REFRI GERANT COCLI NG APPARATUS [Field of Invention] [0001] The present
invention relates to a refrigerant cooling apparatus, and particularly to a
refrigerant cooling apparatus in which a refrigerant used as a cooling
source for a low tenperature reaction of, for exanple, fine chemcals in
chem cal engineering is cooled by exchanging heat in a heat exchanger using
a cryogenic liquid as a cooling source. Background Art [0002] I n

order to renove heat Qof reactjon_ gener b hepm cal. reactions, a
refrigerant, which is]H%EBJQ%“§A@§]E§H§%ﬁ§ﬁ%¥Pgéﬁg*f©§ng met hanol , et hanol
ket ones, am nes, silicone oils, organic halides or the like, or a mxture
thereof is used and recycled. As the cooling source for cooling such a

ref ri ger dhiteldvnf biventionsed and recycled (circulating refrigerant) to a | ow
tenperatwg 0lregion, such as not higher than -50C, which is hard to be
attained @ 5 normal refrigerator, various cryogenic liquids such as |liquid

nitrogen or | il grexenit aheersind relBiesexs hangiizgrdiratodlaigreppaatay, yageni c
liquid and a circul ati ntg_ refrigerant in a heat exchanger, the c&rcul ating
ref ri ger Artiqudardy dp e rele ggrant coplingcpraetpe el o riygsrant used B§ g her, in

or der tochPg%%l)mtcréef&%niB% Fel%ﬁ?atge gffa%itif)ﬁlgfa%rn&a 161 G eNEmBlalin

prescri be erature, a I tenpefature sensors Ich detect the
t enper at whemddal &npafactiggriantooldd bh ekthauging hoagin a heef exgjenget ufingva path in
a heat exchanger_are proviqed (see, for exanple, Patent Docunent 1); a

t enper at (T¥PEESHBAVIE S B IEWECSensor are provided at a refri gerant

inlet an%&kgﬁfdnid%ftam outlet of a heat exchanger respectively, and a
tenperature Sensor iIs provided at an exhaust gas outlet of the heat
exchanger[008%e, for exanple, Patent Docunent 2); or the |ike; whereby the

SUAE AT LTINS SRER R W S U
refrigerant, which is generally called brine, comprising methanol, ethanol,
ketones, amines, silicone oils, organic halides or the like, or a mixture thereof is
used and recycled. As the cooling source for cooling such a refrigerant which is
used and recycled (circulating refrigerant) to a low temperature region, such as
not higher than -50°C, which is hard to be attained by a normal refrigerator,
various cryogenic liquids such as liquid nitrogen or liquid air are used. By
exchanging heat between a cryogenic liquid and a circulating refrigerant in a heat
exchanger, the circulating refrigerant is cooled to a prescribed temperature.
[0003]

Further, in order to control the temperature of a circulating refrigerant at a
prescribed temperature, a plurality of temperature sensors which detect the
temperature of a refrigerant which flows through a refrigerant {low path in a heat
exchanger are provided (see, for example, Patent Document 1); a temperature
sensor and a pressure sensor are provided at a refrigerant inlet and a refrigerant
outlet of a heat exchanger respectively, and a temperature sensor is provided at
an exhaust gas outlet of the heat exchanger (see, for example, Patent Document
2); or the like; whereby the amount of cryogenic liquid supplied to the heat
exchanger is controlled by the signals from these sensors.

[Prior Art References]

[Patent Documents]



[ Patent Docunents] [0004] [Patent Docunment |]Japanese Laid-open Uility
Model Application (Koka ) No. 6-22880 [Patent Docunent 2] Japanese Lai d-open
Pat ent Application (Kokai) No. 11- 37623 [Sunmary of the Invention]

[ Problens to be Solved by the Invention] [0005] Even in the
conventional tenperature control, in the case that a preset tenperature is
enough hi gher than the freezing point of the circulating refrigerant, for
exanple, in the case that the preset tenperature of the circulating
refrigerant reaches about -90C when the circulating refrigerant has a
freezi ngrgsyst of -130 to -140C, the tenperature of the circul ating
refrigerant can be controlled sufficiently stably. However, the control in

a | ower {RatpetBocureentaidepinesdehaitdenemdifatiby Mofial Aaydicajieay éKgkai)

circulathﬁgfﬁg gdperant is to be controlled at a |ower tenperature than
before, it is™possible that the heating surface tenperature of the heat
exchange[PiteaebbyuhefTespdnieec fLedZzipeg Paient Applikwtioni (Kokai)i dy. r ef-ri ger ant
or bel ow when the preset tenperature is near the freezing point, and a part
of the cﬁ?é%ﬁaling refrigerant freezes and adheres to the heating surface

not onIyég??gﬁhg(Hn%eh%@gngéﬁmange efficiency extrenely decreased, but also

to make ow path narrow, thereby hindering the flow of the circulating
ref ri ger {Ptoblangdtd e Sehveddy thedneemrnd sone cases where a prescri bed anount

of circuI&@gﬂg refrigerant may not be provided and recycled to the object
to be cob .. [ 0006]

Even in the conventional temperature control, in the case that a preset
temperature is enough higher than the freezing point of the circulating
refrigerant, for example, in the case that the preset temperature of the circulating
refrigerant reaches about -90°C when the circulating refrigerant has a freezing
point of -130 to -140°C, the temperature of the circulating refrigerant can be
controlled sufficiently stably. However, the control in a lower temperature
range is demanded nowadays. In cases where a circulating refrigerant is to be
controlled at a lower temperature than before, it is possible that the heating
surface temperature of the heat exchanger locally becomes the freezing point of
the circulating refrigerant or below when the preset temperature is near the
freezing point, and a part of the circulating refrigerant freezes and adheres to the
heating surface not only to make the heat exchange efficiency extremely
decreased, but also to make a flow path narrow, thereby hindering the flow of the
circulating refrigerant, and therefore, there were some cases where a prescribed
amount of circulating refrigerant may not be provided and recycled to the object
to be cooled.

{0006]

On the other hand, although it is possible to avoid freezing of the
circulating refrigerant by adopting materials which have a low freezing point as
the circulating refrigerant or by reducing the temperature difference in the heat
exchanger by employing an intermediate refrigerant, there have been problems
that the cost of refrigerants increases and the cost of equipments increases to a

large extent.



On the other hand, although it is possible to avoid freezing of the
circulating refrigerant by adopting materials which have a | ow freezing
point as the circulating refrigerant or by reducing the tenperature
difference in the heat exchanger by enploying an internediate refrigerant,
t here have been problens that the cost of refrigerants increases and the
cost of equipnents increases to a |arge extent. [0007] Further, as
describe?(ig Pat ent Docunent 1, although it is possible to avoid freezing
of circul%(1dg refrigerant by detecting the refrigerant tenperature in the

heat exchangefyrthkr,i & dbddritel! in PAtenPTHEimdriel,! APRRAIAL Hr 8 Pbssitie to _
circulating refrigerant constant near the freezing point of the circulating

refriger aneid freexisg of circulatingrngfrigérant by detsiciog the refhigepnd Semperatwignt i on i s

to provide.,.a refrigerant gool,. aratus .in.which the gircul atin
o1 gor SR REA BB S UL ACRT ALt bR sEPREIC G TRE M, o
stabl e cegfligel0i conganih@R thd ere6Aiak ipdthitEThecatulatingfrefriperaitr cul ati ng
refrigerant Is near the freezing point of the circulating refrigerant.

[ Means f 69088d] vi ng the Probl ens] [0009] The refrigerant cooling

t ft - [ t] ' i ¥ whi ch
apparatus, of UgoRIEBENLn NERTTANe feal ivehiSh 3010 GARIA0Y RBPAIALUS whi ¢

ountercurrent indirect heat”exchange in
a heat exoblmgesppaettuedn sdich che ceiratlathge rrefri gayentamtaywbicc hogled! & a@bj ect s
to be cool ed Eng a cr aT%greni lip@uid, and which.is provi cl‘ged \11\4'th  first

t enper at BFSCHEELIETR sl Tighndly Hepetiple Snoiioh &V ER d¥REnothes & qfing

circul at kQgp&aidrb06f ant @tdudNBth teridhioW dehPheafde i@l paNEANARY . &
first flow 1éont rol means which controls the anmount of sai dpcryogenl c liquid

suppl i ed cukilabinggefigesawsd to flow in the heat exchanger depending on the
t enper at of .said circulatin efrigerant detected by said first

t enper at Eﬁ@aﬁﬁlf%rﬁ(ﬂﬁﬂlgrégﬁ?hg%icond tenperature detecting nmeans which
detects tpgogjenperature of the heating surface of the inside of said heat
exchanger, and a second flow control neans which controls the anount of
sai d cryogeni dhej igfiiigeranippraling spnagetus 91 dhe Gresent venbaniip a 1981 gerant
exchanger | he t r r f J 3 ed by
oai d seossa T AbePErin A BIPEL LR e kIR OutiElies, AERCL T
means anthesaedclsmgond i llvwt eadhdger IRewsemsaidacirangtdg i refisgerants whicha
cryogenic ljquid inflow path through which said cryogenic liquid.is allowed
to flow icAPl kirefsHade ealehagdn cyosewr fiquid, and which is provided with'a

first temperature detecting means which detects the temperature of said
circulating refrigerant allowed to flow out from said heat exchanger, a first flow
control means which controls the amount of said cryogenic liquid supplied which
is allowed to flow in the heat exchanger depending on the temperature of said
circulating refrigerant detected by said first temperature detecting means, a
second temperature detecting means which detects the temperature of the heating
surface of the inside of said heat exchanger, and a second flow control means
which controls the amount of said cryogenic liquid supplied which is allowed to
flow in the heat exchanger depending on the temperature of the heating surface
detected by said second temperature detecting means, wherein said first flow
control means and said second flow control means are arranged in series on a
cryogenic liquid inflow path through which said cryogenic liquid is allowed to
flow into said heat exchanger.

[0010]

Further, the refrigerant cooling apparatus of the present invention is
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Further, the refrigerant cooling apparatus of the present invention is
formed of a plurality of heat exchange units which are positioned in
series, wherein at |east the heat exchange unit |ocated at the nost
downstreamin the flow direction of said circulating refrigerant is
doubl e- pi pe type, and the other heat exchange units are plate fin type or
plate type, and wherein said second tenperature detecting neans detects the

heat i f t t f the i t ube | ted d tr in th
{1 ow di r SOTGh O51® PUaCLHY o010 [FOhUAES GRS ATHShi B PIBUSIH T RE Fmer t ube

in the douRt&nPitPeafiedl 1%¢RACBMNIAIt 1SBIEH EeRNchdsEMPOmBtreie Befirct i ng.
nmeans i s provided on the side of the circulating refrigerant of the heating

surface &om digoen vg ses! chreulefing oafrigesanton dfublepipectypsgend dheiaglerd i n
said hea xch r. [Effects, of. the Inv i 1 .
the?t g%cgh%lgga uan{:l)t a t%lgteohn Wge JF §ﬂ&é ?%evga%[(gll %v}g]l:’::r in saldp s%&%d

refrigeran t prese y arrangli ng neans

i N whi chtéhperhairpaesdcting Méarshiztedts chd Bédting snefacegempsiataiel afehe ihmerf | ow out
fromthe heat exchanger and the heat] ng[_ surface .t enperat grr_e of the _inside
of the héuhe logaied fgarnsicamgaitie flow apection phtherritmiatingosiiegrt WBdeni ¢

liquid syppld g éﬁé ifi4! el .txsﬂeeasaﬁfeg@perhéa%x@ﬁ%%é Gditt CRR! Jeies On a
cryogenic liquid inflow path in series, the circulating refrigerant may be
cool ed t ¢terapgrbse detetingengrasds previded anshabide dahdiciticolutinigi deérigarentdi ng

partial freezing .of the circul ati refrjgerant and adhgsion to the heating
DEr £ ace, of HBF dbsftder futtaske reaonifle Bbiraeraity BBticdopEaniipetheeic

Descri pt ij@nidPin $4& hBhtecAgSedr0012] Fig. 1 is a systemdi agram
illustrating one enbodi nent” of the refrigerant cooling apparatus of the

present i[Bifestsiodithe Inventiofj g. 2 is a schematic diagramillustrating the
state of [é&el]i nsi de of the heat exchanger.

In the refrigerant cooling apparatus of the present invention, by arranging
means in which the temperature of the circulating refrigerant allowed to flow out
from the heat exchanger and the heating surface temperature of the inside of the
heat exchanger are detected and in which the amount of cryogenic liquid supplied
is controlled depending on the detected temperatures on a cryogenic liquid inflow
path in series, the circulating refrigerant may be cooled to a prescribed
temperature in a stable condition while avoiding partial freezing of the
circulating refrigerant and adhesion to the heating surface, thereby efficiently
cooling objects to be cooled.

Brief Description of the Drawings
[0012]

Fig. 1 is a system diagram illustrating one embodiment of the refrigerant
cooling apparatus of the present invention.

Fig. 2 is a schematic diagram illustrating the state of the inside of the heat
exchanger.

Fig. 3 is a diagram illustrating the changes with time of the exhaust gas
temperature, refrigerant temperature, heating surface temperature and pressure
difference when the refrigerant cooling apparatus of the present invention is
under a cooling operation.

Fig. 4 is a diagram illustrating the changes with time of the circulating
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Fig. 3is a diagramillustrating the changes with time of the exhaust gas
tenperature, refrigerant tenperature, heating surface tenperature and
pressure difference when the refrigerant cooling apparatus of the present

i nvention is under a cooling operation. Fig. 4 is a diagramillustrating
the changes with tine of the circulating refrigerant tenperature and
exhaust gas tenperature when the conventional refrigerant cooling apparatus

is under a_cooling operation., [Mpde for Carrying Qut the Inventi.on], [0013]
Fo 1] S C Tt 110 GRLRE | 9 GEPUABSe: Whrk e CHReREPRRer ant
cool i ng ﬁl@ﬂ??g’e@éﬂi%o@fin%Qﬁp&faﬁr"sei@hnﬁeﬁ@eéélﬁ{g opétdtibh 9. 2 is a schematic

diagramillustrating The state of the inside of the heat exchanger. [0014]

The ref r i[ydarfor €aolyimgOap e lvestion] t hi s enbodi ment is one which is for a
cool i ng |§§T enperature circulating refrigerant used in cooling a
Iowterrpé re reaction vessel 11, such as hydrocarbon refrigerants, to a

prescribed temgr pisaeybienhdadgraxclangivg bhe embodanet df thel disgebnis
l'iquid nitrogen, and which is provided with _a heat exchanger 17 which
exchange$ORHAE Apparabn Ol themresent ipwintios; apdigedcifan gehpBatie diagram

circul at iiﬁg?tﬁﬁg{gjr@g\rls\;%% off ]%\{nggiei&tﬁegg;tréxg:%@% circulation path 15

provi ded w er a refrigerant c ulation punp 13 and a

reserve t[afk4]14 and a cryogenic liquid L allowed to flowin froma

cryogenic i ql'!lihcge Je?r]cilge()r\zlivntpg(}o inlg6épp[a1958%55 !)f this embodiment is one which is for a
cooling low-temperature circulating refrigerant used in cooling a low-
temperature reaction vessel 11, such as hydrocarbon refrigerants, to a prescribed
temperature by heat exchange with cryogenic liquid such as liquid nitrogen, and
which is provided with a heat exchanger 17 which exchanges heat by
countercurrent indirect heat exchange between a circulating refrigerant flowing
in a refrigerant circulation path 15 provided with a flowmeter 12, a refrigerant
circulation pump 13 and a reserve tank 14 and a cryogenic liquid L allowed to
flow in from a cryogenic liquid inflow path 16.
[0015]

The heat exchanger 17 is constituted by a plate fin type or plate type first
heat exchange unit 18 positioned upstream in the flow direction of said
circulating refrigerant in the refrigerant circulation path 15 and a double-pipe
second heat exchange unit 19 positioned downstream in the flow direction of said
circulating refrigerant, and so formed that the circulating refrigerant is cooled to
near a preset temperature in the plate fin type or plate type first heat exchange
unit 18 having an excellent heat exchange efficiency and then the circulating
refrigerant is cooled to the preset temperature in the double-pipe second heat
exchange unit 19.

[0016]

As shown in Fig. 2, the second heat exchange unit 19 has a flow path of
the cryogenic liquid L formed between an outer tube 19a and an inner tube 19b
and a flow path of circulating refrigerant D formed in an inner tube 19b. On a

heat exchanger outlet-side path 15a of the refrigerant circulation path 15 which is
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The heat exchanger 17 is constituted by a plate fin type or plate type
first heat exchange unit 18 positioned upstreamin the flow direction of
said circulating refrigerant in the refrigerant circulation path 15 and a
doubl e- pi pe second heat exchange unit 19 positioned downstreamin the flow
direction of said circulating refrigerant, and so fornmed that the
circulating refrigerant is cooled to near a preset tenperature in the plate
fin type or plate type first heat exchange unit_ 18, having an.excell ent heat
exchange °8F15CEk i fiednget Hbs lt%eatesrs@a?lagﬁws 9fdhe icbrél?]éﬂf‘gi@fr&%%%td 30 the
preset tepperahihgnid dQecHthemRi P FREMNANRA! KX GRARGRINY brle [0016]
As shown in Fig. 2, the second heat exchange unit 19 has a flow path of the
cryogeni circilgting teffigermatl dbiwekroaflovust frome thdeahdxghangemel 7 tigbe 19b

and a fl ow pat i rcul ati ng.refri.gerant D fornmed .in an ipner. tu 19b.
o hen el Jaw e L2 loRRS T WET A2 By Re @SR thf iy RSHih &IC oo
path 15 whidchirtatif®eREdR e Whidie floRRein thbenddbtudt 191 208t Whéresiide of the
circulating refrigerant, a first tenmperature detecting neans 20 which

detects teaperafiyse cdtihe cisplating rafrigeneat intpwestr oigiy Byt Viginibphereef. 1 ow out
fromthe i rovi Furthe .on ich is
downst reg%%lqltﬁl ? ﬁggaﬁg&&d?@tgéﬁ?gn&\é? 9§22|1d %lggu?%ﬁa %ga}ée?l r%?giéga%wvﬁ%i ch

f1 ows i ntéhperatureron tipe sidb ofirttle Whistubatinpe réfeigpamatflove mith twakichi rsctheat i ng

refrigerant is lowest, or in the vicinity thereof, a segond nper,at ur e
det ect i ngntﬁaaﬂiscnz%%reeﬁahépé‘é% of e igats esﬁf?fﬁr aw_r?\gﬁﬁ r_aﬁ‘ﬁw@ B the
side of tpg Flgésflu%%dh%ﬂg% ]S.fn[ithg.r%nEoﬁﬂt%u%hh WY, Clhel &cbhE depbbetdiale

circunferentia ace e inner tube 19b 1's provided. Wien the second
heat excldategtingmi¢ani@li s gemerdlbr providatt att thp eutieh eegtmnontitheesependhaate
detectin ans 21 i ener al | rovided at the outl.et sectyon, of the
Second nexPTaReNasd S dha otk BB 9f Bk BlrewRGRE HE ey REL e PR I
refriger %&re@oﬂe{mdg Poéiﬁoﬁ% [tRE RRMEN NBcHOS Hedd atyd tgid nhLIMISREtih@N where
a cryogenic |iqui lows into the flow path of the cryogenic liquid L.
[0017] the flpw patlk ofrdlamenyeaenicdiquié Ler yogenic liquid inflow path 16, a
first HE% ntrol neans 23 which is controlled by a first tenperature
indicating cantroller (TIC 1) 22 which is operated depending on the
refrigerant tdnp@eaheimiel ectihd dyogdigce fliqud incloperpatiune, defest flog neans
20 and a first set tenperature value which is set in advance, and_a second

f1 ow contePBirohBwass 23 Wikichhs cenzelled By |achrsh jempeisbyrdndicapag gentaller
Lo co t iy rovi ; heat
I nai catl Q@‘I@Q:j f?%%&e{se%éégeg%lp\éﬁﬁﬁg dre g%?gerrt;gg%ng A9 Atdcigy heating

surface tenperature he s&con rature detecting nmeans 21
and a sedgntheséirstt emperatite deteating midmsh20 sandeg finst aclv éanggeratuee arahwnged i n

series. [0018]. . The circulating.,refrige t is disch ed at ertain
amount 1 POHFR 9L aRtS AP P ePa o AT S Wﬁ?&%%éﬁﬂg{é?% r@@%ﬁndi ng
on the fhQw,r &lcendelehffeftulty ihdiBafih® WEREBIIed 4TIO- 024! WANRid Qpblagil | Nt O

t he heat éxchanger 17. In the heat exchanger 17, the circul ating

ref ri ger awpendingjonsthe yeatong edrface wntpenpuradeteeted biygthe Isgcdridgtearperstare a
preset te(%})er.ature i

Wi ch i s rat@ernens b 950 ideadigh s AN R I PR Bo' i BRaREE ™ < O
t enper at YratrBngdiinsReREd heat exchange unit 19 on the downstream
[0018]
The circulating refrigerant is discharged at a certain amount from a
refrigerant circulation pump 13 which is operated depending on the flow rate
detected by the flowmeter 12 to be allowed to flow into the heat exchanger 17.
In the heat exchanger 17, the circulating refrigerant is firstly cooled to a
temperature slightly higher than a preset temperature in the first heat exchange
unit 18 on the upstream side which is plate fin type or plate type, and then cooled

to the preset temperature in the second heat exchange unit 19 on the downstream
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si de which i s doubl e-pi pe heat exchanger type. The circulating refrigerant
which is cooled to the preset tenperature circulates in the refrigerant
circulation path 15 such that the circulating refrigerant is allowed to
flowinto a jacket 11 a of the |lowtenperature reaction vessel 11, which is
an object to be cooled, to cool the |owtenperature reaction vessel 11 and
then sucked by the refrigerant circulation punp 13 by way of the flowreter
12. The circulating refrigerant in the reserve t%nk,14 flows i.n and out of

the ref riStter AMICliIF dnuble-Bippach EChiBERdYRG ol DENEIGRIIRE TEHSRE of t he
circul ati ] ; : iC
a1 ST 5 bR AT hresQP RIS LiBulalcd 13 the reftiecldf AR S ¢
t he heat padcharsgel that the @inchibsingutefegersndis diowdrbta flowuinge iangekedf Fliager ant

of the heat,exchanger 17 via the first. flo ontrol. nmeans .23 and,the second
1 ow contordhe teRAeTRsratiy reastied Yasielch bowieh et abiteRas b oqijed, 8

count er cyphee dWltERpérafaalrefAEdIARERIMIY rhrkihﬂleﬁisfu@ldécmb'grt@eh%frﬁ'g@@ﬂtant in

t he second heat exchange unit 19 and the first heat exchange unit 18.

Vapor i zedirspladiparpump ilduixdwaneftthe flovpreisr d2e Thesinylating rehgeerpet in

circulati refrigerani,is. all.o to,f 0 t J £ tyexchange
ant ¢ 15 (0 dseathofa " Rl oty St WerleePile AP, ST

When t he &};émhgt ioflg thef kbMi@nihangeCc @b etk t areulpies eteftigaqaet abyr ¢heby t he
cryogenic [iquid in the heat exchanger 17 in such a way, a preset

t enper at UPBPBENISe circulating refrigerant is input to a first tenperature
i ndi cator[ i)?::l':roller 22 as the first set tenperature value, and the

freezi ng "poi (the nelting point) or a tenperature near the freezing point
of the circul &liengryogknicgtigant is allomedt td dloaw dechoo themperagente ligndl cat or

controller 24 as_t second set  tenperature val ue. en shut - of £ val ve,

which is 1§ﬂB}NeE%tédeteb° 56 BERt DASEREPT E@J@W&ﬁ%&é‘a%ﬁ‘t Fo‘ff?t,hei IR ed for
bot h the i slrafi SOk Uk chBARS 123viantle et A8600shtfdlanesRNT ghd MR@ns 25,
the control ©of the first flow control means 23 by the first tenperature

i ndi cat orsecomt r Bbwercopgol smgenf ot Trednducholshake t dieculaling WHEAawhety t he

20 1 < hi P ERERCEnE P1o L UL BT Svth o8y o AL, ShEAFhATH B (22N

when the gebhd ihgel 8xdhan@ORAHAN Aridi thel Arvghebharclidigelutistl 8setVaperiped at ur e
val ue. Li kew se, the control of the second flow control_ neans . 25 by

the secordyegemperdimid dup helitempeatsriseory epolme fhe parylaine e EECH Y Hat t he
s op Ao Ba 5 "GB! 11, JHE REE HEATRRIBLNE BudlE BT IE AnDkcdiSt 38600

t enper at ur er than“the second set tenpérature

val ue, ansutflo® yahee wlasehavkegast@e heating surface tenperature is |ower
than the second set tenperature value. [0021] That is, by controlling
each of tI9928]rst flow control means 23 and the second flow control neans

25 which is ar4apge e%cht&ﬁirfg{ béé?ﬂgélﬂaﬁt id Go6Idaithfd prespidmpbatufe $9rthes

depending on the retrigerant npérature detected by the first tenperature
det ect i ngenypgersic quadhin theehém atxichansurliaisesuchrpwas ampsesgttaapedtusg of he
second tepperature detecting. neans, 21, it can be prevented that part of
the cir cu'ihgtqui?@‘ﬂ}x@fg_r‘ie 3%¥ﬁP9’(§e‘“PPBE’e?1f’irﬂ t?‘f‘ilé’eTag‘r\ré’rmﬁlfﬂ_gorlcé’Bhg_agﬁa%ﬁ%n t he
preset tefppefiak ULE télpstaaire Wifud, I SRZIHOfREZIAE Rint (e GhElkinbapdiAg or a
refrigerant, and heat” exchange can be efficiently perforned in a stable
condi t i ontewipehatute nparetieefienzinghpoifit of the citralaing tefaeergt defikPyeloadt due

s anown faoR ¢ EmBRE Rl Crr R0 R B BERnE Af s RO 20 ©
When a shut-off valve, which is subjected to on/off control (open/close control),
is employed for both the first flow control means 23 and the second flow control
means 25, the control of the first flow control means 23 by the first temperature
indicator controller 22 is performed such that the valve opens when the
refrigerant temperature detected by the first temperature detecting means 20 is

higher than the first set temperature value, and the valve closes when the
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[ 0022] It may be al so possible to enploy only one doubl e-pi pe heat
exchange unit for the heat exchanger 17, and by positioning a plate fin
type or plate type heat exchange unit 18 which has a | arger heating surface
and a hi gher heat exchange efficiency than a doubl e-pi pe heat exchange unit
on the upstreamside in the flow direction of the circulating refrigerant,
the circulating refrigerant whose tenperature is rising can be cool ed

efficiently, the mniaturization of the whole heat exchanger is attai ned
and the CORESHEERPBRITRAS yadbRn B TEhrg SEPERL ot fased. [ 0023]

Further, al t houpdy iBeHEDiIN B 1REALEATH Abw! dtRRGREGMsI PR IRE Wecndet ecting
nmeans 21 is arbitrary and the nunber of the second tenperature detecting

means 21 ttopgratiragndichiod costrallsn24ndiperiaryed sheh thes the vakviearpeas wiliva second

def. i h ide pf ' ' frl
of The-nibs hguae, padel dEpedhuRorkabied BFaft sbrid i dh g i T "

t enper at wicanef2 1t kehipher tiger tat second Ret cagwIstube ahlvex ahdnge vahiet cldSes S

| owest or in the vicinity of the outlet portion or, in the case of an

al t er nat At {psehepbing wé?sﬁ@@pﬁr—ﬁtw,e Boloress phamithg seepnd HErEMPSTalEr e t he
cryogeni G {jauid flows into the cryogenic liquid flow path, ensures the
control 01{d the second flow control neans 25 by a single tenperature

det ecti nq0®®ldns (tenperature sensor) because the heating surface

t enper at ure of ortion ere the ity t

the p ohabij | at, the ci.,rcul ati ng
el T gor ant { i as Bk GORHRLIES St PE Y esloRAROBES GREERT d. DB
Further, sb&hLaBS Edditdl Qefs 2D HIGRLs SXENAAOEH tldd EryiopenRUrPEE aflovhe heat
exchangers to be installed are arbitrary, and when a plurality of heat

exchange pathi 4§ iarssriensicpbididg an theutdfdgpiape tereparabre Wgkrgéedihy tthaMireth

ensur es asurenent of. the heatin rtace. t [ re. i i L) d at the
oot dowlCTPENIEE o v B 12 ane E OFa T STR b SERRebRIR e

fl ow contih@kedmadngmipsratote ddtsdtimtmicansDut it @b begdreeentedileh aCpuit bOkhan
open/close control, and it may be a flow adjustnent val ve which can perform

f1ow adj ¢atcHaiing rfrighant hen&ogesiini heainnce|tabe ddbhppebathiether Reesel rst
1 ow Cont gl e IRt A8 HECARY AdifoP IBL ' RoulRANS réffieblihLCEXPIRH ©

liquidin w pathis ar rary 0 m-hay be positioned on the
upst r eameschengeToen beafffiexatiangefomictiot a stabde bonditiphewhbat exaffienge units

Fg%zg]e qulilg tﬂ%ng(l)Jt[ trh%nctirc?lgatfnognr%%rriéeerg%f dl?er tol mrsfolnogf a{TFatng gfnoLE’z( gPPrlogenll
substance F to a heating surface S as shown in Fig. 2 or without decreasing the
heat exchange efficiency.

[0022]

It may be also possible to employ only one double-pipe heat exchange unit
for the heat exchanger 17, and by positioning a plate fin type or plate type heat
exchange unit 18 which has a larger heating surface and a higher heat exchange
efficiency than a double-pipe heat exchange unit on the upstream side in the flow
direction of the circulating refrigerant, the circulating refrigerant whose
temperature is rising can be cooled efficiently, the miniaturization of the whole
heat exchanger is attained and the consumption of the cryogenic liquid may be
decreased.

[0023]

Further, although the mounting location of the second temperature

detecting means 21 is arbitrary and the number of the second temperature

detecting means 21 to be installed is also arbifrary, the installation of the second
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By using a refrigerant cooling apparatus which has the constitution as
shown in the enbodi nent, and by using a circulating refrigerant having a
freezing point of -136C as the circulating refrigerant, the | owtenperature
reacti on vessel was subjected to a cooling operation. The cooling operation
was performed by setting the set tenperature value of the first tenperature
i ndicator controller to -110C and the set tenperature value of the second

tenperature indicator controller to -136C, .and by .ci.rculating t

ci rcul at {HRPFERNT gereshipeapoanscoh Spahe Sﬁ$f‘o_ﬁf Mg rleigting Refiigscany dhttei e of
the exhaysii gasuredPesatiofditle to THeCoRRIIdIBHAMN: v&lﬁ@]i’%@ftéiﬁ?efﬁﬂu@%fem ed by
the first tenperature detecting neans, the heating surface tenperature T3

det ect edtlpyrdafligemet onthe savpad datr exdienge vitd dnisdnwesiner inhbeprieigstiyrad
difference Pl .of the circulating refrigernant between,the pressures, before
Cnd ot ¢ ot Ul gbRiof ore th the s ot bl Rl fha R IS B A° R SR 0 O T o
Fig. 3, kbrregibndengesn fdiabnaakdie Ghe tdipodigietigarll elhestovtise stydlgehiczed 30

m nutes after the start of the cooling operation and that the circul ating
ref ri ger diqvic Aevppathosnarres shey cortiplepbths eecond -flaw coptoh meagp|2s Bvdi ti on

and suppl_j w i v t .l ow
e, [ oouge embREBbERREE NG CERGH e CaREH Bhoel WS Alre DT by
enpl oyi nguEaconsapéiacural of ¢lie ippeti antwlome| thegpmbpbilay ubahalé rgrcuhaing
constitution described i(g éhe abo,vii,rrenti ongd Pat ent Docunent 2 and by

st epwi selITEsENilFRgZehand adharepfposdughest ¢ap Be dstectse first tenperature

i ndi cat ofg troller in the refrigerant cooling apparatus from-80C to
~-110C. The changes with tine of the circulating refrigerant tenperature T4
“det ected by t frarthef,rthgeoastitutienpdrtht beat dehangérmpduthictnuareriidhebhalust gas

tenperature T5 defected b he v ri zed ,gas tenperatur etecting section
are shomﬁxla?fnlﬁebs‘. £°4.%?[‘Bﬁf?¥fé arc ar lﬁﬁrf'fzi apdy] °F tan@élﬁfﬁgg O?elg?‘? teﬁ‘gb? fl t hough
the circyhatiang if@f1lddar @b MpHH Claia Rk h AfgebaiinIht@otBdr&t MbhiurtMedt
tenperature corresponding to each of the set tenperature val ues when the

set t enpefdhatsating yurfete teraperatue is dwpdionedra thadnesttdpwasticeroin &€ was i n
a range ?{%\F} 8(8%&%{1}015 ﬁle( ?:Bré%{lgi% Oltefﬁge%PUtf%e tf?ov;gc IHH]OPLHI&E]Sa{SF Gt t he

start of e operation erattdre of e circulating refrigerant was

unst abl e Hiniesd thehswes fitvelpar abivhecoratdlearpbpélieloké reohtroE raper atmiae bierdi cat or
controller was_set to a | ow tenperature not higher than -95C _and that the

ci reul at ithgY radipsigeananyalyas whish ¢apapreosn Berh pdiwiment-t o Fuithet e a
B e g e
start of cbhaobpmnat inthe ciyogstici lpquidnnfdwspathos atbifren2&id either of them
may be positioned on the upstream side. The heat exchange method in each of
the heat exchange units may be countercurrent or concurrent, or immersion
method.
[Example 1]
[0025]
By using a refrigerant cooling apparatus which has the constitution as
shown in the embodiment, and by using a circulating refrigerant having a
freezing point of -136°C as the circulating refrigerant, the low-temperature
reaction vessel was subjected to a cooling operation. The cooling operation was
performed by setting the set temperature value of the first temperature indicator
controller to -110°C and the set temperature value of the second temperature

indicator controller to -136°C, and by circulating the circulating refrigerant at a

constant flow rate. The changes with time of the exhaust gas temperature T1,
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11l ow tenperature reaction vessel | 1 ajacket 12flownreter 13refrigerant
circulation punp l4reserve tank 15refrigerant circul ati on path 15aheat

exchanger outlet-side path 16cryogenic liquid inflow path 17heat exchanger
18first heat exchange unit

the refrigerant temperature T2 detected by the first temperature detecting means,
the heating surface temperature T3 detected by the second temperature detecting
means and the pressure difference P1 of the circulating refrigerant between the
pressures before and after the heat exchanger are illustrated in Fig. 3. As is
apparent from Fig. 3, it can be seen that each of the detected values was
stabilized 30 minutes after the start of the cooling operation and that the
circulating refrigerant can be cooled to a temperature of -110°C in a stable
condition and supplied to the low temperature reaction vessel at a constant flow
rate.

[0026]

On the other hand, a cooling operation was performed by employing a
conventional refrigerant cooling apparatus having the constitution described in
the above-mentioned Patent Document 2 and by stepwisely changing the set
temperature value of the first temperature indicator controller in the refrigerant
cooling apparatus from -80°C to -110°C. The changes with time of the
circulating refrigerant temperature T4 detected by the refrigerant temperature
detecting unit and the exhaust gas temperature T5 detected by the vaporized gas
temperature detecting section are shown in Fig. 4.

[0027]

In Fig. 4, it can be seen that, although the circulating refrigerant was
capable of being cooled stably to a temperature corresponding to each of the set
temperaturc values when the set temperature value of the first temperature
indicator controller was in a range of -80°C to -95°C (a range of 30 minutes to
190 minutes after the start of the operation), the temperature of the circulating
refrigerant was unstable when the set temperature value of the first temperature
indicator controller was set to a low temperature not higher than -95°C, and that
the circulating refrigerant was not capable of being cooled to -110°C in a stable
condition due to sudden changes of the temperature of the exhaust gas when the
set temperature value was set to -110°C (290 minutes after the start of the
operation).

[Description of symbols]
[0028]
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19second heat exchange unit 19aouter tube 19bi nner tube 20first tenperature
detecting neans 21second tenperature detecting neans 22first tenperature

i ndi cator controller 23first flow control
i ndi cator controller 25second flow contr ol

11
1la
12
13
14
15
15a
16
17
18
19
19a
1%
20
21
22
23
24
25
26

low temperature reaction vessel
jacket

flowmeter

refrigerant circulation pump
reserve tank

refrigerant circulation path
heat exchanger outlet-side path
cryogenic liquid inflow path
heat exchanger

first heat exchange unit

second heat exchange unit
outer tube

inner tube

nmeans 24second tenperature
means 26exhaust gas outfl ow path

first temperature detecting means

second temperature detecting means

first temperature indicator controller

first flow control means

second temperature indicator controller

second flow control means

exhaust gas outflow path

11



CLAIMS |. A refrigerant cooling apparatus which cools a circul ating
refrigerant by countercurrent indirect heat exchange in a heat exchanger
between said circulating refrigerant which cools objects to be cooled and a
cryogenic liquid, and which is provided with a first tenperature detecting
means whi ch detects the tenperature of said circulating refrigerant all owed
to flow out fromsaid heat exchanger, a first flow control means which
controls the anount of said cryogenic liquid supplied which is allowed to
flow i n tHeARdat exchanger depending on the tenperature of said circul ating
refrigerant detected by said first tenperature detecting neans, a second
tenperature detecting nmeans which detects the tenperature of the heati ng
surface df the\ irﬂﬁ‘igﬂaﬁarﬂfc@éﬂin@ imﬁﬂrataxc#langmplsaacbia:uk&mgmbﬁﬂgemmdmroI
means whi ch control s, ngunt of said. cr eni c I | i ed ichis
al | owed (CBYRIEHHTTHLL ?Féét %%@cﬁéﬁl&’é’rgedé‘be%d?‘ﬁﬁ c?ﬁc Eﬁ@‘?%ﬁ‘uﬁ@ f the
heati ng %Wcﬁ?a%gdn%ffﬁgérﬁgt Qllﬁu%ibgol%edb?éh‘is Y& HREERA &t ﬁn&i%t &%bg@ﬂﬂl?@ﬁ&

wherein said first flow control nmeanS and said second fl Oow control Tmeans
are arramgédvhmhseprcssdcﬂwwathcﬁ ﬁo&gémnpeltarhqmdttq:qtlfnlgamm\hhmhrdﬁngfhs\ﬂm ch said

el 1 gor SRPRabtied Sinc aebe g gy ARvled R BRI ARG i el

exchangerextBarfgRf, mad Rt @dAW Wdltidl Yy mebndeahicBX cHdAgle tHy tasnoMit CHf aaRi
positioned in series, wherein at |east the heat exchange unit |ocated at

the nost Cawaesic dignid nsqpmélem vhich necalloredfto sHpw & rtha h@qtnsm}@mgf:@er ant
| s doubl %g g&ﬁﬁng%gﬁ éJa&rg *}%Eld‘é?&{lsffn%g%}gge%k laéte% e% lgy 8L Ao type

or plate eFern sard sacond re det ec nmeans detects
t he heat itagpstatirac defeetipgr abnss af sddoadi mmqserambe deveaind rdenmsmmm in the
flowdlrectlon f the circulating refrlger h flaq t he i nner tube
in the déigHicEs ﬁﬁﬁeteﬁmat@;&r%f e hating %u e g@lﬁ%togéaﬂ rhja

appar at USxBhERLC 9: @%pa%e% @Toﬂw eRn@ol @feagﬁsemla%@m%@;@%é AnfIRE ALl £

detecting nea rovi e si the circulating refrigerant of
the heat iongogmid docpudosup@élpdndnhu@ tip allevédftboflosedn it béatsgkchanggogeni c
lquid i r}lelsagxla 1nge§r} the %e angrature of the heating surface detected by said second
temperature detecting means, wherein said first flow control means and said
second flow control means are arranged in serics on a cryogenic liquid inflow
path through which said cryogenic liquid is allowed to flow into said heat
exchanger.
2. The refrigerant cooling apparatus according to claim 1, wherein said heat
exchanger is formed of a plurality of heat exchange units which are positioned in
series, wherein at least the heat exchange unit located at the most downstream in
the flow direction of said circulating refrigerant is double-pipe type, and the
other heat exchange units are plate fin type or plate type, and wherein said
second temperature detecting means detects the heating surface temperature of
the inner tube located downstream in the flow direction of the circulating
refrigerant which flows in the inner tube in the double-pipe heat exchange unit.
3. The refrigerant cooling apparatus according to claim 1 or 2, wherein said
second temperature detecting means is provided on the side of the circulating

refrigerant of the heating surface corresponding to the inflow section of said

cryogenic liquid in said heat exchanger.
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