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FI ELD OF THE | NVENTI ON The present invention rel ates
to a heat-transfer-nedium heating and cooling
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| ovhed etipeinatieremstiatre Hpatpmay addngoal heqtapgraaresier which
medi um feeder for recirculating a heat transfer
mediemtcosl dengenatite coprmmdedr B hed- tamparadiuree regctor
the jacket side of the reactor. Such a heat transfer
med¥iukiT dedesegehpr al $hemhagn lageagkpansporceassal the like.
provided in series to the heat-transfer-

medi um suction side of the heat transfer medi um punp

to prevent bubbles fron1enteriqg{the heat transfer
nedi um punp DESCRIPTION OF THE RELATED ART

A chemical reaction process, such as organic synthesis
or crystallization, requires high-precision temperature
control. The chemical reaction process therefore uses a
double-structure container having an independent jacket
which permits communication of a heat transfer medium with
outside a reactor. BAs disclosed in Japanese Unexamined
Patent Publication No. H11-37623, for example, the interior
of the reactor is indirectly kept in a predetermined low
temperature state by providing a heat transfer medium feeder
for recirculating a heat transfer medium cooled down to a
predetermined temperature to the jacket side of the reactor.

Such a heat transfer medium feeder generally has an
expansion vessel provided in series to the heat-transfer-
medium-suction side of the heat transfer medium pump to

prevent bubbles from entering the heat transfer medium pump



- 1 and absorb a change in volune originating froma
change in tenperature of heat transfer nedium To
keep the suction pressure of the heat transfer nedi um
punp constant, the expansion vessel is provided with

pressure control means, such as a pressure_control ,
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operation of cyclically supplying a hidgh-tenperature
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detergent in the reactor. This requires provision of
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addition to the heat transfer nedium feeder. The
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devi ce configuration including pipings conplex, and
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a solution to this problem neans for heating a heat
In cleaning the reactor, it is necessary to perform an

operation of cyclically supplying a high-temperature heat
transfer medium to the jacket to heat a detergent in the
reactor. This regquires provision of some means for feeding
the heat transfer medium in addition to the heat transfer
medium feeder. The heat-transfer-medium feeding means, if
configured to drain the heat transfer medium from inside the
jacket and feed the heat transfer medium thereto, makes the
device configuration including pipings complex, and needs to
switch the heat transfer medium and the heat transfer medium
to be supplied to the jacket from one to the other, thereby
making the process complex.

As a solution to this problem, means for heating a heat
transfer medium may be provided in the recirculation system
of the heat transfer medium feeder, so that the heat

transfer medium is heated to a predetermined temperature and



transfer medi um may be provided in the recircul ation
system of the heat transfer nedium feeder, so that
the heat transfer mediumis heated to a predeterm ned
tenperature and 2 recirculated to the jacket to heat
t he_react
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Accordingly, it is an object of the invention to
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apparatus capable of reducing the energy cost and
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of the heat transfer medium may cause expensive heat
transfer medium vapor to be discharged outside when the
pressure control means is actuated to discharge the gas in

the expansion vessel.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the invention to
provide a heat-transfer-medium heating and cooling apparatus
capable of reducing the energy cost and effecting efficient
heating and cooling of a reactor by minimizing the amount of
a heat transfer medium (coclant) to be heated and cooled,
thereby avoiding complication and enlargement of the
configuration of the apparatus.

To achieve the object, a heat-transfer-medium heating

and cooling apparatus according to the present invention



a heat transfer nedium (coolant) to be heated and

cool ed, thereby avoiding conplication and enl argenent
of the configuration of the apparatus. To achi eve the
obj ect, a heat- transfer-nediun1heating and cooling

apparatus according to resent nventl on
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reactor, wherein recircul at pat h
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the punp, the cooling unit, the reactor, and the
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punp-suction-side path extending fromthe heating

uni ted rd@atpugprhanteds anchisfgr hediuh e the pump via the
punp-suction-side path to connect to a |iquid phase

porpurgy, dfhearmoeX pagshmeit vadselreathot heand the heating unit, a
heat -t ransf er-nmedi um heating and cooling apparatus
accoeshimg trethhbeinyamddmed he repenyesypdtionrgyide path
branch upward fromthe punp-suction-side path, or the
expaxistrohingedsen hag heatedny eoatehsethe armimi @adi pganching
with a %?s phase portion of the expansion vessel, and
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In the heat-transfer-medium heating and coocling
apparatus according to the invention, the reserve path may
branch upward from the pump-suction-side path, or the
expansion vessel may have a condenser cormunicating with a
gas phase portion of the expansion vessel, and having a
cooling unit which cools a heat transfer medium vapor for
liquification thereof, a path for returning the heat
transfer medium liquefied by cooling in the cocling unit,
and a gas relief valve which discharges a gas from the gas
phase portion of the condenser according to a pressure in
the condenser.

As the expansion vessel is so disposed as to branch
from the recirculation path in the heat-transfer-medium
heating and cooling apparatus of the invention, the heat

transfer medium to be heated or cocled can be restricted to



transfer nmediumliquefied by cooling in the cooling
unit, and a gas relief valve which discharges a gas
fromthe gas phase portion of the condenser according
to a pressure in the condenser. As the expansion
vessel is so dis osed($s to _branch, from
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or cooled to a predeterm ned tenperature. As the

r esefamePairh coblLed €O gitesicterinbee @ xpansiraiureessel
is branched upward fromthe punp-suction-side path,
bubbl es p¥ edentrelserirbepdigatwitircnsbaneaes i tm tfHeowixpgnishon
the punp-suction-side path can be discharged to the
exparsiedn isvessrthed fumisent [fyromt hos pumaventdtngnt-hede path,
bubbl es fromentering the punp. Further, the provision
of hdleongensent i thee hegsanshoafgeseslivoad lprépanin the
a heat transfer nedium_ vapor in the expansion vessel
f r ST WG tdicschbfg e dutsindde  dhsehgtgachdogider ekpapsion
val ve due to a pressure rise in the
vessel efficiently, thus preventing the bubbles from
entering the pump. Further, the provision of the condenser
at the expansion vessel can prevent a heat transfer medium
vapor in the expansion vessel from being discharged outside
through the gas relief valve due to a pressure rise in the
recirculation system.
What is more, because a heat transfer medium can be
heated and cooled by a single closed cycle system, the
apparatus configuration is prevented from becoming complex

or larger, thereby leading to reductions in equipment cost

and running cost.

BRIEF DESCRIPTION OF THE DRAWINGS
The figure is a system diagram showing a heat-transfer-
medium heating and ccoling apparatus according to one

embodiment of the present invention.



recircul ation system Wat is nore, because a heat
transfer nedium can be heated and cool ed by a single
cl osed cycle system the apparatus configuration is
prevented from becom ng conplex or |arger, thereby

| eading to reductions in equipnment cost and running
cost. BRI EF DESCRI PTION OF THE DRAW NGS The figure is
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heati ng and cool1 ng apparatus according to one
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shown in the figufe has a punp 11 which punps out a

heat ratd NS hREigRdi #Meat Re@haayehangesr 12 olang unit which
cooling unit which cools down the heat transfer

medtoun P uped tadt hésom tdie feunpedidn punmattcat ¥3om the pump
whose tenperature is controlled by the heat transfer

medi um 0 wgauat-ofcr DB Yines dheasmpexahangeis Intadidatii hg the heat
unit 14 which heats the heat transfer nedi um out put
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conmponents. The pipings forma recirculation path 15

of ankl osedrhdybl aegls cihe hegitr EupRsEer dndthiam rpgaytefrom the
mediumto the punp 11 via the punp 11, the heat

exchedgfer 13, BRe PERLIDY WhdchngoRhect HdwsehgonRPpenfs. The

The heat exchanger 12 cools the recircul ati ng heat .
pipings form a recirculation path 15 of a closed cycle which

recirculates a heat transfer medium to the pump 11 via the
pump 11, the heat exchanger 12, the reactcr 13 and the
heating unit 14.

The heat exchanger 12 cools the recirculating heat
transfer medium to a predetermined temperature by indirectly
exchanging heat with a low-temperature fluid, such as a low-
temperature liquefied gas, which 1s supplied to the heat
exchanger 12 from a low-temperature fluid inlet path 16 and
discharged to a discharge gas path 17. The heating unit 14
heats the recirculating heat transfer medium to a
predetermined temperature with a heater 1l4a.

The reactor 13 has a jacket 13b provided on the outer
surface of a reaction container 13a. The heat transfer
medium flows through the jacket 13b. The temperature of the
heat transfer medium to be supplied to the jacket 13b is

adjusted by controlling the opening/closing of a flow



transfer nediumto a predeterm ned tenperature by
indirectly exchanging heat with a | owtenperature
fluid, such as a |ow tenperature |iquefied gas, which
i's supplied to the heat exchanger 12 from a

I t fl h 16 d di d,
R et
t I t h t f di .
pr:oaa;tte Cha L e A A S i

m er%%u@gslgd 8 %Pc%ﬁg¥lgfngﬂ%&ﬂ lgu%?5v1 ed in an

a reac |on COI’] al ner eat rans

rﬁf@tf 1sqws FQERU ) éf]etéi A9 'ét%%e%?’i’sb The tenperature

heat rans e supplied to the

j acket lﬁb:és%rv@d?HEBeQB byh &9 ir@hkhBs & rd from a pump-
openi ng/closing o low 6 regulator 20 provided ihn

t hesdwdnerpaeapafe F1 Wl iddhebctpatdh a6 iapd ot BRase portion
performance of the heater 14a using a tenperature

I Nt At aandxpOnEien | wissell Cp, 19s peviridrdl iih &8Re pump-
inlet-side path 18 of the jacket 13b. A reserve path
23 svutdlvnbeadehpst u@iarek Haholing pocp-tistididaaningi deit 14 to
path 21 and connects to a liquid phase portion 22a of
an shepavgipod lvesTied 2ariss opr gesdel 24 isherpmiped branching
suction-side path 21 extending fromthe heating unit
14 firpm tthe peaprevliativn eafandbPoniyedse|rezRrive path 23, and,
provi ded branching fromthe recirculation path 15 via
théﬂﬂééﬁkﬁéepﬁpﬁvgﬁ¢lQﬂﬁi LYReli ke $eR2GHRfeAErBnhhe

is separated fromthe recirculation flow of the
hedgxpggw§p§ﬁ0ﬁeg}gwnoqughq ﬁeat transfer medium, not 1n

series to the recirculation flow from the viewpoint of flow.
The expansion vessel 22 is configured so that the expansion
vessel 22 and the recirculation path 15 exchange the heat
transfer medium according to a change in the volume of the
heat transfer medium flowing in the recirculation path 15,
and the recirculation path 15 is set in a liquid sealing
state to inhibit a gas from entering the recirculation path
15 from the expansion vessel 22.

A gas phase portion 22b of the expansion vessel 22 is
connected with a gas inlet valve 24, which is actuated
according to the pressure in the expansion vessel 22, and a
condenser 25. The condenser 25 is provided with a gas
relief valve 26 which is actuated according to the pressure
in the condenser 25. |

The condenser 25 has a cooling unit 27 for cooling a



series to the recirculation flow fromthe vi ewpoint of
flow. The expansion vessel 22 is configured so that

t he expansion vessel 22 and the recirculation path 15
exchange the heat transfer medium according to a

change in the volune of the heat transfer, nedium i
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recirculation_path 15 is set in a liguid sealing._,
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a gas relief valve iIch is actuated according to

the i eSS @ephRatbe SONALAIRS eZPand 6h GANGRNSOD, 28nd a
has a cooling unit 27 for cooling a - 7 heat

transdes wiBdleUBDVAROEL 1 dpetiel§ baat éDdsddeieeirdiag to the
m st separator 28 that separates the heat transfer
medimsont icfuehieeteby ttwnscfeal magiuni (1Y amtind gd8Sthe fluid)
which is not Iliquefied fromeach other, a heat

t r ansfeimimgdiinomchetmist geatalra29rf 88 amed wr niifgetrkatheat
transfer nedium separated by the m st separator 28 to

t hepesgransi.on vessel 22, and a float valve 30 which

i's opened and cl osed according to the anmpunt of the

heat trafd erasndailgn vekee ahbuwmd shet fas frefipt valve 26 are

remaining in the mst separator 28 and a differentia
actuated according to a change in pressure originating from

a change in the volume of the heat transfer medium
recirculating in the recirculation path 15 which
communicates with the valves 24 and 26 by means of pressure.
When the heat transfer medium is heated to increase the
volume, raising the pressure in the system, the gas relief
valve 26 is actuated to release the gas in the system to the
outside thereof, thereby keeping the pressure in the system
to or lower a set upper limit pressure. When the heat
transfer medium is cooled to decrease the volume, lowering
the pressure in the system, the gas inlet valve 24 is opened
to supply a gas which does not affect the heat transfer
medium, e.g., a nitrogen gas, from outside the system as a
compressed gas, thereby keeping the pressure in the system
to or higher a set lower limit pressure.

At the time of discharging the gas from the gas relief



pressure. The gas inlet valve 24 and the gas relief
val ve 26 are actuated according to a change in
pressure originating from a change in the vol une of
the heat transfer mediumrecirculating in the
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nitrogen gas, fromoutside the systemas a conpressed
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gassemardierdidensede$ or dampuwiifi ¢avebrobymadleirngthhefloat
gas which is drained fromthe gas phase portion 22b
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of the condenser 25. This can _prevent the heat
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rel eased through the gas
via the heat™ transfér medium return path 29.

In the thus configured heat-transfer-medium heating and
cooling apparatus, with a predetermined cooling temperature
set in the temperature indicator and controller 19 at the
time of cooling the reactor 13, the temperature indicator
and controller 19 is actuated according to the temperature
of the heat transfer medium flowing in the inlet-side path
18, so that at the time of cocling, the cooling state of the
heat transfer medium in the heat exchanger 12 is regulated
by mainly controlling the degree of opening of the flow
regulator 20.

At the time of cooling, the heat transfer medium in the
expansion vessel 22 flows into the recirculation path 15 due
to a reducticn in the volume of the heat transfer medium
originating from a temperature drop, and the gas inlet valve

24 is opened or closed according to a pressure drop



relief valve 26 from being di scharged to the outside.
When the anpunt of the heat transfer nediumretaining
in the mst separator 28 beconmes a certain |evel or
greater, the float valve 30 is opened to return the
heat transfer nediumto the %an3|on vessel 22 for
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the Tnl'et-side path that at the tinme of
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mediumin the heat exchanger 12 is regulated by
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the recirculation path 15 due to a reduction in the

vol efretlod tdlembeatf thansést nedidfiar oriddunatedgcéd dvy acooling,
tenperature drop, and the gas inlet valve 24 is
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originating froma reduction in the anount of the heat
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supply of the conpressed gas into the systemto keep

t hepath 15.

Because the expansion vessel 22 is separated from the
recirculation path 15, it is unnecessary to cool the heat
transfer medium in the expansion vessel 22, making the
amount of the heat transfer medium to be cooled smaller than
the conventional apparatus in which all the heat transfer
mediums are to be cooled. Thérefore, the heat-transfer-
medium heating and cooling apparatus of the invention can
reduce the energy cost for ccooling the heat transfer medium
significantly as compared with the conventional apparatus,
and is excellent in response characteristic.

With a predetermined heating temperature set in the
temperature indicator and controller 19 at the time of
heating the reactor 13, the temperature indicator and
controller 1% is actuated according to the temperature of

the heat transfer medium flowing in the inlet-side path 18,
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pressure in the systemat a predeterm ned pressure. At
this time, the heat transfer nmedi um which has a
relatively high tenperature flows into the

recircul ation path 15 fromthe expansion vessel 22.
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unnecessary to cool the heat transfer mediumin the

expEns ity €888k £@2, mdiKinn @ ribena oty ntr@f shhenbeakse in the
transfer nmediumto be cooled smaller than the
convaidranalrcappatiad Usedtn twhaneieal hedhen keatselr anphet of the
medi uns are to be cool ed. Therefore, the

hediedtr ansheifer meedl ivm heatiineglandngobt ithg apparatlistoén path
the invention can reduce the energy cost for cooling
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wi th the conventional apparatus, and is excellent in
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the tenperature indicator and _controller 19
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tranefer rediumiionng 0t 1008t ST 018 ndGheat
transfer medium vapor generated by heating float in the
heating unit 14 in the reserve path 23 branching upward from
the pump-suction-side path 21, thus preventing the pump 11
from sucking the bubbles. The bubbles of the heat transfer
medium vapor floating in the expansion vessel 22 from the
reserve path 23 flow into the liquid phase portion 22a of
the expansion vessel 22, and contacts a heat transfer medium
lower in temperature than the heat transfer medium that
recirculates in the recirculation path 15 for
religuification or is reliquefied at the cooling unit 27 of
the condenser 25.

Bubbles in the heat transfer medium can be efficiently

flocated toward the reserve path 23 to be separated by
branching the reserve path 23 upward from the pump-suction-

side path 21 in the vertical direction, and using thick
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so that at the tine of heating, the heating state of
the heat transfer nediumin the heating unit 14 is
regulated by minly controlling the performance of
the heating unit 14. At the tinme of heating, an

increasefg@,% e volune of, the heat

t ransfe dium
ori%ﬁ?ﬁﬁl ng rgnPgﬁpi?ﬁ%&iﬁ?ésﬁ%etﬁ%tht nﬁgFgFﬁgers?erve path

the, heat g%?QE eEhQ?&%rhﬁ“a@ﬁ.ﬁ;%idét ﬁé‘{-ﬁioqf c}afhethehgﬁx%p—

transfer I um reci in recirculati

pat fucdind-Q iteOPat At £1 LK KxR@Nsi on vessel 22, thus

raising the pressure in the condenser 25. The gas

relief vadye6 the neRENEFL TS ae8duRCEONSE N AtRd B8 just
pressure rise to discharge the gas outside the

systigmhddte ey skeephetdi dnhe hpite$sdi Ech Thtdhansysbem at
a predeterm ned | evel. Bubbles of the heat transfer

me di et MAJIGK igaNpa B eTb s heatibgedil Sdvd N ittheés possible to
heating unit 14 in the reserve path 23 branching
upwarrts ifdeamnib 1iyhee puog - Suc teneirgyi despatdgitedt lfos heating the
preventing the punp 11 from sucking the bubbles. The
bubittass tofansierheetiitmamed eimprrod Wirev apepofisoathampdtgristic.
t he expansi on vessel 22 fromthe reserve path 23 flow
i nt B tavEitiigni dwhhbs etlpohieiadn t22as 66 r ndtE uax §hasi 6n heated
vessel 22, and contacts a heat transfer nmedium | ower
i n Redfier degirénghanit nd ReseriBasterahddicd®eeRain the
recirculates in the recirculation path 15 for ,
rel YORHWS 4t R Bfat strdisigiempddumt Lo dedri heumrpansion
27 of the_condenser 25. Bubbles in the heat _transfer

B2he BT P by

medi tifi%ar 2se PRiAt PEafRE Rotar'd HriTEeFeERYAN 1

palgha:i %%db%h%eggggt§¥55§%er medium 1s not heated further.

Accordingly, a heat transfer medium vapor is hardly
generated in the expansion vessel 22, so that even if the
heat transfer medium wvapor is evaporated, the vapor can be
trapped by the condenser 25 for recycle, thereby minimizing
the loss of the heat transfer medium.

The heating unit and the cooling unit in use, which are
provided in the recirculation path 15, can be selected
adequately according to the conditions, such as the heating
temperature, the cooling temperature and the process amount.
Any heating source and any cooling source can be used. The
cooling temperature in the cooling unit 27 can be set
arbitrarily according to the boiling point of the heat
transfer medium, the expected amount of vapor, and the vapor

temperature. An ordinary cooling system, such as air
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branching the reserve path 23 upward fromthe

punp-suction- side path 21 in the vertical direction,

and using thick - 11 pipes for the punp-suction-side

path 21 and the reserve path 23 or bending the punp

(11) side portion of the punp- suction-side path 21 ,
Gouat e B xater s ned Tl Faa B ePmRbai in B bane cooling
heated, is jus the heat transfer mediumthat ..

rec.g %%‘?@tée""é] ikﬁk?h%nyrsécriurcctu &t #8 %%?%ewqg‘srmerf the heat
ment | it i 0ss| hl e S| I -
red%%e t éa2%§$8$ %%s s?é%i}?ﬁﬁs g?cﬁ%gf%%gﬁgﬁgxyhggFordlng

trapsfele MRGhYLAPAL)EPL QNS tapl\%hi[:ﬁ%p{?ﬁiﬁhng temperature. For

characteristic. I n addition, gat transfer

medépdmd At <iis 1 Beakesi Pyort @&%@ﬁ%nghﬁﬁ%éfl%r%(iﬁégi Bfn be
to an increase in the volune of the heat transfer

medhiy sk fAsoWsel Reatt heagxansic@iumvessel 22, the flow
amount of the heat transfer mediumis snall and the
heat transfer nediumis not heated further.
Accordingly, a heat transfer nedium vapor is hardly
generated in the expansion vessel 22, so that even if
the heat transfer nedium vapor is evaporated, the
vapor can be trapped by the condenser 25 for recycle,
thereby mnimzing the loss of the heat transfer

medi um The heating unit and the cooling unit in use,
which are provided in the recirculation path 15, can
be sel ected adequately according to the conditions,
such as the heating tenperature, the cooling
tenperature and the process anount.
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Any heating source and any cooling source can be used.
The <cooling tenperature in the cooling unit 27 can be
set arbitrarily according to the boiling point of the
heat transfer nmedium the expected anount of vapor,
and the vapor tenperature. An ordinary cooling
systlea sucHaagedi £5¢ 12 cooling or water cooling,

can be enpl oyed, and the cooljn system can take an
structur%'aﬁ%k§ﬁ§5§FaﬁEF?ﬁ§W?hﬁﬁbhﬁéﬁ%ngt?%%é? ing
medi umin use can.be sel ected adequately according to

t he®RUIA Y CEHPEratti¥e and the heating tenperature.

For exanmple, sil.icone oil ar alcohols N

Py of | corgimarchoPintt ol SreBte-Fane et dntier

medi um &3 oé@¥§ hﬁiﬁléﬁigﬁjéé%l 1thé heat transfer medium
heat -trans er-nébiun1heat|ng and cool 1 ng apparatus

Conpy & SiNGe £ cRERP: MBI Gl punps out a heat transfer

medi um a cooling unit which cools the heat transfer

medi um di sehargednbsem &hee RittiRe 2sh 886 P51 VOIS the heat
tenperature is controlled by the heat transfer nedi um

out prdnd fedMnlcbie uRmOBht gt Widn taBdcao hedd iuig tyniabhdwhi ch
heats the heat transfer medium output fromthe
react or, a whedtdingy ant€@Cwhidt alday pakhhést transfer medium
recirculating the heat transfer nediumto the punp

Vi actheutpuivom the ceattisny whietrein

a recirculation path for recirculating the heat
transfer medium to the pump via the pump, the cooling unit,
the reactor, and the heating unit,

a reserve path being provided in a pump-suction-side
path extending from the heating unit to the pump, and
branching from the pump-suction-side path to connect to a
liquid phase portion of a expansion vessel.

2. The heat-transfer-medium heating and cocling
apparatus according to claim 1, wherein the reserve path
branches upward from the pump-suction-side path.

3. The heat-transfer-medium heating and cooling
apparatus according to claim 1 or 2, wherein the expansion
vessel has a condenser communicating with a gas phase
portion of the expansion vessel, and having a cooling unit
which cools a heat transfer medium vapor for liquification

thereof, a path for returning the heat transfer medium

ligquefied by cooling in the cooling unit, and a gas relief
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the reactor, and the heating unit, a reserve path
bei ng provided in a punp-suction-side path extending
fromthe heating unit to the punp, and branching from
t he punp-suction-side path to connect to a liquid
phase portion of a expansion vessel. 2. The .
hea’t’@%‘?%ﬁ%f}léh- ﬁ‘ééFHﬁﬂF‘E%%ta} i Sadd Bobf ngPs dPppcarggtion of
accordin o claim1l1, wherein the reserve path

br ahthes £d PPORTEHYY fuins: SEECPBRS sty Pardpndgnser -
The heat-transfer-nmedi um heati ng and cooling

apparatus according to claiml or 2, wherein the
expansi on vessel has a condenser communicating with a
gas phase portion of the expansion vessel, and having
a cooling unit which cools a heat transfer nmedi um
vapor for liquification thereof, a path for returning
the heat transfer medium |iquefied by cooling in the
cooling unit, and a gas relief - 14 wvalve which

di scharges a gas fromthe gas phase portion of the
condenser according to a pressure in the condenser. 15
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