5 Technical Field Tmm"”
present invention relates to a technique f r

Hllllll lllllllllllllllll

*159159*
producing a clathrate hydrate slurry by usi

transfer tubes as a heat exchanger, and rmre 10 M’””"”"m"m" "”,”,”m
particularly, to a method of prloduc:| ng a cl athrat

hydrate slurry, conprising a step of generating a *G00002*
clathrate hydrate in an aqueous solution or a slurry

by feeding an aqueoud %ot Ut ifort &f Ta lgPest conpound

for the clathrate hydrate or a slurry of the

clathrate hydrate 15 dispersed or suspended in

aqueoussGiqR 781 SPERAREVS EfRRg FRO EQEN% SHéFERA?E pEYDRATE
and hea%L%aﬁjﬂ%&EtTﬁ*@D 5&’&8@@@8#89 oREwPEHE AP PARATUS
refrigerant present at the outer periphery of the

heat transfer tube, an apparatus for inplenenting the
production nethod, and ardmieqd,1 2QfHer operating the
apparatus. In the invention, the following terns are
defined mn wonsdniedhwasfielnl ewsated) tdha tekahhgateror
hydrat es” include sem -clathrate hydrates.

Her gpmafuceimg id ateyhratabbreivbaktedlsicnpl pyassiz2§ heat
"hydrates”. (2) The "clathrate hydrate slurry” or the
"hydreresfes] tiubes ias @ sleartr pxichRegsubseadceore

cont ai ni ng the clathrate_ hydrate di spersed or
susﬁ%ﬁﬁéﬁ“% Q%Y'a§GE@u§eﬁhOd of producing a clathrate

hydrate slurry, comprising a step of generating a

clathrate hydrate_in an agqueous solution or a slurry by
feeding an aqueocus solution of a guest compound for the
clathrate hydrate or a slurry of the clathrate hydrate
dispersed or suspended in an agqueous solution or water
into a heat transfer tube and heat exchanging the
aqueous solution with a refrigerant present at the
outer periphery of the heat transfer tube, an apparatus
for implementing the production method, and a method
for operating the apparatus.

In the invention, the following terms are defined
and construed as follows:
(1) The "clathrate hydrates" include semi-clathrate
hydrates. Hereinafter, it may be abbreviated simply as
"hydrates".
(2) The "clathrate hydrate slurry" or the "hydrate
slurry" is a slurry-like substance containing the

clathrate hydrate dispersed or suspended in an agqueous
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sol ution of the guest conpound or water solvent, and
t he aqueous solution or the water solvent containing
ot her conpositions (including additives) is also
included in the "clathrate hydrate slurry” or the 5
"hydrate slurry" as long as the clathrate hydrate is
di spersed or suspended therein. (3) The "aqueous

sol ution of a guest conpound fof clathrate hydrate"

i s an aqueous sol ution containing the guest conpound
for clathrate hydrate as a solute, 10 and the aqueous
sol uBPARCEDRL @f Ny JFRSTel catRane iy diedies ared veifrer and
conmposi tions éincl ing additives) is also included

d )
in t hBS" A3H80us Sotut oh of PYIESST SEhiYGrtd Poraining
| athrate hydrate!. I It ,
Sol UPFORT CONTAT I M T he! Yuestc Bt g 18° also
cl at by at ggbydr At g, ase @ 50 16 Ayg@;raTéﬂee s"lr@/i(gs'()lolft 'tg@"

represents an aqueous sol ution a gues onpoun

for ehahhraleshydr@t e;having & dHORELh Q2 I8NRLALE is
the clathrate hydrate when cooled. (5) The "raw

sl urayspeepe@sent susbhdddrate-diwdrate 20 slurry or a
hydrate slurry having a property to generate the

cl at hBat ehdytaaieowheso onl@d.off @ gthsst' eefrbogerafbt

and the "heat transfer nediunt are both substances

st or ¢ hgtanat € omy@yd g’ hieatarererupous aldlhdalgh tcheteiadeg

some differences in literal 25 expression and also in

usagehef pre ek appieoyndt Idratahnpdreratdraitep@s a solute,

condensation. 3 Background Art o
and the aqueous solution containing the clathrate
hydrate and other compositions (including additives)
also included in the "aqueous solution of a guest
compound for clathrate hydrate" as long as it is an
agueous solution containing the guest compound for
clathrate hydrate as a solute.

(4) The "raw solution” represents an aqueous solution

of a guest compound for clathrate hydrate having a

property to generate the clathrate hydrate when cooled.

(5) The "raw slurry" represents a clathrate hydrate
slurry or a hydrate slurry having a property to
generate the clathrate hydrate when cooled.

(6) The "refrigerant" and the "heat transfer medium"
are both substances storing and conveying heat energy,
although there are some differences in literal
expression and also in usage, for example for hydrate

generation or condensation.
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Slurry of clathrate hydrate, which is used for

exanpl e as a heat transfer nmedi um such as thernal
storage nediumor |atent-heat transfer nediumin the 5
field of thermal utilization, is produced by cooling
its raw solution or slurry through heat exchange wth
a refrigerant (Patent Docunent_1). Exanples of the
heat exchanger allow ng the hedt exchange are those
enpl oyi ng heat transfer tubes, and such heat
exchangers 10 can be further classified into

si ngl e-tubul ar heat exc FEURA ARG ti -t ubul ar heat
exchanger s, (incl udi n shel | - and-tube heat
exchangergfgrfﬁeoge ?a%QE%é% § 2% "HHSd g used for
cl assifi info_t ] eat _exchan o]
supp%%}ﬁgg% <?Eefal} i %%%gnttpre%rgﬁ%é’% %%ﬁ‘t%ersufg‘ paesr igcp eé%)?lof

the beatafeansh el tabe and, @ Haw sldid iU Y the

into the inner space, respectively, and those

per f ot 8l Agoheate exchange @l dwerdiat i welhr oy PRy ideg 18 ng
refrigerant into the heat transfer tube and a raw

sol uttenrew sblutyort i hel outerc eRigiheleat exchange with a
respectively 20 (see Patent Docunents 2 and 3). The

cl at he &t eghyaintat EPoree: deposidred 10n t ixadrgdies exchargeeat
surface of heat exchanger is known to accelerate
genePAERIRIDE b ihdihe lhaair &txchaydicattae thosehey
functi on as a product nucleus (Patent Docunents 25 4

and STPLEALRIR R herTHEEL dephssit idgd shcthéeataekrapagers

hydrate .on t he heat -exch er .heat exchange surface 4
rgsuf?% 5% %&ﬁ&ﬂ%ﬁx§%ﬁsﬁﬁz} At & Ay € ~ HPPgéé,heat

exchangers and multi-tubular heat exchangers (including
shell-and-tube heat exchangers). The heat exchangers
can also be classified into those performing heat
exchange by supplying a refrigerant into the outer
periphery of the heat transfer tube and a raw solution
or slurry into the inner space, respectively, and those
performing heat exchange alternatively by supplying a
refrigerant into the heat transfer tube and a raw
solution or slurry to the outer periphery, respectively
(see Patent Documents 2 and 3).

The clathrate hydrate once deposited on the heat
exchange surface of heat exchanger is known to
accelerate generation of additional clathrate hydrate,
as they function as a product nucleus (Patent Documents
4 and 5).

On the other hand, deposition of the clathrate

hydrate on the heat-exchanger heat exchange surface
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causi ng problens in heat exchange. Especially when a
heat exchanger in the configuration of perform ng heat
exchange by supplying a refrigerant to the outer 5
peri phery of the heat transfer tube and a raw sol ution
or slurry to the inside respectively is used, the
clathrate hydrate deposited on the heat transfer tube
inner wal |l surface hinders flowfof the raw sol ution or
slurry. It makes it difficult to produce the clathrate
10 hydrate slurry stably over an extended period of

ti meTeSRoFSt hat CPEasdRe ¢hethe dtdntatexdhpdiast surface,
deposited is r ved_forcibl¥ fromthe heat exchange

e »
sur f GBBSABIt RECP PBW 17at'e°dF THE AR solBfPSGHagrty when a

sl ur gaksergﬁsed and _the degree of, r

| i .
moni FoF 6dSBy Hedtir ehehit of 'R %?%ﬁﬁlﬁggggygg%gﬁgpéPg heat

( Pat t P, ! » Jdpn, P .

(ot SRLLIREUTEN. oo PRAENY FRSMTRILAL I PBlic:
DocugeRt pReryPHs PRL - ndPP! thra KA + AP GALT 90 NQu1 it ion
2002- 263470 20 Patent Docunent 3: Jpn. Pat. Appln.

KOKAbr Pubitigat b ophNoi n 2004-,:85008- Ratant jBocurent +4e

Jpn. Pat. Appln. KOKAI Publication No. 2000-234769
Pat ent afoecatentySradpndeRad it APRIMN. .t HEOKAIat 2Fansfer tube
Publ i cati on No. 2002-283223 Patent Docunent 6:
Japaheser Paa £ht shofa@901iB#3I3F ow Difs¢lhesuee eblution or
I nvention However, although it is possible to stably
prod@é@rrY- It makes it difficult to produce the clathrate
hydrate slurry stably over an extended period of time.
For that reason, the clathrate hydrate deposited is
removed forcibly from the heat exchange surface as the
flow rate of the raw solution or slurry is raised, and
the degree of removal is monitored by measurement of a
suitable parameter (Patent Document 6).
Patent Document 1: Jpn. Pat. Appln. KOKAI
Publication No. 2004-83052
Patent Document 2: Jpn. Pat. Appln. KOKAI
Publication No. 2002-263470
Patent Document 3: Jpn. Pat. Appln. KOKAI
Publication No. 2004-85008
Patent Document 4: Jpn. Pat. Appln. KOKAI
Publication No. 2000-234769
Patent Document 5: Jpn. Pat. Appln. KOKAI
Publication No. 2002-283223

Patent Document 6: Japanese Patent No. 2001-343139
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the clathrate hydrate slurry advant ageously by
renmoving the clathrate hydrate deposited on the
heat - exchanger 5 heat exchange surface conpletely, it
i s undeni able that the advantage of the clathrate
hydrate deposited on the heat exchange surface
functioning as a product nucleus for stable
generation of additional clathrate hydrate is
sacrificed because of overenphasis on stable 10
production. An object of_ the present invention, which
has been made underPifelesierinet ahternabove, is to

provide a_nethod o roducj ng. a clathrate hydrate
slurry stﬁBW?"ere?L’a}Eo%%t endett RATOP T 49 it 2’y [rFoduce

[ t.he 15 adyant f th | at hrate .h t .
epoSt et B THE het et HEAr GReRade Sur FEceving
. . e St
Pyar a6 TR b e Le iy A e hogt B dhr Bpgper

aSpe}%anei&?ar%@%féé@’%ﬂﬁ%ﬁlﬁ%i qecs i% %H%%qa%fle that

20 producing a clathrate hydrate slurry, conprising

st epsh@fa&\e&dm%z by agueous 3plditd oy fatd geslksited on the
conmpound for the clathrate hydrate or a slurry of the

cl athwat eexditydtat esuh Sper Sathari slispended iproafict nucleus
aqueous solution or water into a heat transfer tube

and heat s exehangg meyr 25 drhe faquesbus. gel lutdlet haratehdydrate
slurry with a refrigerant resent at an outer

per i phe?dcoif 1R Htaugarsst @vangswhasier ey stable
generating a clathrate hydrate in the aqueous 6

sol RFOMoriMe slurry, characterized in that increase

'n an am r?tok%fecttheofltzﬂehrparteesehr}/tdri%tveenqcel%%%i tw%qc%n h%s been
made under the circumstances above, is to provide a
method of producing a clathrate hydrate slurry stably
over an extended period of time, while preserving the
advantage of the clathrate hydrate deposited on the
heat-exchanger heat exchange surface accelerating
generation of additional clathrate hydrate.

In order to achieve the above object, a first
aspect of the present invention provides a method of
producing a clathrate hydrate slurry, comprising steps
of feeding an aqueous solution of a guest compound for
the clathrate hydrate or a slurry of the clathrate
hydrate dispersed or suspended in an agueous solution
or water into a heat transfer tube and heat-exchanging
the aqueous solution or the slurry with a refrigerant

present at an outer periphery of the heat transfer tube

thereby generating a clathrate hydrate in the aqueous
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heat transfer tube inner wall surface in a process of
heat exchange with the refrigerant is suppressed by 5
flow force of the aqueous solution or the slurry
flowi ng inside the heat transfer tube. A second aspect
of the invention provides a nethod of producing a
clathrate hydrate slurry, conprising steps of feeding
an aqueous solution of a guest 10 conpound for the
clathrate hydrate or a slurry of the clathrate

hydrat e di spersed or suspended in an,aﬁﬁgqus sol ution

or mﬁ?thf °h HeatStHaEnsf hatfsd SArid Shedt: that increase
exch ' t he aqueous sol ution or the slurry with a

ol 1 Der A i Re ot i ar Tt per PRy PG fege 2
15 tlrlég§f'§£ar§ Er ta%eebflm%ern%{aqtll %glr%a%leatiw %t %rocess of

hydrate in e aqueous solution or the slurry

chargeierézethide $hat @hPards Afythe cliat @5@&%@4%%9

deposited on the heat transfer tube inner

surfatewi fotde ¢f ogess@fcodteab1exabange wWhthsthery
refrigerant is renoved by flow 20 force of the aqueous

sol uflonimy irhel d&d whey tegut tthensfest tupekept remai ned

as it covers the heat transfer tube inner wal

surface. A sédond aspentt off tihe iimventtiion provides theethod
met hod of producing a clathrate hydrate slurry 25

accR HitePde- e & Glstt o tsedond agspedrroharcasreiszed

in that a part or, all of the aqueous solution or the

sl urfyepassed I9H SRR REUTERS EPaNSEen efibe pyest

circul ated around .the .heat transfer tube. A fourth
aspect it he S vt ic&?%&l&yiedglgdtrﬁée or a slurry of the

clathrate hydrate dispersed or suspended in an aqueous
solution or water into a heat transfer tube and heat-
exchanging the aqueous solution or the slurry with a
refrigerant present at an outer periphery of the heat
transfer tube thereby generating a clathrate hydrate in
the agueous solution or the slurry, characterized in
that a part of the clathrate hydrate deposited on the
heat transfer tube inner wall surface in the process of
heat exchange with the refrigerant is removed by flow
force of the aqueous solution or the slurry and the
rest is kept remained as it covers the heat transfer
tube inner wall surface.

A third aspect of the invention provides the
method of producing a clathrate hydrate slurry
according to the first or second aspect, characterized
in that a part or all of the aqueous solution or the

slurry passed through the heat transfer tube is
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met hod of producing a clathrate hydrate slurry
according to the first or second aspect, further 5
conprising a step of regulating a tenperature of the
refrigerant. A fifth aspect of the invention provides
the nethod of producing a clathrate hydrate slurry
according to the fourth aspect,_characterized in that
10 the refrigerant tenperature is regulated to a
tenperature | ower than a freezing point of the
clathrate hgdrate and close to the freezing point or a

t enpet At et 2t ef 03BOWRA t M RfFa 't He aqfedud W8 -ut i on or
slurry flowing jnside the heat transfer tube. 15 A
Sixth aspRefOBF CEhESPRvertT o prvidtis. dh PrbHARR (e
for RLOAUGI D B ghalliate hydnals.. comprisl ng , feat
transter tubest a Tefrigerant-suppl yirng device Y

Suppécywsd%égeééigﬁé apt, 40 &P%eg,{b;nso{) pﬁ% ddphery, Qf each

heat transfer tube, a raw |1 qui I'ng ‘device 20
SUPPE Sl S QOHEOUS, SOF Utd AN Af1 1Ry QU@ RURd Jff0k he
the clathrate hydrate or a slurry of the clathrate

hydr s £r tyspetsed or suspended in an aqueous sol ution
or water into each heat transfer tube, and a flow

rate- regdl aifng depece seguiiatimgra fdrowratielesf tike
aqueous 25 solution or the slurry, the clathrate
hydrieg eh @i oy pfotmedhd e tdhe thquwdeud ywsolars od ugrryt he
slurry through heat exchange with the refrigerant,
charct@Fized to Bre thpirttthe sl r &he rectea zequédushat
solution of the slurry is regulated by the flow

r at et-l?’eeglfﬁ Jrgh%r%;”tc perature is regulated to a

temperature lower than a freezing point of the
clathrate hydrate and close to the freezing point or a
temperature close to that of the aqueous solution or
slurry flowing inside the heat transfer tube.

A sixth aspect of the invention provides an
apparatus for producing a clathrate hydrate, comprising
heat transfer tubes, a refrigerant-supplying device
supplying a refrigerant to the outer periphery of each
heat transfer tube, a raw ligquid-supplying device
supplying an aqueous solution of a guest compound for
the clathrate hydrate or a slurry of the clathrate
hydrate dispersed or suspended in an agqueous solution
or water into each heat transfer tube, and a flow rate-
regulating device regulating a flow rate of the aqueous
solution or the slurry, the clathrate hydrate being
formed in the aqueous solution or the slurry through

heat exchange with the refrigerant, characterized in



in such a manner that increase in the anount of the

clathrate hydrate deposited on the heat transfer tube

5 inner wall surface is suppressed by flow force of

the aqueous solution or the slurry flow ng inside the

heat transfer tube. A seventh aspect of the invention

provi des an apparatus for producing a clathrate

hydrate, conprising 10 heat trénsfer tubes, a

refrigerant-supplying device supplying a refrigerant

to th outgr R ripher% of each heat trapsfer tube, a

raM/FﬁaEia-§ungViﬁ§t e%?c%he?%@Rﬁﬁﬁ?mF?HP%?$H$6U%'the

sol ution_of .a quest conpoun 0 the clathrate . ,

nycr 306757 58 PERRyAErTTRG Chashhot S Tt ng device

dis S r.s ed 1 an agueous sqgl ution or

wat gr%i %tgggegcﬁgﬁgga? ?}r}éé%sjfne?r U ee,lréntg"ea FIOW T gle-the
als Vi j f t.e N

regubabtng.devheerkegulatd no &y fdow ra heaﬁe; ai{%q'hsyf(ﬁrat‘_eube

aqueous solution or the slurry, the clat

bei ngnheENMRE1l Nst hLa BHULHUS SOIL 0N 32 AN ALY of the
through 20 heat exchange with the refrigerant,

charaqtiesuzedolntidhadr acHd oy udte OfouihRy AGUEQUS the heat
solution or the slurry is regulated by the flow

rat etregefati ngoeevice in such a manner that a part

of the clathrate hydrate deposited on each heat

transfer fubevenheragseddt suf fave isvas enpved te S laow
force of the agueous solution or the slurry and the

r est 2PR2k2pES r BRI MERAHEL 1S & lerth redeh hissatt ot r gvgberising
t ube_i nner mal% surface. 9 An eighth aspect of the

i nveRtT bn® B oVE Yest 11 afh dritiud TG torsodpdiviigy device

C'atQﬁﬁﬁfyf%grglfééﬁfgééént to the outer periphery of each

heat transfer tube, a raw liquid-supplying device
supplying an aqueous solution of a guest compound for
the clathrate hydrate or a slurry of the clathrate
hydrate dispersed or suspended in an aqueous solution
or water into each heat transfer tube, and a flow rate-—
regulating device regulating a flow rate of the aqueous
solution or the slurry, the clathrate hydrate being
formed in the aqueous solution or the slurry through
heat exchange with the refrigerant, characterized in
that a flow rate of the aqueous solution or the slurry
is regulated by the flow rate-regulating device in such
a manner that a part of the clathrate hydrate deposited
on each heat transfer tube inner wall surface is
removed by flow force of the aqueous solution or the
slurry and the rest is kept remained as it covers each

heat transfer tube inner wall surface.
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according to the sixth or seventh aspect, further
conprising a turbul ence-generating neans generating 5
turbulence in a flow of the aqueous solution or the
slurry supplied into each heat transfer tube. A ninth
aspect of the invention provides the apparatus for
produci ng clathrate hydrate slurry according to the
sixth or seventh aspect, characterized 10 in that at

| east one of the heat transfer tube inner and outer
wal | surface has irregularities along a flow

di recti onPbf et M RARBHREL S (hicord nglenERens PPV des the

tenth aspect of the invention provides the apparatus
for PTROTIET Yy It APAPE FERGEr P15 8o BOREF Ao

to the sixth ar vent.h .aspect, further_ conptrisj a
d|%ﬁﬁ%ﬁ?$%ﬁ%e6?3%“%f?€ﬁ?hf¥h§e§e65%taSPeggr %?r%ﬁ%r :
aque ur u -
neat Traner e Chpear ben e HE AT e e ag O B g
An el ementdh aspecta of1 e RReNLIERREOYLERE: bhor the
apparatus for producing clathrate hydrate slurry

accas timgy touddie & Xtdt Oleazev @Rt aspasterf uubber
conprising a refrigerant tenperature-regul ating device
regul ati ngy aitenmper@idr e oftHeha nvehrtiiger apbvidbsAthe
twel fth aspect of the invention provides a nethod of
operarpawnptars dpparatasidioy phledbcieng hgHatheaséurry
hydrate slurry, conprising heat transfer 10 tubes, a
r ef rAGEI NS Uphl i g IV e sepphyhngsacctef ehgeranerized

to the aquter periphery of each heat
in that at least one of the heat transfer tube inner

and outer wall surface has irregularities along a flow
direction of the aqueous soclution or the slurry.

A tenth aspect of the invention provides the
apparatus for producing clathrate hydrate slurry
according to the sixth or seventh aspect, further
comprising a circulating device circulating a part or
all of the agueous solution or the slurry passed
through the heat transfer tube around the heat transfer
tube.

An eleventh aspect of the invention provides the
apparatus for producing clathrate hydrate slurry
according to the sixth or seventh aspect, further
comprising a refrigerant temperature-regulating device
regulating a temperature of the refrigerant.

A twelfth aspect of the invention provides a
method of operating an apparatus for producing

clathrate hydrate slurry, comprising heat transfer
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transfer tube, a raw |iquid-supplying device supplying
an aqueous solution of a guest conpound for the 5
clathrate hydrate or a slurry of the clathrate hydrate
di spersed or suspended in an aqueous sol ution or water
into each heat transfer tube, a flow rate-regul ating
device regulating a flow rate of the aqueous sol ution
or the slurry, and a circul atid§ device circulating a
10 part or all of the aqueous solution or the slurry
passed through each heat transfer tube around the heat
t r ansf2PS ¢ uber ¢ BgI AT TR HaS 6lg Y ite SelPatliviade a
hy dratg{beln forne in the agqueous solution or the

sl urT§-Th7 OUGht Heat “ ek cHHifge RR RS Rf eRgér #58% 15
Char@f%erfzgd uggtignfaw'lﬁ%%édiﬁgg e{%%'%@%lce supplying

resunption operation

co S f S f par.atus,

o part ot he S pe d v estn-hh SRResak
heatcigamsies Hpbeddngr a\A@Jll Isflyfo%cech' S &%@R\fgqeb)ﬁ drate
flow force of tthe 20 aqueous solution or the slurr

and diepsesdd isr kfpipedRIMBIRLAAS dule ct@V RS ukthenh8at yater
transfer tube inner wall surface. A thirteenth aspect

of tirecd rvath o tpriverdeS ra turet, had fobwopatatiragualting
apparatus for producing 25 clathrate hydrate slurry,
conpiésigr) hemtlatriansferflawbese @f the aqueous solution
refrigerant - supplylng device supplying a refrigerant

to tHe 'Oir et pary perd ofcigsch stéan deviceandfrepletbeg a

arefri erant t enper at ure-regul ati ng device

rngWHF? ‘gﬁﬁéFhﬁﬁF€°&F Re U Pri §&r &RE, Saurry
passed through each heat transfer tube around the heat
transfer tube regularly or as needed, the clathrate
hydrate being formed in the aqueous solution or the
slurry through heat exchange with the refrigerant,
characterized in that, on initial operation, resumption
of operation after cessation or commissioning for
performance test of the apparatus, a part of the
clathrate hydrate deposited on each heat transfer tube
inner wall surface is removed by flow force of the
agqueous solution or the slurry and the rest is kept
remained as it covers the heat transfer tube inner wall
surface.

A thirteenth aspect of the invention provides a
method of operating an apparatus for producing
clathrate hydrate slurry, comprising heat transfer
tubes, a refrigerant-supplying device supplying a

refrigerant to the outer periphery of each heat
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raw | i qui d-suppl yi ng devi ce supplying an aqueous

sol ution of a guest conpound for the clathrate hydrate

5 or aslurry of the clathrate hydrate di spersed or
suspended in an aqueous solution or water into each

heat transfer tube, a flow rate-regul ati ng device
regulating a flow rate of the aqueous solution or the
slurry, and a circul ating deviée circulating a part or

10 all of the aqueous solution or the slurry passed
through each heat transfer tube around the heat

t r ansFaprstabet vequl ar¥§f oy s nie ddathe nattel rel-ateloded ing
hydrate, being forned in the aqueous solution or the

sl ur ?Vf‘ﬁ?oﬁgﬁuh%%%n%x‘ﬂ%ﬁgeéﬂ%%%%% Yefthicgaredaigersnt, a
characterized,in thgi, on,initial operation,

resunpli on1 of PRt a¥ih Hite® CevFatiigly n aqueous
comissi.oning. fo 0 t of th par_at us,
the Fareroeloet % alels SRR Mg MheeiiePaeeR Warace
tenpggatu X i f1.862] ' ofy
cIatﬁ%a%eéﬁigrgS§§ﬁ??%q?ﬁg ZOt%g B?%%%gngl%%%rsed or

t enpes abai@d egul M i b 61 AN A RakL @l 1Hh8 cach
clathrate hydrate deposited on each heat transfer

t ubenéanet ravad fe surdiace d 5 roenved - qfliawi nboreeiek

t he aqueous solution or the slurry and the rest is
keptre@nbitneey as 1low owsres afhehireatyukcoansskelu2iohube the
inner wall surface. A fourteenth aspect of the

i nvett P BRY pravd desciar culsttiod ofevdper atiireg latiappar peus or
for froducing 12 clathrate hydrate slurry, conprising
heat®t+ avfsfldie RS FFefdiCgePantheupphyirngraesede

Squéﬁ%éﬁbﬁieach heat transfer tube around the heat
transfer tube regularly or as needed, the clathrate
hydrate being formed in the aqueous solution or the
slurry through heat exchange with the refrigerant)
characterized in that, on initial operation, resumption
of operation after cessation or commissioning for
performance test of the apparatus, the refrigerant
temperature is regulated to a temperature exceeding a
freezing point of the clathrate hydrate with the
refrigerant temperature-regulating device, and a part
of the clathrate hydrate deposited on each heat
transfer tube inner wall surface is removed by flow
force of the aqueous solution or the slurry and the
rest is kept remained as it covers the heat transfer
tube inner wall surface.

A fourteenth aspect of the invention provides a

method of operating an apparatus for producing
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refrigerant to the outer periphery of each heat
transfer tube, a refrigerant tenperature-regulating 5
device regulating the tenperature of the refrigerant,
a raw |liquid-supplying device supplying an aqueous
sol ution of a guest conpound for the clathrate hydrate
or a slurry of the clathrate hydrate di spersed or
suspended in an aqueous sol uti 8@ or water into each 10
heat transfer tube, a flow rate-regul ati ng device
regulating a flow rate of the aqueous solution or the
sl ureyathnpgte kydeutats iy oovicardsduicatiosd & rpasttear
all of the aqueous solution or the slurry passed

t hr otighcBach Fehf 1 99EHSF eTURRIBE 1 Slftd Aehs Umedty 11 2

transfer tube regularly or as needed, the clathrate
hyar SEEE b REPT PR 1P TR RATSHIE ol 61 Tor <rie
slurry through heat exchange with the refrigerant

char Bct 67T Zod ATt Hat: S lon Portil  OpErat] on Sof SCHe

a ' ' g .ger te r r
0 e e R O SR oty araragtane, a
regubayi nggfalg@ppmf Raficofs e ol %ata@;]ulamrsat e
deposited on each heat transfer tube i nner wal
surfaseutisnrenoyegidyr fdomdiLeof dhe AQWeUWse hydrate
solution or the slurry and the rest is kept renai ned

as idrcaversriheo 25 Heatl dtrransfeerh ydie d miepewalkd or
surface. Brief Description of Drawings FIG 1 is a
conceptrrhded e i 41t ustyetingalhe k8 qor oegsy ofito each
generation of clathrate hydrate, for explanation of

t he pR3hct presBHir tHePSHr esenitow madmitsigulating device

regulating a flow rate of the aqueous solution or the

'ating

slurry, and a circulating device circulating a part or
all of the aqueous solution or the slurry passed
through each heat transfer tube around the heat
transfer tube regularly or as needed, the clathrate
hydrate being formed in the agqueous solution or the
slurry through heat exchange with the refrigerant,
characterized in that, on normal operation of the
apparatus, fluctuation in the refrigerant temperature
is suppressed with the refrigerant temperature-
regulating device, and a part of the clathrate hydrate
deposited on each heat transfer tube inner wall surface
is removed by flow force of the aqueous solution or the
slurry and the rest is kept remained as it covers the
heat transfer tube inner wall surface.

Brief Description of Drawings

FIG. 1 is a conceptual view illustrating the
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FIG 2 is a cross-sectional view of the tube of FIG
1, as seen in the orthogonal direction. 5 FIG 3 is an
enl arged view of the region indicated by circle Ain
FIG 1. FIG 4 is a diagramshowi ng a test device for
denonstrating the principle of the present invention.
FIG 5 is a graph showing the test results 10 obtai ned
in the test device shown in FI&3 4. FIG 6 is a graph
showing the test results obtained in the test device
shown in FIG 4. FIG 7 is a diagram show ng anot her
testPHEGPEE OFf of SRABNSIT i ol dthndie pridvatsl-e I t he

present 15 invention. FIG 8 is atgraph show ng the
est SRELARESOBpt 5 Hisy E?Ih”tqfeplteeé% déR @ esivon finyention.

FIG 7. h h t he test

obt ai ned h th {Lgs?a S o%]n ‘%Ie(‘ﬁ’esof r%: ‘%
10 t

Tl U

show ng tB@Gte§t1§e§ﬁlé§l§¥géﬁ'U%%Q'bgiu%é(yg%ﬁ§ﬁ”f%§1cated

shown in FIG 7 IS a graph show ng
resub{,sci2818biaihedr¢n the test device shown in FIG

7. FIG 13 is a graph showing the test results

obt ai ned FDGthe iesid devycan sdtowind Fliest/.dekd cdFlfar
14 is a graph showing the test results obtained in the

t estdemynsershovm tihe FIGncAple of the present invention.

FIG. 5 is a graph showing the test results
obtained in the test device shown in FIG. 4.

FIG. 6 is a graph showing the test results
obtained in the test device shown in FIG. 4.

FIG. 7 is a diagram showing another test device
for demonstration of the principle of the present
invention.

FIG. 8 is a graph showing the test results
obtained in the test device shown in FIG. 7.

FIG. 9 is a graph showing the test results
obtained in the test device shown in FIG. 7.

FIG. 10 is a graph showing the test results
obtained in the test device shown in FIG. 7.

FIG. 11 is a graph showing the test results
obtained in the test device shown in FIG. 7.

FIG. 12 is a graph showing the test results
obtained in the test device shown in FIG. 7.

FIG. 13 is a graph showing the test results

obtained in the test device shown in FIG. 7.
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FIG 15 is a graph showng the test results obtained
in the test device shown in FIG 7. 5 FIG 16 is a

di agram showi ng the configuration of the device in
enbodi nrent 1 of the present invention. FIG 17 is a
graph showi ng the rel ationship between the tenperature
of the hydrate slurry in an aqyeous TBAB sol ution and
the solid phase fraction. 10 F 18 is a diagram
showi ng the configuration of the device in Exanple 1.
FIG 19 i di agram showi ng .t he configuration of the
devi ce i nf‘éganjpf?elia FMGPR I Ui &RschamcHg tehe
conf | ion, of . 15 the device jin Exanple 3. -FIG 21
is a&%gé\%ﬁ%ﬁ% lsrho%]eng[?%e Ogealnlfcieglf éthinoﬁnofﬁGf hé “devi ce
in Exanpl g13. FG22 45,8, Wewidd ustr ating

turbul ence- genera?!ndﬁﬁgghs}?ﬂhﬁ&gﬁgfé%fé%Zgggﬁéfé23
I's aoMteYhéd | ustyd ingsanpihele twhul eRcerggenerating
means in Exanple 4. FIG 24 is a diagramof a

corrugat ert@bel e ans £xargy amdfsHAe lubechavintdguration
irregularities on the heat transfer tube inner and

out et haadidv sue fiac esnbad imearnplle ofR25he. pkk@en25inhseation.
di agram of a grooved tube, another exanple of the

t ube havi REGi rk'egd ar idias arhaviecheae I'®elatrianshép
tube inner wall surface in Exanple 5. FIG 26 is a
grap%e§W@ﬁﬁrﬁﬁ§rR?WRﬁQEQQﬁ%ﬂﬂﬁathe hydrate slurry in an

aqueous TBAB solution and the solid phase fraction.

FIG. 18 is a diagram showing the configuration
the device in Example 1.

FIG. 19 is a diagram showing the configuration
the device in Example 2.

FIG. 20 is a diagram showing the configuration
the device in Example 3.

FIG. 21 is a diagram showing the configuration
the device in Example 3.

FIG. 22 is a view illustrating the turbulence;

generating means in Example 4.

FIG. 23 1s a view illustrating another turbulence-

generating means in Example 4.

FIG. 24 is a diagram of a corrugate tube, an

of

of

of

example of the tube having irregularities on the heat

transfer tube inner and outer wall surfaces in Examp
5.

FIG. 25 is a diagram of a grooved tube, another

le

example of the tube having irregularities on the heat
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bet ween the shape of the heat transfer tube inner
surface and the heat transmssion rate. 5 FIG 27 is a
graph showing the relationship between the shape of
the heat transfer tube inner surface and the pressure
drop. FIG 28 is a diagram show ng ot her exanpl es of
the heat transfer tubes having irregularities on the
outer 10 wall surface in ExanplPe S. FIG 29 is a

di agram showi ng the basic principle of Exanple 6 of
the present invention. FIG 30 is a di agram show ng

t he bEINELPFi FeRPPl ' nF Blahpiue ISt irh&xsmedents -

i nvention 5 G 3lis di agram show ng Exanple 7
of the p%éen‘]f:éih?/e?lt?]b %ﬁ}@w%‘? i % Tfilddrianship

how Ex I f th ti ion. FIG 33
Snow B, SRS 5ol e OB SHON eI N, 8 22

is a graph exp

the present 'm%é%ﬁgﬁa%‘;{%sﬁ%fn Garrying Qut the

I nvention e princip present invention wll

be described.oFl G55 15408 A& GRNGER ‘{ae'laci:fi%ws%%e

explaining 25 the process of generating a clathra

hydrisé €ved®rine spegd icaldne MepariRg ¥l alpatigner
hydrate slurry by feeding an aqueous solution of a
guessuxcapourd ftorte Ife cdatehrcatop .hydrate (raw

solution) or a slurry of the clathrate hydrate

di spersedfbf- saspendediaymam ajueedusy other examples of the

heat transfer tubes having irregularities on the outer
wall surface in Example 5.

FIG. 29 is a diagram showing the basic principle
of Example 6 of the present invention.

FIG. 30 is a diagram showing the basic principle
of Example 6 of the present invention.

FIG. 31 is a diagram showing Example 7 of the
present invention.

FIG. 32 is a diagram showing Example 8 of the
present invention. |

FIG. 33 is a graph explaining operation in Example
8 of the present invention.

Best Mode for Carrying Out the Invention

The principle of the present invention will be
described.

FIGS. 1 to 3 are conceptual drawings explaining
the process of generating a clathrate hydrate, more
specifically preparing a clathrate hydrate slurry by

feeding an aqueous solution of a guest compound for
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solution or water (raw slurry) through a heat transfer
tube and all ow ng generation of the clathrate hydrate
5in the raw solution or slurry through heat exchange
with a refrigerant present at the outer periphery of

the heat transfer tube. The refrigerant tenperature is

so regulated that the inner-wall surface tenperature

of the heat transfer 10 tube Bé&cones not higher than

the freezing point of the clathrate hydrate (or

hydrate generation-initiatin t enperature) by
suppf ¥ hgrahe R st utisoh serludiignyy ont I§r 6dgl Ty Réathe
transfer tube. Thus, the hydrate deposits or

sedi Trent 3TN t s Hrferd WG9 T S Pdc §1kE e d 5nj §n aqueous
forned. at.the interface between the inner wa

sur 1 SehTb R b M SR Sl G UGR FabeRs FagRefes

solu{&gg gﬁgs$%£5h£{§34%¥% a %!c&“%%%c%l%%gﬁaglghﬁé%?te

The cooling effect e refrigerant throu

transf efpd upbg, i Sotr@namdyt ed 1,0 he Jawrsaluti g0 Uhage

20 the hydrate deposited or sedirnented on the inner

wal | wiswrd acer of gdeait tyansder Afrubee RSt bBGibAery of
generation of columar or spicular hydrate crystals

on ttiee hyshiaterarsaffdacaand al so in increase of the
deposition or sedinentation thickness of the clathrate
hydr at e 2BhéthéTkipssantn tdmpadiatentd drs fscomeghéahedt that
transfer tube inner surface to the tube center. The
sanetBhalnnepptall rerdiansf ttemperedarel GE 2he hZat Anpagsfer
the hydrate crystals deposited on the heat transfer

t ubet e wRlids dif't ddgRathdderetpssédeesipgeprcint of the

clathrate hydrate (or hydrate generation-initiating
temperature) by supplying the raw solution or slurry
through a heat transfer tube. Thus, the hydrate
deposits or sediments on the inner wall surface, as it
is formed at the interface between the inner wall
surface and the raw solution or slurry or in the raw
solution close to the inner wall surface (see FIG. 1).
The cooling effect of the refrigerant through the heat
transfér tube is transmitted to the raw solution via
the hydrate deposited or sedimented on the inner wall }
surface of heat transfer tube, resulting in generation
of columnar or spicular hydrate crystals on the hydrate
surface and also in increase of the deposition or
sedimentation thickness of the clathrate hydrate
(thickness in the direction from the heat transfer tube
inner surface to the tube center. The same shall apply

hereinafter) (see FIG. 2).
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raw sol ution or slurry beconme nuclei for hydrate
crystallization and accelerate increase in the 5
deposition or sedinentation thickness of the clathrate
hydrate. For that reason, the thickness of the hydrate
| ayer deposited on the inner wall surface increases
gradually. On the other hand, the increase in the
deposition 10 or sedi nent ati o 't hi ckness of the
clathrate hydrate |eads to decrease of the channe
sectional _area in the heat transfer tube (see FIG

2), whi chAPARguFhe| kEds2t® chrafibt FeReedsd o tihe heat
flowrate_of the raw solutjon or slurry flow ng

ol HESTRESheHISE | BMATer t hoe MR T s G rRgGalte the
i ncr e the flo orce .of the raw .solution or
;Iur?%é(agggfl%%e%¥r%gu?{%cﬁﬁ?oqﬁnﬂﬂf%ﬁﬁaLQﬁ ARFECE

nydr ages CYPLAL 8; (FPaRd | 8L O L8 Naal, o JJANS] Gyt ube

I nner surtace, ose In the raw solution or

sl ur &¥p 8% it Dok er r 884 R L6 Sepafatieth 4N A0 HRe c1athrate
direction fromthe heat transfer tube I nner surface

towahgddtheet UbRo £t L ARG, Ahd itHB.ck@ OF @X%RO$EMirate
to the raw solution or slurry) are fairly soft and

rel atayet ydeass1ye$epartaid elnnkhe wdagr esirdfacgofitnessses

and separability varies according to various
condvradmsl PB. (for exanple, tenperature difference

between the raw solution or slurry and the

refrigeraf®) tnpuetite DGt hrlke el yhae iins téisvidepsisyi tion
softer than ice. 18 Therefore, anmong the hydrate

| ayer” cf SR Hepfsi tedF <5t g 1R ithisechadinrad6r pyeease

heatlégggsggrdééggésétg% the channel sectional area in the

heat transfer tube (see FIG. 2), which in turn leads to
gradual increase of the flow rate of the raw solution
or slurry flowing inside the heat transfer tube and
also to gradual increase of the flow force of the raw
solution or slurry (e.g., shearing force). BAmong the
clathrate hydrate crystals deposited on the heat
transfer tube inner wall surface, those in the raw
solution or slurry or in the region more separated in
the diréction from the heat transfer tube inner surface
toward the tube center direction (i.e., region exposed
to the raw solution or slurry) are fairly soft and
relatively easily separable. The degree of softness
and separability varies according to various conditions
(for example, temperature difference between the raw
solution or slurry and the refrigerant), but the

clathrate hydrate is obviously softer than ice.
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hydrate crystals in the softer region, i.e., in the
regi on exposed to the raw solution or slurry, are 5
separated nore easily by the flow force of the raw
solution or slurry, but the thickness of the hydrate

| ayer deposited on the inner wall surface stil

i ncreases gradually (see FIG 3). Finally, the anount

of the hydrate particles 10 depSsited or sedinented on
the heat transfer tube inner wall surface and the
amount of the hydrate particles separated fromthe
hydr 2RRLE9ES dEBUY te dyvdsdd eead Beesme s deposited
equilibrated, resulting in no or little fluctuation

n tHE GEpobiRTon Brl SOATaR & AP L5 (HIGKRESS U6R 1 hEe

heat, transfer tube inner wall surface.. The hydrate_
crys?%?éaé%p%T%éké?%r%ﬂnﬁqﬁaﬁ%ﬁ%gﬁtgegﬁgﬁerldngSFPedhe

or sedipented on g he, ftﬁaety Ltfanﬁ%sog%rti.to be, isgﬂ%frywﬂg're

surface then ‘are nornma i ne particles o

appr oxhapd €dy RO-d @00 Jrier g, b chrfuacticonyas 20

nucl ei” for additionally hydrate crystals and thus

prohididt genesatd on-af, supenrceoled xhake ofF the haWrate
solution or slurry. In addition, the hydrate crystals

ar e lawger poemdeidcas odi Iper sechear walspendedcensthelr aw
solution or slurry, giving a clathrate hydrate slurry

25 asnarsvhdde.gnelilhe (depodiliG.ol)or sedi nentation

t hi ckness of the hydrate on the heat transfer tube

i nner wal 1119l Lsurfhee enawrteaded heo hydpaicei ealrai cvabue

or re, the cooling effect of the refrigerant _
thr ?*ﬁ?quﬂﬁ sedimented on the heat transfer tube inner

wall surface and the amount of the hydrate particles
separated from the hydrate layer deposited or
sedimented become equilibrated, resulting in no or
little fluctuation in the deposition or sedimentation
thickness on the heat transfer tube inner wall surface.

The hydrate crystals separated from the hydrate
layer deposited or sedimented on the heat transfer tube
inner wall surface then are normally fine particles of
approximately 50 to 100 microns, which function as
nuclei for additionally hydrate crystals and thus
prohibit generation of supercooled state of the raw
solution or slurry. In addition, the hydrate crystals
are incorporated as dispersed or suspended in the raw
solution or slurry, giving a clathrate hydrate slurry
as a whole.

When the deposition or sedimentation thickness of

the hydrate on the heat transfer tube inner wall
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transfer tube reaches the raw solution or slurry |ess
efficiently, leading to |l eveling-off of the increase
in 5 thickness sooner or |ater. However, because of
the hydrate-separating action by the flow force of
the raw solution or slurry, the deposition or
sedinentation thickness is kept in the range allow ng
the cooling effect of the refriigerant to reach the
raw solution or 10 slurry, and thus, generation of

addi tional hydrate crystals and separation of the
hydr atef2¢ystatseagpvceeds Rotcrlam Mplugher more, the
addi tional hydrate crystals _are incorporated as

di sp%?%%ﬂn%re%%‘b%n‘a%dtki‘% %%%ﬁa%ltuhtro&ﬁh rth§l QPP}T'

The bragei? MVencToI: %tqeﬂf PO P Ot PAEF &t 4253
nydr gt e, L1k W, Sl A 81, O ewdg AJUUOR BRR e i

exchange 0 solution or

s Uf{m&%@sé é@éﬁé&e&ﬁrﬂaﬁﬁse%@% rheb%léta% e2Qf the
peri phery of the heat transfer tube mhl e supplylng

the nyava sl sdpora©fnglddd Mot pugh ai1keateotkansfethe raw
tube according to the principle of the present

I nveadlenion i fEr€nsery N the @puyitt ioh he sekdaimbhate ion
hydrate deposited on the heat transfer tube inner wall

sur falceck2Es $ sisupgresisedHy g ladwcivamnge tbk thelhiaw
solution or slurry flowing inside the heat transfer

t ubesffpple oEpdes fiefaligerantpara wsfaahhdéhel gehr gpéution or
hydrate crystals 20 deposited on the heat transfer

t ubeSthReY . vt ST A ntdie Yofat andiéasnpy hydrate

r abl | facin he r
Sepa ab tGa seganO seaﬁg:ar ltone oFathe hydrate crystals

proceeds concurrently. The additional hydrate crystals
are incorporated as dispersed or suspended in the raw
solution or slurry, giving a clathrate hydrate slurry
as a whole.

In the present invention, in preparation of a
clathrate hydrate in raw solution or slurry through
heat exchange of a raw clathrate hydrate solution or
slurry with a refrigerant present at the outer
periphery of the heat transfer tube while supplying the
raw solution or slurry through a heat transfer tube
according to the principle of the present invention,
increase in the amount of the clathrate hydrate
deposited on the heat transfer tube inner wall surface
is suppressed by the flow force of the raw sclution or
slurry flowing inside the heat transfer tube. More

specifically, a part of the clathrate hydrate crystals
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solution or slurry or closer to the tube center of the
heat transfer tube) is separated or scraped off by the

5 shearing or other force of the flow of raw sol ution

or slurry, and the other is preserved, as the

crystals cover the heat transfer tube inner wal

surface. Therefore, the present invention has the
following functions and ef fectS. 10 (a) Because the
deposition or sedinentation thickness of the

clathrate hydrate remaining on the heat transfer _ tube

i nnetehRf t&drPace g ndtr adadsdd tne d e waeill sHgface
at) articular |evel that is g%}erntned y . the

bal ahERS W THT (R 195 St FERGEREIR T8 Phw hrapi GRe15av
or s r [t _1s.possible to keep the cqoling effect

of %ﬁ%u%%%é %&dﬁgﬁafr?ﬁw%%%%%@gx¥§$€?§HP§ %gpter of the

' t hrat in t
geneﬁ@éﬁ otpraﬁ);lfé]hettﬁlé? ;lrsa see;{:%ﬂ:gat%toe d s}%%gtreglwoff by the

;
solution or slurry. b) The thrate h

sepasé £6i By dheoddaw doree o ol Hhe iraw 3oL Yl @810k ion or
slurry is dispersed or suspended 20 in the raw

sol ienry, sldirthe okhesefiey @rdderived,pessithkeck@stals
prepare a clathrate hydrate slurry at a clathrate
hydrateecotrtenicar tatares f&ol itdhbghaseefrr actlilosurliingher

than that of the original raw solution or slurry. 25

(c) BecauSkeré$eoxs attHratrr dpadrtatievearmgion rgsaghe following
deposited on the heat transfer tube inner wall surface

f unct s A 1 ’ff@ctfucl eus, it is possible to form

21 ?ddltlonal clathrate hydrate crystals eaS||¥higg%ess

of the clathrate hydrate remaining on the heat transfer
tube inner wall surface does not exceed (hits the
ceiling at) a particular level that is determined by
the balance with the flow strength of the raw solution
or slurry, it is possible to keep the cooling effect of
the heat exchanger in a range favorable for generation
of the clathrate hydrate in the raw solution or slurry.
(b) The clathrate hydrate separated by the flow force
of the raw solution or slurry is dispersed or suspended
in the raw solution or slurry. Therefore, it is
possible to prepare a clathrate hydrate slurry at a
clathrate hydrate content or at a solid phase fraction
higher than that of the original raw solution or
slurry.

(c) Because the clathrate hydrate remaining as
deposited on the heat transfer tube inner wall surface

functions as a product nucleus, it is possible to form
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transfer tube, it is possible to form additiona
clathrate hydrate crystals easily, because the 5
clathrate hydrate present in the original raw slurry
functions as a product nucleus. (e) The clathrate
hydrate separated fromthe heat transfer tube becones
a product nucleus for additional clathrate hydrate
and function as a supercool i ng?10 suppressing agent as
it is dispersed or suspended in the supercooled raw
solution or slurry during passage through the heat

t r and3®es C i ol ?Jtaﬁfsra&&gmﬂr@tteo Criygteégs 8aBheY -
clathrate hydrate content or the sqlid  phase fraction
in tﬁ%)cﬁgT%r%H% AU B dry ¥R REr 1018 Ebenhafter

t he heat t fer tube. It is.th
P PP LU N TR AT G b Dippel
ti i i bly.
e e e, e P Whe bt SEnehe. 20
and capacii e ofydhe Apparatys ifon pr %@ngﬁﬂgflci:%ghéﬂ?ﬁ?ry

hydrate slurry or the production capacity o

cl athimdei dysdrad & Jriydust idudisdsnportant to regul ate
and control the deposition or sedinentation thickness

of the) cTlad helatteh dundr atyel Haermiskipag 2@ dt ieoheahe heat
transfer 25 tube inner wall surface. It is possible
to reguhaier crulpomawingshe pdepositt nonlens for additional
sedi nentati on thickness, by nodification 22 of the
fl o fdfleeatsr Ryl ataw agsl L%Jin@’«;i@rn glsupr yuperepoding-

paraneter relevant to the farce. Typical exanples of
suppressing agent as 1t 1s dispersed or suspended in

the supercooled raw solution or slurry during passage
through the heat transfer tube, it is possible to
increase the clathrate hydrate content or the solid
phase fraction in the clathrate hydrate slurry further,
even after passage through the heat transfer tube.

It is thus possible to pfoduce the clathrate
hydrate slurry continuously over an extended period of
time stably.

As described above, for control of the performance
and capacity of the apparatus for producing clathrate
hydrate slurry or the production capacity of the
clathrate hydrate slurry, it is important to regulate
and control the deposition or sedimentation thickness
of the clathrate hydrate remaining on the heat transfer
tube inner wall surface.

It is possible to regulate or control the

deposition or sedimentation thickness, by modification
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the paraneter(s) include flowrate (i.e., the flow
rate of the raw solution or slurry per unit tine
di vided by 5 the sectional area of heat transfer
tube), the material and di nmension of the heat
transfer tube, the heat exchange capacity of the heat
exchanger, the <concentration of the raw sol ution,
freezing point (hydrate gener&td on-initiating
tenperature), the 10 viscosity and tenperature of the
raw sqolution_or slurry, the pressure drop of the raw
sol uPEoRNBr E5PYIr E9TCRIR T gD asa g Y HiGUY P T Ifd Weat or of a
ure and fl ow of the

transfer tube, tge te era&'t1

r ef r POSFARTSpr BRLRY2RE the DU Prer (THHIGR o HawLes of
heat fer b and the 15 |ike. Anong th
pZ?aﬁ%%z‘E%r%nﬁ%v%? ?%%elr%cé%cze pélroa"#'re)iaetres (lp'?ee'Vi gﬁ'ﬁ jfLow rate
det ' [ f clathr.ate. .aft.
SFurF RY, PATNPLOEEl Of Sl AU i i¥i%ea by

heat tftapstelotabe)-and, ¢ hase undgterdy neghe)20 t%;/%r material

production of the clathrate hydrate slurry stabl

overaaa exhendesh pef itk dedi MBrarddrdrs kRS enall e de
use a paraneter that is easily regulated or controlled

dur i agcopegat capaoft ¢ hef apparatats :arhfprgedycitng
clathrate hydrate slurry. Thus, flowrate is nost 25

f avorabfeniasat hen paf anet eraw g0l imecaufsee zéven piofintthe
paraneters other than the flow rate fluctuate during
pr od ey H At Sf IRy & kathr bt i ndmit & ssingmapuse ,j $he

of ten, 23 Possi ble to regul ate or control the

depo’t TFOR oY ARDJTTRRAERTHIE tH difedS o tlygion or

ClatQI@%?yPyggéuéaessure drop of the raw solution or slurry
during passage through the heat transfer tube, the
temperature and flow of the refrigerant present at the
outer periphery of the heat trénsfer tube, and the
like.

Among the parameters above, there are parameters
previously determined when production of the clathrate
hydrate slurry is initiated (e.g., dimension and
material of heat transfer tube) and those undetermined.
For production of the clathrate hydrate slurry stably

~over an extended period of time, it is preferable to
use a parameter that is easily requlated or controlled
during operation of the apparatus for producing
clathrate hydrate slurry. Thus, flow rate is most
favorable as the parameter. It is because, even if the
parameters other than the flow rate fluctuate during

production of the clathrate hydrate slurry, it is often
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remai ning on the heat transfer tube inner wall surface
and al so the perfornmance and capacity of the apparatus
5 for producing clathrate hydrate slurry or the
production capacity of the clathrate hydrate slurry,
by regulating or controlling the flow rate dependi ng
on the fluctuation. It is alsgo effective to select at
| east one of the 10 tenperatu@é of refrigerant and
the tenmperature of raw solution or slurry as the
parameter and regulate or control it, for regulation
or cBAFFOPLBT LS et Gerrdratq o OrdsuUntt ef demesditdonr stre
hydrate.and t he deposition a nt aon the heat

{1 anSPai T UBE" T Hher Wl 1o Surd acde £5 A aien WEads,

it is re.preferable ta requlate qr., cantrol tg
tenperature of 't h%‘er Z?era?tgetr an Sa% fan 5 V&G &6 Plorsurface

contggh %DgotﬁﬁP%%§Efg %ﬂf%'H%JY%%ﬁayfﬁ§ Yr R gﬁgaratus

slurry, ecause the net S nore-sensitive to

fast epri prs&sPONS & 101 Ne YenRiAd O 1/IMmYNt, of pihe 20
clathrate hydrate and the deposition anount on the
heatprbrassiei daheinpesr wald SWtface anddraties sals@y, by
possible to sinplify actual production apparatus. The

I nnerewal &t suwy f@c ec@ft duddti rig anef eal dwulie teayepb@ding on
covered with the clathrate hydrate entirely or 25

partthel ylugptedeidarube axi al direction, but the

~clathrate hydrate deposited and remai ned on the inner

wal | surf atels sabrefef Bt il imhitoriglagatomt Heasitewpsi of the

24 of the stabiligy during clathrate hydrate slurry
prodE%TP%ﬁﬁture of refrigerant and the temperature of raw

solution or slurry as the parameter and regulate or
control it, for regulation or control of the generation
amount of the clathrate hydrate and the deposition
amount on the heat transfer tube inner wall surface.

In such a case, it is more preferable to regulate or
control the temperature of the refrigerant than to
regulate or control the temperature of the raw solution
or slurry, because the method is more sensitive to and
faster in response to the generation amount of the
clathrate ﬁydrate and the deposition amount on the heat
transfer tube inner wall surface and it is also
possible to simplify actual production apparatus.

The inner wall surface of heat transfer tube may
be covered with the clathrate hydrate entirely or
partially in the tube axial direction, but the
clathrate hydrate deposited and remained on the inner

wall surface is preferably uniform, from the viewpoint
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Practically, thick deposition of the clathrate
hydrate over a wide region on the heat transfer tube 5
inner wall surface may lead to increase in the
pressure drop of the raw solution or slurry flow ng
inside the tube and also in the punp power needed for
supply thereof, and consequently to increase of the
cost for the apparatus and facd4ity. It is possible
to evaluate 10 the all owabl e range of fluctuation of
the paraneter enpirically or based on reasonabl e
assufipt FBA, StaRi hgty t fer Bedrom Cala poittdgaftep slurry
consi deratjon, by nodifying the paraneter for

st abPFP9RA 1 8Rg-t erm production of the clathrate

The oval uatPERIGhobE THLPE Satriatel s 1 tlatirate

det ; h it
deteniog;Lhe. Lpvorable 1anass ol e AROSLINSY cune

t he iH§§£ &£§93£§£f£&@Qné§”ﬁgadW%4If%&ﬂé%%% %ggggk %H%ssure

area covered therewth, enpirically or base

reas@papl 6r 20e asskNPd 1 @sSon Her & naftersl Jungt 1ioRS @nd he
effects in enbodiments of the present invention wll

be deskei bed.alsothe fhe sfumgniadiarentiecafed e pregenty
invention, it is possible to obtain the functions and
ef f ethsr¢a¥, 25dtoofeiqemmttw tpr cdunease ol dther atost for
hydrate slurry continuouslé_over an extended period of

ti net3e apPparapetaise faek i 7t He aswitlsf tohevaluate
clathrate hydrate 25 deposited on the heat transfer
t ube“ PANRH WA PLEUF TR OF nf U PBrocEs £ fof- fegpraneter
eXChg£g§r¥é£Pl§rg}rgggéggﬁgﬂ%ggznable assumption, taking
the economical point into consideration, by modifying
the parameter for stabilized long-term production of
the clathrate hydrate slurry. In the process or as a
result of the evaluation above, it is also possible to
determine the favorable ranges of the deposition or
sedimentation thickness of the clathrate hydrate on the
heat transfer tube inner wall surface and of the area
covered therewith, empirically or based on reasonable
assumptions.
Hereinafter, functions and effects in embodiments
of the present invention will be described.
In the first embodiment of the present invention,
it is possible to obtain the functions and effects (a)
to (e) and to produce the clathrate hydrate slurry

continuously over an extended period of time stably,

because increase in the amount of the clathrate hydrate
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suppressed by the flow force of the raw solution or
slurry flow ng inside the heat transfer tube. 5 In the
second enbodi ment of the present invention, it is
possible to obtain the functions and effects (a) to
(e) and to produce the clathrate hydrate slurry

conti nuously over an extended period of tine stably,
because a part of the clathrate&>hydrate deposited on
10 the heat transfer tube inner wall surface is
separated by the flow force of the raw solution or

sl ur A§Papdtefecn rede pat Heran st dtwdshyidmse Wasl) efurface
as it covers the heat transfer tube inner wall

surfaBetl' PReCHTDCRs AT Hedtandcitige Wik Faffd-gerant is

refrigerant. In_the second enbodinent of the
pres%%?pf%%%%%?%%,th?tfféyrééﬁﬁ?ﬂ%?t QB! P Ton or

functi nd, effect. (. stinectiv because the
crys%%ﬁ?%ga?%gﬁiﬁ o é§2% d&%%éﬂ%t%fﬁ%gs%ﬁﬁy rate are

di stributed yhdeLy-oNgrefifiey: et &£ ansl prrééégft HH W htion,
wal | surface, giving an 20 environnent favora e Tor
clathtate pydsabe- genestdon tid dhethedts tdansfdlects (a)
tube. In the third enbodi mrent of the present

i nvendi 0a) and ts poshidd ecHo @bitaimnthe famatd ensand
effects (a) to (e) and to produce the clathrate

hydr atet shuewyl 250 contd mususindal gre @ dextfended paraicdd,
of time stably and additionally to obtain the

f ol | BoFdgS® Uk Bhse farfde eflfaddirs el )hyahveh teg)depazg tedr pn
Because a part or all of the aqueous sol ution or

slur$§e %g%dt¥?ﬁ%ﬁﬁﬁ1qqﬂ?tﬁ&ﬁeﬁlﬂﬁ%ﬁe§UQQﬂﬁ§i%? separated

by the flow force of the raw solution or slurry and the
rest of the clathrate hydrate is left as it covers the
heat transfer tube inner wall surface in the process of
heat exchange with the refrigerant.

In the second embodiment of the present invention,
it is possible to obtain the function and effect (c)
distinctively, because the crystallization nuclei of
the clathrate hydrate are distributed widely over the
heat transfer tube inner wall surface, giving an
environment favorable for clathrate hydrate generation
in the heat transfer tube.

In the third embodiment of the present invention,
it is possible to obtain the functions and effects (a)
to (e) and to produce the clathrate hydrate slurry
continuously over an extended period of time stably and
additionally to obtain the following functions and

effects (f) and (g).
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resupplied into the heat transfer tube as the raw
solution or slurry, it is possible to raise the 5
clathrate hydrate content or the solid phase fraction
in the clathrate hydrate slurry after each circul ated
liquid flow. (g) It is possible, after each liquid
circulation, to deposit and sedinent the clathrate
hydrate over a wider 10 area & the heat transfer
tube inner wall surface originally having no or only a
smal | amount of clathrate hydrate or having unevenly
depodift e§eceraehp aber hyelf st bl Eveg faquseud admgtden or
hydra&e Is separated fromthe heat transfer tube

i nnePIWAFY BBSSErtf BRECeH ryitg ddte tHatHedt & URFdriat ed
originally..deposjted or sedinmented, it is possible,
afteFeéggéllﬁsqﬁ?éocF?%uT%&?cﬁﬁaQ%f%ﬁﬂﬂﬂQ% aﬁhg%e raw
cl at hrat.e.hydrat e in on the separat.ed region
and TraariyYes? FLaBhEr FRoldalldtes Tt e

Stat%1£EBQaEth§Qr§£@I$%ﬁ%éh€“6¥EHH%lggﬂﬁa' H%sehgraction

deposited. Therefore, It 1s possible produce t

cl at hnhataehyds ok £a6& UK §yra €O I AU At QVRIz @ circulated
ext ended period of tinme stably. The functions and

ef fectgull) faod. (g) are obviously beneficial, because
it is possible to bring 25 the production apparatus

i nt o (ghelst abipozetb bperation estat d isporkercidutilagion, to
initial operation, resunption of operation after

br eakePapdt candi ssi oremy flor athyarteohyares et eyeroh wider
t he apparatus for producin clathrate hydrate slurry
(seeaFﬁ@ 25t h¢ o9yt htransfer tube inner wall surface

originally having no or only a small amount of
clathrate hydrate or having unevenly deposited
clathrate hydrate. Even if the clathrate hydrate is
separated from the heat transfer tube inner wall
surface carrying the clathrate hydrated originally
deposited or sedimented, it is possible, after each
liquid circulation, to deposit the clathrate hydrate
once again on the separated region and finally to
recover the separated region to the state with the
clathrate hydrate uniformly deposited. Therefore, it
is possible produce the clathrate hydrate slurry
continuously over an extended period of time stably.
The functions and effects (f) and (g) are
obviously beneficial, because it 1s possible to bring
the production apparatus into the stabilized operation
state sooner during initial operation, resumption of

operation after break, and commissioning for
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enbodi nents of the present). The force by the flow of
raw solution is generated 5 only by action of the raw
solution, while the force by the flow of raw slurry
is generated by action of both the aqueous sol ution
and the hydrate fine particles in the raw slurry. For
that reason, the followi ng function and effect (h) is
obtained. 10 (h) It is possibl@7to rai se the
separation efficiency, by circulating a part or al
of the %Iathrate hydrate slurry containing the
hydr BE& BFI%BF%eHe%T' b s REP IRt Yh e Faw URinen or
the raw slurry, into the heat  transfer tube as the raw
i ur Py 35 uenY CFRC G onbert ¥ al16h OF° (He Thydt K% i ne
partEﬁbgﬁiﬁgnﬁﬁeofa@ﬁég#@%ééﬁé)h'gh’ and t hus when the
u

viscosity of e raw s ioni's high, the separation

force is @HQ'k@gcganhﬁhQiff@%i6¥\féwwg JQ&%?%%?é%%frated

t he channel cross-sectional area in the heat tran

20 tuheyapgd LbBusoh ovarchsuppy essian &f, the INeRASS IR by
the pressure drop when the liquid passes through the
heat theér ahsf esf t vde. s Tty i s thendhivad evbedit®it oFf both
the present invention, it is possible to suppress the

i ncreseafinethe porlbssiore ardphshéryd-tad ifquied gpasdedes in
25 through the heat transfer tube and thus, to avoid
drastire Be¥efloFati onf¢n Wper atdaval, sthat € dflatieg
apparatus_for producing clathrate hydrate slurry and

to 2§u“%Fbﬂ%c%ﬁérﬁ;%ﬁ%&h@Hté“%y%ﬁ%ﬁ%PQQ-urry stably.
Duri?ﬁ)pfgduction q&ugqg cl at hrate Eydrate,slurry

1S possi o0 ralise the separation efficiency,
by circulating a part or all of the clathrate hydrate
slurry containing the hydrate dispersed or suspended in
the raw solution or the raw slurry into the heat
transfer tube as the raw slurry.

When the concentration of the hydrate fine
particles in the raw slurry is high, and thus when the
viscosity of the raw solution is high, the separation
force is applied in the direction toward increase of
the channel cross-sectional area in the heat transfer
tube and thus toward suppression of the increase in the
pressure drop when the liguid passes through the heat
transfer tube. Thus in the third embodiment of the
present invention, it is possible to suppress the
increase in the pressure drop when the liquid passes
through the heat transfer tube and thus, to avoid
drastic deterioration in opverational state of the

apparatus for producing clathrate hydrate slurry and to
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the tenperature of the refrigerant present at the
outer periphery of the heat transfer tube fluctuates
5 dependi ng on the change of the freezing capacity of
the refrigerator cooling the refrigerant and al so
according to the bal ance between the freezing
capacity of refrigerator and the cooling |oad at the
heat - consum ng side. The fluctdfation in refrigerant
tenperature 10 exerts influences on the anmobunt of the

clathrate hydrate generated by heat exchange through
t he ﬁ§8fiuc?rgﬁ§f %}a’?%ﬁ%t%ﬁﬁy‘?l??et%eﬂdéﬁlﬂf oiF nt

th f th heat, t fer tube jnner wall surface,
maki ng i ¢ DUAFFPT BOPRUEbL B othice T HeL Rt St Hr e TR urEY

sl url&xeléFﬁgggeypgsw.%efhre rieﬁxﬁt%eanndaedmpesfein d ag; tt‘r{%eg%uter

stably. n contrast, in e fo entodi nen

pr essekibngggtwnthéthé&t possibde tqonty @l fhe o

anount of the clathrate hydrate generated 1 n the heat

trangégendt Hpeoanehd hendeposi ion Miﬂgh%rag:%fciQ@ of the
y

the heat 20 transfer tube i nner wall surface

regukaftihgetheorredsl gey aile LRIMEIAIAHTR, 9 &1so according
specifically by controlling the fluctuation in

ref rtgetlaatbs bapes aterweerortrad tferawatiineeloaday iusi g t he
fluctuation nore positively, and thus, it is possible

to pFofutgcraeonsand dilte atw ydr dtc@dslaly rgpe heat-consuming
conti puously over an extended period of tinme stably

Wit h%h@esuc%h%r%w%ﬁﬁtm iBperdttiigierand regwieaed Uise
amount of the clathrate hydrate generated in the

9
heatef?ﬁ%%fje?ff‘ﬁ%%ce%rﬁ“ tHE FEPOEIT in Ao e HRétEof
on tﬁ§ﬁ£§%§ 5éﬁg¥g§gd by heat exchange through the heat

transfer tube and the deposition amount thereof on the
heat transfer tube inner wall surface, méking it
difficult to produce the clathrate hydrate slurry
continuously over an extended period of time stably.

In contrast, in the fourth embodiment of the
present invention, it is possible to control the amount
of the clathrate hydrate generated in the heat transfer
tube and the deposition amount thereof on the heat
transfer tube inner wall surface by regulating the
refrigerant temperature, more specifically by
controlling the fluctuation in refrigerant temperature
or alternatively by using the fluctuation more
positively, and thus, it is possible to produce the
clathrate hydrate slurry continuously over an extended
period of time stably without such problems.

The operation "to regulate the amount of the
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tube inner wall surface by controlling the fluctuation
inrefrigerant tenperature nore positively" includes

an 5 operation "to nelt at |east a part of the

clathrate hydrate sedi nent deposited on the heat
transfer tube inner wall surface in a short period of
time by making the refrigerant tenperature exceedi ng
the freezing point of the cl affr at e hydrate, separate
and renove it 10 by the force of the raw solution or
slurry, and thus elimnate or reduce the deposition
ampunt 2 CRF YT £ 7 L& 15 9SSt o%h Iopéinst inGRti $rAseded tabe
bring t@e igper wal | surface back to the initia
stat & (i U8e, TCRI% & U H o R T it M8 ec e hranster

hvdr@&s? 1?@@9%41@%9@ o 3{ ;&' nftorfoﬂﬂ:n{git %'Pigtzgﬁhe@ugaion

reset o e appar at us ucing C

hydr?ﬁer@fyfégran@wgghﬁéY%ﬂgﬁgxﬂ§.é) %ﬁ*ﬁ%@hgﬁggﬂ E?Bes an

@) C
state of the” clathrate hydrate on the heat ns

t ubecpangt: wal oo sirfrace i1sudesigabl @ ff @heSeMBthrate
reason. 20 In the fifth enbodi nent of the present

i nvemgdonte $ddierpostiddsa tie@l Sppmesschhe tirags€asetube
the amount of the clathrate hydrate deposited on the
heatinransi®rl swhbedenner analhlorsupfadedmifetime by making
effectively by the flow force of the raw solution or

sl ur¥lye fToW el 4isi dentee XM rise g ceedisbetheubeeezing
because the refrigerant tenperature is regulated to a

t enp? dit ur @t | iierctatat At vidgetieng Sepairat copnhgemove it

ol alfy e, el 219,052 L9.40e, 90, [1ee2L10.Rg phs

Sml@ﬂf%kﬁﬁtéh%r%&%ﬁﬁ% E%% h%%%sﬁ@%oge%%ount
significantly"”. Such an operation is needed to bring
the inner wall surface back to the initial state (i.e.,
state without or with little clathrate hydrate
deposited) and useful for initialization or reset of
the apparatus for producing clathrate hydrate slurry,
when the deposition or sedimentation state of the
clathrate hydrate on the heat transfer tube inner.wall
surface 1s undesirable for some reason.

In the fifth embodiment of the present invention,
it is possible to suppress the increase in the amount
of the clathrate hydrate deposited on the heat.transfer
tube inner wall surface more effectively by the flow
force of the raw solution or slurry flowing inside the
heat transfer tube, because the refrigerant temperature
is regulated to a temperature lower than the freezing

point of the clathrate hydrate and close to the
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transfer tube, i.e., a tenperature |ower than the
freezing point of the clathrate hydrate but higher as
5 much as possible. This will be described below in
detail. When the increase in the anpunt of the
clathrate hydrate deposited in the heat transfer tube
is controlled only by the flow force of the raw
solution 10 or slurry flow ng i*¥%si de the heat transfer
tube, a high-output Iiquid-supplying punp should be
used, However, it is also possible to suppress the

i ncr 882Dy Pebif atPhot t FREREFS S et arkesSerhserdafr @ the
Specifically, {t _is possible to reduce the cooling 15
degr 88" of ¢ h%oi’lé\‘/\f%%l W i I ot ETUF r%}gqenm&?nt }\fﬁgatth

t he h surface of the heat transfer tu
(spejg??{‘%g%(%y?unkg%’pelr 'c%'o’l i%gted&epgerreaet)u,rebylOrweegrulecakﬁai%g%tehe

refrigerant tenper aéf'r@nigc%g‘rﬁh@teér L Hy HOVRY: gﬁgker as

the freezing point of t athrat e "hydrate an ose

to 2Qutheaf reszd ng oI ntn O & TeMRErAINE R 03R 11 in
that of the aqueous solution or the slurry fed into

the heasiltransfer tube, i.e., a tenperature |ower

than the freezing point of the clathrate hydrate but

hi gher asWhemcthasipossadd ein |thd eadsirtto dhamreasa sathrate
the rate of 25 voids (aqueous solution content) in the
deposydiare deyesitofd tie thadratas Jemersdiced tadecdsl ed

on the heat. exchange surface of the heat transfer

t ubeSORF X hted Iy Mprtdte depbdiaicen Afayse gett solagdon

easily separable by the f|low force of the raw
¥0 Y| qxﬁ%g inside the heat transfer tube, a

sol ut
high-output liquid-supplying pump should be used.
However, it is also possible to suppress the increase
by regulating the refrigerant temperature.
Specifically, it is possible to reduce the cooling
degree of the raw solution or slurry in contact with
the heat exchange surface of the heat transfer tube
(specifically, supercooling degree), by regulating the
refrigerant temperature to a temperature lower than the
freezing point of the clathrate hydrate and close to
the freezing point or a temperature close to that of
the aqueous solution or the slurry fed into the heat
transfer tube, i.e., a temperature lower than the
freezing point of the clathrate hydrate but higher as
much as possible. It leads to increase of the rate of
voids (aqueous solution content) in the deposition

layer of the hydrate generated as cooled on the heat

exchange surface of the heat transfer tube, giving a
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On the other hand, regulation of the refrigerant
tenperature to a tenperature |ower than the freezing

5 point of the clathrate hydrate but higher as nuch as
possi ble nmay | ead to decrease in heat exchange
capacity and thus in hydrate slurry-producing
capacity, but it also |lead to _decrease in the hydrate
deposition thickness and thus3lthe thermal resistance
duri ng heat 10 exchange, so that it is possible to
suppress deterioration in the capacity of cooling the
raw REBFREF oRcRPS ket ylawrr prddaw encheasiddueeparable by
capacjty_.for_the hydrate slurry. As a result, the

thi ckPBSELGY ?%%C%lé’&d Hrof & 35 SR8 &pSiveéd -on t he

heat tranéfe{htugehin er Xﬁ|| urf.ace mes Il er

on the mho?g cc%r%?nd??ﬁtﬁﬁ?éﬁ%?¥ﬂléﬁﬁ%&%ﬁﬁﬁﬂgﬂera“t
the pegsenl. dovelyion das. funGld ang,.,and el fegt s, Lhat o,

it is possible to redu |'ow Trate

sol ubb OR: of £ SERM Ty Angk 4hus, 0 Feduce Hhen2Q aut putpof g
the 1iquid-supplying punp, use a smaller ™ punp, or

I eduses e116T Y LP NN D Becaus Q nf egukatixeRa8het B8pacity
refrigerant tenperature to a tenperature |ower 'than

t he dmeeiug jpoimtdaftd e urdyatdroate ihydcaba cang, cbaseit
to the freezing point or a 25 tenperature close to

t hatabfo therdduecis-malag ilon the hgiduaty Hepwshgibnsi de

the heat transfer tube |leads to decrease in power
constiptis ofathe ety itder aherma2 regppltpinng theing heat

refrigerant, it is possible to inmprove the COP of the
hydr%’?%‘asﬂ%'r Vpridfuctitont Sspeeemble to suppress

deterioration in the capacity of cooling the raw
solution or slurry and preserve the production capacity
for the hydrate slurry.

As a result, the thickness of the clathrate
hydrate deposited on the heat transfer tube inner wall
surface becomes smaller on the whole. Accordingly, the
fifth embodiment of the present invention has functions
and effects that it is possible to reduce the flow rate
of the raw solution or slurry and thus to reduce the
output of the liguid-supplying pump, use a smaller
pump, or reduce energy consumption.

Because regulation of the refrigerant temperature
to a temperature lower than the freezing point of the
clathrate hydrate and close to the freezing point or a
temperature close to that of the agueous solution or
slurry flowing inside the heat transfer tube leads to

decrease in power consumption of the refrigerator
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As described above, it is possible to suppress the

i ncrease of the clathrate hydrate deposited on the

heat 5 transfer tube inner wall surface with the flow
force of the raw solution or slurry nore effectively,
by regulating the refrigerant tenperature to a
tenperature |ower than the freezing point of the
clathrate hydrate and cl ose t 04 hat of the aqueous
solution or slurry 10 flow ng inside the heat transfer
tube. Decrease hn the tenperature difference between
the PEPFIgerantPand=tReISF AW sot it I orPoTe SPAR rip improve

A d | ti ' h heat transf
cf 11 EPBnEyT BhatPRUGI PREC raFF1 Ber S et dimen s

pref er abl ¥ | quer bych 10,4C than Lhe 15 femperature

of the raw solution or Sslurfy.

the presentel Byenhihon fgAkLZ R S dPr ~
pr oduci ng cFathrate hydr at e g?ﬁrr? ﬁﬁ% é£%¥%gﬁb fgﬁ neat

met hedahBrehecfibé st n@8bodh NS ur Ofcd NG dH 838N F 10w force of
i nvention. 20 The seventh enbodi nent of the present

i nvehheonawr eal iz esn adr appar af Uso fOre RHUGING,, b
clathrate hydrate slurry by the production nmethod in

t he segohdtéenpodheentfofgéhentprieserdrdtnventicon demgeh@ture
ei ght h enbodi nent of the present invention, 25 it is
possiBVert bhgenehat ereer buy evcionti it Heaef Idwtdfratichéydrate
raw sol ution or slurry supplied into the heat
trand3ferctebe W thhar 1o bl e rreiapsifersatlivig are arvs s land y

gﬁ the increase in the anount of

33 to,
t he £Q$§%ng§g£€%f ? YePosi tBY ST tHPheatLArERSFedn the

tUbetemperature difference between the refrigerant and the
raw solution or slurry results in deterioration in the
heat transfer efficiency, and thus, the refrigerant
temperature is preferably lower by 1 to 4°C than the
temperature of the raw solution or slurry.

The sixth embodiment of the present invention
realizes an apparatus for producing clathrate hydrate
slurry by the production method in the first embodiment
of the present invention.

The seventh embodiment of the present invention
realizes an apparatus for producing clathrate hydrate
slurry by the production method in the second
embodiment of the present invention.

In the eighth embodiment of the present invention,
it is possible to generate turbulence in the flow of
the raw solution or slurry supplied into the heat

transfer tube with a turbulence-generating means, and
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inner wall surface nore reliably with the turbul ent
flow force and produce the clathrate hydrate slurry 5
conti nuously over an extended period of tine stably.
Even when the flow rate of the raw solution or slurry
flowi ng inside the heat transfer tube is | owered than
that when there is no turbul ence-generating neans, it
is possible to suppress the i nct®ase in the anount 10
of the clathrate hydrate deposited on the heat
transfer tube inner wall surface with the flow force
and “PrEsefPeStRBTEAToFABI €N REM S xEhdrtfe AIFURG arfcythe
of th eat transfer tube.. It is thus possible to
S EHER POBRIEREr | A8PTHI TR T g SRip A qrortube

reduc

oMot g dD LAYEROLULID Sh S VI Wng S ebugtent

IS al SO possI O reduce

the ehahegiechydnal e gh-L he beat ¢ ﬁap—;ée %{yt%rtea;@ﬁeglsifwre{y

wal | surface, |eading to decrease o

resi sbanegudesiyedyvé r om the depasited ol athnate 20 .51y

hydrate and increase in the heat transfer efficiency

and quant Etgnf whent beer ef 61 ges@atot oc Hher£1av Sl td on,

or slurry, which in turn | ead to decrease of the heat

transterrgufiacenareas {drnier rofatheatartgfansfieiod ukeSowered

In addition, the turbul ence generated in the flow 25

of t hBaRahnabl witontlrrs|ig me fiwowngniasicedte imeameans,

transfer tube | eads to inprovenent of the heat

transfetS RPFTEPERCHC fTEREGTS ridta iigermamset d 1t ider awount

solution or 34  slurry, consequently to inprovenent in
%oﬁ% t?g%“h

the Proddc RHpadi Y- e 1IP0I e Hhpdihgp¢ transfer

Slur{Mbe inner wall surface with the flow force and
preserve the favorable heat exchange efficiency of the
heat transfer tube. It is thus possible to reduce the
load applied to the pumping apparatus for feeding the
raw solution or slurry relatively.

It is also possible to reduce the deposition
amount of the clathrate hydrate on the heat transfer
tube inner wall surface, leading to decrease of the
thermal resistance derived from the deposited clathrate
hydrate and increase in the heat transfer efficiency
and quantity from the refrigerant to the raw solution
or slurry, which in turn lead to decrease of the heat
transfer surface area (number of heat transfer tubes).

In addition, the turbulence generated in the flow
of the raw solution or slurry flowing inside the heat
transfer tube leads to improvement of the heat transfer

efficiency from the refrigerant to the raw solution or
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In the ninth enbodi mrent of the present invention, the
heat transfer surface area of the heat transfer 5 tube
is enlarged for inprovenent in the heat transfer
efficiency fromthe refrigerant to the raw sol ution or
slurry, which in turn leads to inprovenment of the
production capacity of the clathrate hydrate slurry,

so that the production capacity of the clathrate
hydrate 10 slurry is inproved. Moreover, even when

the flowrate of the raw solution or slurry flowing

i nsi defhe’ heafSeHapRtEY Tt uBP I e sed it e thgduction

when there is po_jrregularit on the heat transfer
tube?aPﬁ%lﬁ%a?Pe&%%a%tﬁ?%ﬁ?? iQ%é%??ﬁS%ﬁ“rﬁéat transfer

e 15 prgsetycioll Ly Lbe., poseible 1o stpbrses o,

the increase I'n e ‘anoun

deposjt ede 90 Ef@h§¥§% deansier, tube, E%%e% g%lkr nsfer
flow y and

surface by the orce nore reliabl produce
the elgd hi at en twedyad er S W SRMIAUQUS |y, over ¢ %?aﬂ?fer
e to

extended period of tinme stably. It 1s also possib

genesaf echalth ¢ | oah t1od atdmat Mydr ale iRl € 26asbhYicion or
because the generated clathrate hydrate easily
deposltsrandvirerai s durrt Heeadseaeses foakred ton it hae

heat transfer tube inner wall 25 surface in the flow

di r eR¥PPrciofon heapami wolafk itdre orlatdlrarcey handatkeslurry, so
residual clathrate hydrate functions as a product

nucl ERRL e RIRHHI YL oreviepakiely tofe ths cletnirgseahydrate
tenperature is set to a tenperature exceeding that

wher°1Here i3 WL59%%Gul arity formed on

Moreover, even when the flow rate of the raw
solution or slurry flowing inside the heat transfer
tube is raised than that when there is no irregularity
on the heat transfer tube, the heat exchange efficiency
of heat transfer tube is preserved. It is thus
possible to suppress the increase in the amount of the
clathrate hydrate deposited on the heat transfer tube
inner wall surface by the flow force more reliably and
produce the clathrate hydrate slurry continuously over
an extended period of time stably.

It is also possible to generate additional
clathrate hydrate more easily, because the generated
clathrate hydrate easily deposits and remains in the
recesses formed on the heat transfer tube inner wall
surface in the flow direction of the raw solution or
slurry and the residual clathrate hydrate functions as

a product nucleus. Accordingly, even when the
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the heat transfer tube, it is possible to produce the
clathrate hydrate slurry stably, because the clathrate
5 hydrate functioning as a product nucl eus remai ns as
deposited in the dents. It is thus possible to produce
the clathrate hydrate slurry even at an el evated
refrigerant tenperature, relatlvely reduci ng the | oad
on the refrigeration systen1fo? the refrigerant or 10
i mproving the performance coefficient of the
refrigerator. The tenth enbodi nent of the present
|nveﬂ?ﬁ%ﬁge@%ﬁﬂ|Eﬁ&?%ﬂ@t§6ﬁaﬂ§t§§tfép Br 66GerHgture

clathrate h te r t.he production nethad in
t he et}fﬁefeodlé'y ﬁ“tSPl g“&flyet He BPeééﬁFgPﬂééﬁWoﬁor‘?ﬁ% on
he present nt| r eal

I t
o A e BleR bos S BAELEE pEPapEtne
by tJT%&HfggénH g@g|§¥§§ éb%h%b rggcggggdkﬂgnglthrate

t he present ention nblne ‘use o
C'rcﬂﬂéng&Jﬂﬁﬁ@5¥%dﬂ%§|y% at%@BGu%qbQQbﬁgﬁg %Bﬂa&ﬂ@ as

refrlgerant t enper at ure- regu at1 ng device in the

el evesids iedepdinmente identadvantageousukopogpebati e8abroduce
control of the production apparatus, because it

al | oviss adlairatee eadjywistartents lafr riyhev2h amount e0bvihbed
clathrate hydrate deposited or the sedinentation

t hi clafesgictrraerte gferpre riehie rieeatcetl panskeéry redbeinpnehe load
wal | surface. 36 It is possible, by u5|n% t he

r ef rAyrientr afeseratice segheat itng dbei cefrigement ar

| east part of
improving the performance coefficient of the

refrigerator.

The tenth embodiment of the present invention
realizes an apparatus for producing clathrate hydrate
slurry by the production method in the third embodiment
of the present invention.

The eleventh embodiment of the present invention
realizes an apparatus for producing clathrate hydrate
slurry by the production method in the fourth
embodiment of the present invention.

Combined use of the circulating device in the
tenth embodiment and the refrigerant temperature-
regulating device in the eleventh embodiment is
advantageous for operational control of the production
apparatus, because it allows accurate adjustment of the
amount of the clathrate hydrate deposited or the
sedimentation thickness thereof on the heat transfer

tube inner wall surface.
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the clathrate hydrate sedi nent deposited on the heat
transfer tube inner wall surface in a short period of
5 time, and separate and renove it by the force of the
raw solution or slurry, and elimnates or reduces the
deposi ti on anmount drastically, by making the
refrigerant tenperature exceedi%g the freezing point
of the clathrate hydrate. SucH ®an operation is needed
to 10 bring the inner wall surface back to the initia

state (i.e., to the state without or with little
cl at hr at eI Thyar BP &S Heposi R edis dil WSefinl Hgrerant

I ni t%@n%éﬁ\g?%?%?%ﬁ g‘c?dltrnac{(idetvgllecl?sf :%r\%t?q% Ia%;least part of

pr oduci C y €l

depo§ggi@papﬁrgﬁgiggﬁggﬁg(ggéﬁﬁﬁﬁ§;&% é%iE%glﬁkaEE%gégat

hydrate on the heat” transfe sur

is updesirabl e, fori Some feasahyAsd an thenstat 8.0t 4 of
the heat transfer tube inner wall surface in the

appat ahels 4104 PEOOHCENhred atdiatee 1 thydr @he $hybeYorl bhe
is not possible to accurately 20 determ ne whether the

cl at haat €0 hydrat et ssideposi tedt en imwhether oirt reSuces the
deposited uniformy, because there may be conpletely

no odepdsilieor|andurat eltnadriatad l1gepoyi tredtindurhag

initial operation of the apparatus for producing

cl at it Bt eyt atestanatipre veceedaypobéhenifycanenenpobnt of

deposi ti on or sedinentation of the clathrate hydrate,
as a-parttorhLate YR ¢l athicdt € hypBeapeispcés needed to

Gepasligg b, SshaLaled DY NG, uLing, CesupLion. ..
Condiijénl qﬁy'tﬁétggégg(%i %%h@go%OQ?E%SEQQkﬂg E?gthrate
performance test.
hydrate deposited) and useful for initialization or
reset of the apparatus for producing clathrate hydrate
slurry, when the deposition or sedimentation state of
the clathrate hydrate on the heat transfer tube inner
wall surface is undesirable for some reason.

As for the state of the heat transfer tube inner
wall surface in the apparatus for producing clathrate
hydrate slurry, it is not possible to accurately
determine whether the clathrate hydrate is deposited or
whether it is deposited uniformly, because there may be
completely no or little clathrate hydrate deposited
during initial operation of the apparatus for producing
clathrate hydrate slurry, there may be only uneven
deposition or sedimentation of the clathrate hydrate,

as a part or all of the clathrate hydrate once

deposited is separated by melting, during resumption of
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Therefore, in the twelfth enbodi nent of the present
invention, it is possible to bring the 5 production
apparatus into a stabilized operation state sooner by
the functions and effects (f) and (g), by renoving
part of the clathrate hydrate deposited on each heat
transfer tube inner wall surface by the flow force of
t he aqueous sol ution or the sI@ﬂry, | eaving 10 the
rest of hydrate as it covers each heat transfer tube
inner wall surface, and circulating a part or all of
the PRHF3bIoRi dhCOF RYtrFy Pd e tHMVigH Thedmektt ion may
tran ier tupe, .regularly or as needed, into the heat

t ranStRr T EUbe, TUhr AT SO atGToR Gt e s test.

appar at us r_producing clathrate hydrate slurr
resunpti o%ﬁ%;eg%g? at +on &F ¢ 6F° Je%%a%wqbo%&d?ent o 'the

conmi, SSk.onin fo t., 1t al as .t he
Funct o and e Toch o nyL I Tne i h iR
transtequduben i anes-yakd 2% SéJrJtaacbe_Ll'irke@e%tpetrraQQ%%erstate

tubes is not identical and rather different in each
heats¢seasfiey thbdefuddtisns nacessadedd (i sne@gg)t Oby
produce the clathrate hydrate slurry stably, by
deposértoning heact athriate diydratae wnidens Wepostiied on
inner wall surface of as many heat 25 transfer tubes

as possh bheat Thesnside tuiie dnneentwa landurtiselef bly the flow
enmbodi ments_of the present invention, by which it is
possi BFE tOf deppsiuetes dAdiriare Hydhet 6 138ry, leaving
uni farmy on %P heat transfer tube inner wall surface

by c‘iﬂ?ec &5 ¢ g’fy 1§ &7 sd VG Soeastufept aransfer

tube inner wall surface, and circulating a part or all
of the raw solution or slurry passed through the heat
transfer tube, regularly or as needed, into the heat
transfer tube, during initial operation of the
apparatus for producing clathrate hydrate slurry,
resumption of operation after cessation or
commissioning for performance test. It also has the
function and effect (h).

The state of each heat transfer tube inner wall
surface in heat transfer tubes is not identical and
rather different in each heat transfer tube. It is
necessary in this case to produce the clathrate hydrate
slurry stably, by depositing the clathrate hydrate
uniformly orn the inner wall surface of as many heat
transfer tﬁbes as possible. Thus, the third, tenth and
twelfth embodiments of the present invention, by which

it is possible to deposit the clathrate hydrate
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particul arly advant ageous when the apparatus for
produci ng clathrate hydrate slurry has heat transfer 5
tubes. The thirteenth enbodi nent of the present
invention has functions and effects simlar to those
in the twelfth enbodinent. In addition, in the
thirteenth enbodinent, it is possible to regulate the
refrigerant 10 tenperature wit % refrigerant
tenperature-regul ating device attached to the

appar at us fgr roducing clathrate hydrate slurry and
to rBgufare thna%%nrt‘e%? LEdes 3 athiRg & Myt atgd’ 1 surface
genegated in.the hea% transfer tube and the

depoSi't FSACANBURT on” t HES hedlt THHHSIVE Of5 Sthibe Yirnrére

wal | - b ' f the  .refrigerant
e LY SRRl PR, o

f'UCbH@Hh@Bn.nci@?hfé%éi§§ﬁfgge 41 Q£H£§ﬁ%9 Q%aqﬁfer

controlling the fluctuation positively, thus,

IS pesseble to specify the 20 condition for normal
operation and conplete initial operation of the

appar at usTheeshirpt éont 10f eiped 8id 0N oAfdIer Lessaltd Ahv@htion

comm ssioning for performance test sooner or nore

ef fi seenfhycthams i and hef Tases ofirtiHear ttwelthtlse in the

enbodi nent. 25 The "nornal operation” in the present

i nveht ¢ oAt semippd oprittat | om iafdittiicint He péef shiemeenth

and cagacity of _the production apparatus or the

pr odeE POH ERpact t v P TP 1 alfe tQ s1a9nded ehydearefrigerant

slur{% IS ge t at. g particular value or in a _

par t I <P &F= r'ange! ! bt? s° e p&@ERE Cure-regulating
device attached to the apparatus for producing
clathrate hydrate slurry and to regulate the amount of
the clathrate hydrate generated in the heat transfer
tube and the deposition amount on the heat transfer
tube inner wall surface, by regulation of the
refrigerant temperature, more specifically by
suppressing of fluctuation in the refrigerant
temperature or by controlling the fluctuation
positively, and thus, it is possible to specify the
condition for normal operation and complete initial
operation of the apparatus, resumption of operation
after cessation or commissicning for performance test
sooner or more efficiently than in the case of the
twelfth embodiment.

The "normal operation" in the present invention is

an operation in which the performance and capacity of

the production apparatus or the production capacity of
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on the period of continuous operation, during

conti nuous operation after initiation of the apparatus
5 for producing clathrate hydrate slurry. Further in
the thirteenth enbodi nent of the present invention,
conmbi ned use of the circulating device and the
refrigerant tenperature-regul ating device allows fine
regul ati on of the deposition or?10 sedi mentati on

t hi ckness of the clathrate hydrate on the heat
transfer tube inner |l surface, giving an advantage
in ob%?afi?ﬁﬁﬁa?ﬁnﬂ¥ 2%t S Bppar aeed £or @ ﬁ@é&&EPgér
cl at te hydrate slurry., The refrigerant .
empir 008 Y L R oA R e s g0 Fesby tgdpappdent
of the clathrat r sedi It n_the

heat transféﬁ tﬁ%2¥?ﬁ%%?xvgﬁhﬂggﬁFQ%EE%%h §%§E8?t

peri@@hﬁﬁnﬁ$&§3ébéfHQQdHJéﬂE%rr?&F%g%Eﬁ%E %egﬂgrgbﬂg§atus

2 1 O
exceedi ng the freezing point o clathrate

hydr 8¢ €, p &P A Sc Bltth F BN VESI e DY 10he 20 force of
the raw solution or slurry, and elimnatées or reduces

t he deposittioneantuntherastitcaddth oA®oddeseri bed the
above, such operation is effective for initialization
or resetenf irhmeerdppar.atasifigredpre@ucifngheckatrbnateing
hydrate slurry, and it is particularly 25 inportant as
an opeYEts @fﬁgcﬂkﬁ iR titte deedt terpeshenretgbeuilahéng
wal | surface into the initial state for revision of
pr eioUsTy HetCtonding FrIUiGt ioni eifalkhg0despet at PBNCST

;P?ég;%ggéékﬁgﬁgpgiraH&%ﬁﬁ%%ﬁng%L%qaggra%gekggkgge on the
heat transfer tube inner wall surface, giving an
advantage in operational control of the apparatus for
producing clathrate hydrate slurry.

The refrigerant temperature-regulating device
melts at least a part of the clathrate hydrate sediment
depocsited on the heat transfer tube inner wall surface
in a short period of time by making the refrigerant
temperature exceeding the freezing point of the
clathrate hydrate, separates and removes it by the
force of the raw solution or slurry, and eliminates or
reduces the deposition amount drastically. As
described above, such operation is effective for
initialization or reset of the apparatus for producing
clathrate hydrate slurry, and it is particularly
important as an operation to bring the heat transfer

tube inner wall surface into the initial state for

revision of previously set conditions for initial
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performance test and ot her operational situation, in
which there is a need for early settlenent and 5
decision, by trial and error, of the conditions
necessary for normal operation. In the fourteenth
enbodi nent of the present invention, because it is
possible to control the refrigerant tenperature with
the refrigerant 10 tenperature-PeguIating devi ce even
during normal operation after initial operation of
the apparatus for producing clathrate hydrate slurry,
resUtI oGt Clofdiatix o Uar e ePs4RitEs oFesumption’ of
commi ssigni ng for performance test, it i s produce
PoSSTHTE LM e S GeaRe hydFBLESsPaRRg £OF

cont j over__an _extended eriod of . ting stably .
by réegu a |%nn”eof She arned; rol“gléerrar? er ﬁrﬁg?%tﬁf'éuaglon’ +h
sim lar Az ur. fd ft I

enbo%@n%%ti&‘%gs{‘ %I Intoev%l{dngflotrels%t‘%ri ?8%%@%&%8“90
demonsdraated, 24, tthe Arinei RS f LhetREesshlitions

i nvention. [Single duplex tube test] For control of

t he rayaEpHa0f fidie nayehizat epdepasihed on the heat
transfer tube inner wall surface by the flow force of
the raw siol utheort corr tsdeurtty enidoel ideow bdt €h25peksthe

raw solution or slurry was selected as a paraneter

r el evarenttign, héeidapwef ditcés andsablexper coehtolf bhe
exam ning the relation between the flow rate of the 41
sl ursRETFIRMaNG iGREIPGE atig cheatht EARsteFrigpeanhd t he

hydr at e deposition thickness was perforned under
temperature-regulating device even during normal

operation after initial operation of the apparatus for

producing clathrate hydrate slurry, resumption of
operation after cessation or commissioning for

performance test, it is possible to produce the

clathrate hydrate slurry continuously over an extended

period of time stably by regulation of the refrigerant

temperature similarly to the fourth, fifth and eleventh
embodiments.

The following tests were conducted to demonstrate
the principle of the present invention.

[Single duplex tube test]

For control of the amount of the hydrate deposited
on the heat transfer tube inner wall surface by the
flow force of the raw solution or slurry, the flow rate
of the raw solution or slurry was selected as a
parameter relevant to the flow force, and an experiment

for examining the relation between the flow rate of the
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varying flow rate by using a doubl e-tube heat
exchanger corresponding to a shell-and-tube heat
exchanger. 5 <Test device> FIG 4 is a chart
illustrating the test device. Used was a doubl e-tube
heat exchanger having a straight SUS304 tube
(commercially available SUS tube w thout tube surface
fini shing) having an inner 10 dilameter ~ of 15 nm an
outer dianeter ~ of 18 nm and a length of 2.5m
inser ed in US. tubes having an inner dianeter 4 of
HhaYatfergts RSt UA% Repwrt ianies, t4ibq ped the
as four doubl e-tube heat exchan ers 51

test devi
to 547 bnggc %@O?bt%%%hthi%k%ﬁﬁ%rw%§1QﬁﬁQQQF ginder
addlg%gggh%yffo§ rgy h%h%$bgd$a |ng 2 Ieggk&‘%%§hanger

di ame e

mm EQE?&@QO@&lQ@e‘anQ {downst 1 e s ?nee)at A Ranger.

non- cool i ng region 55. A thernone measur enment’
of thecknngsviabe 20 tenperature is installed at each
connecting region between the four doubl e-tube heat

exchanger 5161 t0i54a a@ndral 5Dl @teachd emmd nalsofadhee .
test device. There is also a thernoneter installed at
the ternVsall ofsthednont coobbathagagicnti@dngeh having a
circulation 25 channel 56 for flow of the raw

sol usF Bl ot sFUTIY4 wiasbd ofgredhaitita ltllye aiviaridr bileb ¥ Sott ube
t he doubl e-tube heat exchangers 51 to 54. A buffer
tank”sterihg it Taae Solirtiow)ohagliaer prsznngr

circylation pu th |nverter circulating the raw
sol U Jr%rpl t’tﬁr Sdl mﬁ‘%gm ralfd 5)11 er diameter of 18 mm, and

a length of 2.5m inserted in SUS tubes having an inner
diameter ¢ of 28 mm and a length of 2 m.

As shown in FIG. 4, the test device has four
double-tube heat exchangers 51 to 54 connected to each
other in series and additionally a SUS straight tube
having a length of 1.5m (inner diameter ¢: 15 mm, outer
diameter ¢: 18 mm) located at one end (downstream side)
as a non-cooling region 55.

A thermometer for measurement of the inner-tube
temperature is installed at each connecting region
between the four double~tube heat exchangers 51 to 54
and also at each terminal of the test device.

There is also a thermometer installed at the
terminal of the non-cooling region 55. A circulation
channel 56 for flow of the raw solution or slurry was
formed with the inner tubes of the double-tube heat

exchangers 51 to 54. A buffer tank storing the raw
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flowmeter determning the flowrate of the raw

solution or slurry flowwng in the circulation channe

56 were 5 installed, as connected to the circul ation
channel 56. In addition, refrigerant cold water was
designed to be supplied into the circular space

between the inner and outer tubes in the doubl e-tube

heat exchangers 51 to 54. 10 A# aqueous

tetra-n-butyl ammoni um brom de (TBAB) solution at a
concentration of 23 wt% was used as the raw solution
(aquédtistépat ﬁra%buﬁwr%&e %&wq%tl%@um’ﬁyd*rla?the inverter

generatio |n|t| erature of the ueous TBAB
3ol uﬂaﬁu?%%%r B¢ nrel P0G 5 e eriat (e o

as. the_ref

i R i R T
con %gugﬁﬁkgg £ £592L 4 bed apeovceus%hfatnaoﬁ 2N MR ere

fed circulatrton pu t ank

S7 'D%@t&b@ed'n§§rc$ﬁﬁg%%éﬁ éé“%ﬂgmgﬁf%J %g&?%%annel 56.

exchangers 51'to 54 at a previously set f

whi | e thergohdaveten, (BeftfydQnivas YRR Wk IR igned
direction countercurrent to the aqueous sol ution,

cool toagod heuppind sdl it @nthd dihe-ul2h ispaese bahesenThee
hydrate was forned as the raw sol ution was cool ed,

gi vi hgner hyad atet st urulye aitirapproxdatlelyr ®e6EGe43  at
the outlet. Generation of the hydrate is acconpanied
wi t Fe¥Pleaeaaes i nl the pressure difference at

An agueous tetra-n-butylammonium bromide (TBAB)
solution at a concentration of 23 wt% was used as the
raw solution (aqueocus clathrate hydrate solution). The
hydrate generation-initiating temperature of the
aqueous TBAB solution is approximately 10°C. The
temperature of the cold water used as the refrigerant
was 6 to 7°C. |
<Test method>

In the test device having the configuration
described above, the raw solution was fed by the
circulation pump 58 from the buffer tank 57 into the
inner tubes of the double-tube heat exchangers 51 to 54
at a previously set flow rate, while the cold water (6
to 7°C) was supplied in the direction countercurrent to
the aqueous solution, cooling the raw solution in the
inner tubes.

The hydrate was formed as the raw solution was

cooled, giving a hydrate slurry at approximately 8.6°C
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the neasurenent regions (Pdl to Pd3). The flow rate of
the raw solution or slurry was regul ated by nodifying
5 the punp rotational frequency, and the maxi num
pressure difference then was determ ned. The flow
rate in the inner tube was determ ned by dividing the
flow rate by the cross-sectional area in the sane. 10
The thickness of the hydrate déposited on the tube

i nner wall (apparent deposition thickness) is
calculated fromthe val ue obtained by subtracting the
pres&bir BNEi PreFehce §ena i isn-afodihend videgiten iRdS
(equivalent to the pressure drop by the hydrate

sl ur #G5OIBAT+ o Yhe! nEMSRHEE prieddifr @1GiSEreresdd fiegence at
t he asurenent region, i.e., from{ ingrease in_

t he tgge%éﬁ?%r%???%?%ﬁ%<”E%UQEH-wf Fﬁgschaﬁég %ﬁOWnﬁgﬁe of
di a r t 0si..i.Qn. cifically, it is_. .
oS e o A SR ) el e in

pass@ﬁeZguﬁﬁrﬁﬁ%ghfbﬁéﬁ“%ré&uéﬁ%fﬁn%W%‘%%%tm%??ﬁuphgressure

pressure drop in the tube 1s proportional

squaser péréhes flrowm a8 ejandnimeer.sel y proportional
with the tube inner dianeter. Thus, the apparent

deposi ti ohh& hi thknessc S imashcalmidratebeaceer died@ rtdned by
the follow ng Formula. 25 Pd31'/Pd30 =
{v124{ D 286)¢ /(D 2H Dw nstier éyd4hesyfrbiss -Becnhienattherea in
liquid (aqueous solution) is fed first suffix 1:

af t eFNPy?RBR € deposition

The thickness of the hydrate deposited on the tube
inner wall (apparent deposition thickness) is
calculated from the value obtained by subtracting the
pressure difference in the non-cooling region PdS
(equivalent to the pressure drop by the hydrate slurry)
from the measured pressure difference in the
measurement region, i.e., from the increase in the
pressure difference caused by the change in inner
diameter by hydrate deposition. Specifically, it is
calculated in the following manner: When a fluid passes
through a tube, it is known that the pressure drop in
the tube is proportional with the square of the flow
rate and inversely proportional with the tube inner
diameter. Thus, the apparent deposition thickness &
was calculated according to the following Formula.

Pd31’/Pd3g = {v12/(D-28)}/(vg2/D)

where
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v: flowrate 5 D. inner-tube inner dianeter S

apparent deposition thickness Pd3: pressure difference
between the inlet and the outlet of double-tube heat
exchanger 54 Pd31': pressure drop in tube, excluding
the slurry 10 pressure drop in doubl e-tube heat
exchanger 54 Pd31' is deterning% according to the
following Formula: Pd31' = Pd - (PdS1 - PdSO x
2.5/1.5 <Test result> 15 (1) Rel ationship between the

apparent depositjon thickness of clathrate hydrate |
and the fF‘dg/?fété' Tﬁl%erbr%l%%u]rlé?%p@q}@oélsdépé%lﬁéd 1S

at varje 1.g%ow rates, and the apparent hydrate
deposition i ckness was cal cul at ed according to the

cal cul at1 O Febul L TR (HE P an AR 5 the

apparent depeshi pncd hickness 8 was plotted al ong
ordinate, while the flowrate of the raw solution

(when aqueousnseluthiedn) il ONgiiahesicssa. As shown in

the graph of FIG 5, increase in flowrate 25 resulted

i n decr eade appateposiddparsitthicekr@ssknAss obvi ous,

increase in flowrate up to 1.8 m's obviously lead to
drasti c ded? easee$sugeptisi tdmmachibekness, thet i45et and the
further increase thereof did not cause significant

changet &d ¢ eatP 4ol saltidst hewits eashaaepasioti on

t hi ckness, , _
Pd31’: pressure drop in tube, excluding the slurry

pressure drop in double-tube heat exchanger 54

Pd3;’ is determined according to the following
Formula:

Pd37’ = Pd3; - (PdSq - PdSp) x 2.5/1.5
<Test result>
(1) Relationship between the apparent deposition
thickness of clathrate hydrate and the flow rate

The pressure drops were determined at varied flow
rates, and the apparent hydrate deposition thickness
was calculated according to the Formula above. FIG. 5
is a plot showing the calculation results. In the
graph of FIG. 5, the apparent deposition thickness §
was plotted along ordinate, while the flow rate of the
raw solution (when aqueous solution) along abscissa.
As shown in the graph of FIG. 5, increase in flow rate
resulted in decrease in deposition thickness. As
obvious, increase in flow rate up to 1.8 m/s obviously

lead to drastic decrease in deposition thickness, but
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The results suggest that it is possible to 5 suppress
the increase in the anobunt of the hydrate deposited
on the cool ed surface heat exchanger by regulating
the flowrate of the raw solution or slurry on the
cool ed surface to 1.8 ms or nore. (2) Change in
apparent deposition thickness clathrate 10 hydrate
and thermal transnittance over 4% me The change over
time of the pressure difference caused by the change
in inner dianeter by hydrate deposition when the flow
rat ef OF SRR FRW BTt SRls disktnato CRUS aniss qprfdsenite
difference after renoval of 15 the slurry pressure
dropc??%%?t%%éngﬁgﬁr%ﬁ P Ure N FiFfreemed)! tawd t he
change. over time of the thermal transmttance during
heat transier of the heat inputted by cold water were

obt ai ned. ﬁgerégéitgo #%n ﬂé‘gﬁtasltf QLlsl %Yov‘rgﬁ:seitbzloe Rt%w

sol uti on ow rate: 1. d water

t enper @b £ £ &aéfc‘in&{éadsé"@’tnerth%u%r%tunttﬁw'?}gfrt%teu‘fhﬁ/drgtgc

Raw solution inlet tenperature: 8.9C ate sturry

out | @dpd eiped aduress c&qcﬁl@c?%dﬂ%tced%ré%itt ¥xch@nber by
Mcal / nB The pressure difference P due to the change in

i nneregli netrey e sEcbwyr yedroat e Hdepesi tsQmtiphessus@urry
46 difference per neter excluding the slurry pressure
dr opn aiek tdeo tdveraved fagearisnilt.ttandes Kt were.cal cul at ed
accordiqg}to the foll ow ng Fornul ae. .
(2) ange 1n apparent deposition thickness clathrate
hydrate and thermal transmittance over time
The change over time of the pressure difference
caused by the change in inner diameter by hydrate
deposition when the flow rate of the raw solution was
set to 1.8 m/s (pressure difference after removal of
the slurry pressure drop from the measured pressure
difference) and the change over time of the thermal
transmittance during heat transfer of the heat inputted
by cold water were obtained.
The test condition is as follows:
Raw solution flow rate: 1.8 m/s
Cold water inlet temperature: 6.4°C
Cold water outlet temperature: 6.7°C
Raw solution inlet temperature: 8.9°C
Hydrate slurry outlet temperatures: 8.6°C
Heat density: 16.6 Mcal/m3

The pressure difference P due to the change in

inner diameter caused by hydrate deposition (pressure
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P = (Pdl +Pd2+Pd3)/ (5+2.5+2.5) - (PdS-PdS0)/1.5 5 Kl =
Q AO =Cppu (To-Ti) /iDLO where suffix 0 of Pdn and
PdS: when liquid (aqueous solution) is fed first

wi thout suffix: after hydrate deposition 10 Q heat

i nput A heat transfer surface area Cp: specific heat
of water p: density of water u: flowrate of cold
water 15 To: cold water exit téﬁperature Ti: cold
water inlet tenperature D: inner-tube inner dianeter

L: heat transfer length O aqueous sol ution
t enp@t AEBFBNAFf PRF SREEC 2P HHEIIMG dhe Flapk vspeRissyre

the calculation results.. The ordinate in the |ef

S qeSEPBE hr it cbtARe L b ofhe Gapulated
t he .1 n Lnngr diangeter used by hydrate
depoé??ggﬁl r%%sﬁ?% %ﬁ) ereite Oré“)?%al%i ng the slurry

pressure gr0p) pal el ghpl fs 12 207 e 11 Gils SIG\0h 5

FIG represents the thernal transmttance;

absci ssa gepre§eabs=tpe.4 esd-TPe/4mb 47 As obvious
fromthe graph shown 1n FIG 6, the change in pressure

dropwhéréhe heat exchanger tube over tinme is al nost
constant, indicating that it is possible

suffix 0 of Pdn and PdS: when liquid (aqueous

solution) is fed first

without suffix: after hydrate deposition

Q: heat input

A: heat transfer surface area

Cp: specific heat of water

p: density of water

u: flow rate of cold water

To: cold water exit temperature

Ti: cold water inlet temperature

D: inner-tube inner diameter

L: heat transfer length

®: aqueous solution temperature difference

FIG. 6 is a graph showing the calculation results.

The ordinate in the left side of FIG. represents the
pressure difference by the change in inner diameter
caused by hydrate deposition (pressure difference
excluding the slurry pressure drop); the ordinate in
the right side of FIG. represents the thermal
transmittance; and the abscissa represents the test

period.
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to suppress the increase of the pressure drop. In 5
addition, the thermal transmttance is al so al nost
constant, indicating that it is possible to suppress
the increase in the amobunt of the hydrate deposited on
the heat-transfer surface and increase in thernal

resi stance. 10 As descri bed above, it was denonstrated
that it is possible to suppre§§ deposition of the
hydrate on the heat-transfer surface by regul ating

the flow rate of the raw solution or slurry passin
t hr ough t%é ﬁgg?ouﬁxgﬁ%%g%Wet%FﬁP% %H%Winqnﬁﬁé- 5 he

Tes sing_shel |l - and-t ube at .exchanger

B R
hydr sk ur C | r sol.ution,or. slurry .
vviyt héigeggo%yr}lg# [ ‘8%#%‘{1%% %lncga{t;nﬁwgﬁatar%& tlﬁbéDOSSlble

heat  gxghapoess Whl bedescribed.y . é%eew x Of!d%bqn of,

test device> FIG 7 is a schematic wi ng-the
confagaieléon ofethieedmest demiGe ccheshel landativbe
heat exchanger is a one-pass heat exchanger having 27
SUS36dn ¢ udrets, hawvd hgptampuirert b iH arseisab 1ef tl;7sap?smess
and an inner dianeter of 14 mmplaced in a shell of a
SUS30e sireetedshel hahiemgrumon halhedirgnetaee abpds@Aed on
The raw solution or slurry 48 flows in the tube,

whi | 'ehe Heerleftiaeefan funisrd mchdnagieelsle dindéhefrmbahe
heat exchanger. The circul ati on channel 62 circul ating

t he ;%ﬁ&stance.

As described above, it was demonstrated that it is

possible to suppress deposition of the hydrate on the
heat-transfer surface by regulating the flow rate of
the raw solution or slurry passing through the heat
exchanger to 1.8 m/s or more.

[Test by using shell-and-tube heat exchanger]

Hereinafter, a test performed for production of a
hydrate slurry by cooling a raw solution or slurry with
a Fleon refrigerant by using a shell-and-tube heat
exchanger will be described.
<Description of test device>

FIG. 7 is a schematic view showing the
configuration of the test device.

The shell-and-tube heat exchanger is a one-pass
heat exchanger having 27 SUS304 tubes having an outer
diameter of 17.3 mm and an inner diameter of 14 mm
placed in a shell of a SUS304 steel tube having a

nominal diameter of 150A. The raw solution or slurry
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solution or slurry into the tube of the shell-and-tube

5 heat exchanger 61 has a tank 63 storing the raw
solution or slurry (the raw solution is previously
stored when experinment is started), a circulation punp
64 pl aced downstream side of the tank 63, and an

el ectric heater for sinulated | oading 65 placed at the
10 outlet side of the circul ati%h punp 64. The tank 63
has a cooling coil (not shown in the figure)

installed therein; a hydrate slurry for seed
crysF&PWFzéPléﬁe gu%%deﬂh%h%r%@% FFr g rAHatf vofin the

t he Er Ied sﬁ te of the raw solution fed from
t he ﬁ%g? 8x8ﬁa @%r *TheStetRI%ture of the raw
| ut d t t heat h
fﬁ|gt'?2 géecon c3r §UBR ﬁa?ngke ?e%f?%% XQF%QQﬁE% Hw
a coea&ae&ohegpegﬂyﬁg %ﬁ o thg, vl ate, S{qggfly- el tupe
ated 2

fromthe tank 63 to conpensate

heat nbytt BacehRgLri g1 heates forx &1l atqd |t‘?‘?éj'rnagJ 65.

In addition, there is a recircul ati on channe

f or medlueoonest | southe tamk B3yt ButSidre 1@0\&%\{1%31
side of the electric heater 65 on the circul ation 25

chanaebréd, wvaen ¢heseimsna recitatteat)i,or pUArTWAtion pump
installed on the recircul ati on channel 66. The fl ow
rat e66f piheed adpwottt¢am ids|af rohd gthrd9 63, ntemdt ke

shel | - and-tube heat exchanger 61 is controlled by
i nveRtBFErEpnheetel for thidltkried dieading pimplereshat the

t he CI at as the rotational frequenc
L lé% g%”%%e circulation pump 64. g .

The tank 63 has a cooling coil (not shown in.the
figure) installed therein; a hydrate slurry for seed
crystallization is added thereto for elimination of the
supercooled state of the raw solution fed from the heat
exchanger. |

The temperature of the raw solution or slurry
supplied to the heat exchanger inlet is so controlled:
that the test is performed at a constant temperature,
while the hydrate slurry fed from the tank 63 is heated
to compensate the cold heat by the electric heater for
simulated loading 65.

In addition, there is a recirculation channel 66
formed, connecting the tank 63 to a site downstream
side of the electric heater 65 on the circulation
channel 62, and there is a recirculation pump 67
installed on the.recirculation channel 66.

The flow rate of the raw solution or slurry fed
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the punps is regulated in a certain range. 5 A Fl eon
refrigerant Rl34a is supplied via a refrigerant
circuit 68 into the shell side of the shell-and-tube
heat exchanger 61. There are a refrigerant heat
exchanger 69, a gas-liquid separator 70, and a
refrigerant punp 71 installed ?n the 10 refrigerant
circuit 68. A Fleon refrigeran “R404a previ ously
cooled in a refrigerator unit 75 equipped wth a

conpy essor. 72, condenser 73, and an expansi on valve_ _.
74 TS Rthe e PRIy e Ao S CBREARRGBA. 68, controlled

heat,- h ' ith t fri t .R134a, .15 A

o Do AR AT SR A 66 Reryo3eor Ao Fédn PhEp 67 and
th e : - | i qui

ot 1o S BUn 1 DB e P o BT bh B Lsf B PyTRY ©F

the {pbenimpcoal ad Sy MaRONZat iepcafnarpagk . of the
refrigerant liquidin the shell. The vaporized 20

refriger amtroasn ardk #ihe vefy iRgemant ¢l isQEdei@Elevﬁgda
back to the gas-liquid separator 70. The Rl134a

r ef regfriaydrargas iseparatesd inftogasel kgl separ atothd0

is sent to the refrigerant heat exchanger 69, where

it ishelbolaad-dndbe dordersettanges &1l.i qUihdreehreger ant
and fed back to the 25 gas-liquid separator 70. <Test
met HEREL 1A1e e 18 tTRAR hadiogtr gﬁrati gasohtanidaseparator
50 14.4 wt% was_ used as the raw solution in the

preseht 2k FeriSrdiIcTARe RydPat'é dBAERALPENOTNFRfati ng

te”F?%f?fgé%égttJ?%é%ﬂ%e%%§ TEA§128£UEQ giggrant R404a
previously cooled in a refrigerator unit 75 equipped
with a compressor 72, a condenser 73, and an expansion
valve 74 is sent to the refrigerant heat exchanger 69,
heat-exchanging with the refrigerant R134a.

A refrigerant liquid at approximately 2°C is fed
into the shell from the gas-liquid separator 70 by the
refrigerant pump 71, and the raw solution or slurry in
the tube is cooled by vaporization of a part of the
refrigerant liquid in the shell. The vaporized
refrigerant gas and the refrigerant liquid are fed back
to the gas-liquid separator 70. The R134a refrigerant
gas separated in gas-liquid separator 70 is sent to the
refrigerant heét exchanger 69, where it is cooled and

“condensed into a liquid refrigerant and fed back to the
gas-liquid separator 70.
<Test method>

An aqueous TBAB solution at a concentration of
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approximately 8C. 5 The raw solution or slurry is
circulated in the <circulation channel 62 and the
recircul ation channel 66 at particular flow rates,
while the inverters for the recirculation punp 67 and
the circulation punp 64 are regulated, and the
refrigerant is then fed into the 10 shell -and-tube
heat exchanger 61, while the Perigerator unit 75 and
the refrigerant punp 71 are activated, cooling the
raw solution or slurry in the tube. The refrigerant
t enpef af Ufe® i ¥RT HEShaA T GRE Kt SOl tderstianitthea®resent
conpressor 72 in .the refrigerator unit A 75.is,
[ ogUP RS M T or TR e Y Ut AT T e TR H8Ru i on
ass 0 t utlet of t el I.-and-_ t.ube heat
gxch§%5%$£%€@%%€%§é§h%(?%ﬁe %ﬁdﬁéég:%Q%g%%gﬁpéFcooled

st at fbi@%%fg§§fﬁiﬁfy separately prepared 20 is fed
into %e tank 6 to elimnate supercooling.

Subsequenthy, rihesdyde 848 S Wiyt enperat g Aled tihe the
outl et of the shell-and-tube heat ‘exchanger 61 and

the pfesslyEish ofhdrind hestheald exehar@erduibBeion channel 66
(difference in pressure between heat exchanger outl et
25 and padtetqulre Mioow torteds, wihille tthe refieirgetrantor the
tenperature and the flow rate of the raw solution or
sl urrscareukafptor ansrart’ B thee swaudhttilbe puopot 64 are
power to the electric heater for sinulated | oading 65,
whi cFeIWl3terld st e kel L astarntte dse tenr de6f inke Ehw
solution or slurry flow n
shell-an —tubglheat eé%hanger 61, while the
refrigerator unit 75 and the refrigerant pump 71 are
activated, cooling the raw solution or slurry in the
tube.
The refrigerant temperature in the shell is kept
. constant, as the compressor 72 in the refrigerator unit
75 is regulated. After the temperature of the raw
solution passed through the outlet of the shell-and-
tube heat exchanger 61 becomes 7°C or lower in the
supercooled state, a hydrate slurry separately prepared
is fed into the tank 63, to eliminate supercooling.
Subsequently, the hydrate slurry temperature at
the outlet of the shell-and-tube heat exchanger 61 and
the pressure drop in the heat exchanger tube
(difference in pressure between heat exchanger outlet
and inlet) are monitored, while the refrigerant

temperature and the flow rate of the raw solution or

slurry are kept constant.
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into the shell-and-tube heat exchanger 61 constant,

and 5 the heat released in respective punps

corresponds to the cold heat held in the generated
hydrate slurry, and thus, the production capacity for
the hydrate slurry is determ ned by neasuring these

val ues. The solid phase fraction SPF of the hydrate
slurry 10 (rate of hydrate inHydrate slurry) is
determined from the hydrate slurry tenperature at the
outlet of the shell-and-tube heat exchanger 61. <Test
results 1IP& B3l 861 GhPohNBRL SPA¥eY WastHedlenteixs heater

hel |.-and- 1 heat r 61, and the change
oV EPF o BAm R bt R P e hac e LA B &egp

' I , the fl rate_of |
grap@héhgg%ggra£ggetg§ttﬁ$;gy%3ﬁ¥ﬂ qﬁﬁl?ﬁés\grry flowing

the raw s on ~or sl ur

hel | = apd b t C t to 450 L/nmn
(F o £t shPnEraEe: A EAA Mea Tl 3 ') (gl ana
i's ptebtRdaenrabsgisgain thespdibe Pr, %d@&%%p%&ggg%o

shel | -and-tube heat exchanger 61 a the sol

fracthenceidt heahyrls ad €15 4Hd Ygendfat N Hyefrla t@r il N3k, and
and the hydrate slurry tenperature at the outlet of

t he Shet) - and- p ubdudieddn Zmmxaitang®r Ghe th@irate slurry is
refrigerant tenperature at the heat exchanger inlet,

and d¢eermadedfby heessumirag drthedeamdilngs.heat er, on

right ordinate. 52 After renoval of supercooling, the
refri ger ahf®t eapdd ablr e afradiel 9| SR/E off tthe hydrate slurry
shell-and-tgbe heat exchanger 61 was kept at

appr&&?ﬁ%t% thQf%ﬁﬁj%WNPYdrate slurry) is determined from
the hydrate slurry temperature at the outlet of the

shell-and-tube heat exchanger 61.
<Test results 1>

A raw solution or slurry was fed into a shell-and-
tube heat exchanger 61, and the change in various data

over time was determined. FIG. 8 is a graph showing

the test results when the flow rate of the raw solution

or slurry flowing in the shell-and-tube heat exchanger
61 was set to 450 L/min (flow rate in tube: 1.8 m/s).
In FIG. 8, the time is plotted on abscissa; the
tube pressure drop of the shell-and-tube heat exchanger
61l and the solid phase fraction of the hydrate slurry
SPF, on left ordinate; and the hydrate slurry
temperature at the outlet of the shell-and-tube heat
exchanger 61, the refrigerant temperature at the heat
exchanger inlet, and the load of the simulatory loading

heater, on right ordinate.
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hydrate slurry tenperature at the outlet of the shel

5 and-tube heat exchanger 61 at 7C, indicating that
the test was perfornmed under a consistent test
condition. After renoval of supercooling, the tube
pressure drop in the shell-and-tube heat exchanger 61.
gradual ly increased, indicating that the hydrate
deposition 10 thickness on the>tube inner wall surface
increased, to an alnost constant val ue of 26 kPa
after 4 hours indicating that the increase in
hydrate dBBBSTtFEROVEhi @knedRe KEee et r itheed e tAfiggrant

ooyl SLyBupeLEool L% A 2 NS IS sl oo
I VV ft t far,
Bt R P %

| & |
??actY Eﬂqgﬁgﬁégte J%?qj§o b-lggaﬁgégﬁe shell-

al ”D%dﬁ‘@tﬁ@é af%aﬁlaék@ié}( %laf§@r7 Cppei ! 'c%rtl_lfrx%r t‘?’lat the
hours, indicating that t%e hydrate slurry was

pr odesed Wi abber £ Ssmdteseldded abkg,stidh tWag sftodbedition.
that, when the in-tube flowrate of the raw sol ution

or sIurryAft@mnr@moéﬁﬂ|¢Et§upéﬂuﬂdlﬁm@ﬂ tahee theat pressure
exchanger 61 was set to 1.8 nis,.it was possible to
supptess imethacslealsle-dnd-ttue hedrtatexctiepgsirt iGdngradually
t hi ckness on the tube inner wall 53 surface and to

pr odieer ¢dhzedy didicatigre yrhataing hydrese depgistsipn

Subsequentl a test for exam natign of the
ickness on the tube inner wall surface increased, to

an almost constant value of 26 kPa after 4 hours,
indicating that the increase in hydrate deposition
thickness was restricted.

After removal of supercooling, the load on the
simulated loading heater decreased gradually, to an
almost constant value of 3.6 kW after operation for
4 hours, indicating that a hydrate slurry having a
particular cold heat was produced stably.

The solid phase fraction SPF of the hydrate slurry |
also reached an almost constant value of 14% after
operation for 4 hours, indicating that the hydﬁate
slurry was produced stably.

As described above, it was found that, when the
in-tube flow rate of the raw solution or slurry flowing
in the shell-and-tube heat exchanger 61 was set to
1.8 m/s, it was possible to suppress the increase in

the hydrate deposition thickness on the tube inner wall
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rel ati onshi p between the tube pressure drop and the
in- 5 tube flowrate of the aqueous sol ution was
performed, as the flow rate of the raw solution or
slurry flowing inside the tube of the shell-and-tube
heat exchanger 61 was altered in the range of 1.5 to
2.4 ms by reqgulation of the recirculation punp 67
and the 10 circul ati on punp 64°3FIG 9 is a gr aph
showi ng the test results, and the in-tube flowrate
of theg%aMIsol$tion or slurry was  plotted on abscissa

and PRETRGDHe BT eSS PP W oh it ididte wdeiipive$@bd Y -
drop pecene copgtgg%, on ordinate. 15 As shown in FIG
9, if the TAfub2 $Tow rate of the raw sol ution or
slurry wa ' el s or._nore,. the e
pr:ssﬁre §?§§Q§g§*f§$¢ %&éﬁgﬁigfrr%ﬁﬁqﬁﬂéiﬁﬂn Oglg%e

t enpeg Bh tH &n ¥Ry Alet Xk NG L AUJ AL es%&rfg%gﬁgné%ﬁb%he in-

flow rate of the raw solution or slurry I I"er
thantdb8 Fisw fdree tatbe HY RfIHR AR MBS LBR peTB8rmed,
results indicate that it is possible to suppress the

i ncreasehof f1de wamidf afhd hewhydnate ondeposilhed O lowing
the tube inner wall surface by the flow force of the

raw so$idé orhertwairafy, tiey sheddi-agd-hebeawet sakhthgser 61
or slurry into the tube of the shell-and-tube heat
exchéyerl Baredinin ehiceapingg ofe 1f.I5owor &t.-é of sr bw

solution or, slurry in the tube of the shell-and-tube

54 FREH BdMarfert el waciroglgtd oar PBPe 6 7wheA the

refrigerant, tenperature is 2C. It is thus possible to
perf%%ﬁ@eaavo&m%e%%'n the tube of the
shel | -

andeé*“@ is a graph showing the test results, and
the in-tube flow rate of the raw solution or slurry was
plotted on abscissa and the tube pressure drop when tﬁe
tube pressure drop became constant, on ordinate.

As shown in FIG. 9, if the in-tube flow rate of
the raw solution or slurry was approximately 1.8 m/s or
more, the tube pressure drop was low, when the
refrigerant temperature was 2°C. On the contrary, if
the in-tube flow rate of the raw solution or slurry
smaller than 1.8 m/s, the tube pressure drop was high.

The results indicate that it is possible to
suppress the increase of the amount of the hydrate
deposited on the tube inner wall surface by the flow
force of the raw solution or slurry, by feeding the raw
solution or slurry into the tube of the shell-and-tube
heat exchanger 61, while keeping the flow rate of raw

solution or slurry in the tube of the shell-and-tube
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heat exchanger 61 snoothly for an extended period of 5
time and produce the hydrate slurry stably. In
addition, it is possible to suppress the increase in
the amount of the hydrate deposited on the tube inner
wal | surface and also to keep a part of the hydrate
deposited and renai ned on the tube inner wall 10
surface by feeding the raw sol £ion or slurry at a
flow rate of the raw solution or slurry in the tube

f th hel | - and-t ube heat h t 61 of 8 m
or TRE: FHHIATEY (onérats ‘ot FOnEP Ry PAED BAEI 1y,

th id e f t
cry TS TAGTTUN MCHEE 15T o Phe hydrate, ‘L8 BEAPARRS 0
th f t f L
e R e A e T R

heaty sl fyansde g1 rs%wtthiysfo-gh%nete&ﬁgkd@fi Fgglod of
refrigerant tenperature was ~20 eval uated, whi

feffﬂiﬁgfﬁﬁdt§¥ﬁﬁﬂé§lﬁﬁé\Myara%bt%ﬂﬁ@ryAsEéBQthlOn
test by a shell-and-tube heat exchanger 61 was

per f or medin Wddiec 1dre, riaf risgercani b lteenpesabpireswashe
varied in the tenperature range of 0 to 4.7C, which

i s ligwereddmnirt hehehedroatres généhat hoar25ei deppattad on the
tenperature (hydrate freezing point) of 14.4 wt%
aquesize TRAB Blaltl evrdftac®Cangha lske tef keep aoparhecf the
refrigerant tenperature on the pressure drogﬁln 55

t he AH@ 6t 4IROTHAT 2 HeTBd PRat e kBRafyBR 63 RAsWaLl
st udi ed Th%@&b%ﬁﬁggkftﬁ% t he ragP%OI%tbon 5r§ ULEY. £1ow
in IR e Rd's ° 8120 §. U Y
rate of the raw solution or slurry in the tube of the
shell-and-tube heat exchanger at 61 of 1.8 m/s or more,
thus to generate additional hydrate easily, because the
residual hydrate functions as a crystalliation nucleus
for the hydrate, to regulate the solid phase fraction
of the hydrate slurry in a suitable range, and to store
and transport the cold heat smoothly.
<Test results 3>
The effect of the refrigerant temperature was
evaluated, while the refrigerant temperature was
altered. A production test by a shell-and-tube heat
exchanger 61 was performed, while the refrigerant
temperature was varied in the temperature range of 0 to
4.7°C, which is lower than the hydrate generation-
initiating temperature (hydrate freezing point) of
14.4 wt% aqueous TBAB solution at 8°C, and the effect

of the refrigerant temperature on the pressure drop in



10

15

20

25

FIG 10 is a graph showng the test results. The 5
refrigerant tenperature is plotted on abscissa, while
the pressure drop in the tube of the shell-and-tube
heat exchanger 61 and the refrigerating capacity of
the shell-and-tube heat exchanger 61 on ordinate. As
shown in FIG 10, the pressure grop in the tube 10 of
t he shel |l -and-tube heat exchan& r 61 i s decreased,
when the refrigerant tenperature is higher in the
tenpe%ature range of the test. The reason seens to be

the FOFI bWPRgET RreeStlimrdditiydictit ey 4es

hi gh 15 i bl i th | t th

M onsERatEaP oo it frod A 1h e L A e s1urey
d i i f_ t t hr at

hots 2n FhPShEat Pl bEanddEA0 PO Mo Oled TP o1 1A €

degree (spegifigallys gygﬁﬁcg%mggdﬁ%e@stofréaﬁ{saw The

solution or slurry in 20 contact with the heat

exchaagei gerbreec hpd Neceat s tyansdfl diikgsdilssa, while
results in increase of the rate of the voids (content

of ateopsesohiki dYp i in titee dsater Wenaemilad-Aasl-tube
cool ed on the heat exchange surface of the heat

transt¢at ¢xbesngekiy dahd thalratfer idepodiiiordmyEet 2o the
softer and nore easily separable by the flow force of '

t he apbbuandotwes oredt enclranees|al rgp didjnate.
refrigerant tenperature nmakes the hydrate deposited on

56 the hBatSkPunsterFiGbel I mnidie REFEEFSHIGF ddhdhe tube

or o SERE R S, educ e, Lhe hydhate qntent i 8o,
when the refrigerant temperature is higher in the
temperature range of the test. The reason seems to be
the followings:

Rise of the refrigerant temperature as high as
possible in the range lower than the freezing point of
the clathrate hydrate (in other words, closer to the
freezing point of the clathrate hydrate) leads to
decrease in the refrigeration degree (specifically
supercooling degree) of the raw solution or slurry in
contact with the heat exchange surface of the heat
transfer tube. It results in increase of the rate of
the voids (content of aqueous solution) in the hydrate
generated as cooled on the heat exchange surface of the
heat transfer tube, making the hydrate deposition layer
softer and more easily separable by the flow force of
the aqueous solution or hydrate slurry. Higher

refrigerant temperature makes the hydrate deposited on
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decrease of the pressure drop in the heat exchanger 5
tube unit. In addition, the refrigerating capacity of
the shell-and-tube heat exchanger 61 is determined in
the follow ng manner, and, when the refrigerant
tenperature is in the range of 0 to 4C, the
refrigerating capacity 10 per unit tube length is

al nost constant at 0.095 to 0697 [ KWt ube],
independently of the refrigerant tenperature. High
refri nt te ture all ows operation of the

refri FSF §h BF€ Fife 1S gerdce dedésTa RrgRere

o §%?.”éé?a% foed r§%$?€9' A SN ERict G BT

POWeL cCANBUNRE 0 %H& qd £l a0l Galhguiatlgn of
heat - exchahger”re rrgera ing cap uﬁefrrgeratron
capa AKAT ek I transter

ar eae%%]e%é7 DoLPrirrézlpr: thelfenaﬁ%a:g%sm%ttgl\%gg [e%ém?%@%r
ATm t|;pganhthm c nean tenperature difference (- Ti-To)
To: refrigerant tenperature Ti = raM/sqution or

slurry tempesatuteonn thbere 25 Jdxattithe Rwaesitdi aretee
D: dianeter of the in-tube aqueous sol ution channe

t: tabelhabhdthiloknesst Skclandardradt @ sl apgee rinhinekingéasthe
ho: outside-tube thermal transmttance hi: in-tube

t her falleyang manngiee and, when the refrigerant temperature

is in the range of 0 to 4°C, the refrigerating capacity

per unit tube length is almost constant at 0.095 to
- 0.097 [kW/m/tube], independently of the refrigerant

temperature. High refrigerant temperature allows

operation of the refrigerator supplying the refrigerant

under a higher refrigerant temperature cbndition for
obtaining the same refrigerating capacity, and thus,
reduction of power consumption by the refrigerator.
Calculation of heat-exchanger refrigerating
capacity
Refrigeration capacity Q = A-K-ATm
where, A: heat transfer surface area [mz] = m-Do-L'n
K: thermal transmittance [W/mZk]
ATm: logarithmic mean temperature difference (= Ti-To)
To: refrigerant temperature
Ti = raw solution or slurry temperature in tube
Do: tube outer diameter
D: diameter of the in-tube aqueous solution channel

t: tube wall thickness
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XSUS: SUS tube heat conductivity 5 XCHS: hydrate heat
conductivity The thermal transmttance is cal cul ated
according to the following Formula: 1/K = Do/ Dhi +
(Do/ 2?CHS) I n(Do-2t)/D + (Do/22SUS)| nDo /
(Do-2t)+l/ho 10 Here, D = Do-2t-2a <Test results 4>
The effect of the refrigerant tenperature on the
pressure drop in the tube of tRe shell-and-tube heat
exchanger 61 was al so eval uated, while the kind and
the 15 flowrate of the raw slurry were altered.

Hydr @ eR¥PtR ¢ ekayeE pelti¢k%Ss at sol i d phase
fractions SPFs of 15% and 20% were prepared by using
14. 43 05 REREOUS HRAB- ROFTR Y orF (A& SFener at i on-

initiating t erature (hydrate freezing point): 8C
20 aélth%gr%ﬁggoTﬁ?f%%la. WYYt i ng the hydrate
b evi y. [ 0 .QJ.ytj on, and used as

he PAEY! 45 Y0000 Roddn

urries. erature”of the hydrate
sl urgy, at 2ite Head BRIRAGNAG M th the 14.4 wt %

‘agueous” TBAB solution 25 was 7C, and the tenperature
of the hYﬂM@t@héfﬂélYtﬂ&nsﬁﬁtéﬁﬁ%éﬁiéugﬁﬂMﬁié¥%d|d&cording

addition hydrate slurries respectively at solid 58
phaseo ftlaet f @hkobhie Drmibla:and 20% wer e prepared by
using 11 wt % aqueous TBAB sol ution (hydrate
gener at i oh4Ki ni P AP hgt t Ehpétiatyy)e Jrhymeir-atte /fr eezi ng
point): 7C)

+ (Do/2Agysg) lnDo / (Do-2t)+1/ho

Here, D = Do-2t-2c
<Test results 4>
The effect of the refrigerant temperature on the

pressure drop in the tube of the shell-and-tube heat

exchanger 61 was also evaluated, while the kind and the

flow rate of the raw slurry were altered.

| Hydrate slurries respectively at éolid phase’
fractions SPFs of 15% and 20% were prepared by using
14.4 wt% aqueous TBAB solution (hydrate generation-
initiating temperature (hydrate freezing point): 8°C)

as the raw solution and by generating the hydrate by

previously cooling of the solution, and used as the raw

slurries.

The temperature of the hydrate slurry at an SPF of

15% prepared with the 14.4 wt% agqueous TBAB solution
was 7°C, and the temperature of the hydrate slurry at

an SPF of 20% was 6°C.

In addition hydrate slurries respectively at solid
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as the raw solution and by generating the hydrate by 5
previously cooling of the solution, and used as the
raw slurries. The tenperature of the hydrate slurry
at an SPF of 15% prepared with the 11 w % aqueous
TBAB solution was 5C, and the tenperature of the
hydrate slurry at an 10 SPF of 20% was 4C. Thus, there
were four kinds of raw slurries (1) Hydrate slurry at
a solid phase fraction SPF of 15% obtai ned by cooling

% TB I 15 dr at
at alerrar %%%é‘iow“%w” $oY Gith i oplned By o by
I 4 | ut 3 d
o or 1y oag 1 HHY ARG T e o A e e on-
b _
ng?ggg£ggﬁ%%%m%%ﬁ§ggo i ﬁgﬁi ractlon]éﬁk%ﬁ%nfdc 77
obt ahgeghQYrQQ%éﬂgtﬂénV@n/ﬁw LBAB, 5l 'hgﬁirtahle%eby

effect of the pressure drop i'n The tube unlt

ref rpgev st s 1 npes Bing eo Mash £xMNeb DY 4l Med R& the raw
four kinds of raw slurries and by changing the 25

refrserandéstenperature in a tenperature range of 0 to
4.7C, which is lower than each hydrate generation-
initiatinfheehpepataterd hytrghe Hyderianglpoimnt atarcth 5PF of
varying the flow rate of the raM/sIurry flow ng inside

t he %@%eP%EFPH\%dSWe’W -Hid- 1 lubE themuessh dRgEr selutdon was

t he nge of 1.6 to 2.4 ms by regulation of the
5£8,_ang the temperature oglthéghydrate slurry at an

SPF of 20% was 4°C.

Thus, there were four kinds of raw slurries:

(1) Hydrate slurry at a solid phase fraction SPF
of 15% obtained by cooling 14.4 wt% aqueous TBAB
solution

(2) Hydrate slurry at a solid phase fraction SPF
of 20% obtained by cooling 14.4 wt% aqueous TBAB
solution

(3) Hydrate slurry at a solid phase fraction SPF
of 15% obtained by cooling 11 wt% aqueous TBAB solution

(4) Hydrate slurry at a solid phase fraction SPF
of -20% obtained by cooling 11 wt% aqueous TBAB solution

The effect of the pressure drop in the tube unit
on the refrigerant temperature was examined by using
the four kinds of raw slurries and by changing the
refrigerant temperature in a temperature range of 0 to
4.7°C, which is lower than each hydrate generation-

initiating temperature (hydrate freezing point) and
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recircul ation punp 67 and the circulation punp 64. The

5 thickness of the hydrate deposited on the tube inner
surface was cal cul ated fromthe neasured val ue of the
pressure drop in the tube unit, simlarly to the

single duplex tube test above. FIGS. 11 and 12 are
graphs showing the test 10 results. In FIGS. 11 and

12, the refrigerant tenperatufé@ is plotted on

absci ssa, while the hydrate- equival ent deposition
thickness calculated fromthe pressure drop in the

t ubeVdFYiRe Shel flandcapeohddte rexckdvgay glowdng inside

di . 15 FIG, 11 | bt ai ned with
Che T EUFE 0T ko i L T AN FF, £ AP aGaoode in the
TBAB ] , il I 2 sh t h |
obt a.r%‘z@é \l/J\5|!é % ?1{]' ?}11\4;5 r%’vvf.slﬁlgusr :qye:re%\ﬁgﬁgﬁg’&r% gﬁ&’lséhe 11
wt %ﬁé}é@PH&l%thﬁ‘l Mﬂjtépr&r}dzockés cil}%m.athOnggﬁﬁl%4 . The

and 12, the hydrate- ‘equi val ent deposition ess

decreaserh e £ hehe NRfdI L85 Ay S8 FREN %‘hurt%fev\@ﬁbe inner

rai sed, independently of the kind and the flow rate

of tdher fave shad ryaldhgherd fedd itger akh sieepekat Ubeof the
makes the hydrate deposition 25 |ayer on the heat

t r amsfessyubeliomein sitd anbesafrtier, sand 1aene sepahabkeéngle
by the flow force of the aqueous solution or hydrate

sl urdyplemd weslvoest tdimvmwunt of 60 the deposited
hydrate, independently of the kind and the flowrate

of the raW&furty.amhel? - atfe Jraiphs homilpdothehgest

tenﬂ%§§3f¥§% In FIGS. 11 and 12, the refrigerant
temperature is plotted on abscissa, while the hydrate-
equivalent deposition thickness calculated from the
pressure drop in the tube of the shell-and-tube heat
exchangér 61, on ordinate.

FIG. 11 shows the results obtained with the raw
slurries prepared from the 14.4 wt% aqueous TBAB
solution, while FIG. 12 shows the results obtained with
the raw slurries prepared from the 11 wt% aqueous TBAB
solution.

As shown in FIGS. 11 and 12, the hydrate-
equivalent deposition thickness decreased when the
refrigerant température was raised, independently of
the kind and the flow rate of the raw slurry. Higher
refrigerant temperature makes the hydrate deposition
.layer on the heat transfer tube inner surface softer

and more separable by the flow force of the aqueous

solution or hydrate slurry, and reduces the amount of
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di fference between the refrigerant and the raw slurry
5 with the hydrate-equival ent deposition thickness was
eval uated, based on the test results shown in FIGS 11
and 12. FIGS. 13 and 14 are graphs show ng the
results. The abscissa shows the tenperature difference
between the refrigerant and the raw slurry, while the
10 ordi nate, the hydrate-equi v&llent deposition

thi ckness calculated fromthe pressure drop in the
tube of the shell-and-tube heat exchanger 61. FIG 13
i s atBfapAPeHbvEAghYWer fosultdersitEntdd BE tis rkg ncheénd
raw si_iurr'ies prepared from 14.4 w % aqueous 15 TBAB
sol utPentlowmi FREFIE e 119 HrHEH ;showi ng the resul ts
obt ai ned usi the raw slurrie repared from 11
W % aqueoggerfBA%ﬁ%o?%}‘?%Jno.n%l%h%ﬁ/n G S a3 g

14, : - [ val.ent osi tiaqn thickness

decr éggg}’%@%e?%%%x taé ehnegerregﬁglrgeercﬁnf @rnéingcg‘ SétRe STy
t he [ Aahds t ; i.s .sphall.er

i nde‘gg%lgle%% 3![11%? t he érthlv& sﬁq\lljérr?éy%e%ﬁ lt%hlzﬂ?lég\?\‘ﬁkgteés.s was

Snal &ei1 i erRer atad ey dif fralencast helwpen tdewn in FIGs. 11
refrigerant and the raw slurry, i.e., high

refragerent tEIGEr atrahd Mekes d ke diyd arewdeRoshtkl on

25 layer on the heat transfer tube inner surface

sof t eesulingl. noftee sEpaATiade dhowshefd awnfoeres wfe the ference
aqueous solution or hydrate slurry and reduces the
amoupttetesithe hee Peisrpriardd angdrtditce ravndgdéperrdentiny lef the
the kind and the flowrate of the raw slurry.

Subsetlert sy, e Mty entesfpasd tion thickness

calculated from the pressure drop in the tube of the
shell-and-~tube heat exchanger. 61.

FIG. 13 is a graph showing the results obtained by
using the raw slurries prepared from 14.4 wt$% aqueous
TBAB solution, while FIG. 14 is a graph showing the
results obtained by using the raw slurries prepared
from 11 wt% aqueous TBAB solution.

As shown in FIGS. 13 and 14, the hydrate-
equivalent deposition thickness decreases when the
température difference between the refrigerant and the
raw slurry is smaller, independently of the raw slurry
and the flow rate. Smaller temperature difference
between the refrigerant and the raw slurry, i.e., high
refrigerant temperature, makes the hydrate deposition
layer on the heat transfer tube inner surface softer
and more separable by the flow force of the aqueous

solution or hydrate slurry and reduces the amount of
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deposition thickness of the hydrate deposited on the
5 tube of the shell-and-tube heat exchanger 61 inner
surface and the pressure drop in the tube unit was
exam ned. FIG 15 is a graph showing the results, and
the deposition thickness is plotted on abscissa, while
the pressure drop increase rate_relative to 100% of
the 10 val ue when there is no ﬁerate deposition, on
ordinate. The pressure drop in the tube unit is

ro tignal wth the square of the flow rate and
 nver 881 JoBPBhorEi BRAF2 i LSRN W (itse SifleRnd
di a r d s..increase i.n deposition thickness
is ggé%n%gﬁ‘?eﬂgg\ngt%f 1[11%9 dett esgsue“ﬁﬁfr)f the effective

i nner di agggggqgggtiggr%erei j}q%est%esose%rweee%r Qp.. The

pressure drop I'ncreaSe rate I n e unit

shel bepsdi t Ube heat keaehangamd s, Rivefier aly 130% ah the

|l ess fromthe point of the allowable fluctuation range

20 otubbecpowes @ielheruiiudecediang e W rsehutnga r
or slurry, but, for that purpose, the hydrate

deposutfare 4 cidine gsreshouded dreappr atiematueley udis wEs

or less, as shown in the graph of FIG 15. As shown

in PPEsningd. andld4,1% hes teergoeipdt whewdinkf éhenecesults, and
between the 25 refrigerant and the raw slurry is

pr ef BRANISP AL fokon |tdverknass dvk @ loss ey dnagdscissa, while
deposj tion thi ckness approximately 0.5 mmor |ess. 62

A te?l?n%tl?’iﬁeﬁ}}ree&fé&%iwr;?%ﬁamaé@ytr@%ﬁéﬁlaﬁuic@ 100% of the

o1 prenesuhsl veend he Lol plaecant and the rawslurny .

and tpe pressure drop in the tube unit is proportional with
the square of the flow rate and inversely proportional
with the effective tube inner diameter, and thus,
increase in deposition thickness is accompanied with
decrease in the effective inner diameter énd increase
in the pressure drop.

The pressure drop increase rate in the tube unit
shell-and-tube heat exchanger is preferably 150% or
less from the point of the allowable fluctuation range
of the power of the pump feeding the raw solution or
slurry, but, for that purpose, the hydrate deposition
thickness should be approximately 0.5 mm or less, as
shown in the graph of FIG. 15. As shown in FIGS. 13
and 14, the temperature difference between the
refrigerant and the raw slurry is preferably 4°C or
lower, to make the hydrate deposition thickness

approximately 0.5 mm or less.
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raw SO

thus, the tenperature difference is desirably 1C or 5
hi gher. Thus by limting the tenperature difference
between the refrigerant and the raw slurry into a
range of 1C or higher and 4C or lower, it is possible
to perform heat exchange at a suitable heat transfer
ef ficiency and suppress the ing;ease of the hydrate 10
deposition thickness on the tu ¢ i nner surface.

[ Enbodi nent 1] FIG 16 is a schematic view

illTustrati the .configuration of the apparatus for
producinghgggfﬂ?af%e Ry FETSSHRTY 9P L e risotR Sraitire

ft t A5 1 t.i . Jdh t f

o REFBESSEL 45 LONETU O I SO 2t L1 o ey
enbodi ggot + ha e@epfgga i %ngq{e%t J?Eﬁgf@%j¥¥ﬁ¥&¥%n%he and
%ﬁtion ?aqueous solution of a ey

hydr gt €s 9epRE at bhge SAESte COMPRUNN O %ssﬂfémscyewgtlch or

a 20 refrigerant, a refrigerant-supplying devi

supphyghgrt herres rbger antt 1y thes headpeshargeli frerdnce
thermal storage tank 5 storing the raw solution or

sl urbytaeen t tice geafr ajechrity dirat et Wawy ,slaikrynlietto a range
channel 8 communicating to the thermal storage tank 5

25 atf oheCter nivhghhermrahd of 1heor nlstersi de dfs toesiede to
exchanger 1 at the other termnal, an outlet channel 9
comme@t ERET ngcde ¢FEIEe et i dulidgfalilite Neeat terolsdrger

63 1_at one termnal and to the thermal storage tank

5 ateTHhel GRRerateriieRISS arfdea nsdisrsq & dhecharnerte

12 Gopoecting Lhe gt etoohanng @ Wit he et
[Embodiment 1]

FIG. 16 is a schematic view illustrating the
configuration of the apparatus for producing clathrate
hydrate slurry in an embodiment of the present
invention.

The apparatus for producing clathrate hydrate
slurry in the present embodiment has a heat exchanger 1
heat-exchanging the raw solution (agqueous solution of a

" hydrate—generating guest compound) or raw slurry wifh a
refrigerant, a refrigerant-supplying device 21
supplying the refrigerant to the heat exchanger 1, a
thermal storage tank 5 storing the raw solution or
slurry and the generated hydrate slurry, an inlet
channel 8 communicating to the thermal storage tank 5
at one terminai and to the inlet side of the heat
exchanger 1 at the other terminal, an outlet channel 9

communicating to the outlet side of the heat exchanger
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channel 9. 5 The heat exchanger 1 is a shell-and-tube
heat exchanger, and a Fleon refrigerant such as Rl34a
is designed to be fed into the shell while a raw
solution or slurry into the tube. The
refrigerant-supplying device 21 has a 10 conpressor 2
conpressing the gas refrigerant, a condenser 3
obtaining a liquid refrigerant ®y condensing the
conpressed gas refrigerant, a refrigerant piping 4,
and a refrigerant, flow control unit (inlet guide vane

i n t he?kalRe of XU IE G e dhe hermalj sgorage tank 5 at
refrjgerant tenperature-regul ating device regulatin
t he %gﬁp%g%?ﬁr{g%ﬁlQ%#y r8Y Fbé?%ﬁﬁr%ﬂhﬁﬂlpédCh?&“@ﬁelg

heat _exchanger contralling the refrigerant .flow
rate?g?ﬁ%g% ?Hg%%é“ggjgbﬁ*E%”Fﬂe% K&t ghgnﬁgﬂeé 20

upstLeam si dg¢ of the connecting region 10 with the
recircul ation channel 12 (the side closer to the

ther mal st ages ¢ adke1pa gk e ﬂ@'@tsk@lﬂn{éﬂd—@lb@r fedt

production punp 6 feeding the aqueous solution in

t her emth i@ agedank Bech TaMRlaant4BudNLEORI Rt hE
25 flow rate of the aqueous solution, and a first

t herdmsipdresd 1o rmonifieat iing d et empanattiiecob the solution

aqueous solution. 64 |In addition, placed in the

regi @n shuthe ot il dtuben channel 12 are a storage

tank 13, a recirculation punp 7 feeding the hydrate

slurry, abe grefrigerant-supplying device 21 has a
compressor 2 compressing the gas refrigerant, a
condenser 3 obtaining a liquid refrigerant by
condensing the compressed gas refrigerant, a
refrigerant piping 4, and a refrigerant flow control
unit (inlet guide vane in the case of turbocompressor)
19, i.e., a refrigerant temperature-regulating device
regulating the temperature of the refrigerant supplied
to the heat exchanger by controlling the refrigerant
flow rate.

Placed in the region on the inlet channel 8
upstream side of the connecting region 10 with the
recirculation channel 12 (the side closer to the
thermal storage tank 5 on the inlet channel 8) are a
production pump 6 feeding the aqueous solution in the
thermal storage tank 5, a flowmeter 14B monitoring the
flow rate of the aqueous solution, and a first

thermometer 17 monitoring the temperature of the

aqueous solution.
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super coo

second thernoneter 16 nonitoring the tenperature of
the 5 hydrate slurry. The storage tank 13 has a
supercool ing-elimnating device elimnating
supercool i ng of the supplied aqueous solution in the
supercool ed state (not shown in the figure). 10 The
supercool i ng-el i mnating device nmay be, for exanple,
a cooling unit connected to a Stal i refrigerator that
is inserted into the piping through which the aqueous
solution in the supercool ed state flows. The cooling
unit is coblatfttdoRt SFERSt dPe thSt “891RNgREr tPRan t he

hydr at e- gener.ati ng.te rature by a snal

A R e RS TR BydreeetdohotraBdtankt At @

sur f.ace. en .t he er,cqeol ed_a 0 ol uti on _becones

TN GO Tt REBod) TRECaRGt T PRy Ry ar &t LTy, and a

Ci e Cool g vai )
30, Str1aes o T e g ALY OFand: | ans Beoarretngt the

nuclgussatandtig-ysupercooling is elim nated.
Al ternatively, the supercooling-elimnating device

may be a TrwdImesatiingk ABohuberaBapeteboexagpbeifinating
supercooling Pertier elenent inserted into a piping 25

t hr alegghi ashiedhintime tadgue supesobuliog bf the supeliedl @gucous
state flows. Such a | owtenperature protuberance is

al secdodliam tim &heespeeacoréedf sthtehydett shgeneiat ing

65 tenperature or lower, simlarly to the cooling

uni tfigrehe small refrigerator described above, and

has the fﬂﬁgrate depqgsited._qn the surface. Wen the

supercooling-eliminating device may be, for
example, a cooling unit connected to a small
refrigerator that is inserted into the piping through
which the aqueous solution in the supercooled state
flows. The cooling unit is cooled to a temperature not
higher than the hydrate-generating temperature by a
small refrigerator and has the hydrate deposited on the
surface. When the supercooled aqueous solution becomes
in contact with the cooling unit, the hydrate is
generated easily, while the hydrate deposited on the
surface of the cooling unit functions as a product
nucleus, and the supercooling is eliminated.
Alternatively, the supercooling-eliminating device
may be a low-temperature protuberance for example of a
supercooling Pertier element inserted into a piping
through which the aqueous solution in the supercooled
state flows. Such a low-temperature protuberance is

also cooled to a temperature of the hydrate-generating
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aqueous sol ution becones in contact with the low 5

t enper ature protuberance, the hydrate deposited on the
surface of the | owtenperature protuberance functions

as a product nucleus and elim nates supercooling,
generating hydrates easily. Alternatively, a hydrate
slurry separately 10 prepared may be added as the
supercool ing-elimnating devi® . On the inlet channe

8 downstream side of the connecting region 10 with

the recircul ation channel 12, placed are a flowreter

14A RBAPEHR FHES thie IO 1 atienidfarily thee tiextagod iofg tumet of

| ut | | dth hydr at | ry
R LR S AR aﬁ%ﬁ@%%@%vsélgranéﬂn@aé the
h h t 15 t ure
e SyAPELOoBRSL oy B TS | (R sgfer;ooled
t d t t] gi 1 t he
Egiiégéggt%d%xhﬁﬁénne€Q§§&T¥ﬁ§PS|é%:c%ogéf Jthtehéoﬁ’éat
exch & r e 9Fk f@c@gﬂaﬁ{cec;hmah rathl 3 %sﬁte@l | pn the

fourth hmnmmtm 18 noni t'ori ng the tenpe MUre

t he £@Mf§@éL5f(Hhéﬂlo#ﬂﬂéﬂﬂéﬁHtJﬁéﬁﬁyd%dge%%kﬁep§%%%q1ons
t hrough the heat 25 exchanger 1. In addition, on the

outl & =hardlctd nuddwnst ra&ﬁmeﬂ_ll(ﬂﬁn@ftetsh%u§>@&@:@>©1lllﬂ@,
region 11 with the recirculation channel 12, placed
i s apemprafinydivwdratks Gmsille hydrate '
slurry-produci ng apparatus has a control means 30
control | i hgteHeasiw vate wfdaate sgrodyc siepa rpdreg. v6

and/ or the recirculation punp 7,
prepared may be added as the supercooling-eliminating

device.

On the inlet channel 8 downstream side of the
connecting region 10 with the recirculation channel 12,
placed are a flowmeter 14A monitoring the flow rate of
the mixture of the raw solution or slurry and the
hydrate slurry supplied from the recirculation channel
12, and a third thermometer 15 monitoring.the
temperature of the mixture.

In addition, on the outlet channel 9 upstream side
of the connecting region 11 with the recirculafion
channel 12 (the side closer to the heat exchanger 1 on
the outlet channel 9), placed is a fourth thermometer
18 monitoring the temperature of the raw solution or
slurry or hydrate slurry passed through the heat
exchanger 1. In addition, on the outlet channel 9
downstream side of the connecting region 11 with the

recirculation channel 12, placed is an on-off valve 41.
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based on the data obtained in the flowreter 14, first
5 thernmoneter 17, second thernmoneter 16, and third
thernoneter 15. An air conditioning | oad 20 perform ng
air conditioning with the hydrate slurry supplied
fromthe thermal storage tank 5 is connected, via a
hydrate 10 slurry piping, to the thermal storage tank
5. QOperation of the apparatus6ﬁn t he present

enbodi nent in the configuration above will be

descri bed begOML <Bri ef descriéﬁé;mw of hydrate
product i on3€18YAT & BoRIFEF Y TRIEA S L APREL FUM 2 AT Gns

t hrough,. _the shell.side of e heat exchanger 1, while
e bglerblrnentn 38 Chtlo i iR I TaTe e i,
aquequ: i O 2 is withdrawn. fromth
t ﬂgr ﬁg?dggggé%e&tl@% kéSarté(%/d&gﬁEphlpei ire(fi:,l r\ﬁugattl%ém f(’)lmlpnﬁét

pi pi Pgs8a bAt end hea hieat, exchanger thebxh{o!a& tt%g_»ogﬁgt L9 5 ¢

punp 6. The raw solution or slurry supplie

heat thexebaooer ﬂ7jSsé@&ﬂéﬁkﬂékﬂdﬁ%t@%aﬁ6@yand third

vaporization in the shell of the Fleon l'iquid

r ef r thermaoheconpressed in 25 the conpressor 2 and
liquefied in the condenser 3, giving a hydrate

slurry. The aydratedstiwming sldeed 20 pemftdrenimeatair
exchanger 1, via the outlet piping 9, 67 into the

t her AANASE bebed twHih 5l dysirarted stlivere. sWved iehe fraw the
slurry is fed fromthe thermal storage tank 5 to the
heat CEXEREhGEF 1298 ey di dtfe Gognected, via a hydrate

slurry piping, to the thermal storage tank 5.

Operation of the apparatus in the present
embodiment in the configuration above will be described
below.
<Brief description of hydrate production>

A Fleon refrigerant such as R134a flows through
the shell side of the heat exchanger 1, while the raw
solution or slurry through the tube side.

An aqueous solution at 12 to 15°C is withdrawn
from the thermal storage tank 5 and supplied, wvia the
inlet piping 8, into the heat exchanger 1 by the
production pump 6.

The raw solution or slurry supplied to the heat
exchanger 1 is cooled by the heat by vaporization in
the shell of the Fleon liquid refrigerant compressed in
the compressor 2 and liquefied in the condenser 3,
giving a hydrate slurry. The hydrate slurry is fed

from the heat exchanger 1, via the outlet piping 9,
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generated additionally, giving a hydrate slurry higher
5in the rate of the hydrate in the hydrate slurry, or
in the solid phase fraction (SPF). The hydrate slurry
stored in the thermal storage tank 5 is sent to the
air conditioning load 20 for supply of the cold heat,
and a hydrate slurry in the 10 aqueous sol ution or
having a | ower solid phase fration is sent back to
the thermal storage tank 5. <Description of the

oper ati on roducti on aggaratus> Oper ati on

t hod of
of t RBERr SAGCERORTAppAr QA praRkicy PG S % 4 G e -
I i b ib bel A t aki
et r e bUPSTaRHENF Al BrORT et TENE) EEE S Xehpime ot
the_ bydcabe- 0enerat4 N0 guosl coMpOMNd,  Preparaline . .

operation~suc s initral operation u

oper gbhepaabhesa§essat 4 o1y angh RS |

cont?nuoug producti on 0$P¥he €§%2?£ quﬁ%iﬁﬁfﬁggégggher
descihbeHesepas ab el ¥he Wigdcdie GONGRN AL AN of1 d j
aqueous solution is 14.4 w% the hydggie ﬂy%' oF in
genethti sotidi phasé nfraerpet atape . is 8C. The solid

phase fraction (SPF) of the hydrate 25 slurry at 7C

is 14% aldet hedhete slbnsiyystordd MalHaB G 1 storage
standard). 68 <Preparative operation> [1] Wien

hydr &@eksh uk s ysprlodiettiton 4isc standigd,ontigr ddagl 28 rfaw

solution at 12C or hhgher in the inlet channel 8,
out | BfPRhANMEI Tie afff F Heeatube st & ey dredie edetrangém, the

aqueous solution or having a lower solid phase fraction
is sent back to the thermal storage tank 5.
<Description of the operation method of production
apparatus>

Operation of the production apparatus producing a
hydrate slurry will be described below, by taking
tetra-n-butylammonium bromide (TBAB) as an example of
the hydrate-generating guest compound. Preparative
operation such as initial operation or resumption of
operation after cessation and normal operation for
continuous production of the hydrate slurry will be
described separately.

When the concentration of the aqueous solution is
14.4 wt%, the hydrate generation-initiating temperature
is 8°C. The solid phase fraction (SPF) of the hydrate
slurry at 7°C is 14%, and the heat density is

14 Mcal/m3 (14°C standard).
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5 and the raw solution at 12C or higher stored in the
thermal storage tank 5 and the storage tank 13. \Wen
hydrate slurry production is started, the on-off

valve 41 is closed. The recirculation punp 7 is
activated, the flowrate is controlled by regul ation

of 10 the inverter for the recirculation punp 7 to

make the flow rate of the raw&blution in the tube of
heat exchanger 1 constant at a particular flow rate
while the flowrate is nonitored wwth a flowreter

14A. <TREPAFARL¥B| BPFHACIPOWs then in the direction of

13 -* -3 15 12 -+ 14 A->8 --+ 1 9 -> 13. [2] ,
Subsé&ieﬁﬁ??,hY%EaE%n%%%%%%rpﬁpq%ﬁt%%ﬁr%%nﬁ%ﬁ%ﬁeq6;there is

actiyated, the r olutian flow_.ng inside the

t ubeyi .ngc%gpga,m%??gi?hée ?refqi”i%}aer%rﬁn i@%dﬁﬁ}qte?:qaﬁnel

t he ghe h .o F f ant.rol. of the

20 rgfr?gg?ggogﬂgﬁé?%gg6%%?ﬁ%8?n%ﬁ§3é%%ﬁ%gégﬁft Sxchanger,
capaghfiyth&0phH 051w i 4+ (15nerdLm); et @ﬁ:&red in the

refrigerant flow control unit 19 (inlet guide vane in

the ensem@f stofHOSOMPHIESS AN ithd edWriRd dagmake the
refrigerant vaporization tenperature (pressure) in

t he shel | WagnahP8rpaststut gy peddiest {Bie rawtsolddd, 0rthe

is cooled in the tube of heat exchanger 1 into the
supepooofidvale edl iB]cldred.aw @ uwtecdndud atiiooulpated 7 is
in the direction of 69 13 -> 7 -> 12 -* 14A ->8 -> 1

-+ gackivateghitie thkovw cratrtels iapndoollded Whyeregvdation of
tenperature of the raw solution in the storage tank

13 bERONMBATET 0% 1 the IRAAae-Afener #umig 7 to make the

tenD?{g%L§§%etQ§15&9%%R§%§ﬂﬂﬁﬂ%n in the tube of heat
exchanger 1 constant at a particular flow rate while
the flow rate is monitored with a flowmeter 14A. The
raw solution fiows then in the direction of 13 — 7 —
12 -5 14A -5 8 > 1 > 9 — 13.
[2] Subsequently, the compressor 2 for refrigerator is
activated, and the raw solution flowing inside the tube
is cooled, while the refrigerant is supplied to the
heat exchanger 1. For example, for control of the
refrigerator during cooling, the compressor capacity-
controlling unit (inverter) or the refrigerant flow
control unit 19 (inlet guide vane in the case of
turbocompressor) is regulated to make the refrigerant
vaporization temperature (pressure) in the shell at a
particular value. The raw solution is cooled in the
tube of heat exchanger 1 into the supercooled state.

[3] The raw solution is circulated in the direction of
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5 innerly installed as a supercooling-elimnating
device 1is cooled, allow ng deposition of the hydrate
on the condenser tube surface. Wen the raw sol ution
cooled into the supercool ed state by the heat
exchanger 1 is brought into contact with the hydrate
deposited on the 10 condenser tube surface, the
deposit hydrate functions as &%hydrate product

nucl eus and el imnates supercooling, generating the
hydrate and giving a hydrate slurry, which is stored.
Whenlehe superédott nf2 i3 81 ihihated, the3t evipblatthe
in the storage tank 13 15 rises to the targeted

hydr GE&MBFUrtS TAMRt e tWeert SR et &ien Cdnd it Tav

the h t | t tank 13

the BYSREIER Ve UlerSiTiFs ¢ RECsTanG Fa 58eahe
ith | f t

iy Docelcoscal)on, Wi he 50l L phase 1t Lop.

13 '§nﬁ@fgﬁrlﬁéﬁgﬁléh é%“g'é] éyéo%ﬁgnEQ%qQ%iﬁ tEH? ev1ce

may be term nated. The nethod of cal culating the

phasesfeastd@n Mildwie Hesiithesd Bel eWe ﬂw@&gﬁé on the
operation> 25 [4] The raw solution in the thermnal

st oragedémsdkr Sukse sufddead iwnted the iraketksothansel c8oled
as the on-off valve 41 is turned open and the

pr odimtd orhe uaqp$r eptliachtsethte7®y ahe tkethpdrabeger 1 is
slurry in the storage tank 13 is supplied via the
reC|¢€®W%hﬁ0%“6h&ﬁﬁé¥“¥2“hﬁﬁotbﬁehYQmBéﬁ cleanaéked, Oasthe
the recirculation punp 7 is operated conti nuously.
th|scﬂ%Sﬁnﬁqﬁaqﬂhﬁzﬁ%¥@ﬁQﬁvri e deposit hydrate functlons

as a hydrate product nucleus and eliminates
supercooling, generating the hydrate and giving a
hydrate slurry, which is stored. When the supercoolihg
is eliminated, the temperature in the storage tank 13
rises to the targeted hydrate slurry temperature. When
a certain amount of the hydrate slurry is stored in the
storage tank 13, the preparative operation is
terminated and replaced with normal operation.

When the solid phase fraction of the hydrate
slurry flowing into the storage tank 13 is larger than
0, cooling of the condenser tube may be terminated.

The method of calculating the solid phase fraction will
be described below.

<Normal operation>

[4] The raw solution in the thermal storage tank 5 is
supplied into the inlet channel 8 as the on-off valve

41 is turned open and the production pump 6 activated,
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5 fromthe storage tank 13 is supplied into the raw
solution, giving a hydrate slurry lower in the solid
phase fraction, which is then supplied to the heat
exchanger 1. The hydrate slurry having a low solid
phase fraction is cooled in the heat exchanger 1, 10
generating additional hydrate, giving a hydrate slurry
having a particular solid phasg%fraction. The hydrate
slurry prepared in the heat exchanger 1 is fed into
the outlet channel 9, and a part of it is fed into

t he PREi Fe8I AYFBRtR hahiery 13 dife tHe Tadfertarsk par tis s
supplied . to and stored in the thermal storage  tank 5.
The AyRPatedsTif r S uppFiedihar 1He chasdisk dizatiinge the
chan 2 is stored in the storage tank 13, d
supp?ﬁie%%a%%?rﬁn?gt% tHe T S TH tlég’rlfJ)P“‘t“F?’ea7n 1s

reci Woly! t he, ot.her , Lhe. hydrate
20 s %%#5%%§p% i e g%ﬁt e'tﬁ%}na%jégg'dgg %MHQQ%%ﬁs slurry
stor edomifnd h rage; t , [ R R
supplied to faipﬁﬁaoﬁ%%?glﬁsi ng | olaqtfdégadﬁhet.hseoﬁ:iag
phaseofwardh pngiwing he sfdrrdoe isdatenmwead By the solid
nmeasuring the tenperature of the hydrate slurry fed
fromphest f28ctekebangercH by tiHee fsaudil ddheromanet eeat
18, and the hydrate slurry-produci ng apparatus is
operex@thngont I nudilst yhydm treaksd whey $lawimyg kavewasolid
desired solid 71 phase fraction. The hydrate slurry
st orRRPsH FrRctint el xadreshdn ttdrsk heaits exupbpiniged tlo
the air conditioning |oad 20 and wused, for exanple,

for FHPFACHG %qgﬁﬁ%qqﬂﬁ,ﬂydrate, giving a hydrate slurry

having a particular solid phase fraction.
The hydrate slurry prepared in the heat exchanger

1 is fed into the outlet channel 9, and a part of it is
fed into the recirculation channel 12 and the other

" part is supplied to and stored in the thermal storage
tank 5. The hydrate slurry supplied to the
recirculation channel 12 is stored in the storage tank
13, and supplied again into the inlet channel 8 by the
recirculation pump 7. On the other hand, the hydrate
slurry supplied to the thermal storage tank 5 is stored
in the thermal storage tank 5, until it is supplied to
the air conditioning load 20. The solid phase fraction
of the slurry is determined by measuring the
temperature of the hydrate slurry fed from heat
exchanger 1 by the fourth thermometer 18, and the
hydrate slurry-producing apparatus is operated

continuously, to make the slurry have a desired solid
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5 Then, the flow volune and flow rate of the hydrate
slurry having a I ow solid phase fraction in the tube
of heat exchanger 1 is controlled, by regul ation of
the inverters for the production punp 6 and the
recirculation punp 7, to a flowrate for exanple of 10
1.8 ms or nore at mhlch a part_of the hydrate
deposited on the tube inner walt surface is renoved by
the flow force and the other part remaining on the
tube inner wal| surface, while the flowrate of the
hydrftase sﬁﬁqtyl%w ng a | ow solid phase fraction
supplied . he heat exchan nonitored b
thgpfl 0 %r 31 Rte rfrlyoxﬁﬁé’tg‘éfj M?A thfd teRemal S)éorage

f h .
L S RE RN LR EWESB%QﬁSPFBﬁ Jgag 20 and

flow g ef&@t@l&%ﬁ% deyi, C?nfiﬂa%o Eggwlla@gg%ggf t he

raw sol Ution fromthé thérnma orage t and

the hydrafige ] Wiy ﬁlrocemvtoﬁ%m%t %ég%mtwa%té%%r Bn8Ohydrate
regul at ed that there are hydrate particles remalning

in tdien Xt ef o hew awiseal phkes rhhemibheihher8Btube of
storage tank 5 and the hydrate slurry fromthe

St ortege: taatdhak3er Jledis thatrbheedpl bg pbgsealbon of the
fraction of the hydrate slurry having a | ow solid
phasevertaots divd minedipatdhytabnepunpxbngndoeBenot
become 0. In this way, the slurry in the state
contQQQﬂﬁﬁyhﬂhﬂQﬂ(PumP Twi EPopaiflprl 63te| 645 pHREBPIReOL
heat exch nger 1; the hydrate mcroparticles function

as_ﬂréﬁ S RfclMEiLe aéeﬁgﬁﬁplﬁgpaaal?foﬁﬁF ﬁVﬂF%F% and

SLLglnaty{géd np%rcoglb 1hge£h3a9fasur%gggn reﬁoveg by
the flow force and the other part remaining on the tube
inner wall surface, while the flow rate of the hydrate
slurry having a low solid phase fraction suppiied to
the heat exchanger 1 is monitored by the flowmeter 14A.
The flowmeter 14A and the inverters for the production
pump 6 and the recirculation pump 7 functicn in
combination as a flow rate-regulating device.
[5] The flow rates of the raw solution from the thermal
storage tank 5 and the hydrate slurry from the storage
tank 13 are so regulated that there are hydrate
particles remaining in the mixture of the raw solution
from the thermal storage tank 5 and the hydrate slurry
from the storage tank 13, i.e., that the solid phase
fraction of the hydrate slurry having a low solid phase

fraction immediately after mixing does not become 0.

In this way, the slurry in the state containing hydrate
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5 possible to prevent excessively |arge pressure drop
and other troubles caused by rapid renoval of
supercooling in the tube and to produce the hydrate
slurry stably. The nmethod of controlling the flowrate
of the raw solution fromthe thermal storage tank 5
and the 10 hydrate slurry fromthe storage tank 13
will be described bel ow. Wen % aqueous sol ution of
a hydrate-generating guest conpound is cool ed,
hydrate particles are generated at a tenperature of
the Rydrapergerérat fhgwisipepperatheat spxdhergeyili ridie
a hygrgte slurrg contaifing the hydrate particles
di spBrEEatEr "SGEPRABRHCH S t AenchiRe s Rt dnGlornucled,
Cont | 0l ing.leads_to _increase in the ampunt of
t he ﬁ%ﬁ%g ggﬁgr?g%fgéogﬁ% YR Th T SSHMiRe bk e

fracghger(:ze@wg;g ;,ﬁte'trfge%egydéé o AL i €] easmz%{'puns, it is

hydrate slurry is a certain"reldtionsh

bet wggBst Bechydr gteyshur &y L £5PEL Lﬂé&é%ﬁ?%%ﬁ%ﬁ%ﬁi&}op and

phase fraction, although 1t depends on

concebheat teBubiea Hyesad epgenas Al i NAngHESto € YRR 01 ing
in the aqueous solution. 25 For exanple, the

r el atnohbhi pubet awentd herdwysiatthe ypratd SIRETEL WiGbly.
and the solid phase fraction of an aqueous

t et r a- n- blihyl mehbod uaf beont del Y MBAB)he of v amth3 ofatthe raw
an initial concentration of 14 W% is shown as a

gr apRCEAt PG fugm tze sHowwmd I Fiq@a gy, tardw Shyadrcattée

slurry tenperature | eads to high solid phase fraction,

and BKETSEF| o BRate: TR O 1ar A8 r0sn i drb Widn bene

described below.

When an aqueous solution of a hydrate-generating
guest compound is cooled, hydrate particles are
generated at a temperature of the hydrate—generéting
temperature or less, giving a hydrate slurry containing
the hydrate particles dispersed or suspended in the
aqueous solution. Continued cooling leads to increase
in the amount of the hydrate particles and also in the
solid phase fraction (weight ratio of hydrate particles
in hydrate slurry). There is a certain relationship
between the hydrate slurry temperature and the solid
phase fraction, although it depends on the initial
concentration of a hydrate-generating guest compound in
the aqueous solution.

For example, the relationship between the hydrate
slurry temperature and the solid phase fraction of an

aqueous tetra-n-butylammonium bromide (TBAB) solution
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5 hydrate slurry tenperature is 8. 4C or higher in this
case. In the present enbodinent, the flow rates of the
raw sol ution and the hydrate slurry fed are so

regul ated that there are hydrate particles remaining
in 10 the m xture of the raw solution fromthe thermal
storage tank 5 and the hydrate_slurry fromthe storage
tank 13, i.e., that the solid ﬁﬁase fraction of the
hydrate slurry having a | ow solid phase fraction

I medi ately after nixinqagoes not becone 0. For 15

exanpF e2M wheht the TFHRFETAIEC P HE Maw 461 §icHR BEom
the thermal s a tank 5.is 12C hi gher _.and_ t he

t enp‘éF%?kﬁl_rJen o]%ﬂ%hgl%yd:})ast QG Ay ?Jrié;m gﬁe 68k Qé_grate
ke LSt e (Rl 150, LI P AT o,

hydratg 20e %#Jiit’%egﬁﬁgdt%&tﬁ 9% ta?%s%s:ze. Swlhgn the

tenperature o rate slurry after mxin

hi ghgyathed i herrd anmiaidtigati M alrct e $Qlynd Phasenis
fraction beconmes 0, and thus, there is no hydrate
parttgse. The flow rates of the raw solution and the
hydrate 25 slurry fromthe storage tank 13 are so
regul at edinhdlte phesesol |ahtplthisesrftr,adtheorf lofw tdates of the
hydrate slurry after mxing does not becone O, i.e.,

t hat rahes ¢ Binpermatance tdfe Twdnate wilvrawe fefd elre saw
solution and the hydrate slurry fromthe storage tank

13 i sePohied it t Héaehperatuice atar PARtéR1eRe r6BREA1Ng in

ngaﬁ’.}é {Iﬁfé%lgrn%gfé: %ﬂ%gd%wn 2 Zlgclifolnc%lrlo ' t&ire]aethermal
storage tank 5 and the hydrate slurry from the storage
tank 13, i.e., that the solid phase fraction of the
hydrate slurry having a low solid phase fraction
immediately after mixing does not become 0. For
example, when the temperature of the raw solution from
the thermal storage tank 5 is 12°C or higher and the
temperature of the hydrate slurry from the storage tank
13 is 7°C, if the flow rate of the raw solution is
excessively larger than the flow rate of the hydrate
slurry from_thé storage tank 13, the temperature of the
hydrate slurry after mixing is higher than thé
temperature at which the solid phase fraction becomes
0, and thus, there is no hydrate particle.

The flow rates of the raw solution and the hydrate

slurry from the storage tank 13 are so regulated that
the solid phase fraction of the hydrate slurry after

mixing does not become 0, i.e., that the temperature of



5 foll ow ng manner: As shown in FIG 16, the flow rate
and the tenperature of the raw solution fed fromthe
thermal storage tank 5 are nonitored by a fl owreter
14B and a first thernoneter 17, and the neasured

- values are 10 inputted into the control neans 30. In
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addition, the tenperature of the hydrate slurry fed
fromthe storage tank 13 is noi t or ed by a secondary
flowmeter 16, and the nmeasured value is inputted into
the control nmeans_ 30. Further, the flow rate and the

t enpEPSt BEELBFet Be U mi3d I Wi A e o A6y es sir ry
to the h h the hydrate slurry fed
 omfens: by AEERSe ok LF ey Sy Fohibearare
14A g@dwﬁ‘iéﬂi£ﬁi é%f{gorﬁg & tlrsalc ainod tblﬁleecorrg:’e‘aas’ ed

val ues are |npu?te i Mo 1he control means 30." The

flom@g@k§f9 a%%?,thnygigfééﬂ&Hr%%:éﬁ%é&fﬁ@&Irﬁ the

storage tan corresponds tot ference of the
neasggggowgg%eﬁagﬁgypen the flowreter 14A and the
floweter 14B. The control neans 30 controls the

appar at usasbagedn on the. i nputded vadwesatd mrilchen
manner that the solid 25 phase fraction of the

m Xt te@petathee rafv ot utdvors@nd itdre faddrfatosm slher hefred 1
fromthe storage tank 13 becones larger than 0 before
the maigrage tankehtaieo mdreltremd 1y exdvamgdarerl 14B and a
Specifically, it controls the flowrates of the

pr od@éfﬁ’ént%ﬁﬁlﬁo%e%ﬂo?r 1 i madsatiesh vgdmss 2ren
such ,a nanner that the tenperature of the m xtuyr

f
aw SBPHEFON SREP HEE RIS, I Hed fromddhe ton, the

temperature of the hydrate slurry fed from the storage
tank 13 is monitored by a secondary flowmeter 16, and
the measured value is inputted into the control means
30. Further, the flow rate and the temperature of the
mixture of the raw solution sent to the heat exchanger
1 and the hydrate slurry fed from the storage tank 13
are monitored by a flowmeter 14A and a third
thermometer 15, and the measured values are inputted
into the control means 30. The flow rate of the
hydrate slurry fed from the storage tank 13 corresponds
to the difference of the measured values between the

flowmeter 14A and the flowmeter 14B.

The control means 30 controls the apparatus, based

on the inputted values, in such a manner that the solid

phase fraction of the mixture of the raw solution and
the hydrate slurry fed from the storage tank 13 becomes

larger than 0 before the mixture is sent to the heat
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5 storage tank 13 becones a particular tenperature

| ower than the tenperature at which the solid phase
fraction beconmes 0. After regulation of the flow
rates of the punps, the flowrate and the tenperature
of the mxture are 10 nonitored by the fl oweter 14A
and the third thernoneter 15; the neasured val ues are
inputted into the control mearl® 30; it is then j udged
whether the flow rate and the tenperature are
targeted values; and if not, the flow rates of the

pr odBEEMBRIBEND- 6 WRF b1 A e FeGIHHAS Sy rates
lled,to be th t d fl t, d. .
Fenper atlp eP B TREST DS of TGN D S ipdgron pump
b ,+Lh i xt ti t.h te.
ol or 1y Pogal o MMl SR S bl R o e

hoat o £XShANGETudioR% A (e GANAIND SNy 4y & ron the

particles. Wien raw sol ution ™ containingthe rate

part&@b@§?é3t§@9|§ﬂ bddies heala rexahang&lenberature lower
additional hydrate particles are fornmed wusing the

hydrahenpaliéi €émse Bt Oy sdtal wh zat itore ealiel phase fraction
suppressi ng generation of the supercooled state in the

25 heatomxsh@nger 1, and thus, it is possible to

suppress excessively large pressure drop and ot her

t roubl es AEhesetedylatapinl eendval foiw stggercod] ithg invmps,
the tube_and 76 to produce the hydrate slurry stably.

As deRerfbet Bhevernd it PRE it Ehinddithentiixture gre

posshbLeouprguse, Ui, Iskal s Bl Ly slatly, i thou
thermometer 15; the measured values are inputted into
the control means 30; it is then judged whether the
flow rate and the temperature are targeted values; and
if not, the flow rates of the production pump 6 and/or
the recirculation pump 7 are controlled to be the
targeted flow rate and temperature.

By the flow rate regulation described ébove, the
mixture of raw solution and the hydrate slurry fed from
the storage tank 13 flows into the heat exchanger 1, as
it contains the hydrate particles. When raw solution
containing the hydrate particles is cooled in the heat
exchanger 1, additional hydrate particles are formedl
using the hydrate particles as crystallization nuclei,
suppressing generation of the supercooled state in the
heat exchanger 1, and thus, it is possible to suppress
excessively large pressure drop and other troubles

caused by rapid removal of supercooling in the tube and
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5 exchanger 1, because the flowrate in the tube of
heat exchanger 1 is set to a flowrate at which a
part of the hydrate deposited on the tube inner wall
surface is renoved by the flow force and the other
part remaining on the tube inner wall surface, for
exanple to 1.8 m's 10 or nore, %Pd the raw sol ution
supplied to the heat exchangeﬂ 1 contains hydrate
particles, by regulation of the flowrate of the

hydr at I having.a |l o solid phase fraction

sﬁpL?f:8§95&%%etﬁ%g?gg?%ﬂ%ﬁ%@P”@L Qﬁyihe ra%

Foctr ol afrortSeRiRRY HBardn ot Gid i 4 nppdinent, it
. o Cnae @l i nat : .

cannoer 69%F PRt 8 BEO0e, Lk BRI ARV SRS

possi,bkgoh® ?éﬁgf'&@i&'i‘eof "y A& 1l Y S tafd it hout
generation of 20 supercooling in the heat exchanger 1

eveneduhhfger Pl ePREQdhye ORerAldPhadd) it Y @S of heat
enbodi nent, the flow rate regulation by the contro

nmeansx8Bahgepel f bs neek byo fd ol ow ata eC@itt M1 O ot p@art of
production punp 6 and/or the 25 recircul ation punmp 7,

but fhewhydrateowmeposited s ttey tube fiomeed wallt Berface is
inlet channel 8 and the recirculation channel 12 for

cont FBMOBEdt R thowi ke eforre ansk they@tiher frert remaining
regul ati.on of operation of the production punp 6 or

the PloWfatePeotttel WAt eUdhdfsd HoF Eempicetto 1-8 m/s

per AEI BREBY THE. Tt TS G U op g £ The heat

exchanger 1 contains hydrate particles, by regulation
of the flow rate of the hydrate slurry having a low
solid phase fraction supplied to the heat exchanger 1
or of the raw solution.

In addition, because there is a recirculation
channel 12 and a storage tank 13 equipped with a
supercooling-eliminating device is connected to the
recirculation channel 12, it is possible to produce the
hydrate slurry stably without generation of
supercooling in the heat exchanger 1 even during
preparative operation.

In the present embodiment, the flow rate
regulation by the control means 30 is performed by flow
rate control of the production pump 6 and/or the
recirculation pump 7, but flow rate control valves may
be formed in the inlet channel 8 and the recirculation

channel 12 for control of the flow rate.
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5 the flowrate control valve and the flowreter 15

formed in the recirculation channel 12 correspond to

the flow rate-regulating device regulating the flow

rate of the raw solution or slurry according to the
present invention. 10 Also in the present enbodi nent,

a refrigerant flow control unit_controlling the flow
rate of the refrigerant supplf@h to the heat

exchanger 19 (inlet guide vane in the case of
turboconpressor) or an_ apparatus, having a conpressor
capacity-ggﬁtFB%FFﬁﬁruﬁPF ESgF%ﬁQé?@e?§ MR ekt i Pedthe
as a Le of the_ refyrigerant

{enpBF STaF B BgRFIE | fig>HeW Cet Ut pniiR) valve formed
tenpepat yre; h | ggra uppl. ed. to the at
exchanggr% Eﬁ%e%hgh%§$é}g§?a%%df%§&ﬁ§%u%ﬂ%§ﬁﬁﬁf:ﬁ?r
regukéb@@a@YoQtBgroﬂ§§Q§iogobeE%%'f%éf?%&¥§§¥%H ump_ 7 or
enbodi rent, an evaporator of conpression re rlgé}ngr

was ¢recElbrdrase afoXAdPl aDfe dd1e hiRAtr RXGRANGLH5 Formed
but the heat exchanger may be a unit heat-exchangi ng

W t hicotdewatef rcobietobyciani&l 11 Jef@t @ sginds B £low
unit using any-other 25 refrigerator. Also in the

pr eseateentodiaeimy deproductgulnmtiappartat K hawatg af the
recircul ation channel 12 was 78 described. However,

t he hyWrapeukiom rgr i sl whey tdrgamd ingttor dge trards<Bitmay

be withdrawn into the inlet channel 8, as described
aboveRVFRAt SR h a manner that the solid phase fraction

of the mxture,is_kept larger thanp O
ﬁiso in theppreseék emboé&ment, a refrigerant flow

control unit controlling the flow rate of the
refrigerant supplied to the heat exchanger 19 (inlet
guide vane in the case of turbocompressor) or an
apparatus having a compressor capacity-controlling unit
(inverter) was described as an example éf the
refrigerant temperature-reqgulating device regulating
the temperature of the refrigerant supplied to the heat
exchanger, but the refrigerant temperature may be
regulated by other means.

Also in the present embodiment, an evaporator of
compression refrigerator was described as an example of
the heat exchanger, but the heat exchanger may be a
unit heat-exchanging with cold water cooled by a
refrigerator or may be a unit using any other
refrigerator.

Also in the present embodiment, a production

apparatus having a recirculation channel 12 was
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5 without installation of such a recirculation channel

12. In the enbodi nents above, the solid phase fraction
was described to be larger than 0, but the typica

val ue of the solid phase fraction is preferably 10

sel ected properly according to the kind of the hydrate
and the |ike. Exanples of the h%drate-forning

substances formng the hydrat and having a high

| atent heat include various salts including

tetrg-n-but IannDnlun1saIts 15 tetra-iso-anyl ammoni um
sal t eSFEfP rsoHO%%Y®4pHHEbeﬁFﬁﬁ%Sﬁhﬂ§ry in the thermal

others, and t

CansEREgY hek CRuTal R bl T noheL AP St g annel
tetrg-ng g @g%éﬂ%’@é “éﬁcéxprori‘ndesuff n(a?f]'f'g & )Ehﬁ}BA% solid

tetraln- anmoni um fl uori
tetr Uyl apnoni [ (Gny ) ,
t he ?EQSQ %%éadd|t|%§1 gﬁgﬁﬁgﬁ a ove, Bﬁ@@é)r %%%P 0

may hethsepl ﬁ@@@aﬂéﬁ&?%@tﬁ&h@%rrc%waQ%he channel
(Cr04), tungstenate (W4), oxalate (C204), or

phosphate (HP04). 25 The other salts are also the

sanme. Hereinafter, exanples of the thermal-storage air
condi t i oningtlky s¢rensd ongl toy iakgp vehe thedrsatld d7 $hase fraction
slurry-produci ng apparatus according to the present

i nveres ofe s ribek ey ilvegereltban 9 ,t batf cheowyrgcal

Exanples. In the fol| owi ng Exanpl es, the neasurenent
and value of the solid phase fraction is preferably

selected properly according to the kind of the hydrate
and the like.

Examples of the hydrate-forming substances forming
the hydrate and having a high latent heat include
various salts including tetra—n—butylamﬁonium salts,
tetra-iso-amylammonium salts, tetra-iso-
butylphosphonium salts, tri-iso-amylsulfonium salt, and
others, and typical examples of the tetra-n-
butylammonium salts include tetra-n-butylammonium
bromide ((n-C4Hg)4NBr, TBAB), tetra-n-butylammonium
fluoride ((n-CqHg)¢4NF), tetra-n-butylammonium chloride
((n-CgHg) 4NC1l), and the like.

In addition, the anion above, Br, F, or Cl, may be
replaced with acetate (CH3COy), chromate (CrOy),
tungstenate (WOyg), oxalate (CpO4), or phosphate (HPOyq) .
The other salts are also the same.

Hereinafter, examples of the thermal-storage air

conditioning systems employing the hydrate
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5 control devices for control of the flowrate and the
tenperature of the hydrate slurry-produci ng appar at us
and the storage tank for renoval of supercooling are
not described. [Exanple 1] 10 [Thernal -storage air
conditioning system1l] In the thermal -storage air

condi tioning system1 of Exangle 1, heat is stored by
operation of a refrigerator f P slurry production at
night; the heat 1is used for air conditioning during
daytinme; and the 15 heat is used for_air conditioning,
whi | B1PFTY PRI B ENI RPRAFSTAS GSCOrding tef thgepaesent

for slurry. production when the cqoling |load_is_high
dur | FBY AL PR L e e RRarHAeS BRArHcrer IF6i EOLACRAS
it is possible to cope with high cooling load during
daytine T™h a single 20 refrigerator for slurry

producti o9 .:I'thé:I &Jfﬂr&virg% {%o)%ﬁ?flteé(;hcgﬁ%teq'r%taisrﬁQ'eﬂLe%¥Staﬁg‘

in the device configur that I's

appl £62bt &1 Qv A dWi 4 NG AAYING £ LARXIETWN ¢AQkI B the
| oad of 400 RT. The thernal -storage air conditioning

systesmde £itud SXamd elias a1neiilgebaleinkOkpparatus
slurry production 81 for production of hydrate -

Sl urayd w©hé hetrored ges ttarrag & o rp weEmod 2 1 bltC kupkiragol hagr ane
solution or slurry 80 installed on the hydrate

sl urngt preglucioedd ine, a recircul ation punp 84
installed in the recirculation channel 83, a thernma

st or Bgeantkk 85 storing the raw solution or slurry or

t he pydrate slurry, a cold . . .
hermal-stordge air conditioning system 1]

In the thermal-storage air conditioning system 1
of Example 1, heat is stored by operation of a
refrigerator for slurry production at night; the heat
is used for air conditioning during daytime; and the
heat is used for air conditioning, while it is stored
by operation of the refrigerator for slurry production
when the cooling load is high during daytime. The
system is characteristic in that it is possible to cope
with high cooling load during daytime with a single
refrigerator for slurry production 1.

FIG. 18 is a chart illustrating a system in the
device configuration of Example 1 that is applicable to
a building having a maximum cooling load of 400 RT.

The thermal-storage air conditioning system 1 of
Example 1 has a refrigerator for slurry production 81
for production of hydrate slurry, a thermal storage

pump 82 circulating the raw solution or slurry



5 water/slurry heat exchanger 86 generating cold water
by heat exchange between the hydrate slurry and
water, a heat discharge punp 87 sending the hydrate
slurry in the thermal storage tank 85 into the cold
water/slurry heat exchanger 86, a first cold water
punp 88 10 circulating the cold water, a second cold
wat er punp 89 sending cold waB8r to the load si de,
and an air conditioning |oad 90. The raw sol ution
used in Exanple 1 is an aqueous tetra-n-butyl anmonium
br on%rd%tﬁ'JB?lﬁB)o%dmﬁ IOl radied Stlve TYrBredneaner atnen s
e generation initiating

12. 4 w % d the

R B R FeahaurpRglguacion
te r at ur an of t he hydrate sl from,

12.5 a.%n%fﬁp%x.age& B4 PSS Pena CogopPatie aw

phas§oft§€3[c d U (éﬁ)ﬁ)m} I?Jgrcet h'h?/d za%’ewgﬁﬂtrtrp %Oco d

hydrat e urry is at e’re era “for sharry

prodM&EébefﬂrffsH%aﬂlé%ﬁﬂ&%%%rg%%aggﬁeggg§h§t Bgdoaa@er by

conpressor an = evapor at or ndenser

sol ud N fchaldl medhieaws thir aydhkathe stubey OBth@ater, a
evaporator shell 25 and-tube heat exchanger A Fl eon

r ef rieger ahits setyeapunipl 34a skhawsgi Rhehayahekk, sandriyhen
raw solution or slurry flowing inside the tube is
cool@we: byndmn 8 storgyer itzati 60 lLatenthkeabldf waher/slurry
Fl eon refrigerant. The recirculati on punp 84 has an

act inARt #x4 et vhe ffligwtr gpédovatke pamps8Buti on

or slurr flowing inside the tube to a particular
fl oF s aging the cold water, a second cold water pump 89

sending cold water to the load side, and an air
conditioning load 90.

The raw solution used in Example 1 is an aqueous
tetra-n-butylammonium bromide (TBAB) solution, and the
concentration is 12.4 wt%, and the hydrate generation-
initiating temperature is 7.5°C. The heat supplied
during a temperature change of the hydrate slurry from
5.5°C to 12.5°C is approximately 14 Mcal/m3, and the
solid phase fraction (SPF) thereof is 17% when the
hydrate slurry is at 5.5°C.

The refrigerator for slurry production 81 is a
turborefrigerator consisting of a compressor, an
evaporator, and a condenser. The raw solution or
slurry flows through the tube of the evaporator shell-
and-tube heat exchanger. A Fleon refrigerant such as
R134a flows in the shell, and the raw solution or

slurry flowing inside the tube is cooled by the
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5 nore, for suppression of increase in the anount of
the hydrate deposited on the tube. The thernal
storage punp 82 is a punp having the sanme function as
that of the production punp described above. 10 The
thermal storage tank 85 is a nulti-conpartnment tank
that has a thermal storage capaC|ty of approximtely
2000 RTh. The hydrate slurry i8lwithdrawn fromthe
thermal storage tank 85 and fed into the cold
water/slurry heat. 15 exchanger 86 by the heat

di schaPge prirp°B7L2 &R S\ARH (s tife Fdoloa wafed IRrent -

the cold heat in, the cold mateé{slurr heat exchanger

86. The cOl'd FREEFCEWRIED RS L hias \ﬁé‘té‘rcltélolﬁlrlt;?

h 86 th dit
20 66° Sf%"ﬁger. F oL Bt St s B e AN "S6B0RE EARAY

wat eg 8§nsﬁgﬁeg % ncglbteh%oc%l %al}%atculgli %ELow rat or

COﬂdItIOﬂI storage operation> A particular

hydrﬁé§e3|ﬂéfYSﬁﬁbf%%sr%%Fof %H%&eb%e 23 %B@rgﬂohﬂttB? the

thermal storage tank 85 for thermal storage at night

by opeasdteOnd@fodined e itger at®e.for slurry

production 81, the recirculation punp 84, and 82 the

t her mal sTioe agee pualp B2 ralya @umol8dt ii@n aabump having the
approximately 12.5Cis stored in the thermal storage

t anks@8e bednt el athersmdlhadt ofagée papdusthypdr piepsHascyibed

at apprOX|nater 5.5C and an SPF
bove.

The thermal storage tank 85 is a multi-compartment

tank that has a thermal storage capacity of

approximately 2000 RTh.

The hydrate slurry is withdrawn from the thermal

storage tank 85 and fed into the cold water/slurry heat

exchanger 86 by the heat discharge pump 87, and
supplies the cold water with the cold heat in the cold
water/slurry heat exchanger 86.

The cold water cooled in the cold water/slurry
heat exchanger 86 is sent to the air conditioning load
90 by the first cold water pump 88 and second cold
water pump 89, supplying the cold heat for air
conditioning.

<Thermal storage operation>

e

A particular hydrate slurry (5.5°C, SPF = 17%) is
stored in the thermal storage tank 85 for thermal
storage at night by operation of the refrigerator for

slurry production 81, the recirculation pump 84, and
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5 of 17%is stored after conpletion of thernal

storage. <Air conditioning operation by using stored
heat > Wien there is a cooling | oad generated in

buil ding during daytinme, the first cold water punp 88
and the heat discharge punp 87 are activated, and

heat 10 di schargi ng operati on of producing cold water

at 7Cis performed by heat ex%%ange of cold water

with the hydrate slurry at 5.5C withdrawn fromthe
thermal storage tank 85 by the heat discharge punp 87
in tHe dudnadatsdorsioasr PyRede -exchanger 86. The col d
water is 15 supplied for air conditionin% to.an.air

condi ti orft MEY [ GETORY FEBGPATE SEANAN 2 Oner i SwAFPE=d
the secqnd . .col d water pu 89 | ctivated,

e e RS e S T R R S TS RETSE R
operatio e ol_i.n - Vel §o@St | d
to B%hﬁfgﬁler w%b%lgrt eF&a%pE?ggéggEaggnéf?yeo%hgg%g SPE

RTh’ofrTﬁg fo%%E%éH %Qt%ge%%%bqgtﬁgnpgﬁfQﬁggﬁal storage.
simul taneously wth supplenentary thermal storage,

whi | e thecodEft i gamayt @ge&@&i@lnubwu@&aqugt:b@ed%eaw

recircul ation 25 punp 84, and thermal storage punp 82

are acti vieied. thdfxanple o l[ithernvald- gearageed in building

conditioning system?2] 83 Basically in the

t herdmat irst ateageimes,r thendiitriséniceddsystem punp ERaaptlethe

2, heat is stored by operation of the refrigerator

f or keal rdi ghedias icowpatd Iniagist aghdvered, heae hsatised

for air conditioning durin% dayti ne, and, o .
discharging operation of producing cold water at 7°C is
performed by heat exchange of cold water with the
hydrate slurry at 5.5°C withdrawn from the thermal
storage tank 85 by the heat discharge pump 87 in the
cold water/slurry heat exchanger 86. The cold water is
supplied for air conditioning to an air conditioning
load 90 of indoor air conditioner, while the second
cold water pump 89 is activated.
<Supplementary thermal storage and air conditioning
operation>

When a cooling load per day is estimated to be

larger than a thermal storage quantity of 2000 RTh,
heat discharging operation is performed simultaneocusly
with supplementary thermal storage, while the
refrigerator for slurry production 81, recirculation
pump 84, and thermal storage pump 82 are activated.

[Example 2]

[Thermal-storage air conditioning system 2]
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5 when the cooling load is high during daytinme, the

cold water is produced and supplied by a separate
refrigerator. FIG 19 is a chart illustrating a system

in the device configuration of Exanple 2, and the

same 10 nunerals are allocated to the conpositions the
same as those in FIG 18. As shown in FIG 19, in the
present Exanple 2, a cold wat &8 refrigerator 91
producing cold water at 7C and a first cold water

punp 92 sending the cold water fromthe cold water
refri ger aPdf1eal by el N 5 RR1 i 43 Ut 1 G gdratGomdlitioning

h in FI 8 T | - st ti t night
Shov LB o d o TSR Lo Spete Len gl il .
heat ' : t.] f d,,simlarly_t
nect 041 BB ARVILE 48 PO B ML B g e
to b - L. . ti
Lo Shpher861yabare2D . el Sha g0, U LB, .

refrigesatis Mo RBd i&S Hilgh %u@%hbvﬁgggiméﬂdthe cold
suppl enentary, cold water cool'ed by heat discharged
fromiéber hyslrgt @i sddl rand Bugdie ddherimal ssbarage t ank

85 is supplied to the air 25 conditioning |oad 90.

[ Exanpfei @ r4gtldwer mal - storage air conditioning system

3] 84 The present Exanple is characteristic in that

the refrigfatb? is a gl dé-ldvaiaeationg refyisgematior the
sending the refrigerant to the slurry-producing
evapd?ate? L iBitaie ol RaeePlsr ddueindg tegapanat or

numerals are allocated to the compositions the same as
those in FIG. 18. As shown in FIG. 19, in the present
Example 2, a cold water refrigerator 91 producing cold
water at 7°C and a first cold water pump 92.sending the
cold water from the cold water refrigerator 91.are
added to the configuraﬁion shown in FIG. 18.

Thermal storage operation at night and air
conditioning operation by using the stored heat during
daytime are performed, similarly to Example 1. When

.the cooling load per day is estimated to be larger than
a thermal storage quantity of 2000 RTh, cold water is
supplied from the cold water refrigerator 91 (200 RT)
as it is activated, and supplementary, cold water
cooled by heat discharged from the hydrate slurry in
the thermal storage tank 85 is supplied to the air
conditioning load 90.

[Example 3]

[Thermal-storage air conditioning system 3]
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5 alternately by switching. Basically, the heat is
stored by slurry-produci ng operation at night, and the
stored heat is used for air conditioning during
dayti ne, and, when the cooling load is estimted to be
| arge during daytine, cold water-producing operation
is 10 perfornmed for supplenment. FIG 20 is a chart
illustrating a systemin the ddvi ce configuration of
Exanple 3, and the sane nunerals are allocated to the
conpositions the sanme _as those in FIG 19. 15 The
sIurry/coFBemBFQPBBFOEﬁ%meer%ﬁr?@ﬁﬁ%ﬁ?ﬁr¥§¥kﬁ in Hdat the
presen Ie 3.is a,r {lgerator havi ng_ a col d
mateFe%FbaﬁE E@re%%p%rﬁﬁﬁk VL GRPE R A rateE F e

d 95 h d | d
B PR RGP R PP Er I 0 i O i b i o

the égagtgggo£e£ a9€£apﬁe J%H&ruﬁégyaé?%?&%fﬁaa%%a orgtor

rate s urry rs produce eat” Is st

.by uguegrhﬁgebydwt Swi St Ky - PrfUC g £V apy %te%rt %%

Air conditioning is performed by using the heat of

the Bydratiebs! vrnyrinpotdeud hef e storaget anknis and the
during daytinme, and, when the cooling load is

esti pabedd heabelbamged ot th Wwaterndist jpradidc ethrfiyig

using the cold 85 water-produci ng evaporator 94, as

the ghurim¢cobnd, welten - prodimd g efaddyarsatemt 198 tiesl to be
activated, and supplied, together with the cold water

cool éarsy %mnge%y‘@yn@a stk ged SrmadvE ipgdcpegation is

slurry in the
grformed for supplement.

FIG. 20_is a chart illustrating a system in the
devicé configuration of Example 3, and the same
numerals are allocated to the compositions the same as
those in FIG. 19.

The slurry/cold water-producing refrigerator 93 of
the present Example 3 is a refrigerator having a cold
water-producing evaporator 94 and a hydrate slurry-
producing evaporator 95 that can produce cold water and
the hydrate'slurry by switching of the flow of the
Fleon refrigerant.

During thermal storage at night, hydrate slurry is
produced and heat is stored by using the hydrate
slurry-producing evaporator 95.

Air conditioning is performed by using the heat of
the hydrate slurry in the thermal storage tank 85
during daytime, and, when the cooling load is estimated

to be large, cold water is produced by using the cold
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5 thermal storage tank 85, to the air conditioning
load 90. FIG 21 is an explanatory diagram showi ng a
thermal -storage air conditioning systemenploying a
doubl e- evaporator refrigerator simlar to that of the
10 thermal -storage air conditioning system3 in
Exanple 3. Hereinafter, a thernal-storage air

condi ti oni ng systen1enp|oy|ng85 doubl e- evapor at or
refrigerator will be described in detail, with
reference to FIG 21. First, the conflguratlon of the
doub¥at %x/apmcamrnqlsawa@fqﬁag@rrat%n @seghen sleg Ly cold
parenthesis in the figure) and then of the entire

coan@m%ﬂPmeg e IdeSehHeF. 23<Bs eCtdyRteGur &0 Fon
of refri tor> In the figur resent

cent FITROLS Qo dsiontt 03T Fb SPeSe e ok ﬁetoi.e% by heat
driving the,20 .centrjf QIpr. e r

repredeh?y &S o}hadr&esderfur% (fil T r%s?%nt ;sq gn the

wat ef 3 @flggijcétg@rd% te g]g 8'5I eq:o \ﬁ%p% Gt o’nd:!LQ?on:Lng

represents a urry-pro u0|ng evaporator; "106
represgiptso an expansion valve or orifice in the cold
wat er - produci ng refrigeration 25 cycle; 107 represents
an expansFpg. val ves in Madlifitdry tdiadnsl alhewing a
slurry-producing refrigeration cycle; 108 represents

a rethi¢egesbrdtdrtapd chishutorefift ivalivey, satei0@mboying a
represents a refrigerant gas shut-off valve. 108a and
108hdavlel ¢ espantiataly nedfaligparedmtr [silgpdilg rsigt toptt of the
val ves 108 constituting the col d wat er - produci ng

ef 1 GRFER OTF QR i A GRNg SV pr dauEKAgRLe 3.

Hereinafter, a thermal-storage air conditioning
system employing a double-evaporator refrigerator will
be described in detail, with reference to FIG. 21.
First, the configuration of the double-evaporator
refrigerator (region 100 in parenthesis in the figure)
and then of the entire configuration will be described.
<Basic configuration of refrigerator>

In the figure, 101 represents a centrifugal
compressor; 102 represents a motor driving the
centrifugal compressor 101; 103 represents a condenser;
104 represents a cold water-producing liquid-filled
evaporator; 105 represents a hydrate slurry-producing
evaporator; 106 represents an expansion valve or
orifice in the cold water-producing refrigeration
cycle; 107 represents an expansion valve or orifice in
the hydrate slurry-producing refrigeration cycle; 108

represents a refrigerant liquid shut-off valve; and 109
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5 refrigeration cycle, while 109a and 109b are
respectively refrigerant gas shut-off valves 109
constituting the cold water-producing refrigeration
cycle and the hydrate slurry-producing refrigeration
cycle. 10 The solid Iine arrowin the FIG indicates
the flow direction of the refrigerant when cold water
is produced by using the col d8ater-producing |iquid-
filled evaporator 104, while the dotted |line arrow,

the flow direction of the refrigerant when the

hydr &E8T$5BF &ir 2 yr ¢ 5L pydeRitle I3F H1uig afife Wiyidieat e 108a and
sl urry-producin evaporator_105. The refrigerant is
pref 1PaB) 9r?e1§a§p%?tl‘mlz%. r%%ﬁédﬂ%l&%f GG vg £
refrigerati cycle .includes a centrifugal conpressor
101, VATHBP of 09030750 L 50" i daHe &0 041 5 b G T A
i qui ayf - a 0] i 0 Ve _Qr .
or 1652 1857 5 ol eV G afe A PR G Bt agucing

evapeLatohe104ioR ESETL gehaNte GRS t%Ew 19, Lgleve 109a

and refrigerant piplng connecting ese conpositions,

and tBepkefiv @By ard i sgebarci rqdld afred JHough e 109

centrifugal conmpressor 101, condenser 103,
refrcgasantutingi thehttdrdffatead var-ci@dng exFaisicddtion
valve or orifice 106, cold water-producing 87

l'i qurdelel ded evapoydtare 194 r meforicgercamty gas rdlyetradfibn
val ve 109a, and centrifugal conpressor 101 in that
ordefYClf-the cold water-producing liquid-filled

evaporator 104, the water supplied is cooled through
The solid line arrow in the FIG. indicates the

flow direction of the refrigerant when cold water is
produced by using the cold water-producing liquid-
filled evaporator 104, while the dotted line arrow, the
flow direction of the refrigerant when the hydrate
slurry is produce by using the hydrate slurry-producing
evaporator 105. The refrigerant is preferably R134a or
R123.

The cold water-producing refrigeration cycle
includes a centrifugal compressor 101, a motor 102, a
condenser 103, a refrigerant liquid shut-off wvalve
108a, an expansion valve or orifice 106, a cold water-
producing liquid-filled evaporator 104, a refrigerant
gas shut-off valve 10%9a and refrigerant piping
connecting these compositions, and the refrigerant is
circulated through the centrifugal compressor 101,
condenser 103, refrigerant liquid shut-off valve 108a,

exXpansion valve or orifice 106, cold water-producing
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5 heat exchange with the refrigerant and di scharged as
cold water. The hydrate slurry-producing refrigeration
cycle includes a centrifugal conpressor 101, a notor
102, a condenser 103, a refrigerant liquid shut-off
val ve 10 108b, an expansion valve or orifice 107, a
hydrate slurry-produci ng evaporator 105, a
refrigerant gas shut-off valv87109b and refri gerant

pi pi ng connecting these conposition, and the
refrigerant flows through the centrifugal conpressor
101, L t@nbémiserlanEvapp radian dérantralfirdged agitugasf shut-of £
val ve 108b, expansion valve ar orifice 107, hydrate

sl ur Y3117 ofitd m A8 5t idiugatosonpapsisgar 43¢ das that

shut-off valve 109b, and centrifugal c ressar .10

S RSy e T Y R e AR 1 1100
05, e .r,aw 2Q sol utiqn supplied.i ol ed

Chr ot Pl G40 AR RS0 0 B RR, L8015 A28

di sofarged. as, hydrate, shiy ree The xdrata dischpropd as

sl urry-produci ng evaporato S not particu

i m¢edyivuids, kind, but preferably a Iliquid-filled
evaporator. The hydrate-generating 25 tenperature

varies  acTios dhygrd e tdieeongaidiliingn reffrilfReatawn cycle
sol ution; and thus, the hydrate slurry- producing
evapmatwies s preefteriahiga larccapapesatrol 083 aakmbawrng02, a
easy and hi gh-accuracy control of the refrigerant

t enpeendansey ilP para inafirdge reapodiizatidoghut-off valve
temperature), because the concentration varies, as the
cl atHi%he Ay @ERESieyeimdivat €F xifheer aR7soRrubiverate

slurry-producing evaporator 105, a refrigerant gas
shut-off valve 109 and refrigerant piping connecting
these composition, and the refrigerant flows through
the centrifugal compressor 101, condenser 103,
refrigerant liquid shut-off valve 108b, expansion valve
or orifice 107, hydrate slurry-producing evaporator
105, refrigerant gas shut-off valve 109b, and
centrifugal compressor 101 in that order. In the
hydrate slurry-producing evaporator 105, the raw
solution supplied is cooled through heat exchange with
the refrigerant and discharged as hydrate slurry.

The hydrate slurry-producing evaporator 105 is not
particularly limited in its kind, but preferably a
liquid-filled evaporator. The hydrate-generating
temperature varies according to the concentration of
the raw solution; and thus, the hydrate slurry-

producing evaporator is preferably an evaporator
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5 For that reason, a liquid-filled evaporator higher

in heat transfer efficiency that allows high-accuracy
control of the refrigerant tenperature (in particular,
refrigerant vaporization tenperature) would be

favorabl e as the hydrate sl urry-produci ng evaporator.

10 The switching neans for each refrigeration cycle

i ncl udes expansion val ves or offfices 106 and 107,
refrigerant liquid shut-off valves 108 (108a and

108b) refrigerant gas shut-off valves 109 (109a and
109b§iloﬂ%ﬁl@ee%i%ﬁ(/i%‘é§ RirgRri sty Weese COBHRFEST Gforrdre( Kl

to K4% and 15 a control device CTL controlling the |

dri vECHEVIRERNE HATPHOWMFS nl TheaftgGrapr - Ti@porization
smﬁtghin% means, al.l ows sq!ective connection ta the h
hydr BEEPEFEr P52 o SHUAHY RSt 26 108 R 1651 d3s the
wat e ' L oul d-fi Vi r r, ;

oo t ShrEBrEFe MR AR 2oL RS BB el Rt son.
refrigeragion.cysde and {he Loid RE eha RAUE B gher in
refrigeration cycle, configuring a single

ref rhagt at i MM L€ | £ Bisc B WPl tha tAla 11038t Hik®-accuracy
centrifugal conpressor 101 and the condenser 103, nore
speccdntadl yof hehe erd 1t ifgegadn tc agpesaa@urk0 1 int parfitonar,
25 102, the condenser 103 and the refrigerant piping
conneefr hgetdret seapo iz aaicin didmge racourst)i woeilklg behe
single refrigeration cycle are used both in the _
hydr &2 ecBable| ag ryhgrivdinag try slemrvgeradued ngy evergretor.
the cold water-producing refrigeration cycle.
<Cperatioﬁh%st%ﬁ?Wtﬁﬁeﬂ%ﬁn%uﬁPQnﬁQQﬂigﬁﬁﬁﬁﬂﬁﬁiiion cycle

Fbreiggiaggé éigéé)f§§“45¥%é¥“%§|3%i 1%%%t&%% and 107,

refrigerant liquid shut-off valves 108 (108a and 108b),
refrigerant gas shut-off valves 109 (10%9a and 109b),
drive devices driving these compositions (K1 to K4) and
a control device CTL controlling the drive devices (not
showh in the figure). The switching means allows
selective connection to the hydrate slurry-producing
evaporator or to the cold water-producing liquid-filled
evaporator, thus switching of the hydrate slurry-
producing refrigeration cycle and the cold water-
producing refrigeration cycle, configuring a single
refrigeration cycle as a whole. At least the
centrifugal compressor 101 and the condenser 103, more
specifically the centrifugal compressor 101, the motor
102, the condenser 103 and the refrigerant piping
connecting the same to each other, constituting the

single refrigeration cycle are used both in the hydrate
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5 method of the refrigerator will be described. For

bl ockage of the flow of refrigerant, only one of the
refrigerant liquid shut-off valves (108a and 108b) or
the refrigerant gas shut-off valves (109a and 109b) is
needed, but presence of both shut-off valves is
assuned 10 in the follow ng description. (1) Wen the
hydrate slurry is produced by 8Sing the hydrate
slurry-produci ng evaporator 105 First, the expansion
valve_or orifice 106 is turned closed (in no

oper 2t FBRY TPHPRYelRE Jfastossind iom o5 lenandefhrgepant
liquid shut-off valve 108a and the r%frigerant gas
shut YFFE vRF QIR T HUeed P (WELSswi t chi ng neans,
and en, _the expansion valve ar . orifice 107 i

Fur nedosahlEr b aRe LTt e, e YT ey FegBrda
[iquid shyt: e b : friger .0as
Shit- of f Haf 90 bEb r B op a1 T &g Drarie]
IS ansehbh O8F e F1OM fQUIE N WiN8 JoYdeli®ibed. For
slurry-producing refrigeration cycle (route along the

dot tietot kg a5 f Ovhd NfIde Jfi QW )igekRenr, bhRey one of the
refrigerant gas is conpressed, while the 25

centréfujed raonpl essiod Ol - fdmaler sby 10Be aatiol 08P2. or
The refrigerant gas conpressed by the centrifuga
conptlesspefdldetansayas thuthe fdonvdévssr (1032 wahdr é0Pb) is
90 is cooled with cooling water. The refrigerant
beconeldedd st BERIAERPT iRPE shyptrid fcgollivag. 1Fhassumed
refrigerant liquid is then sent to the expansion valve

or ofFfFle Ao owng £95c5 P %ced under reduced
(1) When the hydrate slurry is produced by using the

hydrate slurry-producing evaporator 105

First, the expansion valve or orifice 106 is
turned closed (in no operation), while at least one of
the refrigerant liquid shut-off valve 108a and the
refrigerant gas shut-off valve 109a is closed by the
switching means, and then, the expansion valve or
orifice 107 is_turned open (in operation), as the coid
refrigerant liquid shut-off valve 108b and the
refrigerant gas shut-off valve 109 are opened. In
this way, formed is a refrigerant flow route in the
hydrate slurry-producing refrigeration cycle (route
along the dotted line arrow in the figure).

Then, the refrigerant gas is compressed, while the
centrifugal compressor 101 is driven by the motor 102.
The refrigerant gas compressed by the centrifugal

compressor 101 is sent to the condenser 103, where it
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5 pressure. The refrigerant |iquid under reduced

pressure is sent to the hydrate sl urry-producing
liquid-filled evaporator 5, generating clathrate

hydrate by cooling the raw solution flow ng inside the
.heat transfer tube in the hydrate slurry-producing 10
evaporator 105 and thus giving a hydrate slurry of the
hydrate di spersed or suspended®’n the raw sol uti on,

while it is vaporized into gas. The gasified

refrigerant is sent back to the centrifugal conpressor
101, Larere ¥rd diyulmaldnab@rer-s doet insdadgerant becomes
thereafter. 15 Thus, the refrigerant flows only

t hr RHPPE hes HyrFahied Siawdd) By iG99 8por &6r 105.

As a result, the raw solution is cooled in the .

yar 5 T RITEIRE oS e evERorerr R8s hegFypagedon valve
hydr as e . ( Wh I t [ r by

e riat cogt B 1 G efleratoring e RpRed  daeda
evaporal Qi 104 fihe DALY iR OF Pl ¢eatBLd S

turned closed (no operati e at | ease one of

the predsigerantsdiquid whutmefd tealve 1988 raadcing
refrigerant 25 gas shut-off valve 109b isS cl osed by

t he BirpdiodH Al 1 e s pcddt drh & exparsiadn ngakuatbiate
orifice 106 is turned open (in operation), while both

of timedratfe ilgeranili9ly tHhequiagh sledtrtdioh falbwengO8asadd the
the refrigerant gas shut-off valve 109a are opened.

| n theat iesanfimmddides i thef hivgaedst sfliugwyrogoducing

the col d wat er-producin refrigeration cycle_(route
aloﬁﬁv%ﬁﬁ¥%ﬁﬂq(}Q§ a1y giving a hydrate slurry of the

hydrate dispersed or suspended in the raw solution,
while it is vaporized into gas. The gasified
refrigerant is sent back to the centrifugal compressor
101, and the circulation above is continued thereafter.
Thus, the refrigerant flows only through the hydrate
slurry-producing evaporator 105.

As a result, the raw solution is cooled in the
hydrate slurry-producing evaporator 105, giving a
hydrate slurry.

(2) When cold water is produced by using the cold
water—prodﬁcing liquid-filled evaporator 104

The expansion valve or orifice 107 is turned
closed (no operation), while at lease one of the
refrigerant liquid shut-off valve 108b and refrigerant
gas shut-off valve 109 is closed by the switching
means, and the expansion valve or orifice 106 is turned

open (in operation), while both of the refrigerant
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5in the figure). Then, the refrigerant gas is
conpressed, while the centrifugal conpressor 101 is
driven by the notor 102. The refrigerant gas

conpressed by the centrifugal conpressor 101 is sent

to the condenser 103, where it 10 is cooled wth

cooling water. The refrigerant becones al nost

saturated liquid by the coolinBl The refrigerant

liquid is then sent to the expansion valve or orifice
106, where it is placed under reduced pressure. The

r ef rlgewahtshutnaff wedere rld@acead15hpr esfyigeirgnsedes

to the cold water-producing liquid- filled evaporator ,
104, skelotohlfy THerandt®Se Areworgresi dén thésheay, formed is
transfer tube of the cold water-produ

|i quit 55 ¥ ERF FVapordlt eG4 1int GCGPEI%FEFF “RRPPECHRY

i i zed i nt . Th ified refrigerant .|

sont PRREAOT R LT GO { G BT Es SOF T Gt "Eng  rov
ircul aty [ ti dth fter. Thus, th

Cof rPa T RS Goi v thr ough the cold e 1N

wat er - pr &ﬁpgthéif%%f&géﬂéd%jd%%aﬁ%r%kﬁ@r%g@edeswﬁﬁle the

result, the water suppli®ed is cooled, giving 25 cold

wat efent Ai #ea £ shpyd fioprnedudisndiveu 8yf ithketlotor 102.
evaporator 104. 92 (3) Tenperature condition during

pr odugd | oof of ged itk gaad etorgie depedr atye tdkeurcent3£ftyaThe

tenperature of the cold water and the hydrate slurry

r espectp ves yoproiucied sentt e d¢dled omadenses pPdduwhage it

liquid-filled evaporator 104 and the hydrate
is cooled with cooling water. The refrigerant becomes
almost saturated liquid by the cooling. The
refrigerant liquid is then sent to the expansion valve
or orifice 106, where it is placed under reduced
pressure. The refrigerant liquid under reduced
pressure is sent to the cold water-producing liquid-
filled evaporator 104, cooling the water flowing inside
the heat transfer tube of the cold water-producing
liquid-filled evaporator 104 into cold water, while it
is vaporized into gas. The gasified refrigerant is
sent back to the centrifugal compressor 101, and the
circulation above is continued thereafter. Thus, the
refrigerant flows only through the cold water-producing
liquid-filled evaporator 104.

As a result, the water supplied is cooled, giving

cold water, in the cold water-producing liquid-filled

evaporator 104.
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sl urry-produci ng evaporator 105 (exit tenperature
respectively of the evaporators 104 and 105) is set to
about 4 to 8C. In the case of a cold water air-
conditioning facility, the | owest tenperature is 4C 10
for suppression of the freezing problens descri bed
above, while the highest tenperature is approxi mtely
8C, because the tenperature def@&nded in the cooling

| oad apparatus (such as air conditioner, AHU, or FCU)
iIs generally 7 to 8C. The sane is true for hydrate 15
sl ur ¢3) afempporeditdeomiongiiftdon durésg p3o@uckfionhef cold
refrigerant vaporization tenperature of the cold

wat eratigodned dfydbed@ ¢liitdyed evaporator 104 is
designed to be identical with that of the drate

sl urry- pr otue ﬁ@“%ﬁéﬁ&ﬁﬁﬁﬁ%”@b?f fohe 6ﬁéﬂaﬁﬁgﬁr26nd the

condition of the centrifu ressor. 101

h
e TRID A v S ST ReY PRECHARatE Sher Fyid water-
B?S‘Jﬁﬂrﬁ% At o %S@%{Jf%ﬁl CeSBerhlgi Thg, Mok Breryitpate
the Wa{ e,&eglﬁc{bf V%Of'vé r%%or2§otserm§ @t ge&péegtws

col et tenpe ature in

wat ef s P QAUGHNG, |dQuind: fddl %qa%\e%eon@uoana%osw €s set to
desi gned respectively to be 2C and 5C and the 93

ref rdgiant deid.zatiror HeerReeabld @ adddt heter air-
hydrate-slurry outlet tenperature in the hydrate
sl ureondirtaichrcinmyg feadddnat, ot ht03 owespeceinpelky ttioebés2€°C

~and 5C, because the refrigerant vaporization 5

t enpEyatsume wfs ssach v dher ftreeziog probdsmissdgecrihed
above, while the highest temperature is approximately
8°C, because the temperature demanded in the cooling
load apparatus (such as air conditioner, AHU, or FCU)
is generally 7 to 8°C. The same is true for hydrate
slurry air-conditioning facilities.

(3-2) If the refrigerant Vaporization temperature
of the cold water-producing liquid-filled evaporator
104 is designed to be identical with that of the
hydrate slurry-producing evaporator 105, the operation
condition of the centrifugal compressor 101 is the
same, independently of whether the hydrate slurry-
producing refrigeration cycle or the . cold water-
producing refrigeration cycle is used.

For example, if the refrigerant vaporization
temperature and the cold-water outlet temperature in
the cold water-producing liquid-filled evaporator 104

are designed respectively to be 2°C and 5°C and the
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operation condition of the centrifugal conpressor 101
is the sane, independently of whether it constitutes
the hydrate slurry-producing refrigeration cycle or
the cold water-producing refrigeration cycle. 10
Therefore, in such a design, the conpressor 101 is
used both in the hydrate slurry-producing
refrigeration cycle and the c¢bld water-producing
refrigeration cycle, and there is no need for
changi ng the operation condition of the conmpressor 101
accardimgetrantheaphangeties rempefatgeeadndntleycl e.
<Brief sunmary> Accordingly, in the refrigerator used
i n thidraieesdine rEx aRpllet tRBPAYAFATR ST ubh§- PYoBREs ng

t d th | d water - [ liquid-filled o
20 GVaTORREOiN o STORRBELEA L0P cEEPAEFG oK &F gt e? C
fri t] I th i tchi th '
Col (BB p PEGYErRg CF el FRGOF AL TOR: CYErOUSHACTR
hydr at I - | ' | °
i T e BroRy e R R Epp BB b F LBV EDE Fo%gic, ene

refr.é&?&ﬁf&h @E%bk%@%heoﬁoihet?8§ag¥g§§£§ Sbipr¥sbF-101

conditioning facility and a co

ai 1 -condid isaMd)g inﬁ@glehidteyml roal tgepRbkvetycbnsbiteotes
an air-conditioning 94 facility in the operation node

of prusidiatiche lydrabeodsktingyratrngghbtaod tpcideor the
operation node of producing the cold water during
daytdatel (Watgraiptrioclulcang cerfitigedat bper ayfdéa). At | east

a centrifugal conpressor 101 and 5 a condenser 103, ,
mor e spedifaxsdiang a idemuchf gggesign, the compressor 101 is

used both in the hydrate slurry-producing refrigeratidn
cycle and the cold water-producing refrigeration cycle,
"and there is no need for changing the operation
condition of the compressor 101 according to the change
in refrigeration cycle.
<Brief summary> |

Accordingly, in the refrigerator used in the
present Example, the hydrate slurry-producing
evaporator and the cold water-producing liquid-filled
evaporator can be connected selectively to a single
refrigeration cycle by the switching means, and the
cold water-producing refrigeration cycle and the
hydrate slurry-producing refrigeration cycle are
switched selectively. Therefore, it is a single
refrigerator applicable both to a hydrate slurry air-
conditioning facility and a cold water air—conditioning

facility, or alternatively both to an air-conditioning
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conpressor 101, a notor 102, a condenser 103 and a
refrigerant piping connecting these conposition, are

used in both refrigeration cycles. Therefore, such a
facility may be constructed relatively at a | ower cost

10 and provides a higher cost performance. The
centrifugal conpressor 101 is drawn as a single-stage
conpressor in the figure, but By be a nulti-stage
conpressor. Because nulti-stage conpressors are nore
expensi ve than single-stage 15 conpressors, the

advafa alfeious igf fidg opsirathenpresenet prodHELBE, theghydrate
relative reduction of the facility cost and relative

i mproVierentat Midst %%ﬁﬁé%ﬁﬁﬁcépﬁyat&QQ Brds an@F%du01ng
conpressor, are nore qbvious i.n a . nmu

comresSar i e Sigressage 40 Bsr?ﬁﬁsgiarr Fmbined

the ref t h ELG, 21, th
of et AT Ter at ST ofr TRV eS EThas AR Toby 0L 2nd
De cE’rEc? ﬂ 1?’% a fJHLE; ‘@@if‘i%'a‘ifeta/p' a%@ﬁt?&gu%é‘f

pOSItIOI’] O ernatlv y, the nctions o

ref ré&%%ﬁs&asltﬁlhma dldrovahives G1@3aqande209b3 SRy @e
provi ded by a t'hree- way val ve placed at the position

of £ 85i gt teXPPITIORMRRS nQr tBekki eempdObt and, 187e
respectively may have a drive device (not shown in the
fi gursgd fior oot nad f dfgetrae ioperivegesf. t MBecefibre} such a
device CRL (not shown in the figure). The opening of 5
t he &xphhisiomaplbe cmsgrivcted r@8agivedy eanabéovdyscost

and provides a higher cost performance.

The centrifﬁgal compressor 101 is drawn as a
single-stage compressor in the figure, but may be a
multi-stage compressor. Because multi-stage
compfessors are more expensive than single-stage
compressors, the advantageous effects of the present
invenﬁion, i.e., relative reduction of the facility
cost and relative improvement in cost performance by
use of a single compressor, are more obvious in a
multi-phase compressor than in a single-stage
compressor.

In the refrigerator 100 shown in FIG. 21, the
functions of two refrigerant shut-off valves (108a and
108b) may be provided by a three-way valve placed at
the position of P.. Alternativély, the functions of two
refrigerant gas shut—off valves (10%9a and 109b) may be

provided by a three-way valve placed at the position of

Q.
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regul ated according to each refrigeration cycle, to
provi de a favorabl e operation condition in each
refrigeration cycle. For exanple, the opening of the
expansi on valve or orifice 106 or 107 is so regul ated

10 that the degree of superheating is controlled to a
particul ar constant val ue by detection of the

super heati ng degree of the evapbrator outl et

refrigerant gas. The opening of the expansion val ve or
orifice 106 or 107 is so regulated that the position

of 15 tHehe igppahsimf ard vies keptorddnsesntl Oy and 107
detection of the Iliquid surface position with a

| i quiebrestalve lndimeat dvavel asdalived denicke (8e&p6harpr in the
<Basi c confhguration of air-conditionin facilit¥>

Her f raier , Bt KO teerp&di tingn cBevileds °shshs FANT3HL
FIG 21 will_ be described. In FIG, 21, 111 represents

a cdiig tConEer(;noltifhoﬁqé’prlélséﬁtes%égflﬁ?ée-\/\Eg}‘ev%%,mg of
113 represents a huffer tank;..114 pres S

hydrtak} e esﬁplfrr}sylotrhgrar%ﬁfle éjtrof)é:ééflctea%&;% ffS'eLrszfzgrsleﬁ?stgus
col Lurr .
P Y e S, 0 S5 S Fogd recg. VRt o

conditdpnel )a felbA®112bach ibeptesentidn RHMBachn
particular 117 is a hydrate 96 slurry-recirculating

punpre fidiydrepriesedye1an r awr sebhubilen- ¢aavepeAgnpuUOP; the
119 represents a hydrate slurry-wthdraw ng punp; 120

r epreegentssian oelld enatre for icdimee Li0Bg opudpP;? asdsd2tequlated
represents a cooling water 5 conveyi ng punp. 122

r eprigsenttshea ddasweetodr supeThegting is controlled to a

partichlar constant value by detection of the
superheating degree of the evaporator outlet
refrigerant gas. The opening of the expansion valve or
orifice 106 or 107 is so regulated that the position of
the liquid surface is kept constant by detection of the
liquid surface position with a liquid level indicator
installed in the evaporator.

{Basic configuration of air-conditioning facility>

Hereinafter, other composition devices shown in
FIG. 21 will be described.

In FIG. 21, 111 represents a cooling tower; 112
represents a three-way valve; 113 represents a buffer
tank; 114 represents a.hydrate slurry thermal storage
tank; 115 represents a cold water/hydrate slurry heat
exchanger; 116 represents a heat-consuming sided load
(e.g., air conditioner); 117 to 121 each represent a

pump, in particular 117 is a hydrate



10

15

20

25

and 130 to 132 each represent a tenperature sensor
and 128 and 129 each represent an on-off valve. The
hydrate slurry thermal storage tank 114 has a |evel

i ndicator (not shown in the figure) for detection 10
of the volune of the hydrate slurry. The
air-conditioning facility shown in FIG 21 has a
refrigerator 100; a circul ati oféroute A of the

- cooling water/water between the cooling tower 111 and

t he condenser 103; a circulation route B of the cold

15 valerf yateri dretlsreamat pampol d 18atreprpsedtici Ag raw
liquid- filled evaporator 104 and the heat-consuni ng

si desblwaitbn-d®Bvey igia ewmat'i dA O sepeccept st hehlijdphee
slurry/raw solution between the hydrate
slur$iuﬁﬁinwkﬁﬁﬁf4ﬂ%ﬂg PR EHangdr rsPaRgenhé RydPafievater-
slurry thermal storage tank 20 114; a recirﬁulation

rFut%PQY%ﬁlQQN?q¥$Hré¥§i&@&rFﬁprﬁéﬁﬁéénatﬁ8o yOPatater-
slurry- duci t 105 d buf f k
11§;c%1€%>?%ﬂq°2{1?m‘3-“?§%{22 Bosr 2t n, GISBRELRE] PP 127
sol utj on t I t ]
tanie i R R e R Rt ek eI s 85R06 and
exchpggernd 159 and i igreitleati an baube sFvafivet he cold

wat er/ wat er between the cold water/hydrate slurry

heat exchangeryddaand dhe herlrmansuiragesicdad 974 has a
| oad 116. The route A is a piping route extendi ng on

111,1edd2, iddilcatlA3, (N33 ,shpeinnti nMthend iglte ) Wibkedéhection
route B, a piping route extending on 104, 124, point
S, 146, thke Ieglunpoiaft tRe I3%irane 504rrYhe route Cis a

PPINg The air-conditioning facility shown in FIG. 21 has
a refrigerator 100; a circulation route A of the
cooling water/water between the cooling tower 111 and
the condenser 103; a circulation route B of the cold
water/water between the cold water-producing liquid-
filled evaporator 104 and the heat-consuming sided load
116; a circulation route C of the hydrate slurry/raw
solution between the hydrate slurry-producing heat
exchanger 5 and the hydrate slurry thermal storage tank
114; a recirculation route D of the hydrate slurry
between the hydrate slurry-producing evaporator 105 and
the buffer tank 113; a circulation route E of the
hydrate slurry/raw solution between the hydrate slurry
thermal storage ténk 114 and the cold water/hydrate
slurry heat exchanger 115; and a circulation route F of

the cold water/water between the cold water/hydrate

slurry heat exchanger 115 and the heat—consumihg sided
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route extending on 105, 113, 126, 114, 118, point N,
122, 105, 130, and 113, while the route Dis a piping
route extending on 105, 113, 117, point N, 122, and
105. The route E is a piping route extending on 114,
10 119, 115, and 114, while the route F is a piping
route extending on 115, 127, point S, 116, 120, point
R, and 115. Cold water is prodidced and the heat
energy of the cold water is used in the

heat - consum ng sided load by 15 the route A and the
refrigefatbf-and the route B; the hydrate slurry is

pr oduced d stored_by the route A, the refrigerataor,
and the r%B?eEoﬁt%n‘%{ %5 AR RHE Hedite avdreg\fior9 e 111,

o Qe P ot by i e el A 1000 thsfﬁgl”%ﬁgte
y the nd P AR

| ovel” 1 1o SODLANE WAL AL PR S, TV B G ke D26,

Uhr eguayoyahves 11250 pp 12, and Lenper af ure , geasqr

123, into the condenser 103, an eat - exchange

the econdenseteddthd abn carwlensad i an of 1hhe nefyrigerant v,
gas, and then, sent back to the cooling tower 111 as
wat er2af ams el B3mt ethd enyBsr atHine thee r@teCinr g4l at beping
is repeated thereafter. Tenperature control of the

cool rogt st erendingernt drifed 13y3,0ddr7at ippinaf Nt,he@22, and
three-way val ve 112, based on the output fromthe

t enpktat urthsefppre B35 armiiniog reutike exérpeiagure 8fl4,

t he cooling water _ . o
119, 1715, and 114, while the route F is a piping route

extending on 115, 127, point S, 116, 120, point R, and
115.

- Cold water is produced and the heat energy of the
cold water is used in the heat-consuming sided load by
the route A and the refrigerator and the route B; the
hydrate slurry is produced and stored by the route A,
the refrigerator, and the routes C and D; and the heat
energy of the stored hydrate slurry is used in the
heat-consuming sided load by the routes E -and F.

(1) Route A

Along the route A, cooling water passed through
the cooling tower 111 is conveyed by the pump 121, fed
via the three-way valve 112, pump 121, and temperature
sensor 123, into the condenser 103, and heat-exchanged
in the condenser 103 for condensation of the
refrigerant gas, and then, sent back to the cooling

tower 111 as water at an elevated temperature. The
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wat er - produci ng |1

supplied to the condenser 103. Thus, if the cooling
wat er tenperature is |lower than a targeted val ue, the
drive quantity of three-way valve 112 corresponding to
the deviation is calculated by TIC, and the three-way

10 valve 112 is driven in that quantity, allow ng

w t hdrawal of water at a relatively high tenperature

into the cooling water fromthé&8oint M If the

cool ing water tenperature is higher than a targeted
val ue, the cooling water tenperature is |owered,
suppF¥reslafieonel saierealted eradiidnss hi gh
tenperature fromthe oint. Mis restricted

ted by
~oper at i onTBFPERRL IR e22WadP L R V€S 1290 K INT REtRSF B-SThe

B_i wh i fri t 01
ConsPPEEPBESR Ny S B SRT e i ddlfel T SePASy i L2
I f t
cycl g,:04009 the 5%& fﬁoc}ng dtweaet %Jﬁ%{@@ 4@313%@ dos

d- i evaporat or

conv : 3 - ' [ d
Coad i P R AR A ol campu e e

25 pt-iﬁ'gpi?_@d ¥b achdecHiditsdt ank t hemu)- aff twal WRo1ing
129, ack to the cold water-producing liquid-filled

evapwsatortdider@surat vy adwean tHval eth iy qeer atale., the

99 The circulation is repeated thereafter. _

Tenpéraver guennt tylobfthiee-calyd wetver 1l penfrespetding to

changing the rotational frequency of the conpressor

101 &Rerdeguiaetomyls rakcwiatashtay TIsH ténel rbeorthree-way

5 based on_the output of the tenperature sensor 124
valve 112 is driven in that quantity, allowing
withdrawal of water at a relatively high temperature
into the cooling water from the point M. If the
cooling water temperature is higher than a targeted
value, the cooling water temperature is ldwered, supply
of the water at a relatively high temperature from the
point M is restricted by operation of the three-way
valve 112.
(2) Route B

The route B is a route wherein the refrigerator

100 constitutes the cold water-producing refrigeration
cycle. Along the route, cold water fed from the cold
water-producing liquid-filled evaporator 104 is
conveyed by the pump 120 to the heat-consuming sided
load 116 for utilization of the heat, and fed by the
pump 120, via the point R and then on-off valve 129,
back to the cold water-producing liquid-filled

evaporator 104, as water at an elevated temperature.
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nmonitoring the tenperature the cold water fed fromthe
cold water-producing liquid-filled evaporator 104.

Thus, if the cold water tenperature is |lower than a
targeted val ue and the output of the tenperature

sensor 10 124 is |lower than setting, the refrigerant
vapori zation tenperature and the col d-water outl et
tenperatures in the cold mate?9producing

liquid-filled evaporator 104 are raised, as the

change in output of notor 102 corresponding to the

devi B8% o TE 3 QN dtted sBpatee &hgre2steke rot ati onal
frequency_of the notor 102, thus,kK conpressor 101, is

| ower ed ONTHPHEA T HE AU é’gut\?éﬁ G&19aH3tRE Sthepriormed
han i f, the col.d water ., .tenperature i s hi.gher than a

{ar g3t S VRTE e e = 00 ToP SrRBCTeRber PurabrEssor
Se”SPﬁllgé'féggﬁﬁHHﬂb_'¥ﬂ%é%t%9 %%Ekrgg’akhgﬂg motor 102,

refrigerant vapori zation tenperature an

col dsyed £rop Ut 1o JITREIAT WHES tefipkhgcaebdsWALEE- 124
producing liquid-filled evaporator 104 is | owered, as

t he wdvaingeridy AHPHerfe i@l 102 coluespesdi REdt Brbhethe
deviation is calculated by TIC and the rotational 25

f r equent wather ymicaiucien, ltikud d-ifie 1¢edpeeasoratdt, 108.

rai sed only by the cal cul ated value. The control is
contTiued, 1 furtthd adial denrieat itempbetween ttheloweputhaf a

100 the tenperature sensor 124 and the setting val ue
becorI&ad. v 13)e RAG édecont®ub Bét Rheotie@BeCRhRge DSensor

are routes wherein the 5 refrigerator 100 constitutes |
t he L% r%ﬁ(;qﬂqﬁwgpﬁn setting, the refrigerant vaporization

temperature and the cold-water outlet temperatures in
the cold water-producing liquid-filled evaporator 104
are raised, as the change in output of motor 102
corresponding to the deviation is calculated by TIC and
the rotational frequency of the motor 102, thus
compressor 101, is lowered only by the calculated
value. On the other hand, if the cold water
temperature is higher than a targeted value and the
output of the temperature sensor 124 is higher than a
setting, the refrigerant vaporization temperature and
the cold-water outlet temperatures in the cold water-
producing liquid-filled evaporator 104 is lowered, as
the change in output of motor 102 corresponding to the
deviation is calculated by TIC and the rotational
frequency the motor 102, thus the compressor 101, is
raised only by the calculated value. The control is

continued, until the deviation between the output of
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producing refrigeration cycle. The route Dis a route
wherein the hydrate slurry is added fromthe buffer
tank 113 into the route C for control of the flowrate
of the raw solution fed to the hydrate
slurry-producing 10 evaporator 105. (3-1) Along the
route C, the raw solution previously stored in the
hydrate slurry thernal storagelq%nk 114 is conveyed
by the punp 118, blended at the point N 15 with the
hydrate slurry fed fromthe buffer tank 113 by the
punptie 7t eBRe Mt t ILRIRE it & M SEEiricdudicdge
evaporat or 105, for heat exchange with the refrigerant
|i qUPACPAE heSFdrate sl urry-produci ng evaporator 105,

Here, st hg_ r sol ut | is cooled, and the hydrate 20
sluréﬁ}pg%%ﬁ%%d? %%%gg the clathrate hydrate is

gener at edghpnt he,£00! @, fav: soLuiti gk Sl e @ gl at e

slurry, as the generate ydrate is disperse r

suspeagedyé Pathe 160 SOl 4l i Qlte sTR& MBS SRt IS
passed through the hydrate slurry-produci ng evaporat or

25 1pbodaning pafti@drdtids Sidired iThd el frenst ankoute
113 and the other is sent to the hydrate slurry

t her wiakre st ot lag eh ydudke d 1<l fmary Sitsoraaged Haom tRep @aitfaed r

101 circulation of the raw solution/hydrate slurry

bet weamk 1hd hydy atlee stoute/-Gricduciong rmlapdr aher f10% rate
and the hydrate slurry thermal storage tank 114 |eads
to Phcteaser nsehet 5ot i b pHes & heathyy Ffatich ¢ Uyyrdwatg oducing

slurry 5 stored én the buffer tank 113 and the hydrate
s| ur§yaporator 105.

(3-1)

Along the route C, the raw solution previously
stored in the hydrate slurry thermal storage tank 114
is conveyed by the pump 118, blended at the point N
with the hydréte slurry fed from the buffer tank 113 by
the pump 117, and sent to the hydrate slurry-producing
evaporator 105, for heat exchange with the refrigerant
liquid in the hydrate slurry-producing evaporator 105.
Here, the raw solution is cooled, and the hydrate
slurry produced. Thus, the clathrate hydrate is
generated in the cooled raw solution, giving a hydrate
slurry, as the generated hydrate is dispersed or
suspended in the raw solution. The hydrate slurry is
passed through the hydrate slurry—pfoducing evaporator
105, and a part of it is stored in the buffer tank 113
and the other is sent to the hydrate slurry thermal

storage tank 114 for storage there. Repeated
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thermal storage tank 114, and thus to gradual increase
of the thermal storage quantity. Tenperature contr ol

of the hydrate slurry is perforned at |east by one of
the followng nmethods (i) 10 and (ii): (i) The
rotational frequency of the conpressor 101 is altered
as required by inverter control of the notor 102,
based on the output of the tenpetature sensor 126
nonitoring the tenperature of the hydrate slurry fed
to 15 the hydrate slurry thermal storage tank 114.
SpecPAEERLRY LoD Of hEh iy Yt 80 Ktk qry hehrrdraat U s between
| ower ted value and thus the output of the

than .a tar
 onpEPEt IPE T abc ol A D% s KOO (HERPF AR (Thp A the
refriger vaporization fenperature i.s rajsed jn.the
20 hi}g?é? ggs g?ﬂ'ﬂ p?%e u%?%gg%;?/raaﬁoer ABHE 1](@, sja%adis to
addi t | , s bh e t f_the t r
o) SPOBRRLY, i1l DL 01 de Syl Bl ey
tankstd3eh0ihhenbygh ot &r St A V1 1h el 1R 9fR08 HANK yrry

114 is raised, as the change in output of the notor

102 2heemnl espongdyao: 4ok ties deatdmy MY YralRd 1l Sncrease
calculated by the TIC and the rotational frequency of

t he obt bhe 1B@yrmaéhustdtwyeonurasisor. 101, is | owered

only by the 102 calculated value. If the hydrate

slurry telprparatere scomiyghkrof hare antdraget edl wadyue s

and thus the output of the tenperature sensor 126 is

hi gheerfREReA etieat Bheong & itder fivl heapard metthons (1)
tenpergtrre is lowered in the 5 hydrate

sl ur#9ptbiliti ng evaporator 105, and

(1) The rotational frequency of the compressor 101
is altered as required by inverter control of the motor
102, based on the output of the temperature sensor 126
monitoring the temperature of the hydrate slurry fed to
the hydrate slurry thermal storage tank 114.
Specifically, if the hydrate slurry temperature is
lower than a targeted value and thus the output of the
temperature sensor 126 is lower than a setting, the
refrigerant vaporization temperature is raised in the
hydrate slurry-producing evaporator 105, and
additionally, the temperature of the hydrate slurry
outlet and of the hydrate slurry sent from the buffer
tank 113 to the hydrate slurry thermal storage tank 114
is raised, as the change in output of the motor 102
corresponding to the deviation motor 102 is calculated
by the TIC and the rotational frequency of the motor

102, thus the compressor 101, is lowered only by the
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additionally, the tenperature of the hydrate slurry

outl et and of the hydrate slurry sent fromthe buffer

tank 113 to the hydrate slurry thermal storage tank

114 is lowered, as the change in output of the notor

102 10 corresponding to the deviation notor 102 is
calculated by the TIC and the rotational frequency of

the notor 102, thus the conpré88or 101 is raised only

by the calculated value. The control is continued,

until the_ deviation between the output of the _
ten”péraétcﬁllét§§n§éllu§5 126 bhe hyerates t$hgrval teamperature is
beco S, Zero é The feed rate of the raw solution

{o t ReSPRFAFAFE & EﬁFgeb%du%M@ Fhpgrat drhe pBitput of the

(|nclud| urry as a raw solution) is

t
e R i T b o8 e o
130, “EE3EHePRnE PyEDE, PO PHOR oL %R ?ylﬁ S the
| overyqthan glameg?gdyé\iy of, 4 he

tenperature sensor 126 1Is omer t an a se tlng t he
feedapat eighalthe Eﬁ@’@éﬁé@fé&bfé’Jf“%ﬂ@“Hfo%te sﬁyrry

sl urry-produci ng 25 evaporator 105 is rai sed and e
hydrateistuany ontteé hyerpes ad Wery Sdridl Sahm ahd MRiffer
change in output of the nptor 118 corresponding to

the tewkalidntootbe hpdifSe shimty) attednyl tderbde amthk 114
the output of the notor 118 is raised only by the

cal cifatedeyadiueas | the hehdryak atre owiputr yoft eripemattore 102
exceedlng?a targeted value and the output of the -

t enpePaf BFROREHDr A 2Bhe g Ekafeon matoxr 5 0etits mglaudated
feedbraﬁgeq£lé éayﬁgoéégéégggéitg¥équency of the motor

102, thus the compressor 101 is raised only by the

calculated value. The control is continued, until the
deviation between the output of the temperature sensor
126 and the setting value becomes zero.

(ii) The feed rate of the raw solution to the
hydrate slurry-producing evaporator 105 (including the
hydrate.slurry as a raw solution) is altered as
required by inverter control of the pump 118, based on
the output of the temperature sensor 126.
Specifically, if the hydrate slurry temperature lower
than a targeted value and the output of the temperature
sensor 126 is lower than a setting, the feed rate of
the raw solution to the hydrate slurry-producing
evaporator 105 is raised and the hydrate-slurry outlet
temperature is raised, as the change in output of the

motor 118 corresponding to the deviation motor is
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hydrate sl urry-produci ng evaporator 105 is | owered and
the hydrate-slurry outlet tenperature is | owered, as

the change in output of the notor 118 corresponding to
the deviation notor is calculated by the TIC and the

10 output of the notor 118 is |owered only by the
cal cul ated value. The control is continued, until the
devi ati on between the output of®%he tenperature sensor
126 and the setting val ue beconmes zero. (3-2) 15

Along the_ route D, a part of the hydrate slurry fed

f r onfFeheuhyErat Ry sthe rLpraorldihey v @tfortkf;EOBlﬁtbm 118
storage_in the buffer tank 113 is w thdrawn t he
pumpt 11721 8Fen v@¥rqum?%%ﬁV%ﬁﬂ%ﬁFﬁﬁ*%bnvé%é&hﬁyhydrate

th 118 (including the, hydrate slurry as an raw
20e38F§??%nsem é%?&??ﬁﬂ cﬁﬁdﬁﬁ%jﬁhﬁﬁﬁﬂ§§§@yﬁé feand the
hyd | WE V- Dr ' vapor.at Qr for, _heat
eich%S%ugﬁ¥% 1é/}%%e@r %ﬁ%ﬁﬁ%ﬁﬁgﬁﬁaﬁﬁ &%%ﬁlﬁhéaﬁ§§FaF3an a

sl urgyeprgducing ravaporal s 105 Ljﬁzr%;oolg%groﬁn;“ﬁ’o the

solution is cooled, and the hydrate

pr odugeta t Speri f i gad ddaudiyy Evaiddrate Mydsate 1bfered and
generated in the cooled raw solution, giving a hydrate

sl urtye lpdtdtee-generat edidlyedr atetipes a@tiugeerised od@4edor as
suspended in the raw solution. The hydrate slurry is
passelk ttrangh irheuhmdrtated sher mptproddei Bgrresponding to
evaporator 105, and a part of it is stored in the

buf fee tdmkl AiPramp tdie it Iverd cug agenltt biyo thke TR¢dratetbe

slurrg t hermal storage tank 114 for storage there.
output of the motor 118 is lowered only by the

calculated value. The control is continued, until the
deviation between the output of the temperature sensor
126 and the setting value becomes zero.

(3-2)

Along the route D, a part of the hydrate slurry
fed from the hydrate slurry-producing evaporator 105
for storage in the buffer tank 113 is withdrawn by the
pump 117, blended with the raw solution conveyed by the
pump 118 (including the hydrate slurry as an raw
solution) at the point N, and delivered to the hydrate
slurry-producing evaporator 105 for heat exchange with
the refrigerant liquid in the hydrate slurry-producing
evaporator 105.

Here, the raw solution is cooled, and the hydrate
slurry produced. Specifically, the clathrate hydrate
is generated in the cooled raw solution, giving a

hydrate slurry, as the generated hydrate is dispersed
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Repeated circul ation of the raw sol ution/hydrate
slurry between the hydrate sl urry-producing
evaporator 105 and the buffer tank 113 leads to
increase in the solid phase rate of the hydrate slurry
stored in the buffer 10 tank 113 and the hydrate
slurry thermal storage tank 114, and thus to gradua

i ncrease of the thernal storag%oﬁuantity. When t he
hydrate slurry-produci ng evaporator 105 is a
liquid-filled evaporator, the hydrate slurry is 15

pr ef 8F aPP§PRRBBECEY, TR BpaFalWiiarhe My dtvdlrate slurry
deposited o

the heat transfer tube inner wall
sur f éﬁepf‘*?,segr‘é]%?‘é%}l‘ ythreeﬂb\(i{:‘??tt?y S TG\ OFHd 8 dof
t he L or_the hydrate slurry . as an.raw
sol u%%\%??%%%rltggs ’(()t?]necg A r%ﬁ%hs()fgslsﬁi tlscgc\yé’lr§%oﬁnt g
heatbﬁff@ f@énk291§ d'#HE”bé%% i%yE£§&etoT%%efhogEate
rate 1s then controlled for regul ation of thef oW

ratesPﬁrﬁpetﬁ@Mh§PléﬂébeJlﬂ&MHu1ﬂ4n%%qes%%%ag%e%he e.
transfer tube to a particular value or nore. "The FPow

rat eRepaitodl OfrdhEad M s WHOrSURRILRG hontRRaZ8 slurry
hydrate sl urry-produci ng evaporator 105 (i ncl uding the

hydria¢ ewsdurtlye asydus treaves IS0l riyt-ipaid)d uics npe efrapeed L oky 105 and
regulating the flow rate of the hydrate slurry fed

f r onth@sbuffer bifilerl thnlkeatls3 tioco inleerepsientinNtas solid
requi red by inverter control of the punp 117, based

on thRdutiEe of thie Midbwhs 6lurzy soeiredr ingthhebuffer

flowrate of th raw sol ution supplied to the hydrate
sl urﬁ‘/n?]brjo]d%car’ﬁg e viiFedcos ¥esy SheempilcsEPyadef tank

the {iévNéﬁg(%ﬁgstggagradual increase of the thermal
storage quantity.

When the hydrate slurry-producing evaporator 105
is a liquid-filled evaporator, the hydrate slurry is
preferably produced, as a part of the hydrate deposited
on the heat transfer tube inner wall surface is
preferably removed by the flow force of the raw
solution (or the hydrate slurry as an raw solution) and
the other remains as it covers on the heat transfer
tube inner wall surface.

The flow rate is then controlled for regulation of
the flow rate of the raw solution flowing inside the
heat transfer tube to a particular value or more. The
flow rate control of the raw solution supplied to the
hydrate slurry-producing evaporator 105 (including the
hydrate slurry as an raw solution) is performed, by

regulating the flow rate of the hydrate slurry fed from
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raw solution is snmaller than a targeted val ue and the
output of the flowreter 122 is |ower than a setting,
the flowrate of the hydrate slurry fed fromthe
buffer tank 113 to the point Nis raised and the flow
rate of 10 the raw solution fed fromthe point Nto
the hydrate slurry-producing evaporator 105 is

rai sed, as the change in outpl? of the punp 117
corresponding to the deviation is calculated by FIC
and the out of the punp 117 is raised by the

cal ctlat %Hfgar ukanknl thet a5k HGianl,ad fradvd dacowy

. of t I than a targeted
val obThbE %ﬁé%?%%f %?”tf'ré PR vekeiDaBER (46 [tegemtput

h t f t h t I r r
?egn?ro %tff%fﬁlé ert at naa Odplr{%&%zﬁi{ %\Nﬁﬁ% . . téle
d t sol ution fe
f fghtgﬁgg%%ﬁlﬁtéﬁle?%%éf tgpr g% r}]eyudtr%y\% pr oduc ﬁ)mducmg

evapeyap9Faddb i6s decggased, A8 h‘:ifc!}ﬁiég% I %Lt'ép%tf th
of theg%urr% 117 correspondi ncg to}ﬁthe evi atl on“5is ©

cal cuhat esll byi b G anshd e OWHIH HOft AR duaRa11E b%d the
| onered by the cal cul ated val ue. The control is 25

contdowued; wntihe thiowetieat il hat iear 1t heaeupuktefing,
the flowmeter 122 and the setting val ue becones zero.

106 tHQ-B)owheakefad gerantydraper isdatrirgn fieeifeat the boffer
t he hydrate sl urry-produci ng evaporator 105 is

cont ¥tk el 3 i ke RHe T Nudtuaidiisedniagch thealtller. réte of
Specifically, the rotatjonal frequency of

t he
conpris SH” ALY S Al tieed T4 rrdguBced thy itevéheehydrate

slurry-producing evaporator 105 is raised, as the
change in output of the pump 117 corresponding to the
deviation is calculated by FIC and the output of the
pump 117 is raised by the calculated value. On the
other hand, if the flow rate of the raw solution is
larger than a targeted value and the output of the
flowmeter 122 is larger than a setting, the flow rate
of the hydrate slurry fed from the buffer tank 113 to
the point N is decreased and the flow rate of the raw
solution fed from the point N to the hydrate slurry-
producing evaporator 105 is decreased, as the change in
output of the pump 117 corresponding to the deviation
is calculated by FIC and the output of the pump 117 is
lowered by the calculated value. The control is
continued, until the deviation between the output of

the flowmeter 122 and the setting value becomes zero.
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control of the notor 102, based on the output of the
tenperature sensor 125 nonitoring the refrigerant
tenperature in the hydrate slurry-produci ng evaporat or
10 105. More specifically, if the refrigerant

vapori zation tenperature | ower than a targeted val ue
and thus the output of the tenperature sensor 125 is

| oner than a setting, the refr %@rant vapori zation
tenperature in the hydrate slurry-produci ng evapor at or
15 105 is raised, as the change in output of the notor
102 corré ﬁézding to the deviation notor 102 is

| cul at by_the TIC and the rotational f y of
he Mot or Pf03°E PRS- PHE Lo Mt LA Atk o the

I I .20 1f th fri t
on YhQMrBES 5Q@LPg?g%gﬁhéfﬂé“%ﬁ%ﬁﬁﬁaﬁﬁ$ %(%FE%%S%%%%olled

vapori zation tenp ure IS an

val ugoangdict hen Ut Dt @ 1d1e  ARIPLANULE. Sensor 125 is

hi gher than a setting, the refrigerant vaporization

tenmper at uspebDribglbydrehe rSl T QUG ey of the
evaporator 105 is ralsed, as the 25 change i n out put

of thempoessocA0ROTOrS esPONtidGid Ot redeViyatingd rics r
calculated by TIC and the rotational frequency of the
not o£on 0291 t bifist hdhenctompriessoroal@dt, ons the7 outdusedf the
only by the cal cul ated value. The control is

cont FAHRET 2 iRt | SO el mtticoni teatinge s hehe edutigetraot

t he tengerature sensor 125 and the setting val ue

becol®EPZET 01 S Fhe-Rersisirats sty roP radiedper avaperator

;fgiggh’ﬁ .eag}?mf%gypebceitaicparlei%s,uri% ?: %S(%Eafgggletrggltng the
vaporization temperature lower than a targeted value
and thus the output of the temperature sensor 125 is
lower than a setting, the refrigerant vaporization
temperature in the hydrate slurry-producing evaporator
105 is raised, as the change in output of the motor 102
corresponding to the deviation motor 102 is calculated
by.the TIC and the rotational frequency of the motor
102, thus the compressor 101, is lowered only by the
calculated value.

If the refrigerant vaporization temperature is
higher than a targeted value and the output of the-
temperature sensor 125 is higher than a setting, the
refrigerant vaporization temperature in the hydrate
slurry-producing evaporator 105 is raised, as the
change in output of the motor 102 corresponding to the

deviation is calculated by TIC and the rotational

frequency of the motor 102, thus the compressor 101, is
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refrigerant gas. There may be targeted val ues and
settings (e.g., upper and lower |imt values). (3-4)

10 Production of the hydrate slurry starts in the

route D. In production of the hydrate slurry, an raw
solution is stored in the buffer tank 113 and the raw
solution is fed into the hydrate_slurry-producing 15
evaporat or 105, as the punp 11¥%7s activated, and

cool ed through heat exchange with a refrigerant

liquid, It is possible to elim nate supercooling and

t husTEbSePr 8RR EPY nehdiyer kel atad rialusy addiet icomtablais
sepa(r:at,gli% (grepatre fB/idr te slurry into the buffer

t ank 1131 0PeBy Pt nstht 19RG A EaRe el ithien Uity t of
supe 0] aw sol i on he hydrate-slurry
out | Ee}?é)t {-é%rrg%?a Eéggi%énﬁ%%qh%/%raar{de K euﬁr%%ﬁpgdﬁéilﬁﬁ
evappedtpLs 195.and the hydrate slurry tenperature in
the buffer tank 113 are nmeasured and nonitored

respectivehy bynibe 129MRIAtANE 25 SENSQS L3

131. When the output of thﬁel terrpgcraturetzler#s%re%%%g’oﬁnd
131 mepchesa Fpopasdicdll fdnsomalmesyi e RUPel 18 ekSure of the
activated by manual operation by 108 an operator or

by arebnigetarsi gred. (GiBrd mam tdee t acortkea vdevieeeakdl,
superinposing the route C. The raw sol ution previously

st or @&t InIhelhydh atuwpsst wndy licwemmdlingttovageetank 114

is conveyed by the punp 5 118, blended with the

hydrate sf ‘r‘}i conveyed fromthe buffer tank 113 at

the point_N, .sent to the hydrate
P Prdduction o% é%e)%ydrate slurry starts in the

route D.

In production of the hydrate slurry, an raw
solution is stored in the buffer tank 113 and the raw
solution is fed into the hydrate slurry-producing
evaporator 105, as the pump 117 is activated, and
cooled through heat exchange with a refrigerant liquid.
It is possible to eliminate supercooling and thus to
produce the hydrate slurry, by addition of a separately
prepared hydrate slurry into the buffer tank 113 or by
installing a means of eliminating supercooling of the
raw solution. The hydrate-slurry outlet temperature in
the hydrate slurry-producing evaporator 105 and the
hydrate slurry temperature in the buffer tank 113 are
measured and monitored respectively by the temperature
sensors 130 and 131. When the output of the
temperature sensor 130 or 131 reaches a particular

value, the pump 118 is activated by manual operation by
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sl urry-produci ng evaporator 105, and subjected to heat
exchange with the refrigerant liquid in the hydrate
slurry-produci ng evaporator 105, thus giving a cool ed
10 raw solution and a hydrate slurry. The hydrate
slurry is fed fromthe hydrate slurry-producing
evaporator 105, and a part of it is stored in the
buffer tank 113, and the othe¥l8s fed into and stored
in the hydrate slurry thermal storage tank 114. For
control of the 15. flow rate of the raw sol ution

f | oOWRMPR ST R tHe eat cantaedf e ongde (o )t Aeohy dhat e
slurry-producing evaporator 105 to a constant rate of
a part?etfardsEiqfe Cr e FReSd "en thke TUL U - of

the flo ter 122, the flow rate _of the hydrat
ote ¢ e

slurry f GH 11 Buft e 2 14 V1 X6 hé Aygr Avdrate

nves PP AR R e 7 14 S B by e pume

the fygralee sldy rher hed WMkEaPel 18 rg}ygem %h%&;sm the
trol of the M

recirculation route for co [lowrate o

't he gawe SOl dlddon conveyed %%ithNhyg%ﬁ%etg5the hydrate

sl urry-produci ng evaporator 105. In addition, the punp
118 $busty-gorddudilned dviaato fate roupyt a8 EBjected to heat
tenperature sensor 126 nonitoring the tenperature of
hydrest&hasigs myi tH0% hef e fird gelvanty diguédsiar eizet hgrrake
storage tank 114 becones a setting value (see (3-1)
(ii)sHbowe)erodu)inRogivepoEased EOPhe thoat gsvEngnd Fooled
are routes for thermal 5 utilization of the heat

ener' @ otolte My dngt @ sverefe stored-i nThRelhggRrALeslurry

Slurfg ggg”f?%nt%%%r%%%r%%gks %ﬁry—producing evaporator
105, and a part of it is stored in the buffer tank 113,
and the other is fed into and stored in the hydrate
slurry thermal storage tank 114. For control of the
flow rate of the raw solution flowing inside the heat
transfer tube in the hydrate slurry-producing
evaporator 105 to a constant rate of a particular value
or more, based on the output of the flowmeter 122, the
flow rate of the hydraté slurry fed from the buffer
tank 113 to the hydrate slurry-producing evaporator 105
is regulated by inverter control of the pump 117. 1In
production of the hydrate slurry, the route D is a
hydrate slurry recirculation route for control of the
flow rate of the raw solution conveyed to the hydrate
slurry-producing evaporator 105. In addition, the pump
118 is so controlled that the output of the temperature

sensor 126 monitoring the temperature of hydrate slurry
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(cold heat). Along the route E, the hydrate slurry
stored in the hydrate slurry thermal storage tank 114
is conveyed 10 by the punp 119 into the cold

wat er/ hydrate slurry heat exchanger 115, subjected to
heat exchange for making cold water fromwater in the
cold water/hydrate slurry heat exchanger 115, and
then, fed back to the hydrate 1@Purry thermal storage
tank 114 in the state of aqueous 15 solution. The
circulation s repeated thereafter. Al ong the route
F, ot E@dCBPdt%t ]%Ydﬁ?‘é%lu%%‘arlfhr@ﬁ}lﬁn%ﬁcodr@%ér@lg@ ilidh
t he drate slurry.in the cold water/hydrate slurry
hoat CEXRRERGEr 165178 TOMHoyERP by tHe (eip P20 used

for thermal,,uti) jization iin_heat 20 consum ng si ded
| oad 116?qghdﬁ%kgégf%d?n%i% the punp 120, point R

and the oﬁhgfgoyéégeE1§§d P%f tbeJ%%_ é¥(¥heﬁmal

wat er/ hydrate slurry heat exchanger 115, "as water at
an elevat edc | SADSF Atk ene e fd SRl AL iR 'h?fierrag:%eQHQer

thereafter. Therefore, the routes E and F

conngtbeddt on egied 1wFdestd herurmly Y ndraaihe te@lade tank 114
wat er/ hydrate slurry heat exchanger 115, and thus, the
heat (enédglyegor responding to the latent heat of the

110 hydrate slurry is supplied to the heat-consum ng

si ded | cAdondethasroute sk carheerttyeltate tsiamheats temergy n
corresponding to the sensible heat of cold water. The

col dtivat _Yderke etluipaiauned istorRgecskraks114 is conveyed
wat er / hydrat e slurry heat exchanger 115 is controll ed,

as the FeRdPYHR & ot HHe My &0d SsMatey/hidsatReséBrgy heat

exchanger 115, subjected to heat exchange for making
cold water from water in the cold water/hydrate slurry
heat exchanger 115, and then, fed back to the hydrate
slurry thermal storage tank 114 in the state of agueous
solution. The circulation is repeated thereafter.
Along the route F, the cold water produced through heat
exchange with the hydrate slurry in the cold
water/hydrate slurry heat exchanger 115 is conveyed by
the pump 120, used for thermal utilization in heat-
consuming sided load 116, and then fed, via the pump
120, point R, and the on-off valve 128, back to the
cold water/hydrate slurry heat exchanger 115, as water
at an elevated temperature. The circulation is
repeated thereafter. Therefore, the routes E and F are
connected to each other thermally via the cold
water/hydrate slurry heat exchanger 115, and thus, the

heat energy corresponding to the latent heat of the



10

15

20

25

wat er/ hydrate slurry heat exchanger 115 is altered as
required by inverter control of the punp 119, based on
the out put of the tenperature sensor 127 nonitoring

-the 10 tenperature of the cold water fed fromthe cold

wat er/ hydrate slurry heat exchanger 115. Specifically,

if the cold water tenperature is |ower than a targeted

val ue and the output of the tehp@rature sensor 127 is

| oner than a setting, the feed rate of the hydrate 15
slurry into the cold water/hydrate slurry heat . .
exchakgerta 151 RETY ebticBiPRNEd He ddiad-heattecomsuimétng sided

te ratu rai sed as the change in output of the punp
1lgp 58? eLg%nd‘?%gl‘f ot HPHERA &9 diP it ec Acedt &ned py

th Tl dth tput of th u 19 j s reduced
on Ieyc%§/§:2%8? 1?1%1 Ig%lo%% P%&fee o Vel %elpe g)? % té) :otcl‘?&rdt I‘?’é‘ﬁ&ir : idf
th I d t € t e an .a rge
val ue and HEHEOLErPREL LA O 42 TG A0 B RIS,

| ar ggs+ & ARy dAa 641 00y thes f eed i atg ,0f 1;5'“%52%6%%&%1&&

slurry into the cold water/hydrate slurr

exchaggetie 148ed Sr49d s&d P andithe Galgv¥atek o¥hketo1d
tenperature reduced, as the “change in output of the
punpwdddr toydespo ngdi nge  hddie exderdnatcron 1i5s igabtykatadas
by the TIC and the output of 111 the punp 119 is

r ai seekdwisd Byy tivev e coul atrgd-odalafe theTpempontlvel based on
conti nued, until the deviation between the output of

t he Bty ©Sdiisortermpr mtdnehsensert ilAJ vwahdsoring the
becones zero. 5 <Operatiaon of air-conditioning

faci??@%ﬁ%%é}%tq% cqjsyarater fed from the cold

water/hydrate slurry heat exchanger 115. Specifically,
if the cold water temperature is lower than a targeted
value and the output of the temperature sensor 127 is
lower than a sétting, the feed rate of the hydrate
slurry into the cold water/hydrate slurry heat
exchanger 115 is reduced and the cold-water outlet
temperature raised as the change in output of the pump
119 corresponding to the deviation is calculated by the
TIC and the output of the pump 119 is reduced only by
the calculated value. On the other hand, if the cold
water temperature is higher than a targeted value and
the output of the temperature sensor 127 is larger than
a setting, the feed rate of the hydrate slurry into the
cold water/hydrate slurry heat exchanger 115 is raised
and the cold-water outlet temperature reduced, as the
change in output of the pump 119 corresponding to the

deviation is calculated by the TIC and the output of



Entire operation of the air-conditioning facility

shown in FIG 21, including operation of the
refrigerator, is controlled by the control device CTL
10 The operation nmethod of the air-conditioning
facility includes at |east the follow ng operation
nodes (M) to (M4). (M) Operation node supplying the
cold water produced in the cot water-produci ng
liquid-filled 15 evaporator 104 to the heat-consum ng
sided load 116 (i.e., operation node using the

r ef r FyRrREHR Pheraisag emBy by the spécaliesrdnsgéue.
the gontrol, device CTL,. b delivering control signals
ol tERGAORGARS on THINUBE gdRtdds SR %65 1RAj ofoPeEHgen
refrpgeran hut- of,f val ves ,108a and 10 and th
refr#ggrg% p%%élgﬁﬁonquﬁﬂ%ﬁﬁge f&@&ognggioésé éﬁa
openi : Y 08a and 109a and cl osi ng
openspg. g witlie Aoyl e 109b, and thus
conf kG + 411 Sh GOt th MAILATARAGUGhAY FLefiR1 96 8hliOBpERat ion
cycle in the refrigerator. Sinultaneously, the cgntroﬁ

- devig&d&JIL, by delivering control signals g5 and g6,
turns on drive devices (K5 and K6) of the on-off

val ves 11Entil28 @pulat2®n clfosiheg atifre cealde ibA8ngndacility
openi ng the valve 129, and thus, connecting the

heat ske@ns uim i G sidded ingddding btpetrbéivoubé Bhand

di sconnecting it from the route F. In this way, the

r ef rFQfefedoretaia tife ®tggdeB Brvetbenrertedlt devach CTL.
ot her. via the cold ter- produci ng Iiguid-fLIIed o
evap %uqﬂegﬁﬁ&oqnmf dyoﬁh§he alr=conditioning facility

includes at least the following operation modes (M1l) to
(M4) .

(M1) Operation mode supplying the cold water
produced in the cold water-producing liqﬁid—filled
evaporator 104 to the heat-consuming sided load 116
(i.e., operation mode using the refrigerator and the
route B)

In the operation mode, the control device CTL, by
delivering control signals gl to g4, turns on drive
devices (K1 to K4) for the refrigerant shut-off valves
108a and 108b and the refrigerant gas shut-off valves
109a and 109b, and opening the shut-off valves 108a and
109a and closing the shut-off valves 108b and 109b, and
thus configuring a cold water-producing refrigeration
cycle in the refrigerator. Simultaneously, the control
device CTL, by delivering control signals g5 and g6,

turns on drive devices (K5 and Ké6) of the on-off wvalves



cold water produced in the cold water-producing
liquid- filled evaporator 104 is supplied to the

heat - consum ng sided |oad 116. 10 (M) Operation node
of supplying the hydrate slurry produced in the
hydrate slurry-producing evaporator 105 to the
hydrate slurry thermal storage tank 114 (i.

" operation node of using the r¥¥4igerator and t he
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routes C and D) 15 In the operation node, the contro
device CIL, b delivering control signals gl to g4,

t ur n§? %nan?e% ct?%&ﬁkﬂg Qkﬁﬁhﬂﬁ (&P eadkependngsichg
t he sh @%% val 108a and 109a and opening the
shutV% §muf9ﬂﬁﬂ§9%ﬂ$ g@ﬁfhggﬁ|ﬁ@n§umlng

hydr at I r 0 refri eratlon c inth
rgfisgg?gtor ad ff%?%?gﬂﬁﬁﬁgngﬁ%E% &éfﬁ?& e&ﬁa:shét “from
rou ?995 ar e e er..via e
hydrgﬁecg urrgk proda%nﬁggkiépg%§t§%%fggerat8rtﬁ the

hydr [ ir [ cql d g _
M ok R T ML s

hy dr gt edsd 1 Y1 1 dier-al1 1018 orark r1184, (MBY only the
Operation node of supplying the heat energy 113 ¥

t he dwld atetest yrrodsiear ach ighet ke 1hy deake-skbBu¥ing liquid-
thermal storage tank 114 to the heat-consum ng sided

| oadf 14Beq iewpomptamatliodn imdappfliegi hg the hesatesofsuming
and F) 5 In the operation node, the control device
CTL,S¥Hed dertad/erlimg control signals g5 and g6, turns

on
(M2) Operation mode of supplying the hydrate

slurry produced in the hydrate slurry-producing
evaporator 105 to the hydrate slurry thermal storage
tank 114 (i.e., operation mode of using the
refrigerator and the routes C and D)

In the operation mode, the control device CTL, by
delivering control signals gl to g4, turns on
respective drive device (K1 to K4), closing the shut-
off valves 108a and 109a and opening the sﬁut—off
valves 108b and 109 and configuring a hydrate slurry-
producing refrigeration cycle in the refrigerator. In
this way, the refrigerator and the routes C and D are
connected to each other via the hydrate slurry-
producing evaporator 105, and the hydrate slurry
produced in the cold water-producing liquid-filled
evaporator 104 is supplied to the hydrate slurry
thermal storage tank 114.

(M3) Operation mode of supplying the heat energy
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respective drive devices (K5 and K6) for the on-off

val ves 128 and 129, opening the valve 128 and cl osi ng
the valve 129, and thus, disconnecting the heat 10
consunming sided |oad 116 fromthe route B and
connecting it to the route F. Thus, the heat-consum ng
sided load 116 and the hydrate slurry thermal storage
tank 114 are connected to eachlbther via the route E,
the cold water/hydrate slurry heat exchanger 115 and

15 the route F; and the heat energy corresponding to
the ©f atBfthheaRtofs bwer hyalrarasd dirurthe diwsirads s livray
hydrate_ s]ur thermal storage tank 114 is supplied

Lt PRSTRh: S L8R s ekl Todthel 1 s G g s1ded
ener c espondi ng to .the sensible heat of the

cool g%a%ﬁeé gg By heatt BxchaiyE & Nohd ey destes E
sIurgMdaﬁg water in the cold water/hydrate slurry

heat exchanger 115. (M) O her operation node:

oper at i onyAogge 0fpSHPPR] ¥ N ddhe ﬁ@tco%&errgg% q%gzaiyéi £L, by

hydrate slurry to the heat-consum ng si

bef oti€l 1 her tvydlr @drer 15d Urd dgn 2% ?50%@6@_;@,” thhe shydrate

sl urry-produci ng evaporator 105 is stored in the
hydre¢spsttuiry dhiereradesitcersagest anld kb34 rouf kel ent-by £
(i.e., operation node of using the 114 refrigerator,

r out' ezl Gank O,arghd 2fddidremnald yheowtéseE128ndnB) cllBsing
t he operation node, the control device CIL, by

del i ¥&% i i dnt4Dl Higidius gldiseogaectings tbe beat-
respective drive devicesngl to K4%, cl osing the shut -
of f SRS 0 A6t 1ogsh difd TEpBNithE ETREtShEL 2BFf

connectihg it to the route F. Thus, the heat-consuming
sided load 116 and the hydrate slurry thermal storage
tank 114 are connected to each other via the route E,
the cold water/hydrate slurry heat exchanger 115 and
the route F; and the heat energy corresponding to the
latent heat of the hydrate slurry stored in_the hydrate
slurry thermal storage tank 114 is supplied to the
heat-consuming sided load 116 as the heat energy
corresponding to the sensible heat of the cooled water
by heat exchange between the hydrate slurry and water
in the cold water/hydrate slurry heat exchanger 115.

(M4) Other operation mode: operation mode of
supplying the heat energy of the hydrate slurry to the
heat-consuming sided load 116 before the hydrate slurry
produced in the hydrate slurry-producing evaporator 105
is stored in the hydrate slurry thermal storage tank

114 sufficiently (i.e., operation mode of using the
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val ves 108b and 109b, and thus configuring a hydrate
slurry-producing refrigeration cycle in the
refrigerator. Sinultaneously, the control device CITL
10 by delivering control signals g5 and g6, turns on
respective drive devices (K5 and K6) for the on-off
val ves 128 and 129, opening the valve 128 and cl osi ng
the val ve 129, and thus di sconhééting the heat-
consunming sided |oad 116 fromthe route B and 15
connecting it to the route F. In this way, the
ref r FGEra06rakAd. t heukosit @saml ahd ami arcd coimmedtled riomtes E
each other via the hydrate slurry- producing
evapéPgtgﬁ 105; the hydrate produced in the slurry
col d wat er.- pr ducing glquid-filled evaporator 20 104
§at &t

i s suppliéd Fgetﬁge St ar r Y et hef o st Ege CTL, by
t ank : - P fl h t- ' i ded
| ona e vsRairndtht bPNre it et et " S ank
114 nect : hgef-, ' h t.e E, .th
col 4 uaP ey hyar af b8 R MRt S kA Tt rReShue-

25 regtevhivandibhe feati GNEran GPESRPNGINGHQ Lhe
| atent heat of the hydrate slurry stored in the

hydr abgves| LO8Y &ﬂil@rmﬂ@b,Sta){ca%d@r&brﬂf]ﬂgdrin%uﬁplhg@‘iate
to the 115 heat-consum ng sided |oad 116 as the heat
ener gyurcprpesponithqgrd fr tdewerseinsi ke lkedn athecool ed

wat er, by heat exchange between the hydrate slurry

and watergenatene cHirh Meradusidr.attdieslagmtydiedevice CTL,
exchanger_ 115. 5 <Typi cal exanples of the operation

met hB¥sIeE 1 B Fing o ki Onisigriade 19% yad g6, turns on

respective drive devices (K5 and K6) for the on-off
valves 128 and 129, opening the valve 128 and closing
the valve 129, and thus disconnecting the heat-
consuming sided load 116 from the route B and
connecting it to the route F.

In this way, the refrigerator and the routes C and
D are connected to each other via the hydrate slurry-
producing evaporator 105; the hydrate produced in the
slurry cold water-producing liquid-filled evaporator
104 is supplied to the hydrate slurry thermal Storage
tank 114; and additionally, the heat-consuming sided’
load 116 and the hydrate slurry thermal storage tank
114 are cohnected to each other, via the route E, the
cold water/hydrate slurry heat exchanger 115 and the
route F, and the heat energy corresponding to the
latent heat of the hydrate slurry stored in the hydrate

slurry thermal storage tank 114 is supplied to the
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(1) Thermal storage operation at night Operation for

production of hydrate slurry and storage thereof in

the thermal storage tank, i.e., 10 thernal storage

operation, is perfornmed at night. In thernmal storage

operation in the air-conditioning facility shown in

FIG 21, the air-conditioning facility is operated in

the (M2) operation node, as thé&ldhydrate

sl urry-produci ng evaporator 105, not the cold 15

wat er - producing liquid-filled evaporator 104, is

conneededconstheng ef fdefrkddn sy stemhe drafimenergy

hydr at e- produci ng refrigerati on systemin the

ref r FQEFaEBPRADEY th BiRhsentiake hewt pfdrmad e wiater, by
roduci ng evaporator 105 is so controlled that the 20

Pl UCRBAT I BRCOFETR BFCHTRN (a1 | GEHERHe velpbri Acbrater in

h £ inim zed. .S ifically, t
ST 8T SRR BT AL o S
j by. I t t 1
o5y efybied Dl Lect ot o ol ol Uhe IO A0% 50

t enpes Rl U Lo 8BNS OF 2 d20i i toring the tenperature of
the refrigerant™liquid i'n the hydrate slurry-producing

evapor pt Ofie AR51 asith Pa s tdpdih valie hegemes zero. 116
When the hydrate. slurry-producing evaporator 105 is a

| i qui d-fibpedaevapofat asrodine: tydret eny&lndtey d1sarry and
produced, as a part of the hydrate deposited on the

heat steamst erthewdet | imerhenalHe mualf e riagyepreefdr, abil.y .5
renmoved by the flow force of the raw solution (or

hydr &t @rsg br$ o maoarrreni Sisitut iioh pegfd reel githeyight. In

thermal storage operation in the air—conditioning
facility shown in FIG. 21, the air-conditioning
facility is operated in the (M2) operation mode, as the
hydrate slurry-producing evaporator 105, not the cold
water-producing liquid-filled evaporator 104, is
connected to the refrigeration system, forming a
hydrate-producing refrigeration system in the
refrigerator 100. In such a case, the hydrate slurry-
producing evaporator 105 is so controlled that the
fluctuation width of the refrigerant vaporization
temperature thereof is minimized. Specifically, the
rotational frequency of the compressor 101 is altered
as required by inverter control of the motor 102, so
that the deviation between the output of the
temperature sensor 125 monitoring the temperature of
the refrigerant liquid in the hydrate slurry-producing

evaporator 105 and a setting value becomes zero.
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remains as it covers on the heat transfer tube inner
wal |l surface. It is inportant then to control the flow
rate of the raw solution flow ng inside the heat 10
transfer tube constant and not to reduce the
refrigerant vaporization tenperature in the |iquid-
filled evaporator excessively. Then, the flow rate of
the hydrate slurry fed fromtheduffer tank 113 to the
point Nis altered as required by inverter control of
15 the punp 117 for recirculation of the hydrate
slurry, ®eenhthte thedfd oy slatre yo rickleciay sebpbirenofred05
fromthe _point Nto the hydrate slurry-producing
evapb?a%0#1QKH¢‘ﬁﬁ&%ﬂﬁa@%ippéﬁﬁéﬁedt@alﬁ§d§ﬁt?hélurry is
devi ati gn between the output of the flowreter 122 and

t he REYTITFv@UE B Heldnesergratsederpgsted on the
fi ti f air- diti i facility> (3-2 d
Com SR RS0 AL Bl SO W SpraRkE tonberabaBlY
th 01-i i d,by.i t
cont T S R s S o3 Lo et e Tk At b Bet hben
25 theq eutdudr ofrf he ta%m%aguﬁﬁtﬁsrafogn&%hgotalﬁé&' ng

t he enperature of the refrigerant liquid in

hydraéairfd We YitPrReaisngneyapohater t 10rsa8d thBe inner
setting value 117 becones zero (see <basic

configlr atumiacaf. ailt- icoAdbbireAhBgthagi tot ¥ont808)dhe flow
It is also possible to control the notor 102 to nmake
t he mtepuif dthet hevwt evpatavor élsensgr id25dbetbaehedt not
| ower than a particular value and to change the

r ot atFPHES T rtedpge sOpsspnthandonpteseoredode atirquat el v,

refrigerant vaporization temperature in the liquid-
filled evaporator excessively. Then, the flow rate of
the hydrate slurry fed from the buffer tank 113 to the
point N is altered as required by inverter contrél of
the pump 117 for recirculation of the hydrate slurry,
so that the flow rate of the raw solution fed from the
point N to the hydrate slurry-producing evaporator 105
becomes a targeted value or the deviation between the
output of the flowmeter 122 and the setting value
becomes zero. (see <basic configuration of air-
conditioning facility> (3-2) and (3-4)).

At the same time, the rotational frequency of the
compressor 101 is altered as required by inverter
control of the motor 102 so that the deviation between
the output of the temperature sensor 125 monitoring the
temperature of the refrigerant liquid in the hydrate

slurry-producing evaporator 105 and the setting value
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dependi ng on the values of setting, and such an
operation node may be used in the thermal storage
operation of the air-conditioning facility shown in 10
FIG 21 (independently of whether the hydrate slurry-
produci ng evaporator 105 is a liquid-filled evaporator
or not). In production of the hydrate slurry in the
route D, when the hydrate-slurty7outlet tenperature in
the hydrate slurry-produci ng evaporator 105 or the 15
hydrate slurry tenperature in the buffer tank 113
becoRBS§CHepartreul age vabaeic t¢rnhignratli®n » factinrat ed,
superinposing the route C, and the punp 118 is so
contFBHBéHl?Hé?gtﬁ%ch§ﬁﬁéﬁe(%1%%%y inl et tenmperature

in the h¥ rate slurry t e{nal storage tank 114

becomes a go}ég?ifﬂgpéaFg%.?s%% QRS IOHF it i 1G¢ to
B R
Wt hnbhey Byds atie. 2l rg 4 OFc e el 51or ade peri.gd
| apses, the centrifud% conpr essor £ §h§%ﬁﬁge ©

Mot OFo 4921 8681 tFdee0f§ NG HAN& RIS L8 13nd adéaﬁgrtely,

are turned of f by manual operation by an operator

by thepentiin@losignalvafirdndhecantyQl deviseenChk.

118 |If there are problens in production of the
hydraperst iwm ymduje imcy esserdad tihe taveumie rafa 1t Reorage
hydrate deposited on the heat transfer tube inner

wal | oBRe¥daren of thee diydrcearelidiwndygprfadidiing shown in
evaporator_ 105 and also 5 in pressure drop in the heat

transt@r $hbelRARRsFatd Y Hemigitheroithge hopersei shurry-

it is needed to take a , N .
producing evaporator 105 is.a liquid-filled evaporator

or not). In production of the hydrate slurry in the
route D, when the hydrate-slurry outlet temperature in
the hydrate slurry-producing evaporator 105 or the
‘hydrate slurry temperature in the buffer tank 113
becomes a particular value, the pump 118 is activated,
superimposing the route C, and the pump 118 is so
controlled that the hydrate slurry inlet temperature in
the hydrate slurry thermal storage tank 114 becomes a
setting value (see <basic configuration of air-
conditioning facility> (3-4)).

When the hydrate slurry thermal storage tank 114
is filled with the hydrate slurry or the thermal
storage period lapses, the centrifugal compressor 101
and the motor 102 are turned off and the pumps 118 and
117 are turned off by manual operation by an operator

or by the control signals form the control device CTL.
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nmelting operation to renove the deposited hydrate by
melting. A communi cating bypass route connecting the
10 hydrate slurry-produci ng evaporator 105 to the
condenser 103, by passing the conpressor 101 of the
refrigerator, and additionally a bypass val ve
openi ng/ cl osi ng the bypass route may be forned for
nel ti ng operation. Wen there t8such a bypass val ve
15 formed, the conpressor 101 and the notor 102 are
turned off the bypass valve is opened, and the

hydrat e sHKdr FPeTBr 888 cPhgP ¥ aporatRFOAOTE Fan e dwvdrate
to th d 103, b ing the c ressor 101

dur | RGERBIt PROLBFETALS off TIF tHI ey T tHE Sh.vcfrateh

hi gh- . ' 20 ref.rigerant in.the
DoaaRBIRELBhUDE ThOMNED NSRS (] B Wl Mirace

hydr ke §LURLYz REQULLE PG, - SYARRL AL P e AR r AN 10 d Sng 2150
S A L ot ok

possi bl e to renove t ate osited 1n the

trangfeprtyberbYd b tiMGhd thaM ftﬂé}?sﬁ&attﬁehtd“ﬁimgg%e

tenperature high-pressure 25 refrigerant in the

condensenalO8tordds &peratican du ing dddmd 2k a
Operation by using stored heat 119 Operation to coo

t he heatigonsperagicn desl tooadrcl ifhe idegsiaiedd hydrate by
condi ti oning operation, is conducted during daytine

by usthgin@ie heat energy of the hydrate slurry stored
in the hydrate slurry thermal storage 5 tank 114 (heat
ener gy (cBl 8ORBER1enkly)IYPaTs it temaecting the

- sum ng operation js carried out in the
heathgggate sgurgy—pro ucing evaporator 105 to the

condenser 103, by passing the compressor 101 of the
refrigerator, and additionally a bypass valve
opening/closing the bypass route may be formed for
melting operation. When there is such a bypaés.valve
formed, the compréssor 101 and the motor 102 are turned
off the bypass wvalve is opéned, and the hydrate_slurry—
producing evaporator 105 is connected to the condenser
103, bypassing the compressor 101 during melting
operation. In this way, the high-temperature high-
pressure refrigerant in the condenser 103 flows via the
bypass route into the hydrate slurry-producing
evaporator 105, and it is possible to remove the
hydrate deposited in the heat transfer tube by melting
it with the heat of the high temperature high-pressure
refrigerant in the condenser 103.

(2) Operation during daytime

(2-1) Operation by using stored heat
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air-conditioning facility shown in FIG 21, the air-
conditioning facility is operated in the (M)
operation node. In such a case, the punp 119 is
controlled to 10 regul ate the col d-water outl et
tenperature in the cold water/hydrate slurry heat
exchanger 115 to a targeted value (see <basic
configuration of air-conditionthy facility> (4)).
(2-2) Conbined refrigerator operation 15 This
operation is an air conditioning operation enployed
when the OBPg2heéalk bP €Rel hykk dteasteprsumistoprsidgigch load
t he E¥grate slurrg therpal] storage tank 114 is

i nsuffPei &nf - f of L5t PRIVF P 1HE RRP Tkt Agedeadugited
cool LD BRtAEt ALY S0 SR IS 2 U, 20,
Ch  PaRErY o BPERATES S IR Ay e T R Sard
hydr s ot ey b dn ey ST Ry a0, 12 b
conngebeddt et hecsed i U8y adhedn t 1S ti@McHHNG 1@ ¢al dhe

wat er - produci ng refrigeration system and the

ai r - spndconont honfragi tdd ity epsywat adh ¥2G&. ion,t hae( Mi)-
operation node. The rotational frequency of the

cent £Phdgaionbmprissiorith0lis Speonttreal lied thlkeMBO opeketion
the col d-water outlet tenperature constant by

noni BeAe ng IheSU@nperaif-e thie Puart differiat goatsended §o
124 installed at the outlet side of the cold water-
prodﬁ%?ﬂgaT?cﬁﬁ?ﬁ??%q?ﬂfﬁﬁFéﬁﬁﬁé#%ﬁ teoperpREse £Rethfh- cold

water/hydrate slur:y heat exchanger 115 to a targeted
value (see <basic configuration of air-conditioning
facility> (4)).

(2-2) Combined refrigerator operation

This operation is an air conditioning operation
employed when the cold heat of the hydrate slurry
stored in the hydrate slurry thermal storage tank 114
is insufficient for satisfying the cold heat needed for.
cooling the heat-consuming sided load 116 and thus
additional cold heat of coid water should be separately
prepared for compensation.

For example, in the refrigerator according to the
invention, the cold water-producing liquid-filled
evaporator 104, not the hydrate slurry-producing
evaporator 105, is connected to the refrigeration
system, forming a cold water-producing refrigeration

system, and the air-conditioning facility is operated
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of f valve 128 is opened, conveying the cold water from
the cold water/hydrate slurry heat exchanger 115 and

the cold water fromthe cold water-producing liquid 10
filled evaporator 104 to the heat-consum ng sided | oad
116. It is thus possible to supply the cold heat

energy of both cold waters to the heat-consum ng sided

| oad 116. In another exanple, £RE cold heat energy of

the 15 hydrate slurry stored in the hydrate slurry
thermal storage tank 114 is first heat-exchanged with
the &8l §hevdlé) PRethbien| Bodat erTiny drettat shnak yf heatency
exchagg [ 115, and the cold heat energy of the cold

wat ePi § esﬁﬁaiﬁrééusaltﬁ%mnaé%%se%n%%m eprtechl oedl then to

6 f 2 h as possi ble (no need
fér agks gf"“szapt EF o) The emﬁpergixreofoqnfquqm%
B N R
wat efopr ogdyegd; Lg Sbethgoé 4 to%%gﬂ%hgyﬁ%§$<%an a%%f—

liquid-filled evaporator

Si deﬁrb@@dlﬂéﬁllaﬁfdcf)ﬂplé@de%ﬁﬂ&n 1. berhen, the on-
performed by anyone of the nethods in the exanpl'es

aboveff1241véier 28 nas t@penad, exavpl \airef dhe éd&r&Wae:%Cre from
generati ng neans of generating turbulence in the flow

of theereaoldovatenfhpdrstarsyufdowiars igimdaddie iheatand
transfer tube of the hydrate slurry-producing
appaf & ugo bd aézler i Frepnt o-lteh ec e s@rite ri-prrertuicam gnillilquliel -

desc ed bel ow
Eifled evaporator 104 to the heat-consuming sided load

116. It is thus possible to supply the cold heat
energy of both cold waters to the heat-consuming sided
load 116.

In another example, the cold heat energy of the
hydrate slurry stored in the hydrate slurry thermal
storage tank 114 is first heat-exchanged with the cold
water in the cold water/hydrate slurry heat exchangér
115, and the cold heat energy of the cold water is -
supplied to the heat-consuming sided load 116 for
consumption as much as possible (no need for complete
consumption). Then, the air-conditioning facility is
operated in the (M1) operation mode, allowing supply of
the cold heat energy of the cold water produced in the
cold water-producing liquid-filled evaporator 104 to
the heat-consuming sided load 116.

The combined operation may be performed by anyone

of the methods in the examples above.
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[Exanple 4] FIG 22 is a viewillustrating an exanple
of the turbul ence-generating neans in the tw sted

bl ade shape. 10 It is possible to accelerate
convective heat transfer .and inprove the heat
transfer efficiency fromthe refrigerant to the raw
solution or slurry by placing a tw sted blade in a
heat transfer tube, generatind?%urbul ence by
circulating the flow of the raw solution 15 or slurry
with the tw sted blade and agitating the boundary

| ayer cl oderebrafiehean @ieler afufds pvebulgace-
surface. The twi sted bl ade may be inserted partial

Unt STHFATIRG WA [daOerPIASAE0 CUBBULAREE 1By the Tlow

tirely int . t fer tube. 20 FIG 23 i
Ui e B Gt L B o Rbe GGyt AR "Heahs Hav ERg heat

| t aegt
pr Ottl,J 5{%%4&%”0@1 t%récgiggrrgﬂ% g'iﬁ)rggg—PEFgSc?gg apparatus

transfer e I nner surf 'SP

accel &AL A8 £ ANEGIriowe nheal vehanshel ; 3dpLMEQ¥ L bed
the heat transfer efficiency fromthe refrigerant to

25 therdwaw sol ution or slurry by generating turbul ence

in the flow of the raw solution or slurry flow ng

I nsi fexarigles heglat transfer tube and agitating the

boundary | ayer 122 close to the heat transfer tube

i nner walTIGuriace W tiewt Hd lpsatraiéngnees exihplshapethe

of the protuberance (circular gylinder,.rectan%ular,

conet Ut Eeplenasne nafd ngdmpansi on thei ghistaiddbhydet sleape.

installation shape 5 (vertical, inclined) and the

ar r ahigermeMOITIES v &° 8rGelenape CEREERELBBaPaati keanster

Zlg%ggj ﬁ%ﬁ% VémE%en%%at transfer efficiency from the
refrigerant to the raw solution or slurry by placing a
twisted blade in a heat transfer tube, generating
turbulence by circulating the flow of the raw solution
or slurry with the twisted blade and agitating the
boundary layer close to the heat transfer tube inner
wall surface. The twisted blade may be inserted
partially into the inlet of a heat transfer tube inlet |
or entirely into a heat transfer tube.

FIG. 23 is a view of another turbulence-generating
means having protuberances (turbulence promoters) on
the heat transfer tube inner surface. It is possible
to accelerate the convective heat transfer and improve
the heat transfer efficiency from the refrigerant to
the raw solution or slurry by generating turbulence in

the flow of the raw solution or slurry flowing inside

the heat transfer tube and agitating the boundary layer
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particularly limted, and are selected properly. In
addition, it may be placed partially, for exanple, at
the inlet for the heat transfer tube or entirely in
the 10 heat transfer tube. Hereinafter, an exanple,
wherein surface irregularity is formed on at |east
one of the heat transfer tube inner and outer wall
surfaces along the flow direct?®dn of the aqueous
solution or the slurry in 15 the hydrate
slurry-produci ng apparatus according to the present
i nveRtPoR, tRi FRe peedfestrabetehaiuke [rBemplad 5surifgce with
24 is,a viewillustrating a corrugate tube,

an
exanbl'® BFCERRSI e havi T stk ey Bratvbees nes

20 tg$%£gnfr and oq&er wal |, surf.aces of the _heat

transfer tube. FPOW priot Ui aHeds ﬁﬂ@%ﬂﬂ§£%§ plate), the
nel Lgaheys O ! s digal NS Or il J ANGE MBI orape

surface, and there®ar’e Tecedses Torne

pr ot pherances, al ong ide  fldow i fa%taén%%m%fn]tt He+ed¥a 1,209

solution or slurry. 25 FIG 25 1s a vicewillustratin

an i singpe sueh@ceeridaned e, iy example jok 2 Lyhe

having surface irregularities on the heat transfer

t ubepannbeulnat 1y 120ni tsad f acrl [@eocvashad REodedepth 1n

of 0.4 mmare formed on the heat transfer tube inner

wal |addl el yiatnay deonsiagredapgire iafl 150. foheeghapge, at
in heat transfer performance and 5 pressure drop

causetf by itle Ehagdothadie theats fieransber ort gbéirphgr in the

wal |, surface are exam ned by using a single
heat transfer tube.

Hereinafter, an example, wherein surface
irregularity is formed on at least one of the heat
transfer tube inner and outer wall surfaces along the
flow direction of the aqueous solution or the slurry in
the hydrate slurry-producing apparatus according to the
present invention, will be described below.

[Example 5]

FIG. 24 is a view illustrating a corrugate tube,
an example of the tube having surface irregularities on
the inner and outer wall surfaces of the heat transfer
tube. Narrow protuberances are molded helically on the
heat transfer tube inner wall surface, and there are
recesses formed between the protuberances along the
flow direction of the raw solution or slurry.

FIG. 25 is a view illustrating én inner surface-
fluted tube, an example of a tube having surface

irregularities on the heat transfer tube inner wall



10

15

20

25

- 26,

dupl ex tube test device. FIG 26 is a chart show ng
the rel ationship between the flow rate in tube and the
thermal transmttance. FIG 27 is a chart show ng the
10 rel ationship between the flowrate in tube and the
slurry pressure difference, as determ ned as pressure
drop. The heat transfer tubes used in the test were an
i nnerly snoot h-surfaced tube (t4der dianeter: 16.2
nmm, 15 an innerly surface-fluted tube (groove depth:
0.4 mm _groove_nunber: 34/inch, nodel: TE-iE,
nanuFHEF%F‘éd b ORT $2cHVicHhl)deridd *f ¢bork myateee fisamed
0.6

i nner surface r ot uperance hei ght: nm
ér ot %eﬁgﬁc@eﬁtgﬁ"‘.‘nsiﬁelfnﬁucb%\é}g?r HadHedwg ically at a

manufcﬁggyﬁgdag 1 icgfz\cg‘go Cable). 20 As shown in FIG
the therna ransmttance of the inner

surface-fryted,tybe and, 5‘.1‘_9?% tube was |arger
by 14 to 32%than(?t hat O%J]t?htgrogsr{noo ijlen%gorrmasnucr dcéd

t ubeprBesarsedtdie dNNrq VY frace-dHaded 4 rt)H}%Zg%Egr t#ggnsfer

corrugat e tube have protuberance heli cal

on thebdentndr anslersined QY skdindd k3CRsihly al $ingle
possi bl e to accel erate convective heat transfer "and

| npraével ¢het lipatt egtansferceef f iFgicaneg fisom ha rt24howing
refrigerant to the raw solution or slurry, by

genetre | TRyl 2 urand el dativetelme thieowlofv trager aw sabet bad the
or slurry by circulation and agitating the boundary

| ayerR R HRHE Hedice r ahdler 20ubé Bnsbrrfashosing the

surface. The resylting swrling of the flow of raw

sol ulf("?cjg%tjo?nsgﬁﬁ' ﬁiftiwr‘?%ne%‘é’s filpy caheadh APba BREr EBF
slurry pressure difference, as determined as pressure
drop.

The heat transfer tubes used in the test were an
innerly smooth-surfaced tube (inner diameter: 16.2 mm) ,
an innerly surface-fluted tube (groove depth: 0.4 mm,
groove number: 34/inch, model: TE-iE, manufactured by
Hitachi Cable), and a corrugate tube (inner surface
protuberance height: 0.6 mm, protuberance pitch: 14 mm,
model: JISH3300, manufactured by Hitachi Cable).

As shown in FIG. 26, the thermal transmittance of
the inner surface-fluted tube and the corrugate tube
was larger by 14 to 32% than that of the smooth-inner
surfaced tube. Because the inner surface-fluted tube
and the corrugate tube have protuberance helically
formed on the heat transfer tube inner wall surface, it
is possible to accelerate convective heat transfer and

improve the heat transfer efficiency from the
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with the heat transfer tube inner wall surface, i.e.,
the heat transfer surface area, and thus, it is
possible to inprove the heat transfer efficiency 10
further. It is also possible to generate additiona
clathrate hydrate nore easily, because the. generated
clathrate hydrate remai ns deposited in the recesses on
the heat transfer tube inner waPP surface, functi oni ng
15 as a product nucleus. On the other hand, as shown
in FIG_27, the pressure dro slurry pressure
dlfféfgﬁégfr?ﬁttﬁ@ FHﬁeFaWsﬁ?f%EéQWIQﬁeﬁﬂ%%@@ Ay t he
corrugat e tube g s | ar by _30 to 88%than that
of tHETSHEECRTI ARG S6nERr FACERE {Ehe Fhehardase iy ion

e Deie et e ot st b e o
Of tNRLaWCSBLUtLENAL BLUEIVradlbS, clk SElRclifIg ot he

shape t he heat transfer tu e I nner S ace,

it i suneaded tonseleshiay syl L@bleishape +y 3kl NF raw

into consideration both the heat transfer performance

as asoexehanger andrihe: ReiPsPoVerhe ldhtfdtGardd itheteot
chart show ng ot her exanples of the heat transfer

t ubegihlvihg heaeguransfeestwre thenoutwerll wWaldface, i.e.,
surface. Exanples thereof include Iow fin tubes

havi &§el beati hsahofaredsenfate owar aval Ithau,f dde icf

the 5 heat _transfer tube, and tubes having

m cr BEASLPIestO HIRFOE bR ieah crpnafing efifiwdences

or
further.

It is also possible to generate additional
clathfate hydrate more easily, because the generated
clathrate hydrate remains deposited in the recesses on
the heat transfer tube inner wall surface, functioning
as a product nucleus.

On the other hand, as shown in FIG. 27, the
pressure drop (slurry pressure difference) in the inner
surface-fluted tube or the corrugate tube becomes
larger by 30 to 88% than that of the smooth-inner
surfaced tube.

The increase in the pressure drop of heat transfer
tube results in increase in the power of the pump
needed for supply of the raw solution or slurry. Thus,
in seiecting the shape of the heat transfer tube inner
wall surface, it is needed to select a suitable shape
by taking into consideration both the heat transfer

performance as an exchanger and the pump power.
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m cropr ot uberances forned by nechani cal and nol di ng
processing on the outer wall surface. Exanples of the
cavi ty-processi ng tubes include 10 "Thernoexcel"

(rmodel : TE-E) manufactured by Hitachi Cable. It is a
tube having fine openings on the outernost surface

and spiral tunnels connecting the openings under the
out ernost surface, which generld®s air bubbles
continuously and efficiently by heat 15 exchange of

the liquid refrigerant, and thus, it is a heat

transfer Flibe 9% ving arhasst rdmsynchiqfthe y gxamicdgts of the
heat -transfer performance. The cavity- processing tube
has 2ethet Famsteansthat difcd e areeilars tise N puter

than that of _the | fin tube, and 20 thus, .has an

ext by T Ted WAPBTISAOrSs THear s £1A tubes
perfgg elovpsiﬁirg)f PourC oa Ol?le thlet ro"{l,lrt]:Sfrerw tllibe ura}%\élcrégof the
irregularities on I he outer wa surface 1"eads to

i ncrgase &M%ﬁp eglnbdé Jangf etrub%%lr f2GA Y ngnq Qo dhe theat .

25 transfer t consequently to i"nprovement in

the nheadgtsansd emeffdaisnay sfremdthe s efrigerant to
the raw solution or slurry. Because the heat transfer
126 medfésten@yetsndd Phtornled Sypassinking e phHRduRe dihg
clathrate hydrate slurry even when the production

ref rogerasd ienperdtareiier setl it aua fiseleat i vel y hi gher
value, and thus, it is possible to reduce the |oad on

5 t he refFxgapbas -okfrligerating ryestesmingl dtubes yingrlude

to inprove the refrigerator performance coefficient.
"Thermoexcel" (model: TE-E) manufactured by Hitachi

Cable. It is a tube having fine openings on the
outermost surface and spiral tunnels connecting the
openings under the outermost surface, which generates
air bubbles continuously and efficiently by heat
exchange of the liquid refrigerant, and thus, it is a
heat transfer tube giving an extremely high
vaporization heat-transfer performance. The cavity-
processing tube has a thermal transmittance of about
10 times larger than that of the low fin tube, and
thus, has an extremely improved vaporization heat-
transfer performance.

Use of such a heat transfer tube having
irregularities on the outer wall surface leads to
increase in the heat transfer surface area of the heat
transfer tube, and consequently to improvement in the
heat transfer efficiency from the refrigerant to the

raw solution or slurry. Because the heat transfer



Herei nafter, operation to renove the clathrate hydrate
deposited on the heat-transfer surface of the heat
exchanger for heat exchange between the raw 10. _
solution or slurry and the refrigerant by nelting in
the apparatus for producing clathrate hydrate slurry
according to the present invention (nelting operation)
will be described. Melting opetdfion in the apparatus
for producing clathrate hydrate slurry in an
enbodi nent 15 of the present invention shown in FIG
16, ®ASACERBCYhéAt hégghahgeis i Bo$S Bohpries ormugmehe
refrigerator evaporator having a refrigeration cycle
consi® Ftﬁ§a5ﬁ §YdEBRPr8LebFY A ritheisdrhe groduction
ressure-reducing device, and an evaporator connect,

bo tRE-BiBrAG bohURREFar iy 20 ST I be Jie Y 1 ones
t he Wi e l e, Exanpl e 6 Melting qperatio
of clStheat ey aRPe. b o%aﬁ%s%b%aé%tﬁuﬁd%%%hﬁ on
6, e ai ‘] | | O met.r of, .t he

® Gl at hrat 6 hydr ot 2B e o St AL Th TR o e O to

cl at hingtevBydnat ge #eposii€d: P the-heats éJeaEﬁ;&fent. '

surface of the heat exchanger is renoved by 12

mel ting dHersgnapeea) i opepdtidie € atddte thdr@tf-hrate
generating refrigeration cycle of generating the

cl at hydtethydeptei tyd cool iy hddth-tden sfefyr igerade of the
flow ng in the heat exchanger. The clathrate hydrate 5
may Beatoexebanger heoreviegr aturhanyd e twefemi géreatriaon

cycle or in a heat exchanger installed separately from
: solution or slurry and the refrigerant by melting in

10
the apparatus for producing clathrate hydrate slurry
according to the present invention (melting operation)
will be described. Melting operation in the apparatus
fbr-producing clathrate hydrate slurry in an embodiment

15 of the present invention shown in FIG. 16, when the
heat exchanger is a compression-type refrigerator
evaporator having a refrigeration cycle consisting of a
compressor, a condenser, a pressure-reducing device,
and an evaporator connect to the piping sequentially,

20 will be described in the following example.

[Example 6]
[Melting operation of clathrate hydrate-producing
apparatus]
In Example 6, explained is a melting operation
25 method of the clathrate hydrate-producing apparatus in

which the clathrate hydrate deposited on the heat-

transfer surface of the heat exchanger is removed by
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the evaporator. The nelting operation is useful for
cooling the aqueous solution of a guest conpound for
clathrate 10 hydrate with the refrigerant flowing in
t he heat exchanger and generating the clathrate
hydrate in the aqueous solution stably or for

mai nt enance of the heat exchanger, and particularly
useful for producing the «clathfate hydrate slurry
containing the clathrate 15 hydrate di spersed or
suspended in the aqueous solution stably or

cont PRLBEBPYydRALAY| apgeabhoumt dhe thetdexdrd pridoate-
below, the following terns are defined as foll ows:

(1) FRBELREIPPgEFAREISHAEL P YHentOh ragnsrart imsdithe

20 ar t h, supstances, stori and conveyi ng heat
ener§$?Qg5?Fﬁo€§ﬂr?E%r%ya?%° ki é?Ehé?%qﬁgerant
lite . eXPFession | so in applj,cati.0 far :
exan%?éw%gé Eﬁygﬁgt%gggn§¥%.??ﬁ$5ﬂ' g%ﬁﬂéﬁ§£?¥?##e (xydrate
V\henmgpebéefféhgg&alho@hé;y&ya?pédr%q!o%d% q O é%%rr’ation
25 a condenser, a pressure-reduci ng device, and “an

evapeyaler o £0Nnest Bat O LA QNG SAURN iAW Wl f£rom
pi ping and the refrigerant flow ng through the plplﬁb

128 the eovapsessed, condensed, placed under reduced
pressure and vaporized sequentially, "any region of

or a regi Bhe malthegrepeontofn tie wrieskar ,cooling the
condenser and fiping connecting these conpositions,

and 2gndensesolpreswe & qushiciangprdevidcEcand lialibrate

pi pi hg connecting these conpositions" in the
refr?é%?%??d%%%@cW%ﬁrﬁﬁﬁ%ﬁgerant flowing in the heat

exchanger and generating the clathrate hydrate "in the
aqueous solution stably or for maintenance of the heat
exchanger, and particularly useful for producing the
clathrate hydrate slurry containing the clathrate
hydrate dispersed or suspended in the aqueous solution:
stably or continuously in a large amount.

In the description below, the following terms are
defined as follows:
(1) The "refrigerant" and the "heat transfer medium"
are both substances storing and conveying heat energy,
although there are some differences in literal
expression and also in application, for example for
hydrate generation or condensation.
(2) When the refrigeration cycle includes a compressor,
a condenser, a pressﬁre—reducing device, and an
evaporator connected to each other sequentially with

piping and the refrigerant flowing through the piping
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referred to as a "particular region". (3) The "forward
flow' of the refrigerant is flow of the refrigerant

in at least a part of the piping in the 10

refrigeration cycle in the direction of a conpressor,

a condenser, a pressure-reducing device and an

evaporator connected thereto in that order
(counterclockwise in any one ®¥8 FIG 29 to 31), and

the "back flow' of the refrigerant is flow of the
refrigerant in at |least a 15 part of the piping in the

r ef r 1 HeFAtRP RS T cqnfared. dipdéseidomngiert heduced pressure
evaporator, the pressure-reducing device, the _
cond®hS ef 2R 192 IESHFESSIrL Yo cl ' sewnirsg liom odnpropergpion
FIGS, _29 to 31). the clathrate hydrate is o
gene%%tgh inTHE Qﬁ&héﬁﬁ?r§ﬁPﬁFvoﬁ°8§e§5§&e§9d piping
co I at e rat e by heat exchange : _
thgfg‘t}a?‘qﬁmé%“?ch@%ef 1 ge palsﬂltt,lo“tsheaé‘l atCRPSE8 SRy ar REgSSure
depo§é&§5&ﬂ§]&éV%LQ§%HR§ﬁﬁﬂ§%ﬁ%&n@u%%gﬁgc%ﬁngh%hgggt
exchanger for heat exchange y “lead to decCrease’in
heatcdémpdsierorf 16l eney re2digRsbiychi g0t pLRI pg and
suppression of flow w th the "deposited clathrate

hy drzé e heebring sa sphysiredlculakstaglhien Typi cal ly to

sol ve the probl ens above, 129 deposition of the

cl at htlatBhehydreatweirids fdoppr ess edeotre fdeépesuhedis flow of
clathrate hydrate is nelted by raising the

t enpiratiffe igfename dawasolgristnaopaskupfytha popiagtin the
with the heat,exchan%er,or the tenperature of the 5

r ef riYerARTFIGN FYSLE the theatliEREhaAgepf Fofompressor, a

hydr at e, deposited on
exaq9$£éeggg%,Cga%qggg%rexgegucingpdevice and an evaporator

connected thereto in that order (counterclockwise in
any one of FIG. 29 to 31), and the "back flow" of the
refrigerant is flow of the refrigerant in at least a
part of the piping in the refrigeration cycle in the
direction of the evaporator, the pressure-reducing
device, the condenser and the compressor (clockwise in
any one of FIGS. 29 to 31).

When the clathrate hydrate is generated in the
aqueous solution of a guest compound for clathrate
hydrate by heat exchange thereof with the refrigerant,
the clathrate hydrate deposited on the heat-transfer
surface of the heat exchanger for heat exchange may
lead to decrease in heat transfer efficiency,
obstruction of piping and suppression of flow with the
deposited clathrate hydrate becoming a physical

obstacle. Typically to solve the problems above,



10

15

20

25

the heat-transfer surface of heat exchanger was known
to be nelted by raising the refrigerant tenperature
during production of the clathrate hydrate by cooling
10 the raw solution or slurry with the refrigerant in
the heat exchanger (see Jpn. Pat. Appln. KOKAI
Publ i cation No. 2004-93052). Jpn. Pat. Appln. KOKAI
Publ i cation No. 2004-93052 di%2%o0ses a net hod of
removing the clathrate hydrate by nmelting, by

term nating cooling of 15 the raw sol ution and
suppHgbagithenref rigerahatiatate glyddeenpersatsupg resesenbr
inthe refrigerator into the clathrate o
hyerFEQEFBﬂgc$h@t¢@%ﬁeé&ﬁﬁéﬁgEﬁS relascr &yorpisdsgathe
met hod of elimnating obstruction, when the raw

sol uFFBREERFREF a?t Ny S yisd e q Litsies ‘trq;;:tséﬁlr’m’ lkiyl Eﬁ@taCt
| at hr h te durin roduction of the clathrate
Py At BReF ¥ 998, SHUITIREH HS e S6reeron =i Of the
fri I enper atyre.cool ed in the
ggfh&gg?g %$§Tf1% OeVSlcrfn&;tjhnr e B &%ateg-c&aggﬁfi'ng heat
exchanger g evaparat of ).nd% 1M IRILNAG A J2L8INA thE on
tenperature of the Tefrigerant in the clathrate
hy dr e &- s oghuet 1% heatsu eechangehe ataRkAh% n3ad A€ xnown

nmet hod of renoving the 130 clathrate hydrate

deposo tied sl tde heataigiansher reyrfigeeant BeAberature
exchanger are desirably easier, cost-effective and

| onedur inenerqiuacoinsunt ithre. cOathietet hgtirhaadbywbesling

the refrigeration cycle 5 for generating the heat

ener gye f oW prodifctdrorpofs irey ellghhtheerbydigeeahtsia the

Confﬂégg%gééﬁggégﬁl%ﬁéggfin. Pat. Appln. KOKAI Publication
No. 2004-93052). Jpn. Pat. Appln. KOKAI Publication
No. 2004-93052 discloses a method of removing the
clathrate hydrate by melting, by terminating cooling of
the raw solution and supplying the refrigerant at high
temperature present in the refrigerator into the
clathrate hydrate-producing heat exchanger
(evaporator), as a method of eliminating obstruction,
when the raw solution—cifculating system is obstructed
by the clathrate hydrate during production of the
clathrate hydrate slurry by cooling the raw solution
with the refrigerant at low temperature cooled in the
refrigerator in the clathrate hydrate-producing heat
exchanger (evaporator).

The method of raising the temperature of the

refrigerant in the clathrate hydrate-producing heat

exchanger rapidly and the method of removing the
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conpressor, a condenser, a pressure-reducing device,
and an evaporator connected to each other sequentially
by piping, wherein the refrigerant flowi ng inside the
10 piping is conpressed, condensed, placed under
reduced pressure and vaporized sequentially and the
evaporator is a clathrate hydrate-producing heat
exchanger, it is well known thad® the refrigerant
present in any one of the conpressor, the condenser,
pi ping_connecting these 15 conpositions, the
cond@géghz—’aﬁﬁehbgé%%@r@ew@ﬁmmgordexha:ﬁnmqm@a@r
connecting these conpositions is in the .

hi gh§i“éﬁfbg‘? a?grfée%‘? oPE IR 5 &les Lradniparces it s t he
refrégg{gn%fin the evaporator, and that the

refrigerant (rht pardi .u}%”fe,r t'ife FETEY SRRt e 20
Condensefoﬁnghéh8t£§Ifﬁ&ﬁﬁf”wh§41éﬁ§ﬁ§§§§{§554§ygﬁjgaﬁ;e

conpressor ejectron nozzl€ to e COo

hi ghgd enperat i £, hi Gl Q{é?astSLgneev@éﬁtf%r %%%rc%q.otno oitflg%he

refrigerant in the evaporator t'he “conpressor

ter ntnatiech 05 Her o Mis IS d&@i@%%t&'ohe&%}ﬂu_\ﬁ% ' a8
25 net hod of using the heat energy of the refrigerant

for comptésmpmnch resmualsf, Eherelsauicate duvdnat aepase,

di sclosed in Jpn. Pat. Appln. KOKAlI Publication 131

No. 20942193062 @i sitd wsethnedawey eb, cblb® BRhRedsequentially
di scl osed in Jpn. Pat. Appln. KOKAlI Publication No.
2004RVIVBE NS bewedion thee nedirligéraot f@bwiing dndide the
removj ng the clathrate hydrate, by 5 transporting the
heatP By DFCIWRE 55794 g srafensrfoughacgdbyipdss reduced

pi pian%sfsoL{rneEdanSdeRr%rp%trellzyedf rs%g]utepﬂe:igilﬂ/n%nd the evaporator
is a clathrate hydrate-producing heat exchanger, it is
well known that the refrigerant present in any one of
the compressor, the condenser, piping connecting these
compositions, the condenser, the pressure-reducing
device and piping connecting these compositions is in
the high-temperature high-pressure state, compared to
the refrigerant in the evaporator, and that the
refrigerant (in particular, the refrigerant in the
condenser and the refrigerant in the piping from fhe
compressor ejection nozzle to the condenser) is in the
high-temperature high-pressure state, compared to the
refrigerant in thé evaporator when the compressor is
terminated or the output is reduced. Alternatively, a
method of using the heat energy of the refrigerant for

melting and removal of the clathrate hydrate was

disclosed in Jpn. Pat. Appln. KOKAI Publication
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configuring the refrigeration cycle to the evaporator
demandi ng nelting and renoval of the clathrate
hydrate, while continuing normal operation of the
conpressor 10 without termi nation or decrease in

out put of the conpressor. Specifically, the high
tenperature refrigerant gas is supplied through a

hi gh tenperature refrigerant §as-supplying bypass

pi pi ng branched from the conpressor outlet piping, or
the high tenperature 15 refrigerant liquid is supplied
to tNe-ev8pérader? désebesed. nelting and renoval of
the clathrate hydrate through a high tenperature

refri ger aRPYFVgEr dE8EpPEYReY dbsperzediipl niprbr dedhedppln.
e L AR —
gﬁtP?gaﬁ%%ﬁkﬁéég%%gﬂéggﬁgg?Bgﬁﬁﬁggﬂglﬁﬁgﬁ%&Féﬁﬁéra?dre
{onpararchr P25 SRR R, HIARE B R0 ¥ ided=At enzougn

Pi pi A%byBags ngfmgtf@m@éweq;a%%t@;v &rrgm &HR ggmi ;

25 becones conplicated and expensive and also

addi ¢o0naduPONET £ hdeeatisiydrha ieRMRARI%0k Shewl dvRBorator
al ways operated at the rated output or higher for 132

el tdemgareihy emeMaingfartche etdoatair atre thydcatenriie hydrate,
mel ti ng operation nmethod of the apparatus for

pr oduiet by ednit Hrnatrey mahmetle opleuarty ote o ithed cbfpressor
Exanple 6, which is invented, considering the
proBT%%EPQ?zﬁﬂﬁﬂﬁQﬁQ&PqMQHwQﬂﬂgeﬁéﬁhéa gusplssed the

Jpn._ Pat. éﬁpln. KOKAI, Publication No. 2004-93052, is
alnﬁqqgﬁfss . Specifically, the high temperature

refrigerant gas is supplied through a high temperature
refrigerant gas-supplying bypass piping branched from
the compressor outlet piping, or the high temperature
refrigerant liquid is supplied to the evaporator
demanding melting and removal of the clathrate hydrate
through a high temperature refrigerant liquid-supplying
bypass piping branched from the condenser outlet
piping. Therefore, the clathrate hydrate-producing
apparatus by the method disclosed in Jpn. Pat. Appln.
KOKAI Publication No. 2004-93052 demands a high
temperature refrigerant gas-supplying bypass piping or
a high temperature refrigerant liquid—supplyiﬁg bypass
piping, and, thus, the apparatus has problems that it
becomes complicated and expensive and also demands
additional power, because the compressor should be

always operated at the rated output or higher for
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operation nethod of nmelting the clathrate hydrate'
deposited on the heat-transfer surface of heat

~exchanger for production of clathrate hydrate that is

10 easy and cost-effective and demands | ower energy
consunpti on because the heat energy of the relatively
hi gh-tenperature high-pressure refrigerant present in
the refrigeration cycle is uset32<Basic principle of
Exanpl e 6> 15 <Wen.the evaporator has a clathrate
hydr at e- produci ng heat exchanger> FIG 29 is a
expl BRAEORY dndgremeshbw hothdhe badimatephiynlkaplee of
Exampl e 6. FIG _29 shows the devices configuring the
refri gerafPBnmeyElRy ePeerptesstrthed 20f ddrdemparatals for
pressurg-reducig% devi ce and an _evaporator, which are
d eacht

connBcted°td% Qﬁ?ﬁﬁ Qﬁﬁriﬁﬁﬂ%ﬁﬁrQXMQQ%§Q§§§ﬂaGPoﬁ%ample
of the &95’@}{1 e§§0{?9énge t idclocﬁltse'l ré'_arllfgt %et %r rcglbqg%llson

thereof Inthe refriger

refrigerant - piesent ik 3% Qne &fsg%%%e%ogp&gﬁﬁﬁ{ Bas .

condenser, the piping connectlng these ¢

CONdgRSen . ROESS Us 851 RAUCT 3 MIEVIGR) 4aRE glshe Rgpgnﬁe%g§ng

connecting these conpositions has a hi'gh-presSure an

hi gheperper @t uie: heato LRRNGN il e 1ERARkRah Ak st he
refrigerant in the evaporator. Thus, the region of the

r ef rderoeaitedawi nthe Hdagh-tpraesserre shirgackespenature 5
heat energy greater than that of the refrigerant in
t he exgpare dronwiadyadpgenaifo lathtrheecayprassothat is

easy and cost-effective and demands lower enerqgy
consumption because the heat energy of the relatively
high-temperature high-pressure refrigerant present in
the refrigeration cycle is used.

<Basic principle of Example 6>

<When the evaporator has a cléthrate hydrate-producing
heat exchanger>

FIG. 29 1is a explanatory diagram showing the basic
principle of Example 6. FIG. 29 shows the devices
configuring the refrigeration cycle, a compressor, a
condenser, a pressure-reducing device and an
evaporator, which are connected to each other by
piping.

During operation of the compressor or immediately
after termination thereof in the refrigeration cycle,
the refrigerant present in any one of the compressor,
condenser, the piping connecting these compositions, -

condenser, pressure-reducing device and the piping
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i mredi ately after term nation thereof will be referred
to as a particular region, and is shown in gray in
FIG 29. 10 Inmediately after term nation of the
conpressor or when the output fromthe conpressor
declines, if the valve on the piping fromthe
evaporator, the conpressor, to the condenser is not

cl osed, the refrigerant preseht3in the conpressor,
condenser and 15 the pi ping connecting these
conpositions, which is nore pressurized than the

ref r FRRPAREIRG ERRS\egRRARIgioNss hafsed hdok-preskere and
evaporator lower in pressure. It is thus possible to

rai s&'Phe" BN U ST (TNE T Tefaicgéranthign thet of the

P ahe 5E 60T i B VR ARG O el eer G4 SoGRen of the
rons ¢ A Per il MR B b ot e Bt B RG -beorBaSt o2

1o RESTAST e SSSELITEY Shgt M G < on

f 1 one #4160 r HOIWIRESHg Wl iaeSn bhe chef cbgtagbapr sent
in the condenser, pressure-reducing device and the

pi pi g8k t edignnefiid M@ drft@ 918 tGORP@BEEBRS withi BB k&ferred
nore pressurized than the refrigerant in the .
evape? aaorg dagrt ifced afromearicnt o ahheievahowat @n Gewer ihn
pressure. It is thus possible to raise the
tenpet@t % of the 5 refrigerant in the evaporator by

o oh Y et ly SR cetnindeion OF Phe compressor or
when the output from the compressor declines, if the
valve on the piping from the evaporator, the
compressor, to the condenser is not closed( the
refrigerant present in the compressor, condenser and
the piping connecting these compositions, which is more
pressurized than the refrigerant in the evaporator, is
fed back to the evaporator lower in pressure. It is
thus possible to raise the temperature of the
refrigerant in the evaporétor by supplying the
refrigerant having a high-pressure high-temperature
heat energy to the evaporator.

Alternatively, if the valve on the piping from the
condenser, the pressure-reducing device to the
evaporator is not closed immediately after termination
of the compressor or when the output from the

compressor declines, the refrigerant present in the

condenser, pressure-reducing device and the piping
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heat energy to the evaporator. Alternatively if the

valve on the piping fromthe evaporator and the
conpressor to the condenser and the 10 valve on the

pi ping fromthe condenser and the pressure-reducing
device to the evaporator are not closed i mediately
after termnation of the conpressor or when the

output fromthe conpressor declftes, a part of the
refrigerant present in any one of conpressor, 15
condenser, the piping connecting these conpositions,
cond%ﬂEQ?FtbP%sgﬁ?%er%ﬁﬁRﬁ%kfkRﬂﬁmxﬁh%ﬂ@ tilse meirgi ng
connecting these conpositions (particular region),

whi cR*Fg° %éegr LT e F Y AP IR éfy it§er svepoaathe, is
evap t 1s,fed back to the evaporataor |lower in 20 ,
presgégegggﬁ%§%tt?eééﬁ WIS Y SSt HEr Pregsure. It is
for ' ssi hle to raise the tenperature

of ?ﬁégsr%é%?%%%%2§§rﬁ£¥%%q%§hﬁﬁ?§F€F Hﬁesﬁﬁpggﬁng t he
refrigefrant rHavi | AN ESSUr Igh-t r re

heat ene%gy to fﬂgtgvgéggﬁﬁﬁr. 25%Vﬂ§%%P%§q§§ag§§ator

has pettogdirate hyeial e HIEAYGInG Heat 1 grchangelhbe
clathrate hydrate is produced by cooling the aqueous

sol utean afeagguestthik3®vagemRewid for clathrate

hydrate through heat exchange w th the refrigerant.

In such Atheenatiorelnelitfi njeofvalve onatheapepihydrabg the

deposited on the heat-transfer surface of heat 5

excRARRILFRT protdds eempresisatrhitat shhydpatienset asd the

possipﬂe to raise the tenperature of the refrigerant

in Vvalve on the piping from the condenser and the
pressure-reducing device to the evaporator are not
closed immediately after termination of the compressor
or when the output from the compressor declines, a part
of the refrigerant present in any one of compressor,
condenser, the piping connecting these compositions,
condenser, pressure-reducing device and the piping
connecting these compositions (particular region),
which is more pressurized than the refrigerant in the
evaporator, is fed back to the evaporator lower in
pressure, and at least a part of the other fed forward.
It is thus possible to raise the temperature of the
refrigerant in the evaporator by supplying the
refrigerant having a high-pressure high~temperature
heat energy to the evaporator.

When the evaporator has a clathrate hydrate-

producing heat exchanger, the clathrate hydrate is

produced by cooling the aqueous solution of a guest
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the evaporator, by supplying the heat energy of the
refrigerant to the evaporator, as described above.
<When the evaporator has a refrigerant/heat-transfer-
10 nedi um heat exchanger> FIG 30 is a explanatory

di agram showi ng an expansion of the basic principle
of Exanple 6 shown in FIG 29, wherein the evaporator
is refrigerant/heat- transfer- i um heat exchanger,
which is a heat 15 exchanger for heat exchange between
the refrigerant and the heat transfer nedium
conVeyit qc{]f%ﬁlw fydrefe ShEPHphL 8eat exchange
hydr at e- pr,oduci heat .exchanger. The heat transfer
madivﬂlrﬁefil st%eooﬁeef?}qt%erroaﬁgh heat exchange with the

refrigerant in,the refri %rrggrtelq:}%%g;?%f 20, rg:ltat%%ra&e

evapor at or heat - t r anst €r - medi um excnanger, an

aquegus: S Wd L 1¢fe £ GUeSE ¢RIROYRd %rcls@*rffgétaeof heat

hydrate is cooled in the clathrate hydrate-producing

heate exeangers dhiughitaain @fchange rwthhiheaheat 1+ is
transfer nediumto give the clathrate hydrate. 25 For

mel tpoesidfld e datdy athe hydipatatdeposift edeORefrthgerant in
heat -transfer surface of heat exchanger for

pr oduet icorepafragicat, hiat euppdivding, ths descr ehedggbo¥ethe

it 136 is possible to raise the tenperature of the

r ef rigferisfir anty tohéhey gyeratrat orby asugpbyragethabheat

ener of the refrigerant to the evaporator and

addi thetaliie Waﬂ%ag%g hege 3t &fpétaeGrBtGhephatRanpfer-
exchange w,th the glrarefri gerant heat transfer nedi um

to rEEeT % EXFEPREGE of the heat transfer medium

in the FIG. 30 is a explanatory diagram showing an
expansion of the basic principle of Example 6 shown in
FIG. 29, wherein the evaporator is refrigerant/heat-
transfer-medium heat exchanger, which is a heat
exchanger for heat exchange between the refrigerant and
the heat transfer medium conveying the heat energy to
the clathrate hydrate-producing heat exchanger.

The heat transfer medium is cooled throﬁgh heat
exchange with the refrigerant in the refrigerant stored
in the evaporator/heat-transfer-medium heat exchanger,
and aqueous solution of a guest compound for clathrate
hydrate is cooled in the clathrate hydrate-producing
heat exchanger through heat exchange with the heat
transfer medium to give the clathrate hydrate.

For melting of the clathrate hydrate deposited on
the heat-transfer surface of heat exchanger for

production of clathrate hydrate, as described above, it
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cl at hrat e hydrate-produci ng heat exchanger. Such
melting of the clathrate hydrate is the result of
using the heat energy originally present in 10 the

.refrigeration cycle and the piping configuring the

refrigeration cycle, and such an operation _
advant ageously does not demand_additional devi ce,
apparatus, piping or others, ahd®is thus, easy, cost-

‘effective and | ower in energy consunption. 15

Accor,di ngly, present invention provides a nelting
oper dt5i & Sﬁéphﬁdt8fr?ﬁéeab%%r%$QEﬁ¥%ﬁumﬁoﬂﬁdﬂhg refrigerant
clathra hégrate glurr that js, easy, cost-effective

and Iomer gReF gy tonSUnptr " i %ﬂq(ﬂ@iqﬁﬁﬁqq%Y(ﬁf the
h d t on_t at-transfer
b0 s e gBEEnpY h A e PR e O e T e BBy
| h at (:er ,
cl 2t Babenghyleat enbu-Suapl b o 4D DGt neral: oih e

evapeedt9ger MAEMmEAE €VAROFAL Qe B udl 1S Neals e% Qﬁnger
functions as a refrigerant/heat-transfer-ne eat

25 exehpageturs her netdoge of tsltm_mﬁemnédl%nh%t tRer gy
of the heat transfer nmediumindirectly to a clathrate

hydr at et pratechydrdieatpexdhangehdaisteddrechqut.si de t he
137 refrigeration cycle is not particularly |imted,

if the féH@hl@ﬁlﬁh@ge¢fetmeeni&ﬁhhaﬁpthydﬂuxqanesemk
invention is obtained. In typical exanples of the

met hogsY ?l?f W?&PQN%RGth%ﬁﬁ#QﬂeHﬁ%ﬂqnhQL@aédwppmedent in

t hr ough ar at el nstalled piping to the

clatﬁgﬁtﬁe %ﬁ% l?ﬂ(ﬁ%ﬁﬁ &heepdRingecoadd gugdngnthe

the fé§£{5§§§%10n cycle, and such an operation
advantageously does not demand additional device,
apparatus, piping or others, and is thus, easy, cost-
effective and lower in energy consumption.

Accordingly, the present invention provides a
melting operation method of the apparatus for producing
clathrate hydrate slurry that is easy, cost~effective
and lower in energy consumption and allows melting of
the clathrate hydrate deposited on the heat-transfer
surface of heat exchanger for production of clathrate
hydrate by supplying the heat energy of the refrigerant
present in the particular region to the evaporator.

When the evaporator or its heat exchanger
functions as a refrigerant/heat-transfer-medium heat
exchanger, the method of supplying the heat energy of
the heat transfer medium indirectly to a clathrate

hydrate-producing heat exchanger installed outside the
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hydrat e- produci ng heat exchanger; (ii) the heat energy

is transmtted to another heat transfer medi um by at

| east one heat exchange with the heat transfer medium

10 and the separate heat transfer nmediumis supplied

to the clathrate hydrate-produci ng heat exchanger and
fed in the clathrate hydrate-produci ng heat

exchanger; and (iii) the enerdgy’of the heat transfer
mediumis transmtted to the clathrate

hydrat e- produci ng heat 15 exchanger via a hgap .
tran$Pér LABABERORNEY MhE| §S tonneTteiculatlhe hesitted, if the
transfer medium In the present invention, it is .
pr ef eFA6LE&°RoaRdeBifeRk ?%@@¥@&9%ﬂﬁ01¢ﬁangﬁeifﬂ§ pirpiemg: ion
confi.quring.th refrigeration cycle, i.e., by using
the ¢ n?kgg?ﬁ?$0n g@ B?pf?ﬁgr%ﬁ%W&ﬁﬁ%HQQNF??uﬂﬁihﬁﬁﬁd (1)
is, [ u f _the. heat energy. of the

refr iggér g%#p?gééﬁ Tt ‘ﬁjeum pat ﬁliﬁf%ére‘i gﬂﬂr&ﬁlqhn_a: he
refriggeabton, cygleat fed gi l-%%f c!eatthoer ’cla%%%&%r glé’td]!r%ﬁe"

easlier 1 n operation and ctive.

of thecdhevn®fhihe @Qcﬂﬁéélgeé'rﬁ{‘tfﬁvd g I'{%epicﬁiaQ?lgrate

configuring the refrigeration cycle may vary,

exanpyeraceopthd@ciny Hdwer sdfdidided ;0 (itihe the heat ener
ref??geratig% systeﬁ?(e.g., kinéHaSS and structure o 9y
the psessamsnitthtiny aeviloe) hddte tropeirald eRdTBRNGY at
and others, but may be in the forward or backward

di r et®239h ore irratheeilinrgsc tviiorhalt hediheadt itaansThat mesium
true in the follow ng case, too. 5 Wen the conpressor

i s N R ERAT IR TRARransdguce¢ddum ig spepatednto

of tgﬁéréﬁggﬁ¥g€giﬁ¥hé:égj%roducing heat exchanger and fed
in the clathrate hydrate-producing heat exchanger; and
(11i) the energy of the heat transfer medium is
transmitted to the clathrate hydrate—producing heat
exchanger via a heat transfer member thermally
connected to the heat transfer medium.

In the present invention, it is preferable to feed
the refrigerant through the piping configuring the
refrigeration cycle, i.e., by using the configuration
of the refrigeration cycle as it is, during supply of
the heat energy of the refrigerant present in the
particular region in the refrigeration cycle to the
evaporator, because it is easier in operation and cost-
effective. The direction of the flow of the
refrigerant via the piping configuring the
refrigeration cycle may vary, for example according to.

the structure of the refrigeration system (e.g., kind
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the vapor of the refrigerant in the particul ar region

relatively in the high-tenperature high-pressure state
noves toward the side in the relatively

| ow-tenperature 10 | ow pressure state. The fl ow
direction may be a forward flow direction or a
backward flow direction, or alternatively both
directions, and nay vary accordB®g to the structure

of the refrigeration cycle (e.g., kind and structure
of pressure-reducing device), its 15 operati on nethod
and 8hHefSrucbwesecrl bee guses dihee - wedicimat ideyide)e. the
the side in the |lowtenperature | ow pressure state,
has SRETRPOT af®FOE N apidretsf, tthe masf tiegeimarithe forward
relatively in ag . hi gh-tenperature high- pressure

st at 85&3@%@“’?5 H- ¢ hlet @V fyoridt dh e ichirssaguamaly .

| nde tly of_whether_the evaporator. or the heat
exchg%‘g?‘g %‘g' t he Sank® it ilahﬁ‘fs Lollawing sse, too.

hydr at e- p ci nger, or .a

refriger aﬁ??ﬁe%?&?%%?%%%ﬁdﬁ urﬁerférgynaetxecchlé’rfgétrh,e gput
heat rengs 8y @ljrfrtbe Jp?é(fe{t%.%'na%tf rt%lea.tfe@i elr%,tti%% rc]:I grl]e

25 tenperature high-pressure state i's transmtted !

the theatagsanst ethe WdmoDfarthe relalhrate ;hydnat exq: o
produci ng heat exchanger, nelting the clathrate

hydrE&kﬁﬂiﬁklﬂemosﬂkﬁdﬂQﬂr&ﬁﬁ@ﬁ&&&u&%ﬂ%i@%Lﬁi%%EQQ%-state

More specifically, when the evaporator or the heat

excheegrs Yrasnche rearse deurict ithes rad aa idkathnawe temperature

hydr at e- pr oduci ng heat exchanger, the heat energy of 5

t he ¥ RIAAULhisdtrticenpdihat dlewhidghrepteéssumay be a

refr%ggran .S supplied to the evaporator, raising the

ward flow direction or a backward flow direction, or

alternatively both directions, and may vary according
to the structure of the refrigeration cycle (e.g., kind
and structure of pressure-reducing device), its
operation method and others. However, because the
destination, i.e., the side in the low-temperature low-
pressure state, has an evaporator, the vapor of the
refrigerant relatively in the high-temperature high-
pressure state moves toward the evaporator
consequently. Independently of whether the evaporator
or the heat exchanger has the same functions as a
clathrate hydrate-producing heat exchanger or a
refrigerant/heat-transfer-medium heat exchanger, the
heat energy of the refrigerant relatively in the high-
tempe;ature high-pressure state is transmitted to the

heat-transfer surface of the clathrate hydrate-

producing heat exchanger, melting the clathrate hydrate
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tenperature of the refrigerant in the evaporator to
the nelting point of the clathrate hydrate or nore,
raising the tenperature of the heat-transfer surface
of the 10 cl athrate hydrate-produci ng heat exchanger,
and nelting the clathrate hydrate deposited on the
heat -transfer surface. Alternatively when the
evaporator or the heat exchange? has the sane
functions as a refrigerant/heat- 15 transfer-mnmedi um
heat exchanger, the heat energy raises the tenperature
of tABPPELEPHePANthe Nhedletevarpdiet srurfadss t enperat ure
of the heat transfer nediumin heat exchange with the
refrigeralPZSt RBEEehpet at Yir e7n tte evaporator or the heat

refri ant / heat -t ransf er - nedi um heat exchanger, and
20 a%g?%?%%%ﬂ V2% nel'§ o7l ;%E‘fﬂcetl(ﬂnst R Restlat-hgrsrer

medi S ' t.he .heat .ener f the heat :

tr angggfgyn%d#g%i%gf{r}g%tl?eyatore}fcrpdﬁrfge%l 3hteo heps energy of
cl at t -pr ' e nger. install ed
CursrRa fo L B & £ b ML ARl CHIRANIEE sEIEE

t enpeeat Uger it the Axpdiedls tdARSELk S o&%%%r?fr%mging the
clathrate hydrate- produci ng heat exchanger, nelting

the cémpdirat erdysif aftee MO drethtoAnt hacheabpbransteto the
surface. 140 The nelting of the clathrate hydrate is

t he mebulng afoirsi mf tthee hdatthenergyyariagienak! yopeeselt sing
inthe refrigeration cycle, and such an operation
advaht@gediirt 5a tdoes afott hee fered —addinsifemab udéaceep £ 5the
apparatus, piping or others, and thus, is easy, cost-

ef f eCt3 V&R hycﬂ?@tq‘@r@ﬁélrc@\ylgcé\ﬁ@@nﬁﬁpbﬁngﬁn, and melting

the clathrate hydrate deposited on the heat-transfer
surface. |

Alternatively when the evaporator or the heat
exchanger has the same functions as a refrigerant/heat-
transfer-medium heat exchanger, the heat energy raises
the temperature of the refrigerant in the evaporator,
the temperature of the heat transfer medium in heat
exchange with the refrigerant, the temperature.of the
refrigerant/heat-transfer-medium heat- exchanger, and
additionally the temperature of the heat transfer
medium. By supplying the heat energy of the heat
transfer medium directly or indirectly to the clathrate
hydrate-producing heat exchanger installed outside the
refrigeration cycle, it raises the temperature of the
heat-transfer surface of the clathrate hydrate-
producing heat exchanger, melting the clathrate hydrate

deposited on the heat-transfer surface.
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addition, it is easier and nore cost-effective,

because it can be done by operation normally

practiced in the refrigeration cycle, such as

term nation of conpressor 10 or reduction of output,

and by using the configuration of the refrigeration
cycle, including a particular region and a piping
connecting between the particulap region and the
evaporator, as it is. The melting operation of

clathrate hydrate 15 disclosed in Jpn. Pat. Appln.

KOKAI PublheamedhiNg. 0 2004e 98D52h rd 5o lthpdsa thoti detmndesult
operation of the conpressor at the rated output or

hi ghBf BA4NEokRenkeab e%@ﬁﬁYiQﬁ%ﬂl&%ﬂ$¥.angsent Efammbe
6, wherein the, heat energy of the refrigeran

pr es’éﬁ%r?ﬁef‘ﬁgyﬁ%rﬂ’%}cﬁaraf?qegﬁucﬁh ian oasFtiied to the
evap term pation of the conpressor. or
et st e Dt St s S poviaea
mel tj ti od af the a ratus for _
pr od%%??]g&)%]ﬁ%’t hé)%g?%godr?aotehesﬁsm I’B{}Jpcflﬁ}tusi’s l§a§)§‘,SY§SCOSt
costeefd@ety c dower; %']:? n tion an

alldas Hﬁ?tingmg? t he cfét%?%t 3%%5%%?%%g§ﬁ5%|t28 on

t he aedicidransieri SwWdaes %fnch%tree)&%@%rl%%r&fc%rivéé1because
production of clathrate hydrate. Although anple’61s

charBctean did cdre thatogdiat ikeahceh@nay @fralth€ced in the
refrigerant present in the particular region in the

r ef rigfetiead mat ioyclaydls,5 supplaisedetrai bl i6vaper abRpressor

considering availability of the refrigerant (thus,

heatoreri@*?bv)t,i%hrqﬁ eWtauty iapd by using the configuration
of the refrigeration cycle, including a particular
region and a piping connecting between the particular
region and the evaporator, as it is.

The melting operation of clathrate hydrate
disclosed in Jpn. Pat. Appln. KOKAI Publication
No. 2004-93052 also does not demand operation of the
compressor at the rated output or higher and consume no
additional power.

As in Example 6, wherein the heat energy of the
refrigerant present in the particular region is
supplied to the evaporator by termination of the
compressor or reduction of the output, it is possible
to provide a melting operation method of the apparatus
for producing clathrate hydrate slurry that is easy,
cost-effective and lower in energy consumption and

allows melting of the clathrate hydrate deposited on

the heat-transfer surface of heat exchanger for



the particular region, it is effective to supply the
heat energy of the refrigerant present in any one of

t he conpressor, the condenser and the piping
connecting 10 these conpositions to the evaporator,
and in particular, it is nore effective to supply the
heat energy of the refrigerant present in the
condenser to the evaporator. Etanple 6 will be

descri bed specifically in the 15 follow ng Exanples 7
and 8. [Exanple 7] In Exanple 7, the evaporator 209 or
t he R&gHucEkeRangerleberaod iwdmmitd at hrate
hydrat e- produci ng heat _exchanger. 20 <Description of
appar at us31ERe1981Examplexp| bhatlor ya ol e stm s howi et the
Exanple 7 _of the present invention. The refrigerator
uni t 'Te° FBFRBY AfF t HRe tohptresit e shnitvdm hhea

not o condenser 5, a pressure-reducing

devi @S%%‘}u??ﬁ i ?%Je"%s“brthﬁ oﬁﬁffdtgee-ﬁaégllﬂratqwglevms\/e) ,

an e r IRl ng connecting these L
conpgglggiig%g E%%fgh%ﬁ%%%%é&roe ’ricé)é}sdtqtedfﬁ%@y@l"@li@blllty of
i Ni ttREedeby; i t 1 ri gerat.or .unit. .
There is %ny?%§§%ﬁ%uﬁgggiagggglé%%rkgﬁél%@g%éfuéﬁgly 1n

| nlethsiger ofcd her canprassar: 203 osFIR GYIPLESIALEA03 e ne
is preferably a centrifugal conpressor, but is Ro ~
l'i m bedt térereto.of feHdedf raopnesseied@3ti S any one of

centrifugal, the pressure-reducing device 207 is

usuaﬁm? MrdS9@e. the condenser and the piping connecting
these compositions to the evaporator, and in
particular, it is more effective to supply the heat
energy of the refrigerant present in the condenser to
the evaporator.

Example 6 will be described specifically in the
following Examples 7 and 8. |
[Example 7]

In Example 7, the evaporator 209 or the heat
exchanger thereof is a clathrate hydrate-producing heat
exchanger,
<Description of apparatus>

FIG..31 is a explanatory diagram showing Example 7
of the present invention. The refrigerator unit is
formed with a compressor 203 driven by a motor 201, a
condenser 205, a pressure-reducing device 207 (orifice
or flow rate-regulating valve), an evaporator 209, and
piping connecting these compositions 211, and the

refrigeration cycle is initiated by operation of the



In addition, a cooling water piping 215 for
circulation of the cooling water is connected to the
condenser 205, and a cooling water punp 217 and a 10
cooling tower 219 are connected to the cooling water
pi ping 215. The condenser 205, the cooling tower 219,
the cooling water punp 217 and the cooling water

pi ping 215 connecting these céﬂﬁ95|t|ons forms a heat
transfer nmedium (water)-circulating cycle for
condensation. 15 The cl athrate hydrate-produci ng heat
excha&fdertg2ge togqunial enTheoet he ayclel evapoidd orar20® 13
configuring the refrigeration is a shell-and-tube
heat * éﬁ&ﬁﬁgr atuhhehiniepr esdat of t tee cowmmtésdor 203.

ositi of the appar s, for producing clathrate
ﬁsgfate s&ﬁfrf?m?ﬁgsggﬁ/gégstuPF%EeB?b%Yu?r@emgﬁlfugal

[ .sid .th shel | - and-t ube heat

exchanBr95ha”, RIPPsY) 85 Dl ibhten ™ T 1o ooded

[ e, . wt e Co ea
L, SoEpHsEobeaty s ansiac pu e ol L0 sol et

exanmpkeicR134a) i knuthg: shel) é&fiﬁhc@ﬁ The cooling
| eads to generation of clathrate hydrate, giving a

clathrat eThydaateishpraycoasidevgenerpiec g claf rate
hydrate is dispersed or suspended in the raw 143

sol utiooubatsdurof. tihecsannptericad ichamielec?2b, to the
through which the raw solution or slurry is supplied
to thendepeesi gdedofand he @@t hraatwe teyd icaing> [219d @eidng
heat exchanger 209, has 5 a tank 223 storing the raw
sol UEPORIRY SPHRF y2 kT s soindredsttor ddhebefoorléng water

initiati uction) and a
'”'tﬁféiﬁg ?ISPrC¥Le condenser 205, the cooling tower 219,

the cooling water pump 217 and the cooling water piping
215 connecting these compositions forms a heat transfer
medium (water)-circulating cycle for condensation.

The clathrate hydrate~producing heat exchanger 209
equivalent to the cycle evaporator 209 configuring the
refrigeration is & shell-and-tube heat exchanger, which
represents the essential composition of the apparatus
for producing clathrate hydrate slurry. The raw
solution or slurry is supplied to the tube side of the
shell-and-tube heat exchanger, and the raw solution or
slurry is cooled via the tube heat-transfer surface
with the cold heat by vaporization of the Fleon
refrigerant (for example, R134a) in the shell side.

The cooling leads to generation of clathrate hydrate,
giving a clathrate hydrate slurry, as the generated

clathrate hydrate is dispersed or suspendéd in the raw
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feed punp 225 installed downstream side of the tank
223. Wen the clathrate hydrate slurry is used as the
thermal storage agent or the cold heat-conveying
medi um 10 for a thermal -storage air conditioning
system the tank 223 stores the clathrate hydrate
slurry as a thermal storage tfﬁé and supplies the
clathrate hydrate slurry to a at - consum ng devi ce
during air conditioning operation. 15 Although not
shown in the figure, a pressure gauge and a
therﬁ%hﬁ?é?na?ﬁ Tohetted to the condenser 205 and

h 209 d additi [y t.
| net rumanr 86 ohaf ‘Hac APt AU AARER d %a%”‘é«mgb the
f 1 Lnl et .and .
oL eh 2B AL L Ers AL aneth g 4 e S e o

evaD@Bét@Iaéﬁ%%téfh§&¥éHéﬁﬁﬂéﬁﬂéﬁﬂdﬂhéaﬁﬂé§dﬁ&%&e&“b%?, has

as described above, the high-tenperature refri‘geran

gas Rresskr2zedstdyiddeHompessautdds sy et 40 (the
condenser 205. 25 Cooling water is supplied fromthe

cool sahut bwver s 2% dybe fore0Qlning awdicer qFuRrcdléttionthand a
tube side of the condenser 205, and the refrigerant

gas fsedoohen 20 ikt aldendelsed thye arhe ideolbifnghwateank
giving a high-pressure refrigerant liquid. The

hi ghe PP esshen ridis igartamate ihydrd ties sBugughti shaskdt @s the
nornmal pressure by a pressure-reducing device 207 _
(ori tfi%’g‘“%]r FIRE I DY SJulths 1§ WFahee) -aravegandt medium

:EZ Jg%zggag;@{egl{,m%\g—géﬁo;%draﬁfrr Ic%%rdairt]:tio al%gv% g[clerzn?dthg tank

223 stores the clathrate hydrate slurry as a thermal
'storage tank and supplies the clathrate hydrate slurry
to a heat-consuming device during air conditioning
operation.

Although not shown in the figure, a pressure gauge
and a thermometer are connected to the condenser 205
and the evaporator 209, and additionally, measurement
instruments such as thermometer, preséure difference
meter, and flowmeter are connected to the inlet and the
outlet of clathrate hydrate slurry side of the
evaporator 209.

In the refrigeration cycle configured as described
above, the high-temperature refrigerant gas pressurized
by the compressor 203 is sent to the condenser 205.
Cooling water is supplied from the cooling tower 219 by
a cooling water pump 217 to the tube side of the

condenser 205, and the refrigerant gas is cooled and
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via an inlet guide vane 213, to the conpressor 203. On
the other hand, the raw solution or slurry is

supplied to the tube side of the clathrate hydrate- 10
produci ng heat exchanger 209; the raw sol ution or
slurry is cooled with the cold heat by vaporization of
the refrigerant in the shell side via the tube heat-
transfer surface, giving a clatfifate hydrate slurry.
<Operation nmethod> 15 In the present exanple, the raw
sol ution used was an aqueous tetra-n-butyl amoni um

br onic®@o€RISEE B tPBeFePhaRBeratedf egieing 0@ akigh-pressure
"aqueoys . TBAB sol ytion") _at a ,concentration of 14.4
Wt % rﬁ%er 19¢dPate 1 1GBAGr at TBR- NRIRTREFFR R nhRE Bt 98 2
t he ueous .TBAB 20.sojutjop at the concentration is
appr§%ﬁ§§929§ Efungp%?gkigﬂ P Ephar BT TR ForeY @

prod ge%%uglea&@amnﬁigggge g@ﬂ[géydi@ge a@Pa{gé us, for_

produci ng clathrate WaS~ Oper a as

f0||Qw%hl%%iEBeVE§W%EOBHHiQQnQrtélﬁﬁéy%§§$3%XC akgg? The

into the clathrate hydrate-producing

209, ragrtiBerahBVghtetaporitbg {LhOUWPZ2oatdSr 209 is fed,
regulated to a 145 particular flow rate; and then,

t he wefriagedaleongaydtevanad2ihpe heathd rasisd@fssor 203.
medi um circul ating cycle for condensation was

i ni ti at edOngéher athrg bhedel abhrase shipdrate dy slurry is
cooling the raw solution or slurry while the 5

ref r B§EPaAEd] §ovhber trled $hde hef cihe mlathtyay dtwlrate-

produCing heat exchanger 209 and thus, giving a
prodlicing heat exchanger 209; the raw solution or

slurry is cooled with the cold heat by vaporization of
the refrigerant in the shell side via the tube heat-
transfer surface, giving a clathrate hydrate slurry.
<Operation method>

In the present example, the raw solution used was
an aqueous tetra-n-butylammonium bromide solution
(hereinafter, referred to as "aqueous TBAB solution")
at a concentration of 14.4 wt%. The hydrate
generation-initiating temperature of the aqueous TBAB
solution at the concentration is approximately 8°C.
[Operation of apparatus for producing clathrate hydrate
slurry]

The apparatus for producing clathrate hydrate
slurry was operated as follows:

The raw solution or slurry was supplied into the
clathrate hydrate-producing heat exchanger 209, as the

inverter for the feed pump 225 is regulated to a
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clathrate hydrate slurry. The refrigerant tenperature
of the clathrate hydrate-produci ng heat exchanger 209
is kept constant by regulation of the conpressor 203
in 10 the refrigerator unit, for continuous production
of the clathrate hydrate slurry. Wen Rl134a is used
as the Fleon refrigerant, the refrigerant tenperature
during vaporization in the evkporator 9 is
approximately 2 to 4C (0.31 to 15 0. 34 MPa under
saturation pressure). \Wen the cooling water

t enpRr Bt lFelals BhY afe it efisbridiane tofe e rigeration cycle
refrigerant in the condenser 5 is 32 to 38C (0.82 to

0. 96> Pa" lindet2 s at it Tt Tn U Cudrddaa VitditedSE

in pressure difference is _ 20 observed when.the
pres%%?%e%ﬁ??%ﬁQNﬁﬁfkﬁﬂ%&#ﬁ??ﬁﬂag%ﬁﬁﬁa nghdheh&lakingate

of t t drate slurry. gf _.the clathrate . .
hydrgf%f%?%gﬁgfﬁﬁh%ggf1§¥%ﬁ%%gé¥ﬁﬁﬁﬁiﬁéOrﬁ%&ﬁfgpégﬁlle the
indicatingethat idhe glathval 6 hydrats s - dePesidad on

t he tubeﬂ%%ner ﬁbllégtyface andxgﬁékgf ?ﬁﬁckne g ang

the Pregsed €y HOP: aeHdHd8a0W antehust NgiRresure

di fference between the inlet and the outlet of 'the

cl at dratler dyel riaidr sl dirglya igconahehirghteri gd4@ntt hamparature
particul ar value. previously determ ned by increase

i n t&f clikressl afhtdte dyatrdatat-e doglcaing heeposixichangamd 209
also in pressure drop, the following nelting _
oper®t | B¥Pt scpETatEY: 1B quEltiiiomg odpéhat icompressor 203 in

Conti nued production of the clathrate hydrate _
the refrigerator unit, for continuous production of the

clathrate hydrate slurry.

When Rl34a is used as the Fleon refrigerant, the
refrigerant temperature during vaporization in the
evaporator 9 is approximately 2 to 4°C (0.31 to
0.34 MPa under saturation pressure). When the cooling
water temperature is 32°C, the temperature of the
refrigerant in the condenser 5 is 32 to 38°C (0.82 to
0.96 MPa under saturation pressure).

Gradual increase in pressure difference is
observed when the pressure difference between the
outlet and the inlet of the clathrate hydrate slurry of
the clathrate hydrate-producing heat exchanger 209 is
monitored, indicating that the clathrate hydrate is
deposited on the tube inner wall surface and the |
thickness and the pressure drop are increasing. When
the pressure difference between the inlet and the

outlet of the clathrate hydrate slurry becomes higher
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slurry in the tube side of clathrate hydrate-producing
heat exchanger 209 results in deposition of the
clathrate hydrate on the tube inner wall surface and
10 increase in pressure drop, consequently in

hi ndrance and obstruction of the flow of the raw
solution, the. rawslurry and the clathrate hydrate
slurry, as the pressure drop beeones too | ar ge,

prohi biting stabilized production of the clathrate

hydrate slurry. Thus for. 15 stable productiaon of the
cl at hPake? Wt &t € 53 1ir 3/t vy PRI iGUsd Yo pe-Srdmest Py

[ ti d i the h t d it th
oL AR EPSGT EIPULDBLALS, IUEIALE  SaRes o0, 10
hyd - ' h XCch 209, i f d. .2
Y aLE B GOLE 08, PR, CTARSRT, 2000 RS g 20

way: nOPL AL | 9fe P 1418 f@;@g&}ﬁq{edzos i's term nated.

The cool 1 ng water punp 2 s al'so term nated as
needede1f ofigt ey Hatdon of the heat transfer medi um 25
circulating cycle for condensation. The inlet guide

vane 213 csnopehed sosmhet @y, o Bthed ISR MediGitkRg
device of flow rate-regulating valve 207 is opened 147

conpsetety. it nthidisubvwaygide rodutcd ashppltyl hydriaee-producing
refrigerant in the direction opposite to the direction

of theatetxchypnaan F0Dwiarplits tine depsiigérat iodn togcl e
during refrigeration cycle operation (during
con‘p?g%%}é¥a’“5e dpetgbomn it diasd inpaek wRildwsurface and

direction). The refrkggr%pt in the condenser, 2%5 is at
highlncre se 1n pressure drop, consequently in hindrance

and obstruction of the flow of the raw solution, the
raw slurry and the clathrate hydrate slurry, as the
pressure drop becomes too large, prohibiting stabilized
production of the clathrate hydrate slurry. Thus for
stable production of the clathrate hydrate slurry, a
melting operation of melting and removing the hydrate
depdsited on the tube inner wall surface in the
clathrate hydrate-producing heat exchanger 209 is
performed.

The melting operation is performed in the
following way:

Operation of the compressor 203 is terminated.
The cooling water pump 217 is also terminated as
needed, for termination of the heat transfer medium-
circulating cycle for condensation. The inlet guide
vane 213 is.opened completely, and a pressure-reducing

device of flow rate-regulating valve 207 is opened
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pressure and high tenperature, imedi ately before
term nation of the operation of conpressor 203, while
the refrigerant in the evaporator 209 is at |ow 10
pressure and | ow tenperature. Wien the refrigerant
forma route circulating in the opposite direction in
such a state, the high- pressure_ high-tenperature
refrigerant gas in the condens®f 205 flows back

t hrough the conpressor 203 15 into the evaporator 209

and condenses in the evaporator 209 at |qw,
t enp‘é?‘&?ﬁ‘?%‘?fyrhe P bt ¢'ahd & HOUGCemy@rdtidrng &t he

refrij rant _in the condenser. 205 decl.ine graduall.y, .
bt FRBE BPBELLF ot it ¥ o R e SBFED GF (o e difection
refrige t_i r at. 9.rise, 0 .

Lot PEEAR rL AL IGBYER A Ol A0 e Se st perarion gvele

and &@FP§§a$éT§ﬁ§gr§{Ebﬁ‘%yéﬁgﬂ&ﬂgréﬂlo%hqd%QQ%%n%%ﬁpressor

205 and the evaporator 209 during conpressor

opergbé o 1dhe 1Lnpefidr @dck anRfOHiFRelibnlQ to 20C

(pressure: 0.4 to 0.6 MPa), although it depends on

t he anmobunthefre2biddearntefin gatardondottieaas® 0ofi st k@ high

refrigerant tenperature in the evaporator 209 |eads to

nmel tpregsafre tdred dliaghrampdnadnates preseittien vt before

evaporator. Mire 148 specifically, the tenperature of

t he FRfPigptron oBupp iarened idne odv aporaesso20803i . while

the clathrate hydrate-produci ng heat exchanger 209,

ri sesRe et t TP EHd Ierfd\A FY 3PRE hpdr 308 depasi £ed on
he tube inner g%yall surface. When the pressure

4 T R DAL O e e

When the refrigerant form a route circulating in
the opposite direction in such a state, the high-
pressure high-temperature refrigerant gas in the
condenser 205 flows back through the compressor 203
into the evaporator 209 and condenses in the evaporator
209 at low temperatﬁre. The pressure and the
temperatﬁre of the refrigerant in the éondenser 205
decline gradually, but the pressure and the temperature
of the refrigerant in the evaporator 209 rise,
equilibrating at the intermediate values of pressure
and temperature of the refrigerant in the condenser 205
and the evaporator 209 during compressor operation.

The temperature is approximately 10 to 20°C (pressure:
0.4 to 0.6 MPa), although it depends on the amount of
the refrigerant. Increase of the refrigerant

temperature in the evaporator 209 leads to melting of

the clathrate hydrate present in the evaporator. More
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and the inlet of the clathrate hydrate slurry in the
cl at hrat e hydr at e- produci ng heat exchanger 209 is
found to decline to the pressure difference at
initiation of 10 production when there is no clathrate
hydrate deposited by neasurenent, or when the
clathrate hydrate deposited is found to be nelted and
renoved by ot her neans, the cté®hrate hydr at e
sl urry-produci ng operation is resuned by turning on
the conpressor_ 3 (additionally the 15 circul ation
cycl%peﬁhghc§h%yhé%ﬁet?%ﬂﬂﬁ%ﬁtWﬁﬁnQﬁntﬁﬁrﬁﬁﬁ%ﬁQQﬁfnt
cle foifﬁgndensatlon is termnated). (Qperation to

r eguFléPE F%nibké‘? R AR T he theat® - & rarfsterc ifddinghe
(000!1#?9% S{‘%}dé Orgledaetnseaéc% a}r?gezroeﬂwt he dr aLe

depos i nner "Wwa suﬂface 9% ng?tlng

el tggdc%ﬂ%% %yt}l?é/ Ald %pQJSL%ng UG HNG upe Zléiéler

tenperature of the refrigerant int evapor at or
or whenitbertgpperature of the refrigerant in the
evaporator 209 is lower than the nelting point of the

cl at hr at enhyfir ehe, padé Sir 2531 efddradd N QRIAHRN (ftlet
the conpressor 203 and supplying the high tenperature

hi ghapd eslseir enletefef gdrantlfatomtchaveonrdensdnrrybaek the

to the evaporator 149 209, the operation may be

r epl at@tho t aduedi-ati ¢ tpraducpar dtdadn eofcheegeirat?iodg ishéound
tenperature of the condensation heat transfer nedi um
suppfF? edeeblipeto c@if\?dé?ﬁ%srs% Aif fiegiencey @itatingrr igt ion of

the te erature of t condensat.i on heat transfer
medi BRY Sy Eﬂ?Qxyq§pt re 1s no clathrate hydrate deposited

by measurement, or when the clathrate hydrate deposited
is found to be melted and removed by other means, the>
clathrate hydrate slurry-producing operation'is resumed
by turning on the compressor 3 (additionally the
circulation cycle, when the heat transfer medium-

- circulating cycle for condensation is terminatéd).
(Operation to regulate the temperature of the heat
transfer medium (cooling water) for condensation)

When the hydrate deposited on the tube inner wall
surface is not melted completely by operation of
raising the temperature of the refrigerant in the -
evaporator 209 or when the temperature of the
reffigerant in the evaporator 209 is lower than the
melting point of the clathrate hydrate, after
terminating operation of the compressor 203 and
supplying the high temperature high-pressure

refrigerant from the condenser 5 back to the evaporator
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condenser 205, the tenperature of the condensation
heat transfer nediumis regulated by term nating the
conpressor 3 in the refrigerator unit and operating
the 10 cooling tower fan and the cooling water punp
217 in the cycle of circulating the condensati on heat
transfer. nmedium supplied to the condenser 205. |f
the cooling tower fan and thel4boling water punp 217
are operated when the outer air tenperature is not

hi gher than the 15 nelting point of the clathrate
hydraf @, Ehe orerrfeidntiaoh Heeaeriegest or medednivith an
(cooling water) rises approximately to the outer air
tenp%?%?%?%??z&ﬁnﬁ%ﬁ%ﬂiflqﬂbt@ﬁetGWPéFaéﬁFeméﬁ-EBPb

. t it d ible to,rai t
L ey AT b R T o3RRS TR 00 SR LB adb s P
205 @gﬁﬁég%égufﬁiéto the outer air tenperature, and

thus, to raise tenperature of the refrigerant in

the clathpat eré’@ﬁ?él%rpr&d%@!e”%e%g%trat%‘éh%'}gg%ezog

approximately to the outer air tenperature. Because

the ¢eddéRe@itn ire WRrIRG R randa i LANRELRLYES B8t the
| ower than the nelting point of the clathrate hydrate

in tdwrsdeveyer 1203, RS Hdnperheuiel bf the ebatBhab€ion heat
hydrate deposited on the heat-transfer 150 surface of

t he Tiandfreat enddidmaties preguileiteg bgaterexohangegr t269.

When the outer air tenperature is not |lower than the

mel t¢PERATML of irhdhd aefrdgerhydraveiti endsoperaténg the
possible to raise the tenperature in the condenser 205
and T Bhgavsorf ognd thet epRpeiBEuFatREt PHBRer 1 ham the

cycle of circulating the condensation heat transfer
medium supplied to the condenser 205. If the cooling
tower fan and the cooling water pump 217 are operated
when the outer air temperature is not higher than the
melting point of the clathrate hydrate, the
condensation heat transfer medium (cooling water) rises
approximately to the outer air temperature (accurately
to the outer air wet-bulb temperature), and thus,.it is
possible to raise the temperature of the refrigerant in
the condenser 205 approximately to the outer air
temperature, and thus, to raise the temperature of the
refrigerant in the clathrate hydrate-producing heat
exchénger 209 approximately to the outer air
temperature. Because the refrigerant is warmed to a
temperature not lower than the melting point of the
clathrate hydrate in this way, it is possible to melt

the clathrate hydrate deposited on the heat-transfer
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the nelting point of the clathrate hydrate. However,
the apparatus for producing clathrate hydrate slurry
having a cl athrate hydrate-produci ng heat exchanger is
10 not particularly unfavorable practically, if the
clathrate hydrate slurry is used as a thermal storage
material for air conditioning. It is because, when the
outer air tenperature is | onerttthan the nelti ng poi nt
of the clathrate hydrate, there is normally no need
for 15 using the clathrate hydrate slurry as a thernal
st or Agefarat el i Ete dterah o AR ter BRI uGig Yo perdt i on
initiation poi Favorably, the nelting operation is
i ni t‘?’é?ré?jn%%en%%epositi on of the clathrate hydrate on
the heat 20 transfer surface of the clathrat

hydr at e- p‘%%%lﬁm Ag ©heat ae&%ﬁcaeﬁné)eer.r € or° élo%héﬁ)é”’eeri fhan

th j t t f rradugi.n
e @rlﬁ‘é%€§}%t;§51§rt s the %%rhqtagsetﬁl q et% GiNg s not

clathrate urry indicatin posi tion,
is detesctierte based Qn dihe ¢ R d asuldhe ebnlR@ser 205
paraneters relevant to the 25 operation state of the

appasid Ushd asvas I M@ 0 Ll b aletndiditatre sl N¥wer than
obtai ned by nmonitoring. In the present Exanple, the

pr esshue enell f frey gncintorofl5he tdle thrressuhg didace .betweerer,
the outlet and the inlet of the clathrate hydrate _
sl urtle i appadws olatirater odwdmgt elartddadiendp yhleatte slurry
exchanger 209 is used as the paranmeter, but the .
par aMtEr9 i3 Gotthiahia dydnedesryodscEvanpleas exkchpager 1is

paraneters include the flowrate and .quantity of the
c

| at M QtRAHyHr s Sf (P AréRRg iR atieally, 1f the

clathrate hydrate slurry is used as a thermal storage
material for air conditioning. It is because, when the
outer air temperature is lower than the melting point
of the clathrate hydrate, there is normally no need for
using the clathrate hydrate slurry as a thermal storage
material.
(Determination of melting operation initiation point)
Favorably, the melting operation is initiated when
deposition of the clathrate hydrate on the heat-
transfer surface of the clathrate hydrate-producing
heat exchanger 209, or a change in the operation state
of the apparatus for producing clathrate hydrate slurry
indicating the deposition, is detected, based on the
measured results of the parameters relevant to the
operation state of the apparatus for producing
clathrate hydrate slurry obtained by monitoring.

In the present Example, the pressure difference or
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cl at hrat e hydrate-produci ng heat exchanger, the
tenperature of the raw solution, raw slurry or
clathrate hydrate slurry at the inlet and the outl et
of 10 the clathrate hydrate-produci ng heat exchanger,
the heat exchange capacity of the raw solution, raw
slurry or clathrate hydrate sg“g{ry in the clathrate
hydr at e- produci ng heat exchan , the solid phase
rate of the clathrate hydrate slurry wthdrawn from

h h 15 hydr at e- duci heat exchanger,
(nei GE PEEBSuFS, LD STt dHe s Pchg PL inlet of

) f th
et £oar ShEtAFAL BT AT e ot 1 A i a e
hydrayergﬁgdggwacm_ th@a@mqe{weéggocﬁa% fXGPAN0G e

capacity of e refrigerant In rate

hydr gt eape 08¢ gt head wxehangsr i andhd he nildke + 1@l o .

the nelting operation may be,initiated after
det eEkamP] e SOOE t Oifid NG Btk Y I iAtdRN dHatr 10Re Rt hed

paramet er exceeds a particular value. (Supplenentary

remagkant 26y 19£ | th¢ hel ddacrtieptiyairafzovaurtie fleating in the

energy of the refrigerant in the condenser 205 is

suppfi@dhrate heydevtapareadici2@ haat exsthaingielry  the

speaking, it should be 152 described that the heat

ener BFOFTIHET? P F i g dAY Srleddmn i rarhe Lyamyi ol ﬁr

regi on_including the condenser 5 is supplied to the

evap%f%?}b?a%@gd%%i%Wg athd hGuamtiettainge the outlet of

di styibution of the 5 refrigerant, Ithhe heat energy o

whi c’%ﬂl%aéni %éhrs%tpeplr}}ye%aiieo pﬁ%’é{u@\}zﬁlﬁo R e?‘é’@,anfgﬁg’ the

ref I S aé'ﬁcrpgﬁf@rgaﬁé?:ité}e of the raw solution, raw slurry
or clathrate hydrate slurry in the clathrate hydrate-
producing heat exchanger, the solid phase rate of the
clathrate hydrate Slurry withdrawn from the clathrate
hydrate-producing heat exchanger (weight rate of the
clathrate hydrate in the clathrate hydrate slurry), the
temperature of the refrigerant at the inlet and outlet
of the clathrate hydrate-producing heat exchanger, the
heat exchange capacity of the refrigerant in the
clathrate hydrate-producing heat exchanger, and the
like, and the melting operation may be .initiated after
detection, monitoring and confirmation that one of the
parameter exceeds a particular value.
(Supplementary remarks)

1) In the description above, the heat energy of

the refrigerant in the condenser 205 is supplied to the

evaporator 209, but, strictly speaking, it should be
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condenser 9 is greater in anount, and thus, the
description above that the heat energy of the
refrigerant in the condenser 209 is supplied to the 10
evaporator 209 is not incorrect, although it may be
slightly inaccurate. 2) In the description above, the
refrigerant present in the partlcular regi on was fed
backward by opening the inlet %%lde vane 213

conpl etely and al so 15 openi ng-the fl ow

rate-regulatln val ve 207, but at |east a part of the

ref r fi§EFaRPEHay BE il kf%%wree%v qﬂ]éf@/mﬁrrd{g@rram
At | t t th f t | so be fed
for wAF 8OEBET h s@ap%ee%%seu TETIGR 1 G G
or|f d%§s3§e?h§§ ;he §#% 20 redu0| d?%lce

e

207. mever era
f or vas s oo bagvend @gm?ﬁt fgocﬁgmtl%% SHS LR
configuration and stfucture the rigeration

cycl Eefkhgekéﬂg apgle Sﬁéél@téﬂeer dh&nildH ectanglkﬂed%u\’)‘i‘)'l‘:ied
213 and the pressure-reduci ng device 25 207, the

degree ohevalygoopedt NI 9 aAnthOtemS.gedanth drlt@ent in the
description above, the operation of the conpressor

203 wasdéeesar nait e, glrdterevien aMemt, heantb3 hueyt puke of
the conpressor 203 is reduced, the refrigerant

pr es@@ascihpt hen papove uttaat ridy dredfecomegyyatof the
relatively high tenperature and hi gh pressure, and

t husTefF1P_Tpssibl ehe cordansdte 2cqg%t3%$r Seygdate the

5 the eva oratgé ?y suppl yi ng t he heat energy of the

ref rrgePra ?t?ﬁ &1 ot S I s U o resde fhemay be

slightly inaccurate.

2) In the description above, the refrigerant
present in the particular region was fed backward by
opening the inlet guide vane 213 completely and also
opening the flow rate-regulating valve 207, but at
least a part of the refrigerant may be fed forward to
the evaporator 209. At least a part of the refrigerant
may also be fed forward to the evaporator 209,
similarly when an orifice is used as the pressure-
reducing device 207. However, the amount of the
refrigerant fed forward or backward wvaries according.to
the system configuration and structure of the
refrigeration cycle, the kind and structure of the
inlet guide vane 213 and the pressure-reducing device
207, the degree of valve opening, and others.

3) In the description above, the operation of the

compressor 203 was terminated, but, even when the
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conpressor 203 is operated to feed the refrigerant
forward even though the output is |owered, the
refrigerant present in the particular region is |ess
10 likely to be fed backward. Therefore, if the
refrigerant reaches the evaporator 209, it is likely
that nost of it is fed forward, into the evaporator
209. [Exanple 8] [Wen the ev%%%rator or the heat
exchanger thereof is a 15

refr| t/ t -transfer-nmedi um heat exchanger] In
Exanﬁ Q ?E 65%%%?%%?8% 1% edie®asthn

t her a refrl t/h t-tra sfer-nedlun1he
exchg%lérg%ﬁin%e% eﬁ%’— Ta SR RRS ot
heat he raw.solution in t

20 Cfﬁ%ﬁ?ﬁ‘?ﬁf% (%(\r?g@ér}%g%um ng hedt hl@c}hé’r{fgeer Ty \ﬂntdﬁ

the tpigf ri’@%@%oé&ﬁl@ {@fn{élg:e tg'[é (Hlact'}hq (_c)‘lrate in

<Descri ption of ‘apparatus> F & expl ana

di agt RN SRV ik o XA B8y 3{2_; e dalthtals gy of the
hydr at e- pr oduci ng heat exchanger 231 is a one pass

shel tefindly4 e headreexchamgers s Haskg Rfcausshelhle

obt ai ned by processing of a SUS304 steel 154 tube

havi agnpr eordnad 0 Hi iaaretperr agfedl 30A fardl 2heSUSIA4 getrabes

each having an outer dianeter of 17.3 nm and-an i nner

di anE?eyard everhrhliaisy ttde toveipeitn i sTReweawd,sehet i on
{ﬁ# ﬁéfloms in the tube, while the heat 5 transfer

rredl TSN S RS tgdn The PRF e driralr ectiamndls 283s

Squiykn_%lthe raV%ed backward. Therefore, if the
refrigerant reaches the evaporator 209, it is likely
that most of it is fed forward into the evaporator 209.
[Example 8]

[(When the evaporator or the heat exchanger thereof is a
refrigerant/heat-transfer-medium heat exchanger]

In Example 8, the evaporator or the heat exchanger
thereof is a refrigerant/heat-transfer-medium heat
exchanger 241 heat-exchanging the heat transfer medium
heat previously exchanged with the raw solution in the
clathrate.hydrate—producing heat exchanger 231 with the
refrigerant in the refrigeration cycle.
<Description of apparatus>

FIG. 32 is a explanatory diagram showing
Example 8.

The clathrate hydrate-producing heat exchanger 231
is a one-pass shell-and-tube heat exchanger consisting

of a shell obtained by processing of a SUS304 steel
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solution or slurry to the tube side of the clathrate
hydr at e- pr oduci ng heat exchanger 231 has a tank 235
storing the raw solution or slurry (storing the raw 10
sol ution when production starts) and a feed punp 237
install ed downstream side of the tank 235. The fl ow
rate of the raw solution or slurry sent to the

cl at hrat e hydr at e- produci ng hé%§4exchanger 231 is
regulated to a particular value by regulation of the

15 pung rotational frequency by the inverter connected
to FHESFRRWI PN BFVina HHsmfteat Afgdrdft are34d £§¥S304
supplied as eat, transfer nediumyvia t heat

e SR ER s R T 4 T RGeS LTS Balopnd an
t he r dr at r aduci t _exchanger 231
e e i S G S
ref rigefant s heat s 1L ansters ediumfieat, p exghanger ,24

a gas-liqu%d seﬁ%ré?gf Zi%, and gn%eate’trans%er etheat

medi 4y RUFDr 2faqi st Al [tk srR 1Rl eanje refrigerant R404a
cooled in the refrigerator unit 253 25 having a

conpr essorh@4raw amEONEENS efhaAh1 BB &upplying the raw

pressure-reduci ng device 251 (expansion valve 251) is

sent sdbut hen ref rs gerantidedte tdrsfsdrdemedi tineheabthbbte

exchanger 241, allow ng heat exchange with the heat

t r ansye@rahedd e R1Z%n hektc amtesger 247, hascendense 35

249, a pressure- reduci ng device 251 (expansion valve

251) Stahl B9 evaporat crolid o gitpisdgreoniecoragat hegeraw

conposj tions gorn1a({efrj erator unit 253, and the

evapﬁ? Y H1OR gwhen production starts) and a feed pump 237
installed downstream side of the tank 235.

The flow rate of the raw solution or slurry sent
to the clathrate hydrate-producing heat exchanger 231
is regulated to a particﬁlar value by regulation of the
pump rotational frequency by the inverter connected to
the feed pump 237.
A Fleon refrigerant Rl34a is supplied as a heat

transfer medium via the heat transfer medium circuit
239 into the shell side of the clathrate hydrate-
producing heat exchanger 231. The heat transfer medium
circuit 239 has a refrigerant/heat-transfer-medium heat
exchanger 241, a gas-liquid separator 243, and a heat
transfer medium pump 245 installed.. A Fleon
refrigerant R404a cooled in the refrigerator unit 253
having a compressor 247, a condenser 249, and a

pressure-reducing device 251 (expansion valve 251) is

sent to the refrigerant/heat-transfer-medium heat
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equi valent to the refrigerant/heat-transfer-nmedi um

heat exchanger 241. In addition, a cooling water

pi ping 255 for 10 circulating the cooling water is

connected to the condenser 249, and a cooling water

punp 257 and a cooling tower 259 are connected to the

cooling water piping 255. A condenser 249, a cooling

tower 259, a cooling water puﬁ§5257~and a cooling

wat er pi ping 255 15 connecting these conpositions form

a circul ation fZﬁle of the condensation heat transfer
>4 et

medi GRT (ARIRF) yinferhfat grchangf ghith the heat

tenp e_(Fl eon i gerant: R404a) pressurized by
t he g%%%%é%gdPeghﬁm %ﬁgé%ht to the condenser 249. The

coolin t ' u ie om t he i ng tower
259 Ibygt \Q% g%% ?%%QOJ?A@?&’ p%rr(%&icg&/l%eor %‘3424 %t L,F[gJé) SRS

the sondenserq@de 2 thg L85 1d 0858 %ﬁai s ool ed

and condensed with the cooling water, giving a

hi ghe pa@ssait &r r&fd iggsaiing |dsHHebt iHE G RIBHYi® i ons
refrigerant liquid is 25 brought backK to reduce
pr esSore dyrd fiel goessir eini t BRI R detCev@Pbrator is

(expansi on valve 251) and the sent to the evaporator.

The ¢rasivwabori zed the tivef evgEpemet/ore at56G rains feuceaneth heat

into the conpressor 247. The evaporat or

ref re¥Etad9hest L+ ransf er- medi um heat exchanger 241

Is a shel]-and-tube heat exchanger, and the heat

transfer TRAWRCRIBID FRFEW Mitten e P35 nouFs Ssifge

and the heat. transfer diumis cqoled when the

r ef rcl:lgrecru;hna{atj(rﬁ4gghe) qor?rflﬁ’@ HREST diSdECPAFGIESesO the
condenser 249, and a cooling water pump 257 and a
cooling tower 259 are connected to the cooling water
piping 255. A condenser 249, a cooling tower 259, a
cooling water pump 257 and a cooling water piping 255
connecting these compositions form a circulation cycle
of the condensation heat transfer medium (watexr) .

The refrigerant gas at high temperature (Fleon
refrigerant: R404a) pressurized by the compressor 247
is sent to the condenser 249. The cooling water is
supplied from the cooling tower 259 by the cooling
water pump 257 to the tube side of the condenser 249,
and the refrigerant gas is cooled and condensed with
the cooling water, giving a high-pressure refrigerant
liquid. The high-pressure refrigerant liquid is
brought back to reduced pressure by the pressure-

reducing device 251 (expansion valve 251) and the sent

to the evaporator. The gas vaporized in the evaporator
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The heat transfer nmediumcooled in the

refrigerant/ heat-transfer-nmedi um heat exchanger 241 at
approximately 2C is supplied by the heat transfer 10
medi um punp 245, via the gas-liquid separator 243,
into the shell of the clathrate hydrate-producing
heat exchanger 231, and the raw solution or slurry in
the tube is cooled by vaporizh®PPon of a part of the
heat transfer mediumfluid there, generating the
clathrate 15 hydrate and giving a clathrate hydrate

sl ur iy, S¥RELORBEL 1RFanskercomrisfagas 4apori zed and

t he heat hransfer nmedi um £l ui d are sent back to the

gas- quui 58§8P8F8F°§4§efﬁ¢ﬁﬁ¥ﬁ%ﬁ Q?%ﬁﬁ#%ﬂ“?ﬁﬁﬁiﬁﬁdium

h 20 | 243
Sont PESE T REEn Lo b e Rt e 2 A R e ichanger,
eXChQHQeEPé4ﬂe%¥h€£ %fef§$§9QM$de§%LC0nd chﬁ%o the

giving a liqurd hea ran WhIChI
sent thBEKsi Qe t BEq 98Ss | h K O SERAFAL Qfe 41283 1525:ooled when

Al t hough not shown in the figure, a pressur

di f f eneneer AREEFam®N{ROT4 N e HY egsline éid‘ef
between the inlet and outlet of the clathrate 1

hydr at e- pThdubéay beats£xehengarm 23 1dq tihe ﬂ}'féN

solution or slurry sent to the clathrate hydrate-

pr oduef nggdean t Sxedmangern A3t -reediher it erxamamigear 24 at
the tenperature of the clathrate hydrate slurry 5

wi t haPRAPX iRkt he2 oF atshrsate Hyadr dtve-tireo dheeitng Haeatfer

exchanger 231, and a thernoneter nonitoring the
lum pump 245, via the gas- liguid separator 243, into

the shell of the clathrate hydrate-producing heat
exchanger 231, and the raw solution or slurry in the
tube is cooled by Vaporization of a part of the heat
transfer medium fluid there, generating the clathrate
hydrate and giving a clathrate hydrate slurry. The
heat transfer medium gas vaporized and the heat
transfer medium fluid are sent back to the gas-liquid
separator 243.

The heat transfer medium gas isolated in the gas-
liquid separator 243 is sent to the refrigerant/heat-
transfer-medium heat exchanger 241, where it is cooled
and condensed, giving a liquid heat transfer medium,
which is then sent back to the gas-liquid separator
243,

Although not shown in the figure, a pressure
difference meter monitoring the pressure difference

between the inlet and outlet of the clathrate



10

15

20

25

tenperature of the heat transfer nediumare installed
additionally. <Operation nethod> 10 The raw sol ution
used was an aqueous TBAB solution at a concentration
of 14.4 wt% The hydrate generation-initiating
tenperature of the aqueous TBAB solution is
approximately 8C. [C athrate. h%/dr ate slurry-producing
operation] 15 The raw sol ution df sl urry was
circulated into the «circulation channel after

regul ati on of the inverter for the circulation punp
to a'BAFEFeUPEPIHF IR st irhanasy igdr &fofthenirew253,
t he hegt transfer. medium circulating cycle

f
cond2RSAET IR Fhd®tHer heftn 20 r%ﬁ%lﬁ%&itﬁn?l;aﬁﬁt%s
Lnjti . the h [ [ | ed, .
are ég#&ﬁggggn?é?g e§ggantra3§%§rfﬂgIé#ﬁoh%t%%omgnitgilng

t he riger vapor “e
ef riger - f.ar- ' at a 41;
he e B A e Ry RACIORIRL -

cl atif ah@r ydr 8t &n PrRduci 19, heat H§8¥§%%g%&oaﬁcgﬁéaheat

cooling the raw solution or slurry in the tube a

gi Vi sgclrasget st e mdlrati Sindate rThentieopenat upe of

the refrigerant in the 158

r ef rigerard fnsatof ridns frevatmadianmeaimeeahanger i24talsed
kept constant by regulation of the conpressor 247 in

t he add¥tyenaltly- unit 253, and the tenperature of the

heat transfer mediumin the clathrate

hy dr éftRE A ORI iRf "B deat  exchanger 231 is kept
constant,_allow n conti nuous production of the ,
C|athrateTWS“ﬁ%ﬁeéaﬂqﬁ%%n used was an aqueous TBAB solution

at a concentration of 14.4 wt%. The hydrate
generation-initiating temperature of the agqueous TBAB
solution is approximately 8°C.

[Clathrate hydrate slurry-producing operation]

The raw solution or slurry was circulated into the
circglation channel after regulation of the inverter
for the circulation pump to a particular flow rate; the
refrigerator unit 253, the heat transfer medium-
circulating cycle for condensation and the heat
transfer medium pump 245 are initiated; the heat
transfer medium is cooled, as the refrigerant is
vaporized in the refrigerant/heat-transfer-medium heat
exchanger 241; the cooled heat transfer medium is fed
into the clathrate hydrate-producing heat exchanger
231, cooling the raw solution or slurry in the tube and
giving a clathrate hydrate slurry.

The temperature of the refrigerant in the



10

15

20

25

The pressure difference between the outlet and inlet
of the clathrate hydrate slurry in the clathrate

hydr at e- produci ng heat exchanger 231, when nonitored,
10 increases gradually, indicating deposition of the
clathrate hydrate on the tube inner wall surface and
i ncrease in deposition thickness and pressure drop.
[Melting operation] FIG 33 isléﬁgraph show ng the
change over time in 15 the pressure difference
between the outlet and inlet of the clathrate

hydr ABEF bP BB M Heatr A ngeadiam haate exdmpaes &4 is
f the clathrate drate slurr ssed through th .
ARG AR LN Gl R Rt AR R e S PR
th f the he r ansf er. dium.__.20 In

Fl (ei {:ggpg%ﬁ%y% %‘%%}s aur}%p?}e%%ntasm{ ﬁteh etnFCrre:emlJpaefrtaécrur 02 efnsthe

of nBQH£e§r£ﬁ§¥%frﬁ &fﬂﬂ‘%h(¥h§”é¥§gH%§Hé(H &Jy%e— roducing

clathrate hydrate slurry; the left ordinate represents

the hegpecatndegof 13 o atdyateJudnat e Shvdnand
the heat transter nmedium while the right ordinate 25

repr esepisud e wresset eordidf efrenca.a hezens fdiiitRutsasirry .
after initiation of production of the clathrate

hydr at e sTheryresderréssSismerildd baider erfce detlweerand
the outlet and inlet of the clathrate

hydr &n ke probiudha e hedtrabe Harty@at 23 urime deasds g ativrate
27.5 kPa, indicating that the clathrate hydrate is
depoBYFEUCOTPE PG 1ibe NaffereXmIanasyr f2ade n gopgdored,

ressure drop i ncreased. When the refri rator is
?ern?%%f%ﬁp%é)gﬁ?éﬁ Yors indicaglng depé?igion of the

clathrate hydrate on the tube inner wall surface and
increase in deposition thickness and pressure drop.
[Melting operation]

FIG. 33 is a graph showing the change over time in
the pressure difference between the outlet and inlet of
the clathrate hydrate-producing heat exchanger 231, the
temperature of the clathrate hydrate slurry passed
through the clathrate ﬁydrate—producing heat exchanger
231, and the temperature of the heat transfer medium.

In FIG. 33, the abscissa represents the time after
dozens of minutes from initiation of production of the
clathrate hydrate slurry; the left ordinate represents
the temperature of the clathrate hydrate slurry and the
heat transfer medium; while the right ocrdinate
represents the pressure difference.

Dozens of~minutes after initiation of production

of the clathrate hydrate slurry, the pressure
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and
t he
t he
241,
hydr
t he
33.

nmedi

the high tenperature high-pressure refrigerant in
condenser 249 is fed back to the evaporator, i.e.,
refrigerant/ heat-transfer-nedi um heat exchanger 10
the heat transfer mediumin the clathrate

ate- produci ng heat exchanger 31 was heated, as
heat transfer nedi um was ted, as shown in FIG
Increase in tenperature of'¥he heat transfer

umin the shell of the clathrate hydrate produci ng

15 hﬁa exchan er 231 | ads tQ neltin
2

cl at
surf

T o Rt S g A B )
ﬁgg%ered ct.ion of the ressure |ffere9§e.

Twenty° ?our i TR e B e e ﬁatloﬁ SHePHET
r2ef riﬁ@f@é@és L%&etdﬂzeﬁs:}ur fdl f B%rl%gc&gnl%ettﬂa@stkg Emgthrate

O pressure di

cl at
cl at

f er ence-of here

Ryat ee dyds alg Slepas ted ke Eﬂ%esﬁﬂﬁkrouaﬁﬁesuﬁgace and

hrate hydrate slurry production. Returns to

pr esshi ep th 4§ ereenmoprieie theserl.is no clathrate

hydrate deposited at the start of the 25 clathrate
hydr at e sWheem ythps okt i e aenf iir9TR drfdhagleld a@f 28h&inutes
deposited clathrate hydrate is fused and renoved.
Subszrdiehitd yigthe epipsdatatre hydhapees60re refrigerant in
slurry-produci ng operation is resuned, as the

ref rierednsiensen 415\/d{5e(fed( bpskatrokhef evegaratpng i-c.,

t he tenper ure of condensati on heat transfer
medi UHj fgfdrger@nc‘a ﬁt‘fatthérélnétfﬁlrafnédﬁ%‘r aeatdepesphedr
gge:a |OHHP6 eggﬂﬁfgﬂgfe%ukg g%m E%ngablXatﬁrateshggrate—

producing heat exchanger 31 was heated, as the heat
transfer medium was heated, as shown in FIG. 33.

Increase in temperature of the heat transfer
medium in the shell of the clathrate hydrate-producing
heat exchanger 231 leads to melting of the clathrate
hydrate deposited on the tube inner wall surface and
reduction of the pressure difference.

Twenty-four minutes after termination of the
refrigerator, the pressure difference returns to the
pressure difference of 18 kPa when there is no
clathrate hydrate deposited at the start of the
clathrate hydrate slurry production.

Returns to the pressure difference when there is
no clathrate hydrate deposited at the start of the
clathrate hydrate slurry production confirms that all
of the deposited clathrate hydrate is fused and

removed. Subsequently, the clathrate hydrate
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of raising the tenperature of the heat transfer nedi um
by termnating the refrigerator and feeding the high
tenperature high-pressure refrigerant in the condenser
10 249 back to the evaporator, or the operation above
together with regulation of the tenperature of the
condensati on heat transfer nedL%§1supplied to the
condenser 249. For regul ation the tenperature of
the 15 condensati on heat transfer medi um supplied to
the condenser 249, the tenperature of the

condBhaatY ovr HEHT I NG raRftar HedisuhSsiMedgurat &depy

terminating the conpress r<%47 for the refrigerator

and %ﬁé&%ﬁ%&1t?ﬁmgsc %ﬁ%ﬁé}? wer fan and the cooling
' Cj | at.i le f

o r oS PR A L el i, S RS B e

suppldeeed 0a 4 N6, candenser, 249 RBegayse, 1f the cooling

tower fan and the cooling water punp 257 are operated

when the putekeBiind efReratanerdtse MRlrdtWRieddt dd@®n the
nmelting point of the clathrate 25 hydrate or nore, the

t enpeusd uireneaf wailel cootfatg WattforadisesisappieXambeley ation
to outer air tenperature (accurately, outer air

wet -l te ieperadtarsnprant utust M6k hehti $rpossielrl eedium
to raise the tenperature of the refrigerant in the
condenstes rPYR Highr i aranad] B ey adipire @ndaifieegiiaiot s, high
the tenperature of the heat transfer nediumin the

cl at HBRY Hythrate- P RS Y he@t B Iereninder the1 capslgnser

Ia? b f??i%p gg%%, ?/teg ?tglo%:l éﬁevr%acitrlr,?é:g re, rr%err ?:thl'ler %p elrg ttirg)ins a%%)\/r’e
together with regulation of the temperature of the
condensation heat transfer medium supplied to the
condenser 249.

For regulation of the temperature of the
condensation heat transfer medium supplied to the
condenser 249, the temperature of the condensatidn heat
transfer medium is regulated by terminating the
compressor 247 for the refrigerator and operating the
cooling tower fan and the cooling water pump 257 in the
circulating cycle for circulating the condensation heat
transfer medium supplied to the condenser 249.

Because, if the cooling tower fan and the cooling water
pump 257 are operated when the outer air temperature is
not lower than the melting point of the clathrate
hydrate or more, the temperature of the cooling water
rises approximately to outer air temperature

(accurately, outer air wet-bulb temperature), and thus,
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tenperature of the heat transfer nediumat least to a
tenperature of the nelting point of the clathrate
hydrate or nore and to nelt the clathrate hydrate 10
deposited on the heat-transfer surface of the
clathrate hydrate-produci ng heat exchanger 231. In
particular, if the clathrate h{drate deposited on the
heat-transfer surface of the ct&thrate hydr at e-
produci ng heat exchanger 231 is not nelted or the 15
tenperature of the heat transfer nediumin the

cl at hF at® PR B prodifdi SRy Hheatt cdparatyee 231 then
only e.raised to t enper at ure not hi%hen t han the
el FRGESPRFRRC of " (ThE AONIRTRSE ot ARPTORFPagF Lihéo outer

t] f I Si the t t f .the heat
Cr arist br Nedi U by P90 PETAALI g 1t R SRt arar e

and i.Ng; [ ]gquy t i_gh-
refr%ggggﬁtl$2@?{ég%%% ense?“Hgﬁgﬂgggfﬁﬁgﬁt e%eat
evapor it Hfget 1238 £ SUINRLKRNNNOHY AR QPERALT ON

of regulating the tenperature of the condensation heat

t r ansém@se raeeh ten suppldreds i, hat 2% ¢rpdenser t24%2ik82the
CLAI MS 1 A nethod of producing a clathrate
hydragrepe sd ey, o £ oy itsdatg t3taepSeaf re@edingtaneast to a
aqueous solution of a guest conpound for the

cl attemperdyuaratel drhe rfeldlimg poointt kg chat kilatérate
hydr at e di spersed or suspended in an agueous sol ution
or WeEFatater ddreatand dsmerlt thise cdaghrate hydrate
heat - exchangi ng the aqueous solution or the slurr

wi t FSPITF TGt Hredemtt Lan sS4/ To SUEE 358 PEhERS latnrate
hydrate-producing heat exchanger 231.

In particular, if the clathrate hydrate deposited
on the heat-transfer surface of the clathrate hydrate-
producing heat exchanger 231 is not melted or the
temperature of the heat transfer medium in the
clathrate hydrate-producing heat exchanger 231 can only
be raised to a temperature not higher than the melting
point of the clathrate hydrate only by the operation of
raising the temperature of the heat transfer medium by
terminating the refrigerator and feeding the high
temperature high-pressure refrigerant in the condenser
249 back to the evaporator, it is effective to perform
an operation of regulating the temperature of the
condensation heat transfer medium supplied to the

condenser 249.
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of the heat transfer tube thereby generating the 10
clathrate hydrate in the aqueous solution or the
slurry, characterized in that increase in an anmount of
the clathrate hydrate deposited on a heat transfer
tube inner wall surface in a process of heat exchange
wth 15 the refrigerant is supfressed by flow force of
the aqueous solution or the s @?ry fl ow ng inside the
heat transfer tube. 2. A nmethod of producing a
clathrate hydrate .slurry, conprising steps of
feedi ng an aqueous sol uti oh L2B bfMaS guest conpound

for the clathrate hydrate or a slurry of .the clathrate
hydrate df epek oBRt BV SEb Rt T SiF R <ot

or ] nt heat transfer .tube .and :
hearggggﬁghg?%gp¥$é}%éué§% Ssﬁ)Lﬁ%%ﬁ%Q%'aphgqgﬁoﬁﬁrfOlutlon

Wit h,a ge{;ﬁég@r@&ap @ét 53 :ttbhéarbl%herrat%ewg% g{aé 22 of

t he %eat ransfer tube y generating athrate

hydratgrip bherRguepiisn SOt At Iy e thepedlsdd br 63 pended
characterized in that a part of the clathrate hydrate

deposht & oduédes healut iansderwdidie imnen Wallt transfer
surface in the process of heat exchange with the

r ef riglee amtd i seaerovathinyid did arpecafs tslhvéd vadueows Bhe
solution or the slurry and the rest is kept remained

as $iurbyersth e relhticerarnt ardadyd iatnen waltler periphery

surface. 3. The nethod of producing a clathrate
hydr @t ethe | kedly BevteR gt 4oe dhauady glengrating the

characteri zed in that
gfathrate hydrate in the aqueous solution or the

slurry,

characterized in that increase in an amount of the
clathrate hydrate deposited on a heat transfer tube
inner wall surface in a process of heat exchange with
the refrigerant is suppressed by flow force of the
aqueous solution or the slurry flowing inside the heat
transfer tube.

2. A method of producing a clathrate hydrate
.slurry, comprising steps of feeding an agqueous solution
of a guest compound for the clathrate ﬁydrate or a
slurry of the clathrate hydrate dispersed or suspended
in an aqueous solution or water into a heat transfer
tube and heat-exchanging the aqueous solution or the
slurry with a refrigerant present at an outer periphery
of the heat transfer tube thereby generating a
clathrate hydrate in the aqueous solution or the

slurry,
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a part or all of the aqueous solution or the slurry 10
passed through the heat transfer tube is returned to
the heat transfer tube. 4. The nmethod of producing a
clathrate hydrate slurry according to claim1l or 2,
characterized by further conprising a step of
regulating a tenperature 15 of the refrigerant. 5.
The net hod of producing a cl athiat e hydrate slurry
according to claim4, characterized in that the
refrigerant tenperature is regulated to a tenperature
| ower t hafhar#Feest #RF pbt Mthadt & merd ftthrtdite Hypdrdede

20 and.close to the freezing point or a tenperature
ol ooByIF 65 FATO LS S UL ER (Rt T G y rer wall

flomég E énside t he heat trqp fer tub%: - @q
at

6
appar atus 1 or- ptr%%bﬁﬁoncgesas Srafrst & Tyardte éclhufcrhﬁ?

Conpféﬁffﬁegﬁﬁ% E§Sﬂ§$5§e& F1%4 E%L&kg%ﬁa@%ﬁeégueous

suppl yi ng” devi ce suppl yi ng refrigerant to ut er

peripheryi &f eachhdeatytransLiiHeubesta iIsaWeltddefnined as
suppl yi ng devi ce supplying an agueous sol uti on of a

164 igueste €Ik 10re ddies fratibat @ niyedr ala@ 10kud face.
slurry of the clathrate hydrate dispersed or

suspended3i n Bime metiendisoS@rdduen iy avatlerthimtte egcrate

heat transfer tube, and a flow rate-regulating device

regud i ryy acEdiirg rtat eclofint He cagleoghagelcgeiroredr in that

the slurry, the clathrate hydrate being fornmed in the

aqued U Bol Ut idhl o e aURLyF BIRLGFdIPThedt tercRARGEY

V“trbéggédr§§géégﬂf¥§é heat transfer tube is returned to
the heat transfer tube.

4. The method of produciné a clathrate hydrate
slurry according to claim 1 or 2, characterized by
further comprising a step of regulating a temperature
of the refrigerant.

5. The method of producing a clathrate hydrate
slurry according to claim 4, characterized in that the
refrigerant temperature is regulated to a temperature
lower than a freezing point of the clathrate hydrate
and close to the freezing point or a temperature close
to that of the aqueous solution or slurry flowing
inside the heat transfer tube.

6. An apparatus for producing a clathrate hydrate
slurry, comprising heat transfer tubes, a refrigerant-
supplying device supplying a refrigerant to the outer

periphery of each heat transfer tube, a raw liquid-

supplying device supplying an aqueous solution of a
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characterized in that the flowrate of the agqueous 10
solution or the slurry is regulated by the fl ow

rate-reqgul ating device in such a manner that increase

in the amount of the clathrate hydrate deposited on

the heat transfer tube inner wall surface is

suppressed by flow force of the aqueous solution or

the slurry 15 fl owi ng inside thedheat transfer tube.

7. An apparatus for producing a clathrate hydrate

slurry, nprising heat transfer tubes, a refrigerant-
suppgyﬁﬁﬁ a@WP@BH§UB®¥y¢mﬁ %@%Qﬁ?ﬁ%ﬁn@ﬁﬁraﬁf tHe otlerry of

peri phery_of each heat transfer tube, a raw |jquid 20
suppEB?né GEOFéEes%‘E’F%%nga?P FF SR D an

guest co ound for clathrate hydrate a sluyrr f

the *@Fathrar? Hgﬁ?%l%rdlg%eraégxﬁfﬁ%usﬁghg g %ég%er tube,
aque S r r
e a*BL| S Ly BLEIE LAY RarSh ek ANl o o
the Eh@&’&@tghéfagée&@§ Q&Hﬁgﬂﬁu%%*%Hé“éfﬁn&ﬁethe

slurry, the clathrate hydrate being forned i'n the

aquegustBohtbi BRdLEtd hee i1sd deﬂné&rleuwh&%ajue@g%h&%g@tlon
with the refrigerant, 165 characterized in that a

partoof thhestlatir ateclnytdriad £t depoisirigd wanH kb eheat
transfer tube inner wall surface in the process of
heat rexchaegenti th the refrigerant is renoved by flow

force of the aqueous 5 solution or the slurry and the
rest is keperperarheddasn thatovies sthdve 1t afr 4dst éiqueous
tube inner wall surface. 8. The apparatus for

pr oddet Hgletathr Bie W%ﬁf el S AAARERE SMithg 4% ai m

r 7 har i Z
60 ra tecrgggfgg{ngegkvége in such a manner that increase

in the amount of the clathrate hydrate deposited on the
heat transfer tube inner wall surface is suppressed by
flow force of the aqueous solution or the slurry
flowing inside the heat transfer tube.

7. An apparatus for producing a clathrate hydrate
slurry, comprising heat transfer tubes, a refrigerant-
supplying device supplying a refrigerant to the outer
periphery of each heat transfer tube, a raw liquid-
supplying device supplying an aqueous solution of a
guest compound for clathrate hydrate or a slurry of the
clathrate hydrate dispersed or suspended in an agueous
solution or water into each heat transfer tube, and a
flow rate-regulating device regulating the flow rate of
the aqueous solution or the slurry, the clathrate
hydrate being formed in the aqueous solution or the

slurry through heat exchange with the refrigerant,
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further conprising a turbul ence-generating neans 10
generating turbulence in a flow of the aqueous
solution or the slurry supplied into each heat
transfer tube. 9. The apparatus for producing
clathrate hydrate slurry according to claim6 or. 7,
characterized in that at Ieasa gne of the heat
transfer tube inner and outer 1%°wal|l surface has
irregularities along a flom1direction of the aqueous
solution or the slurr The apparatus for

produ0|ngcg?ﬁ?ﬁF%sz% d+%1%ha%I%WR%FEuﬁﬁn?ﬁ§mf%%fQﬂ%%%n
t furth
S Ty BEPLLEED by [T SRS A o
coueayeesol o oncgr e o] s Rt 0ot
The ﬁ&Pﬁi&éH§nE Of s PEQRNGL NG, | At dY g y Y2t Sl ”o\ﬁs

according to claim6 or 7, characterized by 25 fu ther

compsbshpdor sefthges Bty emeratdnedeqgll aldid remained as
device regulating a tenperature of the refrigerant.

12. #c nebvhots ofhopesat | thigh rdf apparsd Ussidedr w88 surface.
produci ng clathrate hydrate slurry, conprising heat
transfer 8ubeBheaapeirages ahtr suppluygirg deddtderate hydrate
supplying a refrigerant to the outer periphery of each
heatS{ angfaeceudeng &£ o awd il ;s upplaiargdericeds by
supplyi ng an aqueous sol ution of a guest conpound for

the EREE R Bt @R SRS ot AR USRF oI SR A it epe s
hydrate dis ersed or. suspended in an eous sol ution

or WEEEFTFMRY QP HEACT rdhS drl FUE, TS 1BGHeCASe SOLution

or the slurry supplied into each heat transfer tube.

9. The apparatus for producing clathrate hydrate
slurry according to claim 6 or 7, characterized in that
at least one of the heat transfer tube inner and outer
wall surface has irregularities along a flow direction
of the aqueous solution or the slurry.

10. The apparatus for producing clathrate hydrate
slurry according to claim 6 or 7, characterized by
further comprising a circulating device circulating a
part or all of the aqueous solution or the siurry
rassed through the heat transfer tube around the heat
transfer tube.

11. The apparatus for producing clathrate hydrate
slurry according to claim 6 or 7, characterized by
further comprising a refrigerant temperature-regulating
device requlating a temperature of the refrigerant.

12. A method of operating an apparatus for
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regul ating device regulating a flowrate of the
aqueous 10 solution or the slurry, and a circul ating
device circulating a part or all of the aqueous
solution or the slurry passed through each heat
transfer tube around the heat transfer tube regularly
or as needed, the clathrate hygéate being forned in

t he agqueous 15 solution or the urry through heat
exchange with the refrigerant, characterized in that

t of the clathrate . hydrate deposited on each
heat PEPARSHRY THHEMT Aroiidte Ghitdde (COTREiad Beat

flo f aque 20 sol.ution-or. the slurry
and %B$§%? ?%Q %b?yfgﬁéP'e qd %%PQ%%%%%C¥ﬁ%Cﬁeat

trangfgh1Lube i NAeF, Mol |, SUrd A6 OR, i tpie%]eigshaetriy of each

operation, resunption of operation after on or
conmhgst oniAgsfOF Pasd ordrange st Pfs A v RGOSt ban
apparatus. 25 13. A nethod of operating an apparatus

for spppllythdgat! afleaie Jyldidtie IR Budstcldathipddnd for
heat transfer tubes, a refrigerant-supplying device

167 tsepplyimgate rrefdrger at 4 ¢ ldreyoutferthperilpheryte

of each heat transfer tube, a refrigerant

t enpleyAr &t - ¢ egps 24 1l e s ndeguliat iamg aigweous solution
tenperature of the refrigerant, a raw |iquid-supplying

5 de9f cersehptYiheah fffdodsasdifen dwbsh a ddeyt rate-
conpound. for clathrate hydrate or g slurry of the

cl at FrREE iR A7 S PHBEE IS dsperded 3 84 sfGedayeous

sol ué &P P V\éa} “hd nst % rerayc,h arr]m%ata tcriq:rc]:%fl%rt itn%b %’e v"i1 cfa low

circulating a part or all of the agueous solution or
the slurry passed through each heat transfer tube
around the heat transfer tube regularly or as needed,
the clathrate hydrate being formed in the aqueous
solution or the slurry through heat exchange with the
refrigerant,

characterized in that a part of the clathrate
hydrate deposited on each heat transfer tube inner wall
surface is removed by flow force of the agueous
solution or the slurry and the rest is kept remained as
it covers the heat transfer tube inner wall surface on
initial operation, resumption of operation after
cessation or commissioning for performance test of the
production apparatus.

13. A method of operating an apparatus for
producing clathrate hydrate slurry, including heat

transfer tubes, a refrigerant-supplying device
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rate-regul ati ng device regulating the flowrate of the
10 aqueous solution or the slurry, and a circul ating
device circulating part or all of the agueous sol ution
or the slurry passed through each heat transfer tube
back into the heat transfer.tube regularly or as
needed, the clathrate hydrate ?gkng formed in the 15
aqueous solution or the slurry rough heat exchange
with the refrigerant, characterized in that, on
initial Egeration resunption of operation after

cessatPBnYor9 éoﬁ%?ﬁ%?%ﬁi g Forthfer %ﬁ%ﬁuﬂﬁ¥%&§ﬁr%ﬁ

0] i Tt ! t
| oo PEPaREh Rea Uit e L LI A AT 1o poi nt
f i . i t
CemegnbLPath BL e AN EL AL et SO IR AR AN e

. _ N y .
ClatBéﬁﬁ@rgfgfﬁtSfdgﬁgsféf¥h%é¥hﬁ¥¥jbI%%?f:% %%%%gm&ylng

t ube i nher wa surface is renoved

the agueeusssebUViRd & ddeco®d WIMataindh ¥ J QaledtS

kept remained as it covers the heat transfer tube

i nnecomablingufdacel atlibbatddnydyams hod 0fsleperatd Mg man
apparatus for producing clathrate hydrate slurry,
conp¢isingabeabydratmsd sspatdms,om suspended in an aqueous
refrigerant-supplying device supplying a refrigerant

to thelouier pervpker ylinio exath hdrdatt naramfsirert uoghe a £1low
refrigerant tenperature- regul ati ng device regulatin

the Tehpefadiutat otd (4R 1Ff s Geraning fheaklow rate ot the

quuéd-suggl%i %hﬂevice ﬁﬁgpl I ng an fquequs %k%%?on

of a Yuestsc %j; o Hi'hrrat® circu g
device circulating part or all of the aqueous solution
or the slurry passed through each heat transfer tube
back into the heat transfer tube regularly or as
needed, the clathrate hydrate being formed in the
aqueous solution or the slurry through heat exchange
with the refrigerant,

characterized in that, on initial operation,

resumption of operation after cessation or
commissioning for performance test of the apparatus,
the refrigerant temperature is regulated to a
temperature exceeding a freezing point of the clathrate
hydrate with the refrigerant temperature-regulating
device, and a part of the clathrate hydrate deposited
on each heat transfer tube inner wall surface is
removed by flow force of the aqueous solution or the
slurry and the rest is kept remained as it covers the

heat transfer tube inner wall surface.
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hydrate or a slurry of the clathrate hydrate di spersed
10 or suspended in an aqueous solution or water into
each heat transfer tube, a flow rate-regul ating _
device regulating a flow rate of the aqueous sol ution
or the slurry, and a circulating device circulating a
part or all of the aqueous sogﬁéion or the slurry
passed 15 through each heat tr fer tube around the
heat transfer tube regularly or as needed, the

| at hr at h d ate i,ng _forned in the aqueous
go?ut{gne&r H FBPFygﬁhPBEﬁﬁtﬁﬁgtan%ﬂ%ﬁﬁ%t%ftﬁ°¥he

f
224&??@%@%@ %'fg‘éﬁ%éégfﬁiﬁra@e u%mzt”.%%%wmg heat
refrigghart -t egpeLat yr §ef£§%§y&9{ @&g&vﬂ

refrigerant tenperature- and‘a part

- of tB@p@ﬂ@ﬁh@aher@f?i@é?ange@QStﬂ@do@@bP cgﬁﬁgﬁy of each

transfer tube inner wall surface is renove
forceeat thensqueousbepl ait +&fr Dietdier 2t5er§§é1fa(ﬁ’uﬁan-d the

rest is kept renained as it covers the heat transfer

t uberpgnéetwayl dsuifaceegulating the temperature of the
refrigerant, a raw liquid-supplying device supplying an
aqueous solution of a guest compound for the clathrate
hydrate or a slurry of the clathrate hydrate dispersed
or suspended in an aqueous solution or water into each
heat transfer tube, a flow rate-regulating device
regulating a flow rate of the aqueous solution or the
slurry, and a circulating device circulating a part or
all of the aqueous solution or the slurry passed
through each heat transfer tube around the heat
trénsfer tube regularly or as needed, the clathrate
hydrate being formed in the aqueous solution or the
slurry through heat exchange with the refrigerant,
characterized in that, on normal operation cof the
apparatus, fluctuatién in the refrigerant temperature
is suppressed with the refrigerant temperature—
regulating device, and a part of the clathrate hydrate
deposited on each heat transfer tube inner wall surface
is removed by flow force of the aqueous solution or the
slurry and the rest is kept remained as it covers the

heat transfer tube inner wall surface.



