HEAT MEDI UM HEATI NG- COOLI NG APPARATUS AND HEAT MEDI UM TEMPERATURE
CONTROL METHOD Techni cal Field [0001] The present inVentli):1
relates to a heat nedi um heating-cooling apparatus and a heat nedi um
tenperature control nethod, nore particularly to a tenperature

control appafggitasMEBITNE EATING-COD NN @ ATaat R AR USUN DA EATIUED IV M
tenperature control of a reactor to be used in a chem cal reaction

process, etc. and a net hodEMPEBAATURE IGOY TR VERpBOR ure of the

heat nedi Cs I?@aﬁ:gg:ﬁ@tuul Art 00021 Since a chem cal reaction

1) recess, suhé]h as organic synthesis and crystallizatton, requires a

hi gh preci @d qi tenperature control, a double shell structure vessel

s enpl osz Hor a reactor, which is surrounded by jacket allowrg a

heat nmeth:du to_now through as a tennmerature regulating unit. The

heat fried :tunTng PFesgHl @y erion relptespeseheal apria e bipfCeqingurpeeds and a

through the jacket to maintain the internal tenperature of the

reactor athed peéset tereppeie gerirqlemgthodemopatrartcuiolyutte At tempepdtiengontrol

Docunent 1: Japanese Patent Li id-Opffi No. 2007-12733T Di scl osure of

t he | nventapparatus for heating or cooling a heat medium to conduct a temperature control of a
reactor to be used in a chemical reaction process, efc. and a method for controlling the
temperature of the heat medium.
Background Art

[0002]

Since a chemical reaction process, such as organic synthesis and crystallization,
requires a high precision temperature control, a double shell structure vessel is employed
for a reactor, which is surrounded by a jacket allowing a heat medium to flow through as a
temperature regulating unit. The heat medium is regulated at a preset temperature and
circulated through the jacket to maintain the internal temperature of the reactor at a preset
temperature (e.g. see Patent Document 1).

Patent Document 1: Japanese Patent Laid-Open No. 2007-127334.
Disclosure of the Invention

Problems to be solved by the Invention
[0003]

Although a heat medium heating-cooling apparatus described in Patent Document
1 can regulate the heat medium temperature efficiently, in case there is intensive heat
intrusion from a heat medium heating unit or a circulation pump, it has been difficult to

regulate the heat medium to a preset temperature with a high degree of accuracy.

[0004]



Probl enms to be solved by the invention [00031 Al t hough a

heat medi um heati ng-cooling apparatus described in Patent Docunent |
can regul ate the heat nediumtenperature efficiently; in case there

is intensive hittat intrusion froma heat nedium heating unit or a
circulation punp, it has been difficult to regulate the heat nedium

to a preset tenpaderwce cwicemstandesgin dested tof preeiinaeyition is to provide a heat
Under such circunstances, an object of the present invention is to

- Provi de anddesh heedigimohiegtadpngratsoinidnghegspasditmsteapdratirb eantroli tethodnthat
tenperature control nethod, that can performa tenperature control of

a heat nediuparédfi cicaletayuandnsélaiilaypheatsduinasfiSentyy didxtddie Probl ens
In order to attain the object, a heat nmedi um heating-cooling

apparatus according to the present invention canpuses: reader whose
tenperature is controlled by a heat nedium a heat medi um heating

uni t that Mreas ortSedving e Rreéiem by an indirect heat exchange with a
heating fluid; a heat nediumcooling unit that cools the heat inedium
by an i ndi[0®5f heat exchange with a cooling thiid; and a circul ation
punp and line that circulate the heat nediumthrough the reactor, the
heat medi um heatsi ogletifd httaianiek dhiectbeakatniedium e@dhirgoliny fppadiey &icdrding
t he heat nedi um heati ng-cooling apparatus further conprises a |t3aus
l'ine hypasskid grebdif iheationRdintRsbeateNtGoiithbse @RtheitSW it GohRElIMRbY @ heat
styitching the direction of a flow of the heat nediumto the heat

heati ng U'ﬁ{édﬁﬁﬁ; %hﬁapw&gn|ﬂegﬁn%§gﬁftﬁ£t3 ﬁéatﬁéh\@bhéﬁemé%%ﬁgﬁ&% ¥RINE heat

can switch the flow o heat fumto t ypass in case an

appar at us e%éh%ﬂgé %it?l!%ﬁfééagaggﬁﬁ'{;’a }}&Q%Gegh&u% aocglgngtlhr{ei:yt%lgp%dl {h}%enegﬁ ?x;[egigm by

medi um heati ng€coo rat’us accordi resent i nv
conprises a reactqr fenperatur.e nmeasuri .neans neastning the presen
{emper at ufB BRIEheoPE SEUGNES THOke STEURBrTHGn T dt Gre Hoe RGP HoRe hat
measuring the tenperature of the heat nediumfed to the reactor; a
target tefpevlaiedhe hedmedigmIhnongh Siswasiphdhabeah mysivn dapeteatiih @ngfthe heat
the nixtetor, a stable tentperature range settiim neans setting a
Mkt - abl e mzadgen ofoddingi higr evhsecibethredpatt hedpmeshmttingwpeling wpparang furéher
target tenperature as a stable tenperature range; a control sw tching
t enper at urempsabdsi nyypasailing bypassing the heat medium heating unit; and a switching valve
switching the direction of a flow of the heat medium to the heat medium heating unit or the
bypass line. Preferably, the switching valve can switch the flow of the heat medium to
the bypass line, in case an apparatus trouble should occur.
[0006]

Further, the heat medium heating-cooling apparatus according to the present
invention comprises a reactor temperature measuring means measuring the present
temperature of the reactor; a heat medium temperature measuring means measuring the
temperature of the heat medium fed to the reactor; a target temperature setting means
setting a target temperature of the reactor; a stable temperature range setting means setting

a tolerable range of a difference between the present temperature and the target

temperature as a stable temperature range; a control switching temperature setting means
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2 setting a control switching tenperature for switching a contro

bet ween a cooling control and a heating control, when the ditlinience
between the prGsefl; tenperature and the target tenpengure is within
the stable ten:pent:tire range; a stable tenperature decidi ng nmeans
deci di ng whet her or not the tenperature djfference between the
present t EHHBE AtGPEOLTH MRS CHPGEIIE dpp Y Athipga centigl it et cagli entrol
tenperature range; a first decaling neans decidi ng which of the
heating cend pdicatgrg edwérobovhdannfe dofrresie icsweprilleotesentvigmheratut¢ ped the target
stabl e tenperature range by conparing the target tenperature and the
control swnehitng tsenjplenaheseblshtemptheirt enqper atstabée dinffeeatemcdeciding means
within the stable tenperature range; a sec.oild decidi ng neans

occur. i ngdefitel wiicthdrhe higakd feneentiealiffefEntdBetoeonh igpesdit tehpérgture and
conducted toward the target tenperature by conparing the target

t enper at ukie, angbtt R PBFESENE | RIMREMA e WhgPerhiige taIHREhatiHE &leciding means
difference is not in the stable tenperature range; heati ng contTol

uni tact | el e beak NEAHIRERLE 08 WAihe EANRSN dBaBE SR dlbe

when the first ~“deciding neans or the secon eci ding neans deci des on
radi o cobrR ringd" By SRR 15 TarPt, o B Y, B B ERonine
means or the second. decj di ng neans ci des on .t he iri t an.
To0071 " WS AR e BT AR e te DT Sl hnaeg i g o

is a double elenment thermal sensing device that outputs neasured .
t enper at ubeoS (firalding Broppe dpEdnE iylick Mhtthe hegnia can! ondhe opling control is
control unit respectively. The reactor tenperature neasuring nmeans
measur es abnduséslt togreed dfic tdrgett wmperadtrartey choprrasc ther targehdemperpbrratand ehe
of the heat nmediumbillowing to a tenperature regulating unit of the
react or, orestieempaperatviee tlaftemberaheatliffeedicam wutfifi lovdtitdge fengraraure range;
tenperature regulating unit of the reactor. The sic:tithing valve

swi t ches thgafih@wodkolt gt hedlatinPioRtdtanédienhsaass vhitng nabethet @t medium

cooling control unit conducts the cc"Aina control on the heat medi um

[ OCH] whenAhBe@k MBAdiY LefRepAtl SeLant XRidinBhhads fREidEh®nN8at heating
medi um heat i ngcool 1 ng apparatus according to the piesent invention

|s a met %gntfrﬂrégx?(?%g&ﬁld @%g%g%gg ? n?é %glﬁg{ Iﬁgdltnlglaéooﬁﬁg Blﬂfgtf) Bodiffe heat

heat. medium -CO at us. e nper a
GRETEN S R R I IR R M N P
target t er(T:Bglrlr?gt é.lol‘n?ro?nd a preset

[0007]

Further, the heat medium temperature measuring means is a double element
thermal sensing device that outputs measured temperature signals to the heating control
unit and the cooling control unit respectively. The reactor temperature measuring means
measures at least one of the temperature in the reactor, the temperature of the heat medium
inflowing to a temperature regulating unit of the reactor, or the temperature of the heat
medium outflowing from a temperature regulating unit of the reactor. The switching

valve switches the flow of the heat medium to the bypass line when the cooling control

unit conducts the cooling control on the heat medium.
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control switching tenperature are conpared and either of a heating

control or a eoonng is conducted within the stable tenperatureg and

wt ten the tenperature Nei-tent teand. a taraet tenperature of the

reactor i tot within a preset stable tenperature range, the target

tetnperattre and the present tenperature are conpared and either of a

heati ng co®id®l or a cooling control is conducted toward the target

ten Effects of the Invention [000i 111 Accordi ngl nvention, heat

intrusion unit camabercsupptessedutcandtroheetfoflifoi 8rdycabmeting: heding-cooling

medi um t enperature control can be inproved. Since a heaunr centre:

and a coolappgatoeatdoadinghe theaieisat @denthoels asepasdic® controlling the temperature of
a heat medium in the heat medium heating-cooling apparatus. When the temperature
difference between a present temperature of a reactor and a target temperature of the
reactor is within a preset stable temperature range, the target temperature and a preset
control switching temperature are compared and either of a heating control or a cooling
control is conducted within the stable temperature range; and when the temperature
difference between a present temperature of a reactor and a target temperature of the
reactor is not within a preset stable temperature range, the target temperature and the

present temperature are compared and either of a heating control or a cooling control is

conducted toward the target temperature.

Effects of the Invention
[0009]

According to the present invention, heat intrusion from the heat medium heating
unit can be suppressed and the efficiency of the heat medium temperature control can be
improved. Since a heating control and a cooling control are conducted under separate
conditions, the response to control is good and the temperature control can be carried out

at high energy efficiency without wasteful heating or cooling.

Brief Description of the Drawings
[0010]

Figure 1 is a flow diagram of an embodiment of the heat medium heating-cooling
apparatus according to the present invention;

Figure 2 is a flowchart of an example of a decision procedure; and

Figure 3 is a graph of an example temperature time course.

Description of Symbols



conditions, the response to control is good and the tencontroltirebe
earned out at high energy efficiencyw thout waste: Nl heating og.

Brief DescHption of the Drawings [N 0] Figure | is a flow

di agram of an enbodi ment of the heat nedi um heating-et a apparatus
accordi ng @@“qhe present invention; Figure 2 is a flowhartof an

exanpl e o# a decision procedure; and 'tire 3 is a graph of exanple

t enper at ure t 1-tli e.reastnrs d.1a Dgsdkel, pt1.ohedsf msyiwbolhsating unit, 12a...heat medium

channel, 12b...heating fluid channel, 13...heat medium cooling unit, 13a...heat medium
channel, 13b...cooling fluid channel, 14...circulation pump, 15...heat medium flowmeter,
16a...heating fluid feed line, 16b...heating fluid return line, 17...heating fluid flow rate
control valve, 18...heating fluid flowmeter, 19...bypass line, 20a, 20b...switching valve,
21a...cooling fluid feed line, 21b...cooling fluid return line, 22...cooling fluid flow rate
control valve, 23...heat medium thermal sensing device, 24...reactor thermal sensing

device, 25...heating-cooling control unit, and 25a...entry device.

Best Mode for Carrying Out the Invention
[0012]

Figure 1 is a flow diagram of an embodiment of the heat medium heating-cooling
apparatus according to the present invention. The heat medium heating-cooling
apparatus includes a reactor 11 whose temperature is controlled by a heat medium flowing
through a jacket 11a functioning as a temperature regulating unit; a heat medium heating
unit 12 that heats the heat medium outflowing from the jacket 11a by an indirect heat
exchange with a heating fluid; a heat medium cooling unit 13 that cools the heat medium
flowing to the jacket 1la by an indirect heat exchange with a cooling fluid; and a
circulation pump 14 circulating the heat medium through the jacket 11a of the reactor 11,
the heat medium heating unit 12 and the heat medium cooling unit 13 as well as a
circulation line connecting them; and a heat medium flowmeter 15 is provided on a suction
side of the circulation pump 14,

[0013]

The heat medium heating unit 12 is so configured with a heat medium channel
12a and a heating fluid channel 12b that heat exchange therebetween is possible. The
heating fluid channel 12b is connected with a heating fluid feed line 16a and a heating

fluid return line 16b, while the heating fluid feed line 16a is equipped with a heating fluid
5



[ 0011] 11. "reactor, 11 a.. jacket,12...heat nedi um heating
unit:, 12a. "heat nedium channel, 12b,..heating fluid channel, 1%..
heat medi um cooling unit, 13a, .heat nedium channel, 13b" .cooling
fluid channel, 14. " circul ation punp, 15. heat nediumflow netell,

16a, ..heating fluid feed line, 16b...heating fluid return |Iine i
17. . . heat ithy FruFentol 5a)ve At eind $he hestting glwe retarg lineRyis fguippest gith a heating
flowi neter, 19. "bypass line, 2.0a, 2(lb...swtching valve,

... cool i ngluid diosvnficserdl §.i niairthed 4. the deall ingdiufl bealingetit A2) # heypass line 19 is
22...cooling fluid flowrate control valve, 23... heat nediumtherm
sensi ng deviwdégd @dbypasetetieat éumahesiegsinitgl 2Jewd agyair of switching valves 20a,
25...heating-cooling control unit, and .25a ".entry devi ce. Best Mbde
for Can' vi2zou a@iptolRiedvepnath [HRAEZLtion of a flowFbOUE Gedt h&ianftb ohe Héaagasdium
of art enbodi nent of the heaE nedi um heaUngcoohng apparat us accordi ng

to the pregsgiMg flveENb) @Nhe DHSashaat 10 ediTm @ ih 181 6Q0lJangorpRaAbALHE gured
i ncludes a reactor 11 whose tenperature is controlled by a heat

medi um f 1l g j jol f i oni -
Fegul at i ng i A e LB o e 0O o Ry SRRl il e oo
outflomjn1thﬁaﬁiket Ila by an indirect heat exchange with a boating

fluid;: a HERY“ret

diumcoo 0 unit 3 that cools the heat nediumfl ow ng
to the j ?ﬁé%ﬁt' 11 a. "turd heat exchange with a cooling fluid.; and
a circul atlP9H punp 14 circul ati ngthe heat nedi umthrough the jacket
11 a of the reactor 1l the heat nEdiunlheaLin?,unit and t he heat i
medi um cool i ng OAFaEWhgeqide gatdBedu; copin@ERib A IS WecoBGBWEE t11HY? hierd apedium
and a heat nediumflow nmeter 15 is provided, on a suctioi side of the
ci rcul at i chameip3d4nd p 00d$]g fluid channel TR, thetdieapexdihangedatebaigyeen 19possible.
and a heating fluid chat, e heating fluid channel 12b is connected
with a h The cooling fluid channel 13b is connected with a cooling fluid feed line 21a and a cooling
fluid return line 21b, while the cooling fluid feed line 21a is equipped with a cooling fluid
flow rate control valve 22. Further, in the vicinity of the exit of the heat medium channel
13a a double-element heat medium thermal sensing device 23 is provided as a heat
medium temperature measuring means, and at the reactor 11 a reactor thermal sensing
device 24 is provided as a reactor temperature measuring means measuring a present
temperature in the reactor.
[0015]
In case direct measurement of the present temperature in the reactor 11 is difficult,
a thermal sensing device placed at the inflowing section or the outflowing section of the
jacket 11a may be utilized as a reactor temperature measuring means. Further, the
temperature regulating unit for the reactor 11 may be a heat medium coil inside the reactor
11 in place of the jacket 11a.
[0016]

In the heat medium heating-cooling apparatus configured as above, the
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flow rate control valve 17 and the heating fluid return line. 16b is
equi pped with a heating fluid flowieter 18. Further, at the heat
TriIOdi UM heating unit 12, a bypass line 19 is provided to bypass

the heat nmethum heating unit 12., and a pair of sw tching val ves 20a,
20b are provided to swtch the direction of a flow of the heat nedium
to the hedtmpEdiviingsstthhecager il ipregplated toHePnsyh axset tepperaire ppgontrolling
switching val ves 20a, 201) are so configured that, when one is open,

t he ot her the tehperatusn dfntheghedtechetyppecirswiatichitngtheafjagketmbia ey atesos of a
applicable, ,00141 Meanwhi | e, the heat nedium cooling unit 13

i s so confhegirgecbolinglvoatrbleatit e di T lehamnpedolib3acoatrdl wnit® bomigicfs| thié dontrol
channel 13b, that heat exchange therebetween is possible. The cooling

fluid chart?eie&aizi)ngi § peapmechedrathit P @ Fadk irbgt@- meadueRdb{ ithe réactd @Bghal
a cooling fluid return line 21b, while the cooling fluid feed |ine

2la i s equibppedwith 2a &ROLIHG: fledieh ftérﬁ;?\‘:rﬁtﬁ?éaKG\pmé'anred' AyWVeeddeat medium
Further, in the vicinity of the exit of the heat nedium channel 13a a

doubl el enf N GalkingRll 1k he LRl fo S ERTHMII® hE e dd1iRE QYA Fhas
beat nedi um tenperature nmeasuring neans, and at the~reactor a
reactor thermal.sensing device 21- i.s provided as.a reactar :

{ enper at urce e ey e et oG R R R RSP & Rlearension poin the
reactor, Q0 15 ln _case direct nmeasurenent of fhe present

t enper at urT AT FRETIEACYISF 294 PSSR HITERHPEC: deHBHE Vé@ﬁ's?ﬁ&%if&nao@rature
pl aced at the inflow ng section or the on:Bow ng section of the

j acket 11 rangeafetties weqans seding a stpbice fetisratvenfragaturie asasiablengnge of the
means. Further, the tenperature regulating unit for the reactor 11

may be a helitrenesdbeimecoithe ipmesenle tantyeratemc P ¥r ankdl thentapges cempératire SV; and a
Jacket [00161 tenperature inside the reactor li is regulated to a
preset tarcgetrolt evipdiey 1eneebyureanttinglrhéang stthag iaxmpedbiwitehind tenfyerdeatp for
meditlin circulating to the jacket | la by nmeans of a heating-cooling

control unititcBag alfhtide dkivi@n GOQJoliRg ceRASIr Qld HRdiing 08RO UEHes thhi€ifference
control by receiving a present tenperature PV of the reactor mneasured

by the reaghpLent i8 JBens BRSIRGudeM CRd2he @ ﬁtgteﬁgfé{’atﬁ%diﬁvqb aNit irééhez:sgtable

tenperature KY neasured by the heat nedi um r sensi ng deVi

as data tit&nb&?tu?é)ﬂﬁlg . The heating-cooling control unit 25 has a
target tenperature s ing means setting a target tenperature ;S V.
of the reiﬁﬁg 11 in the formof an entry device 25a for entering a
pre-deter (J set value; a stable tenperature range ttetting neans

setthag a stable tenperature range. tr a tolerahle range of the, L
di fference bet\/\g@‘f ﬁ%‘%r“&?gﬁg tANer Biibire I*\?Saﬂﬂﬁleheat fin unit deciding

tenperature SY; and a control sw tching tenperature setting nmeans
setting a ‘eoAtEBIe saRdidpingl therapepmtusrleaspd ondhe pigseehichgewtwerty, ghe target
bet ween a cooling control and a beating control, when the difference
bet ween t Hemperesent Vi trpeabit wneetdtiveamzet hend dregentrbeswpigrhatgitee1p8iatirs f3; a
within the stable tenperature range a.

heating control unit activating solely the heat medium heating unit 12, and a cooling

control unit activating solely the heat medium cooling unit 13, in accordance with the
decision by the decision unit. A sensed temperature signal on the heat medium
temperature KV measured by the heat medium thermal sensing device 23 is output to the
heating control unit and the cooling control unit separately.

[0018]

The decision unit has a stable temperature deciding means deciding whether or

i



[00171 The heating-cooling control unit L5 has farther a

deci sion unit deciding tenperature conditions of the apparatus based

on the' present tenperature PV, the target tenperahire SV, Q' 1/4''C
1/4C range u and the control Switching; tenpera:rare heating control
unit activating solely the heat 3nedi umheating tr.:: 12, and a

cool i ng cownt rtlest teprnerataist difigtanag MY gty eemh grehprgsenmdemperr oo PVngndi e target
1%, in accordance with the decision by the decision unit. A sensed

t enper at urtempérgniat SEnNs tihirbtatstadicopetaenp errak ur; ¢hdkhistréasding dndays tbeding
heat nmedi um thermal sensing device 23 is output to the heating;

control unitiiclanflticheatgnokomepl aenhd odolingi donsepaioaidebey cortduCled Ivithinthd fteble
tenperature difference W between the present tenperature PV and the

target tenpapabtik€ radfel d bW doigarihhens t@%ét%ﬁ@@fﬁ_ﬁfr@tsw énd aRg&rrol stihing
first deciding neans deciding which or the heating control or the

cool My; GoRLEQrS Pug ; dhoe JUGE gifkrentd WAV B \thginfth@maﬁlettr%gpgﬂfaﬂfré' ténge

range u by conpari e target tenperature SV an e cont

i t chi ) t 0 rat ur.e dicf ' it i 0.
o ot 19 SRS YL 5B 0l SRR, A APLAIRE Mk ol Lbing
deci di whi f h i trol t [ trol shoul d
be. conduct S PRl BraShar gt P dheliet GoPBy EEANaPT {5 PRENE et
tenperature SV and_t he present tenperature PV when the ten‘épg; Pare i
di f f er encd®HBE2HE SHedt Hi5| RECtShFEIRA S FUnvle ﬂfled?rgneratur ifferggee MV is

action exanple of the heating-cooling control unit 25 will be

deset t hed 1t tththe gfabledamgenapire Fmgklcowchart of an exanpl e of a deci sion
procedure in Figure 2 and the graph of an exanple tenperature tine
course in[PDYlre 3 Prior to the initiation of the tenperature control
are preset respectively a target tenperature SA( Ibr a treatnment such
as organi ¢ synt hesbs&icanekaaips battel zatihgooolngstaloe uhe mperil by descaibge with
u. tolerable with respect to the target tenperature in OKee), Ating

the :real :i¥Rkerck ito BRA1IAVGARITAh exWhnbRMA LRI BbaddFeinl8gh@ Dnd the graph
determ ned appropriate]s depending on a envitonnent tenperature,

ant:, In thig, %g%ﬂg%egfé?ﬁﬁerétﬁl% E)l egg(gurg@qﬂ?@‘igﬁﬂér & Spkisr antﬂgﬁqiaﬁfaitiép cgf the

-80"C -60"C 4- e stable tenperature range a is se

and t he CQF@E}&'M&W L8 % ﬁr%gg? %s%%é{{\%l}t 5 tairget ?e%pe%tuf"ezg\/ or a treatment, such as

respectiv

organic synthesis and crystallization; a stable temperature range o tolerable with respect to
the target temperature in executing the treatment; and a control switching temperature f to
be determined appropriately depending on a environment temperature, efc. In this
embodiment, the target temperature SV is changed as: -80°C — -60°C — +50°C—
+20°C— -110°C. The stable temperature range a is set at 5°C, and the control switching
temperature [ is set at +20°C respectively.
[0020]

The present temperature PV inside the reactor 11 at the initiation of the operation
measured by the reactor thermal sensing device 24 is 0°C (point A in Figure 3). At the
step 101, the temperature difference between the pre-set target temperature SV and the

present temperature PV inside the reactor 11 is calculated by the stable temperature
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[ 00201 The present tenperature PV inside the reactor 11 at

the initiation of the operation neasured by the reactor therma

sensing device 24 is OC (point Ain Figure 3). At the step 101, the
tenperature difference between. the pre-set target. tenperature SV

and the present tenperature PV inside the reactor 11 is calcul ated

the st abl elctidmgeratuy enddebitiémer neats, opdedtetpreptuey diffrenchels within the
obt ai ned tenperature difference is within the stable tenperature

range a, @ enwietdm hhg aangnelpfwiﬂii& thd sandeoif dedC, Si dxealedt Shics at this
time point the target tenperature Si's" is and the present

t enper at urtgndNoins tHBrget fRenfenPersar umoem fahetensesdn SR RY)tuREL VMBS C, the
i0C which ird not within the stable tenperature range a (3:5' Q)

(deci si on &NGErhsur2BdichiRe [$ WSS ks Isf@ecsmaq AGR1 Warpfletdantd@ingkhiture

tenperature condition is "Not stable, hen t he now

proceeds t.0, %:h? f(% Cé&:%lsfbfn e );?@ﬁ@%yﬂgﬁbg&gﬁ%l? sttﬁg%f t5 r31'%01de that the

t enperature ere I's cal cul ing t prese

t enper at ur o e tat nperature SA ', tothserlmnate
whet her ortgmg?ra E%ndgpoélrlgtﬁe StaﬁFf erence exceeds 0 "C. in this

connect i ort ﬂél nce the step 103 is reached through the decision at the
step 101, P terrperature di fference (SV-PV) does not fail within the

5siC range. iflflfl tuu2. 2 nce :he tenperatare
di ffereracetS \tthep\thg flgy nraeecds éﬁpthfcﬁ@n K03 glothe sgamepdriiseiding misansopere the

(decision "NO'):, the .flow goes to the step 104 to decide on
"i ncl i ned teootiehge difégerce; lﬁgab@mwnbuou@btwbng ilef; pllesent dempprehirg Pyagem the
the decision unit decides on the "inclined cooiiiv", at the step 105
t he executtagat efmpbheurt &ivper discnireire@enyhaherbased t}mrtemberahjrc\ diffenedte exceeds 0
cooling"” is decided.
°C. In this connection, since the step 103 is reached through the decision at the step 101,
the temperature difference (SV-PV) does not fall within the +5°C range.
[0022]

Since the temperature difference (SV-PV) at the step 103 is -80°C and not beyond
0°C (decision “No”), the flow goes to the step 104 to decide on “inclined cooling”
requiring continuous cooling. If] as in this case, the decision unit decides on the “inclined
cooling”, at the step 105 the execution of the temperature control based on the “inclined
cooling” is decided.

[0023]

By the “inclined cooling” the cooling control unit is activated to open the cooling
fluid flow rate control valve 22 at the heat medium cooling unit 13 to introduce a cooling
fluid (for example, liquid nitrogen) into the cooling fluid channel 13b and to chill the heat
medium flowing in the heat medium channel 13a, and the heat medium is then introduced

into the jacket 1la to chill the reactor 11 to the target temperature SV. During the

execution of the “inclined cooling”, the heating control unit is in a deactivated state closing
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10023] By the "inclined. cool ir;2" the cooling control unit
is activated to open the cooling .fluid flow rate control valve 22 at
the heat nmediumcooling. "unit 13 to introduce a cooling fluid (fin

exanple, | tatud nitrogen) into the cooling Enid channel 13b and to
chill the heat ineditun .flow ng@i n the heat nedi um channel 13a, and
t he heat .thedvishing vehenlantortbdusedmenvo hemingaskiet 2 had opehi|the syéching

reactor 11 to the tenperature SY During the execution of the
"inclined woal 10hgd thhbypmatinad9i akiccaidingnithe head emdtiinv &t @dclstdafren flowing
closing the switching valve 20a to-the heat nedium heating unit 12

and openi ngrolipie tisMdachiedi@gnyadaviag 2Qik)12tt0 stfigedypaBsat intAgidn tSlthe heat medium
Accordingly, the heat nmediumis bl ocked fromflow ng through the heat

nei chui n hgatib ReveAl the heatQ SUBRA e&Shdagg PRAE chaAhEIUSILORoh GrdehRigh8athe low
nock urn and to prevent the heating fIwé in the heating fluid

channel 2 9%] 1 Ng: the | ow tenperature heat medium 00241
Meanwhi | e,qelglP t fééﬁ%g%r{ér%% ium heating unit 12, even Mthe deactivated

st at e, thﬁ 5'%@“”9 fluid Dow rate control valve 17 is opened sli 1y
to flowt 8 ating fluid through the heating fluid channel 12b at an

appropriate flow rate.so as to prevent surely. e heating, fl ui r.om
freezing in the VEhHgG. fiiGe bR RBHER heatne i do e o ieheagyfed FERE the

time isr eg{egs_s of the "inclined cooling” the present tenperature PV

in the reatedre 14ddiy ratesedrol velvedi/re Opener gliglhalp, flogh éhe freatipg fluid through
tenperature difference between the target tenperature SY' and the
present t dhpbeaingrinidvhangal 12 ajjanhipprophietestoabiage sedfpematisnesuraiygee beating
by the decision at the sten 101 (decision "Yes"), (he flow 13roceeds

to the st efid@ent Hedg dehoheaingstabtlenntleper at ure condi ti on and
farther proceeds to the step 107 of the first deciding neans to

deckl e whepbes] or not the target tenperature 8:1 is equal to of

hi gher than the control switching teinfrerature 0, In this case the

target tenperatuyghHé fis AB9f the 6kl bolsWh tENHREer: RIRKIT ALY BV & th
is 20C, and therethre theeﬁggrrget terrpl)er at ur eogyg/ isbnot equalr to or ©

hi gher th%a&ﬁ“cg&;gpagéiso e/\ft;,%iﬁbisrlﬁ g@fi‘ggf,%slgri@ﬂab'terﬁ sy Afferchioc betMiEn the

fl ow goes to e ste deci é abl e cooling- and the

Lemerat ur g SPL Rk Bh LS SRPoALR SORIHERR. PUShE TRERPHY' SO Rharre
range o, by the decision at the step 101 (decision “Yes”), the flow proceeds to the step 106
to decide on a “stable” temperature condition and further proceeds to the step 107 of the
first deciding means to decide whether or not the target temperature SV is equal to or
higher than the control switching temperature . In this case the target temperature SV is
-80°C and the control switching temperature B is +20°C, and therefore the target
temperature SV is not equal to or higher than the control switching temperature 3 (decision
“No”). The flow goes to the step 108 to decide on “stable cooling” and the temperaturc
control at the step 105 conducts the temperature control based on the “stable cooling”.
[0026]

By the “stable cooling” the lift of the cooling fluid flow rate control valve 22 is

regulated based on the present temperature PV measured by the reactor thermal sensing

10



[ 0026 By the "stable cooling” the |ift of the cooling fluid
flowrate control valve 22 is regul ated based on the present
tenperature PV neasured by the reactor thermal sensing 10 device :24
and the heat medium tenperature KY nmeasured by the heat nedium
thermal sensing device 23 to regulate the flowrate of the cooling

2 cool i ng SN oF 4 B SERrP0R empsBRETR L e BIRY s "Rl Bl gplhma

11 by heat intrusion _fromthe circul atio unp.l14,. etc, ring the ..
execut i on BOVBAEHEE 2511 TEBBAT Atp ¥ S QLG CUBRIRGH oA b Peet ghedim to
a deactivated state, as during the execution of the "inclined

cool i ng". {D@EPprPpriate tempera(@et PERBRNE ReceUGeto B #tsHicE 1Q\A jtgmperature
changed from $0C to -60"C ;poi nt Gn Figure 3), the tenperature _

di fi ercitierdoet inelbn rear tlarydieat pfpeinationethe\tigngtiohguppddentc. During the
tenpenture PV gives +20"C by the decision at the step 101 (decision
"No'), andexonsagutiel gtableecobliogy firedeetuls cotiradugkt it heptsinepdd@dviatod staee, as
step 103 to find the tenperature difference by subtracting the

present t egpaigheegeddoh bomet helihad geflingenperature SV, in this case

the. tenperature difference gives -i-20"C (decision "Yes") and the
follow ng gfpep) u decides on the execution oldie -1;;;:;;;;;1
heati ng"i ng a conti nuous heati ng.

Next, when the target temperature SV is changed from -80°C to -60°C (point C in
Figure 3), the temperature difference between the target temperature SV and the present
temperature PV gives +20°C by the decision at the step 101 (decision “No”), and
consequently the flow proceeds through the step 102 to the step 103 to find the temperature
difference by subtracting the present temperature PV from the target temperature SV. In
this case the temperature difference gives +20°C (decision “Yes”) and the following step
109 decides on the execution of the “inclined heating” requiring a continuous heating.
When the decision unit decides on the “inclined heating”, the step 105 executes the
temperature control based on the “inclined heating”.

[0028]

By the “inclined heating” the heating control unit is activated and the switching
valve 20a to the heat medium heating unit 12 is opened, while the switching valve 20b to
the bypass line 19 is shut, and the heating fluid flow rate control valve 17 is opened to
circulate a heating fluid (e.g. warm water) through the heating fluid channel 12b and to
heat up the heat medium flowing through the heat medium channel 12a. While the
cooling control unit is left in a deactivated state during the execution of the “inclined

heating”, and, closing the cooling fluid flow rate control valve 22, the cooling of the heat

medium is not performed at the heat medium cooling unit 13.  As the result, the heat

11



When the decision unit decides on the "Inclined heating”, the step
: 05 executes the tenperature control 'based on the "inclined.
heating". [0028] By the "inclined heating" the heating
control unit is activated and the switching valve 20a to the heat
medi um heating unit 12 is opened, while: the switching valve 20b to

t he bypassné¢fdenigaied asthgtheatanedibmeicrbng Prig 12 M iatpiegd iatpdhemaketdlla to heat
valve 17 is opened to circulates heating fluid g. warmwater) through

t he heat i ny the tdadioc hhhnele targli8maedtwroSNeat up the heat medi um

flowi ng through the heat medi um channel 12a. Wile the (tenting.

control ',[G019]is tell tit a deactivated state daring the execution of
the "inclined heating", and, closing the cooling fluid :Posy rate

control valve 22yhéhevigoak bk of e ‘heainciBditiz] $ie@etisipelid @hoee @t step
the heat nmediumcooling unit 13. As the result, the beat nedium

heated at fohenheale @BPHerMReRtEREcd P lveed 2hd BirgdMtEQIUGREe ISV Ond W& present
jacket 1la to heat up the reactor 11 to the target tenperature SV.

the-deci si'SRPFEeae e i M 0T PRI Mbrre R By L PR B G, e
Fal lon wi (i ERE S TG T epera ol e sabuRe it HE B it e eenafhs o
e BIREESS PP RS L Al I Shob 3B 137 on e
cooling"”, and the tenperature control based on the "stable cooling"
i s conduct etbki geoiiagT i cagditrslemilpipgsgrove.
[0030]
Next, if the target temperature SV is changed from -60°C to +50°C (point E in
Figure 3), the temperature difference between the target temperature SV and the present
temperature PV is found by the decision at the step 101 to be +110°C (decision “No”), by
the step 102, the step 103, and the step 109 the execution of the “inclined heating” is
decided and the step 105 conducts the temperature control based on the “inclined heating”
similarly as above.
[0031]
When, with the progress of the “inclined heating”, the decision is made at the step
101 that the temperature difference between the target temperature SV and the present
temperature PV has fallen within the stable temperature range o (point F in Figure 3), the
flow proceeds similarly as above from the step 106 to the step 107 to decide whether or not
the target temperature SV is equal to or higher than the control switching temperature p.
In this case the target temperature SV is +50°C and the control switching temperature f is

+20°C, and therefore the target temperature SV is higher than the control switching

temperature § (decision “Yes”). Proceeding to the step 110 to decide on the execution of

12



Next, It the target tenperature SV is changed from-60"C to +50C
(point Ein Figure the tenperature difference between the target
tenperature SV and the present tenperature EV is found by the

decision at the step 10: to be 110"C (decision "No"), bY the step

102, the step 103, and the step 109 the execution of the "inclined .
heati ng" itse déelldddatzngd, thhderspapiuisniohdesst Dntthe “steltp deating ds eomrtuctid in
based on the "inclined heating' simlarly as above. [00311

"when, wi tthe teneepatagroessolodt thcnaep i¢fcl i ned heating”, the decision h:
made at the step 101 that tire tenperature differenee '"CONrein thC
target tei[op&rjature SV initi the present tenperature PV has thilen
within the stable tenperature range a (point Fin Figure 3), the liny

proceeds sim | ardyiRs saevedinktiie LAY ERLAE 1i0d FBS StLBorkT vhlre 17 is
deci de whether or not the target tenperature SVis eCtlUal to O

hi gher thag,liheq)¢antd o t}%é"%ﬁé}{%'%an &Hﬂ%ﬁf ARG bt BN $heCREBOE ARk 98Ging

tenperature SV 1s +508C1 a the control swtching tenperature 13 Is

-i-208e, . ' [ t h
oo sk oL HEN AP SR rhEIREIEKY. GoNobe pDBL o B fgrma

control swtc era oceedl n

step 110 to decide on.the execution of t "stabl e heati.ng' , the . .
Cenper at urSIUBRAPORS Bas Bregh b e B diseie Hahe PRRne QUEoiet 8tk Mping, fuid
t enper at ur contr%I at. the step 1(?,5, [ 00321 , By the "stable .
cool i ng' tHenaelj 2bdteating thix heat igediBngior Mo aprapiéate SHPPGPIURI thes peforgning a
regul ated based on the present tenperature PV neasured by the reactor

t her mal sdimgiing covdl de apawvernia a Wwepkesdtre wedicain ndhperagtairld vhems alsisipation,
by the heat nediumthermal sensing device 23, to regulate the flow

rate of t hec.heauiimgtid eiedufied of thet Heatieatitng ’fthaicdolchanmetol 1t is kept in a
heating the heat nmediumto an appropriate tenperature, thus

per f or m ngicactheaddd ageconturiak (M arswedn éfaha“henperiattifi€’. decrease in

the reactor 11 by heat dissipation, etc. During the execution of the
"stabl e hegbsmg" the cooling control unit is kept in a deactivated
state, as during the execution of the "inclined heating”. 10033

o 17, L, Sl AL Rl ST URILL B P 0t i

(point G in Figure e’step 101 ecisio

the teci si B BECPRa erag T3 e GroRgRiob SNnEnBER ABgeoh Ty e

"inclined itlg., and further to the.step, 105 to_execute the
t enper at ur%efbulé Fooiheﬁé?eb&oﬁh%téy he Clsif?é’datéb‘f)lsfeﬁg]’% %%HOP hé}g ) to the step
p...".ent tenperature PV enters the stable tenperalure range a with

respect t ol ¥hertiae gatclingd ppaling wrad Surthgoiontheytem LR garcgealte thy tqnpeerature
decision at the step 101 (decision "Yes") the flow proceeds through

the step 10Bibbeded @t & 107lingddewilisgon When ftke pregentt wapeeatgicetV enters the
tenperaturebeinit equal to the control switching tenperature 11 1

20" (. 1), angblt umbpgeestuteaahprec stitpredt toochdeapelaemperthuee S¥t(abine H in Figure 3),
heating" Then, at the step W5 the tenperature control based on the

"stabl e he@gt ilaglecisBHnComigatedo Fuddchesmore?) i elvt P cka@lsgBlough the step 106 to
tenperature S.'S is changed from+20C to -11091f (point 1 1n Figure

3), after {beidePeralylis c9ih ol RasadeoRn Bk MOV I(PEHEA AN ual $o th
conduct ed, theépt errﬁegr ature cont)r ol gas d oIr]lntpt he "st atgl e cooli r%;gquias ©
initiated control switching temperature § (+20°C), and further to the step 110 to decide on the
“stable heating”. Then, at the step 105 the temperature control based on the “stable
heating” is conducted. Furthermore, when the target temperature SV is changed from

+20°C to -110°C (point I in Figure 3), after the temperature control based on the “inclined

cooling” is conducted, the temperature control based on the “stable cooling” is initiated
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(point ,1 in tgur 3) simlarly as above. [00341 As descri bed above,
based on the present tenperature PV in the reactorthe preset target
tenperature SV, stable tenperature range a and control swtching
tenperature ri, decisions are nade according to the procedure shown

in Figure 2. In accordance with the tour decisions of "stable

heati ne, "(®eiabl & Kigotci igimilariyasiabagd heating' and "inclined cooling",
the tenperature control according to either of the heating control at

t he heati rfg0&dntrol Utht or the cooling control at the cooling

control WIt is conducted, Oning to this procedure” a tenperature
control with a goodescomdd Boveebpense bbaraehelchpeiatse P ibafnt reactor 11, the
itrastehd heating or wastdad cooling, with ability to heat or cool

ef fici entlpredehenr@i &&%@atufwsﬂn%@dblmmpgmiur@ Ahde®, HRINbueHEyisdhad ¥nPéLiture

a bread terope".".thre control range froma high tenperature region

to a low tﬁ?@@ﬁ@i@}ly b rﬁ?t\i/g flgord:{-r?é)%ﬁiie tproocfed%re syl iﬁ’ﬂg@lge a tﬁ{%@rdﬁﬁ&@&itb

punp with a consi defab rge anoun eat Intrusion as

i | ati ; A i he, f. w0 e | - of 1 h .
T B

e circu

punp 1$ by dj.vi,ding, the heatin ontrol on .the ni hlgr tenperatttre. .
Side of ¢ IRROLBRE MY TCTAMerig P oL ePEELE © S ChUmCBwrPE GO he Brpting
the | ower tenperature side thereof; and optim zing the setting_ . ,
r espondi ngEOL Hat Heldp cpwfn&%qr@ﬁ?gfetbsrcafel&%ﬁ%mi PRE 15021 HEA ¢ oRPiR to this
and the cool g c,onttol, a stable tenperaiure control suppressing the
;i npact ofpre¢rgurreta femperiencadie] et enehget eniroFgesrhese Clijadigisiigs.awithout
doubl e el enent thermal sensing device for the heat medi umt hernal
sensi ng dewvistgulRigatihg on wastsfulgbelitg atithnadlityriv thlegraredook elifisienyy dles circulating
vhaaaaa, 23 measured tenperature signals can be output to the heating
control urtieat mrdivih)eag 80 kcbin@hcednidtdl oudti 4 broes pegidrattiiedtyntrdDA3QA from a high

temperature region to a low temperature region.

[0035]

Even using a canned motor pump with a considerably large amount of heat
intrusion as the circulation pump 14, addressing the first order lag element of the
temperature control due to the heat intrusion at the circulation pump 14 by dividing the
heating control on the higher temperature side of the control switching temperature  and
the cooling control on the lower temperature side thereof, and optimizing the setting
responding to the heat intrusion separately for the heating control and the cooling control,
a stable temperature control suppressing the impact of the heat intrusion can be conducted.
Further, by using a double element thermal sensing device for the heat medium thermal
sensing device 23, from a single heat medium thermal sensing device 23 measured
temperature signals can be output to the heating control unit and the cooling control unit

respectively.

[0036]
14



Since a control action at the heating control unit for
conducting"stable heating" and a control action at the cooling
conhsui unit for conducting the "stable cooling' can be respectively
conducted by a conventional ND control, detailed descriptions are
refrained. CLAI MS: A, heat reedit:in heat[ng-cooling

appar at us conpr iS$iqsga scoptok @gtions pi dse heasmserention emiits s opndBF g thyy “gable
heat nmedium a heat nmedium heating unit that heats the beet nedi um by
an i ndi r edteatigdt andxohvatgeadtipntahtha doebibg ogntfoll unid foracohéattingel (mtable cooling”
cooling unit that cools the heat mediumby int. indirect heat
exchange wahMeatesgilhelRgednduited band coventiogdl| DI contppungetaitd dedeiipons are
that circulate the heat nediumthrigh the reactor, the heat nedium
heati ng unifraingnd the heat nmedium cooling :mt; wherein the heat

medi um heati ng-cool i ng apparatus further conprises a bypass |ine
bypassi ng the heat nedium heisting unit; a switching valve sw tching
the direction eta flow of the heat nediumto the heat nedi um heati ng
unit or the bypass line; a reactor tentliierature measuring neans

ni easuring the present. tenperature of the reactor; a heat nedi um
tenperature neasuring neans neasuring the tenperature of the heat
inediuin:thd to the reactor; a target tenperature setting neans
setting a target tenperature of the reactor; a stable tenperature
range setting neans setting a tolerable range of a difference between
the present tenperature and the Inge: tenperature as a stable
tenperature range; a control swi tching tenperature setting neans
setting a control :switching tenperature for switching a contro

bet ween a cooling control and a heating control” when the difference
bet ween the present tenperature and the tar et tenperature is within
the stable tenperature range; a stable tenperature decidi ng neans
deci di ng whet her or not the tenperature difference between the
present tenperature and the target tenperature is within the stable
tenperature range; a first deciding nmeans deci di ng; which of the
heating comm: or the cooling control is conducted within the stable
tenperature range by conparing the tarot tenperature and the contro
switching tenperature when the tenperature difference is within the
stabl e tenperature range; a second deci di ng nmeans deci di ng which of
the heating control or the cooling control is conducted toward the
target tenperature by conparing the target tenperature and the
present tenperature when the tenperature difference is not in the
stabl e tenperature range; a heating control unit activating the heat
medi um heating unit to heat the heat nedium when the first deciding
means or the second deciding neans deci des on the heating control;
and a cooling control unit activating the heat nediumcooling unit to
cool the heat medi um when the first deciding neans or the second
deci di ng neans deci des on the cooling control. 2..The heat nedium
heat i ng- cool i ng apparatus according to chum 1" wherein the heat

medi um t enperature neasuring neans is a double el enent therma

sensi ng device that outputs measinvet \N k1/4 signalc to the heating
control unit and the cooling control unit respectively. 3. The heat
medi um heati ng-cool i ng apparatus according to claiml, wherein the
reactor tem x:rature neasuring neans neasures at | east one of the
tenperature in the reactor” the tenperature of the heat nmedi um
intiowng to a tenperature regulating unit of the reactor, or the
tenperature of the heat nmediumout:flowing froma tenperature

regul ating unit of the reactor.
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4. The heat nedi um heati ng-cool i ng apparatus according to claim 1"
wherein the nvitching valve switches the flow of the heat nmediumto
the bypass |ine when the cooling control unit conducts the cooling
control on the heat medium 5, A heat nmediumtenperature contro
netlioti fO controlling the tenperature of a heat nmediumin the
heat nedi udiLA&dSi ng- cool i ng apparatus according to claim 1"
characterized in that, when the tenperature difference between a
present tenperature of a reactor and a target tenipeintore of the

reactor isjw thimeg Rtdieseleati@bbgidcenpsRenatcdhdpritAbladeactéh@hdRréBperature
tenperature and a preset comm swtching tenperature are conpared and

ei t her of iacheizelieddycoimeat sledivm:a heabinpdgmcsating hnit Shag berdudedgatmnedium by
the stable_ t r . t . .di

oo o BOREE AP SRS ATALAE Tl 08 LTRSS BBl LRSSy e
of the read@aometi®mim Pphn MdilBttheat icBSle siftah 3b&lideeyillheid sadi g ulaivhGump and
the tai-get_ tenperature and the_present_ tenperature are conpared and

either of alikelet HpuassihedicagnedupgBrqualy tcaisesier. theshegbrgdivnt eatipraiy. and
t he target . : ) . [  GOF

for contr ol s i S e b R O ol s
Mat i ng- cooddnmyisapp aypdss Sinabyossing ¢het leathadnmlheatinguat @swiz@dng nmalvhat |
when the te rature. difference b en a present tenperature of a,
Feact or - arth TR 6 CirEuiTG e oo TRE Pebbingp (RS PRfRLhGBg afit or the
stabl e tenpgha @l 8 rERARG8mbd8iut &MIRurink SARAE ﬁ{eﬂﬁﬁin%riﬂe BreBér $&h]t3¢rature of
control :switching tenperature are conpared and either of a heating
cont rol orthareetiri mbeat orediuh tangpecantuotasdring mshns mpasusnabledemperature of the
t enper at ure range d. . when nme tenperaturedifference between ,: 1

LEr ont ¢ dRBbPRR o SR e o AR EmpHalR SoEhp BRGRUFLME st

react or i steR@brart BF theae @S 8 ktablcabinferb@AP IGE WEEing altERs sckiie: 4 yl@able
tenperature and the present tenperature are conpared and either of a
heating conpevef diifigranse beiiger dreunretent mpsirduerad theoneget tenmsrataiegsta stable
t enper at urigy, oy 0831 5 AR U LORPE Lo GORLEAN S Neh ETREFALur ©

of a heat medrymrn &' Reat medru eut ngcool g “appar at us®accor di ng

to cl ai m Zwichaigaeinpeianed forsviftaing advanol heweenpesding @ntof 48y eheging
bet ween a present tenperature of a reactor and a target t enperature

of the readdgpliveehithhilidicrnse sewtees flmrésep_éWHQea%tWFé‘%Flél#‘g@{geﬁ prgnperature is
target terpRrAL 8RRt AodthBRELnEN G Mo AL UL AMSHEIN R whether

conpared an er o eating-contro a coolingTontro
conduct ed airtohile teheeatiablgfdranp deatasnehe pregeit tancrathernntlhike target

tenperature difference between a present tenperature.of a reactor and
a target tEMPERHE ROV BRI S A DS S BROTRGTgRE A o ldﬁ?s’eg@ﬁnssfegtﬁ%ég Which
tenperat urgr Jﬁ%‘ﬁ%@iggtchﬁtr&l%gﬁé cSRTRELALMIS cANFhctdaByiRHig SR tallIe E%%ei’i‘étwee

are conpare ther of a heating control or a cooling control is
conduct ed mogmbdcarhpartraythetarg@npepatiureand the control switching temperature when the

temperature difference is within the stable temperature range; a second deciding means
deciding which of the heating control or the cooling control is conducted toward the target
temperature by comparing the target temperature and the present temperature when the
temperature difference is not in the stable temperature range; a heating control unit
activating the heat medium heating unit to heat the heat medium when the first deciding
means or the second deciding means decides on the heating control; and a cooling control
unit activating the heat medium cooling unit to cool the heat medium when the first

deciding means or the second deciding means decides on the cooling control.
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8. A heat nediumtenperature control nmethod for controlling the
tenperature of a heat nediumin the heat nedi um heati ng-cooling
apparatus according to claim4, characterized in that, when the
tenperature difference between a present tenperature of a reactor and
a target tenperature of the reactor is within a preset stable

t enper at ur2 r angbs htsherctiamg btatingnpeliag spparandacophies®tclaipphtwlsdrein the heat

switching tenperature are conpared and either of a healing.control  or
ool | ng TERBRLEPERLan qUGRBT RATHER  FRILE BErent BAGH SOTIE Teigena
and when t h@apheMRasatilfen i dthRrenee BetdRaina cHktes @Rl ahe MeiRliME @ofkol
a reactor and a. target tenperature of the reactor is not wwthin a

preset st abhieresesppEelsit ure range, the target tenperature and the
present tenperature are conpared and either of a heating control or a
cooling control is conducted toward the tart.:tet tenperature.

3. The heat medium heating-cooling apparatus according to claim 1, wherein the

reactor temperature measuring means measures at least one of the temperature in the
reactor, the temperature of the heat medium inflowing to a temperature regulating unit of
the reactor, or the temperature of the heat medium outflowing from a temperature

regulating unit of the reactor.

4. The heat medium heating-cooling apparatus according to claim 1, wherein the
switching valve switches the flow of the heat medium to the bypass line when the cooling

control unit conducts the cooling control on the heat medium.

5. A heat medium temperature control method for controlling the temperature of a
heat medium in the heat medium heating-cooling apparatus according to claim 1,
characterized in that, when the temperature difference between a present temperature of a
reactor and a target temperature of the reactor is within a preset stable temperature range,
the target temperature and a preset control switching temperature are compared and either
of a heating control or a cooling control is conducted within the stable temperature range;
and when the temperature difference between a present temperature of a reactor and a
target temperature of the reactor is not within a preset stable temperature range, the target
temperature and the present temperature are compared and either of a heating control or a

cooling control is conducted toward the target temperature.

6. A heat medium temperature control method for controlling the temperature of a
heat medium in the heat medium heating-cooling apparatus according to claim 2,
characterized in that, when the temperature difference between a present temperature of a
reactor and a target temperature of the reactor is within a preset stable temperature range,
the target temperature and a preset control switching temperature are compared and either

of a heating control or a cooling control is conducted within the stable temperature range;
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and when the temperature difference between a present temperature of a reactor and a
target temperature of the reactor is not within a preset stable temperature range, the target
temperature and the present temperature are compared and either of a heating control or a

cooling control is conducted toward the target temperature.

7. A heat medium temperature control method for controlling the temperature of a
heat medium in the heat medium heating-cooling apparatus according to claim 3,
characterized in that, when the temperature difference between a present temperature of a
reactor and a target temperature of the reactor is within a preset stable temperature range,
the target temperature and a preset control switching temperature are compared and either
of a heating control or a cooling control is conducted within the stable temperature range;
and when the temperature difference between a present temperature of a reactor and a
target temperature of the reactor is not within a preset stable temperature range, the target
temperature and the present temperature are compared and either of a heating control or a

cooling control is conducted toward the target temperature.

8. A heat medium temperature control method for controlling the temperature of a
heat medium in the heat medium heating-cooling apparatus according to claim 4,
characterized in that, when the temperature difference between a present temperature of a
reactor and a target temperature of the reactor is within a preset stable temperature range,
the target temperature and a preset control switching temperature are compared and either
of a heating control or a cooling control is conducted within the stable temperature range;
and when the temperature difference between a present temperature of a reactor and a
target temperature of the reactor is not within a preset stable temperature range, the target
temperature and the present temperature are compared and either of a heating control or a

cooling control is conducted toward the target temperature.
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