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Apparatus" 5 Technical Field The present invention relates to a - -
st eam heati ng apparatus in which a heating section fornmed in a heat
exchanger is connected with a steam supply pipe for receivingf sﬂuSEPymm
heati ng steam and connected also 10 with a condensate recovering unit for
di schargi ng condensate produced as a result of heating. Background Art 15
An exanpl e of such steam heating appSpadification known from Japanese paten

application | aid-open No. Hei. 7-328423. In this steam hegja us)

as shown in Fig. G a reaction vessel 1 is provided as a ﬁ Hﬂm @ﬂmm r.

The reaction yessel _includes, as a heating section thereof, e
Stpamari y

section 2, to eatine ARPATAYSY pipe 3 for receiving suppl youP” 20

heati ng steam and a condensate recovering unit 6 for dischar condensat e
produced as a result of heating are connected. Mre parti cul’glh“ﬂiﬁmwwmwﬁmeam
et

supply pspe 3pdchnsefiigqied to an inlet of a steamejector 5
section 5 as a heating section is connected to a suction chanber®®2f or ned

in an outer periphery of a nozzle comunicated 25 with the inlet of the
steamejector 5. . Also, a shutoff valve 47 is connected to an outlet
comuni cat ed with t hbespresenininvtentivar ralgtes| tp @peteani-baatihy agyemahs ithe
shutof f valve 47, air r.emainji.ng wWwthin the jacket section 2 will pe drawn
into the sucteiftchds Pgl%ec{ﬂegefeaea 8 "’E‘Ii‘éaf‘ FEFRAESE IFF?QDP%QPE@tW@gC‘%i on 2.

Th fter, ' . 3 - '
suppl 1 ed 1 nt ot RL SoBR bR B HicRiind By ot Hebrigs e SRR (B ERAIE, | o,
vessel i0may wWithheandenatelrevsvesipaiat BraliSiRasig coh@BisAE prédvded a¥4 h the
conventional steam heating apparatus descri bed above) the apparatus Is

capabl e of streawktlofheatigg.an object with the air remaining 5 at the initial
stage of the heating process being renoved by suction.

Background Art

15 An example of such steam-heating apparatus is known from
Japanese paten application laid-open No. Hei. 7-328423. In this steam-
heating apparatus, as shown in Fig. 6, a reaction vessel 1 is provided as a
heat exchanger. The reaction vessel includes, as a heating section thereof,
a jacket section 2, to which a steam supply pipe 3 for receiving supply of

20 heating steam and a condensate recovering unit 6 for discharging
condensate produced as a result of heating are connected. More
particularly, the steam supply pipe 3 is connected to an inlet of a steam
ejector 5 and the jacket section 5 as a heating section is connected to a
suction chamber 13 formed in an outer periphery of a nozzle communicated

25 with the inlet of the steam ejector 5. . Also, a shutoff valve 47 is connected
to an outlet communicated with the suction chamber 13.

In operation, by opening the shutoff valve 47, air remaining within
the jacket section 2 will be drawn into the suction chamber 13 to evacuate
the inside of the jacket section 2. Théreafter, by closing the shutoff valve

30 47, low-pressure steam is supplied into the jacket section 2, so that an object




However, this apparatus cannot exhaust air which may be gradually

accunul ated with progress of the heating process, so that the apparatus
becones unable to maintain a predeterm ned heating tenperature precisely.
Specifically, when the heating apparatus is placed under the evacuated 10
condition bel ow the atnospheric pressure, atnospheric air may be

i nadvertently drawn through in the respective joints of the apparatus, thus

| eadi ng to griadhalreactiomuéssel dmeay baileated byl dowltempesitung st bf100°C
Mor eover, the heating steam supplied to the apparatus may contain sone air
t herei n. Therosflewer. di sadvant ageous accumnul ation of air inside the 15

heating section occyts npt only in the initial stage of the hegting process
but al so during the%ﬁb&gﬁlf@HYX%qﬁrée%‘PéE@%? ratis §§$%'§1?aea]2ﬁ"et he

I nvention 20 Wetel ] i r.es (s} ion is to.provide

a steam heat |tﬁgca§g%%§%f%§ ng%ﬁggloggéefa%gg% gﬁ?? ﬁ’g‘ (ﬁﬁ%ﬁﬁgﬁﬁgﬁ%%}re%% e wth
high pregisi ot e ehitRat stagk Yofe thd Katingd pRbdes¥t RindRd2 tgn(#ﬁa ed not

only in the initieal st age gf ?he st eam hegti ﬁay\gbréglggess ﬁt%da o) urlhng t he

subsequent hddowexprstthire dpperatos. cRndtoexkamtnpiri shidg mae bjgeadusldy ed

above, a steam hea ing apgar atus proposed by the present invention
conpri ses a ﬁce%ugf@ withi progtessnef thesheating peecgapeso thainket apparatahe

heat i ti d inlet for. Vi . | v.of heati t th
St eam o] ect o *6eRAY Wdaplede dpinaingptsdeterinad hedting femperaee Bt E¥or ¢ he
heating sectigfpcihtafly3GHenCHE ﬁéﬁﬁﬁ?%péﬁ?a%rﬁﬁlssfé ?Pacle&? He' ?&@g%egﬂp' e

of gas) in the heatihg 2 section e suction chanber o eam

ej ect or10 Thatconditiom bedswornke atmiosphebly prosstdet enmosphleni@l ai@ nfay Nise
tenperature in e.g. the heating section or in a condensate tank di sposed
bet ween t hi s inadverteptiedrpgn tirgughe inothterespeetive jants phehelapperatushe 5

st eam ej ector,,i s ;,actuat ed an team i uppljed to.the inlet. of the steam
ej ect orj, whertBB5 lﬁaélﬁ]& F‘bﬁl‘? l}aieat;cgnblgggpﬁggdaﬁrrms ?@ﬁ:&eéﬂngh%ﬁ%’ép- f or
sucki ng the a < i tl | rei .Su uent |
exhaustgi ng t%%érégﬁgﬂﬁgbﬁ%%g tstlt}%@. g%e@?tgf@? %%hgﬁs ggnc}%ﬁea i%\%ﬁg Y

appar at us, whenahereih heTherdferpelisddiaataieoudecadtaatilaton aft 4i@NndidePshdy a
predeterm ned value due to presence of air therein not only in the initial
st age o}5 heathesgingmection secuas nohenkyibdbe iwitial stageiof ghe heafang heocess but he

steam ej ector i s,actuat ed for sucki and exhausting this air. Further, in
20di 1 on o BE0E e Seheenui Ehe At et threot 1o
Disclosure of the Invention

20 Accordingly, an object of the present invention is to provide a
steam-heating apparatus capable of adjusting the heating temperature with
high precision by effectively eliminating air which may be accumulated not
only in the initial stage of the steam-heating process but also during the
subsequent heating stage thereof.

25 For accomplishing the object noted above, a steam-heating
apparatus proposed by the present invention comprises a steam ejector
including a suction chamber connected to the heating section and an inlet
for receiving supply of heating steam, the steam ejector being actuated in
response to a drop in a temperature of the heating section by a

30 predetermined value so as to suck air (an example of gas) in the heating



15 steam heating apparatus, the steam heating apparatus of the invention
may further conprise a tenperature-responsive valve disposed at the inlet
of the steam ejector, the tenperature-responsive val ve bei ng opened in
response to the drop by the predeterm ned value of the tenperature of the
heating section so as to supply the steamto the inlet of the steam
ejector. 20 That is, by providing the tenperature-responsive val ve

connect ed t o debiton Mtptthekuttién shaabeeiible@teantapRtay r has accumul ated in
the heating section to cause the tenperature thereof to drop by a

pr edet er m ned val ueThatigést empespinsecar dgpobyi a epredeteeniined periae ihothe

i ntroduce steaminto the inl ﬁiﬂ gf the steam ejector and the air_accunul ated

in the heati f§MPSERER 1nL-85 pREABE SeEOn Ak 1R & condersaty, tanko dispesed

devel oped in i O nber... be haust.ed to the outside. |

addition to t eg&l 5%%\(}%15%gg%ﬁﬁﬁe‘?’f%@ﬁsﬁ%%f Shugensate @F%Vaeﬂﬁﬂgatd]eﬂﬁeagb%r at us,
the steagn heajbdid GoRar ¥ detlied BRI é’c\é&ﬁtisoﬂ.lﬁ&ﬁédfwﬂﬂeﬁﬂ&%‘ﬂjfﬂégte heck
val ve di sposed at a connection between the heating 30 section and the

sucti on chantgectaf, wherebyeamuefias tforce ishdevelvpel vathee sdctiorplchawibeg fon! y

uni directional passage of the air fromthe heating section to the suction
chanber of ttﬁélcgll'&rﬁ%éi et oaccuhulated | iy the obpating sénsionhethereial vand

di sposed between the suction,.ch er. of .the steamejector and the heating
section or tﬁ@%éﬁmﬁ}'a?’é‘aﬂlém?ggﬁfsr@ﬁg‘ﬂﬂﬁ Q}}{S’tdg-the t enper at ur e- r esponsi ve

val ve connected to Tﬂgreg&leet iof thoe S§é£ﬁ]ﬁeggj$§;ggg§#%{gr E)H&(#EUBF gyre

drops by a predeterm ne val ue as a resu arr iI'nside
the healld ng sesipetatu@t of Hke GeatdapsaAtEon ddps ba preiPRIMINEE vARRPORS ty/ €

val ve is opened to Z&ppjy steamto the inlet of the steamejector and the
check val ve inyesgneoeedf iy thezeinenef palyt inl the uvitiadrsthge of heitinge bat edso

ejector to al]ow comruni catjon.of air fromthe heating section to.the
suction cha ’?515?}&?)9“?’6% bﬁ%ﬂn%ﬁga@xﬁ’ﬁ%qf’ Hﬁ'esr&r"‘%n geetomie aclated doye t he

heat i ng sectisqlrak{r&me :t%%.tpgsu%i%her, t he steam heating apparatus of the

present invention,” in addi e above-described construction of the
st eam heat i ng appar Ruither,1in f40dified t6OfHY b&ve-dedchibRE’ @ndti®ctifl PNEha/e
val ve di sposed at a connection between the heating section and the suction
chamber1®f t deamdweatiaige apparatus ethee sipanaheating eppomatuseof, they énveitian opened
in response to a_,.dr by a predeterm ned value. in the tenperature, of the
heati ng sect i®BfY thgr F%‘nﬁpﬁ%\ﬁ/ @MBW%T“?H@S&‘{%V??EY%ﬁbrﬁlpﬁée%éhﬁﬁgﬁ%cti on
to the sucti a e ;ggtﬂ at 4.s) provi di ng a

t enper at ur e- %gstg%némﬁgfen \%ﬁc\klée}’ Jlﬁgp%s aﬁhgcrtg%%oﬁles% S)In V%e}f)gmégnéqexlgﬁh ating
section and thlasp@isettbthe chapherthefprebstesingd ¢Alactofithe t¥hpBraufe bfhe
accurmul ated inside the heating section thus causing a drop inits

t enper at ur e Headingrsedidor sora balsuptlpshe stean® thenplataf thesteespejrstove val ve

is open to establjish co ni caj.i on, between the heating section and the
suct i onf hanber of {Fﬁ mr@, 6@935%‘!’8@“??7%9%09515% ggraectad ¢ he

heating secti F‘%]ﬁ %H&%Ee tQ, .t i t ul t ant
suction forcggg}elggﬁlggg)g%y%% e s%ge&?‘%&gn C a%{r)eh%.s %gu%t)b?ﬁaegggbn%’lei}g%}d# t he
obj ect of t hissctisw entawse) theltenleeattird €hériedftctdropPaatdsephitdievanugsent

i nvention conprises a condensate tank di sposed between the heating section
and the condéhssemperiuveréspgnsivetvakieds apeneshinivfraduoe steavi imgo thsindet on
chanber conne tti:]ld to the. heatin ection or to the cgngPensate tank and an
inlet for redi¥engfeatsiertays an air accupdated by dhe dreabaigngecionyit ed i n
responsgxto 1 1 s e ure,inside the
heat i ngfss ect S%lgﬁgl?dw 2993% ggﬁ“{slgdé@ S?lgﬁﬁﬂ g{))l%gsd e?%lﬁ)gg%&r?gﬁ? t 5‘?‘%?%@%@&% ng

section or thgbheexbainsmiaotBdkuisid® the suction chanber of the steam
ejector. That is, when the tenperature inside the heating section or the 10

condensat e t ank i ntbr pukktomhetowtlee aHogeldeatribygl cenitiractianadftfhe stexensat e
recovering unit drops by a predeterm ned val ue, the steamejector is
actuated to g RBDaGatus, the stepsntieatngcapnayatey of HhecBreationt mayank t o

b ked into th ti hamber of th jector. Wth this. wh
ai r has accurtitsaoAceaa RS Kelve fhpostil & SR ton Denprin hekestingii 15
resultigy i N ReAGPEIPEHE SubfieR Mandhdd 608LE R4 dej¥@bt Cthd e §ANEE) €CT OF



is actuated so that steamis supplied to the inlet of the steam ejector
frome.g. a steam supply pipe an the resultant suction force devel oped in

t he suction chanber can suck the air accunul ated i nside the heating section
and the condensate tank and exhaust the air to the outside. 20 Accordingly,
in the steam heating apparatus, both in the initial stage of heating and
during the subsequent heating stage) whenever air has accunul ated i nside
the heating sArddifA REdiFQpR i ks

t enper at ure drop, ?ﬁ)ghytheam e egﬁg?&f&éﬁg&g?% ?@ﬁgt% Hgarll%ﬂ%% ausl,lt tc% he

air. 25 Furt hhe suttien sheabehefthengeanpidcsdis of this invention, in addition
to the above-described construction of the steam heating apparatus, further

conprises a tenper alhabis; bypooviding the checkivepesdispesedthieswieen the shctise st eam
O op. by’ a pr <AREIERtE Ui SSATESIPRIOF AR bk BERERE PR e CARANERES FRIS0

] t : ! t t
suppl y S pifatREAGRERH ERSARuE DRI R o dhe g BF BREY

the steam heajibiifl HBRGF,3HMn tHE tHBSraufPdHPIIAL £ phéditerh RSy dle REQYI ded
t he tenperature-responsive valve connected to the'inlet of the steam

ej ector. Wt hreshitof ashemudatiorhaf afr msientHeah eatingsedivnt e the adndensatet i on
or the condensate tank resulting in a tenperature drop by a predeterm ned
val ue) the tdap&r fae tempersisresreaponsive valee peprnpedsty aupply stepml to theam t o

the inlet of .t t i 1. d ti f i d | d i t
sucti on chantiBISt SR YRS i Fnd i hic dvaltl i5 opRef bR PRGeeulentn and
the conggnsatg tishKof@YofPtheSiteRdeitrol th Alfoke ﬁ&gﬁ‘?ﬁﬁ&&&?@ r ftbfh th&heck

val ve or the |like provided between the suctio er o e steam ej ector

and t he condédrenting deatibn andhé baction chmybéethextiauss etk and behawtshdair
subsequent|ly. Further) the steam heating apparatus_of the present

i nvention, i recgumiulated ingide e hpating gection; todhe outside.ucti on of the
t eam heat i ng appar 15 further conprises a check val ve. proyi ded at a
ionnecti onI bgt wggn m%h?a%lﬁggeg&%%ﬂnngrabis’ﬁ%tgﬁr‘? %B%/et?e%‘/'éﬁg’eﬁ I 0t fe
ti h _ - : :
suction C a”ta)éft{dlﬁgn (SRR cﬁb&%«%& %n%%cﬁgﬁﬁft}Yeaétgﬁnai%‘%]égﬂicgg%)a)gdzég%sé ¢ ank

uni di rection gas passage from eating section or

to the shicti darthearbaiprizsks ahtengiezaturejrespcisivelfal¥é disposed by aponMectidiy a
check val ve between the suction chanber of the steamejector and the
heating sect ikstween the heafasseetion pagithe sugden chambep of Hee steam ejector,

t enper at ure-respaonsi ve, val ve connectied.to the inl.et of the steam ejector)
when air has @*&; FRexE LI e T RS RSIVe, ALY R bemegyo ilBrFeﬁpoqq?etoc%ﬁH%Egtae t ank

thus resul tingeBedmih QPvAlRelih $hd ?émﬁéﬁttﬂc?%fq}ie ﬂegﬁné’ﬁg&%eéorgs;}ﬁgaqﬁﬂ ue,

t he tenperature-responsive valve I's opened to supply steamto et of

t he st eam ej eqictibn afdthehsir dhwa khedheatingssapionetd the singiohedhidmbeirt ofstied i on
force fromthe steamejector so as to allow communication of air fromthe
heat i ng2@ect i $eAWreleater. condensate tank to the suction chanber, so that the

air accunul ated insjgde, the heat.i,ng section or the 30 condensate tank may be
sucked and exhaust ed’ fﬂblst ﬁg p(g&YlgpgreaS?;npﬁr@tg%qugﬂngve Vﬁgvte_c S?‘?‘?eflf?g %&uction
chamber. For BaeQHRH HBipeer B WEGE Qltibh! snd MHEMukAln Maklbdr6E the
st eanheat i ng apparatus of the present invention, the condensate recovering
uni t i ncl udesstearhi gjbetpr,ewhon eaic dvakr acuiulatddi insile fher hestbed vectbnsdped y of
high s pressure control fluid for pressure-transporting and di scharging the
causing a drop in its temperature by a predetermined value, the
25 temperature-responsive valve is opened to establish communication
between the heating section and the suction chamber of the steam ejector,
whereby the air accumulated in the heating section can be sucked and
exhausted to the outside by the resultant suction force developed in the
suction chamber.

30 For accomplishing the object of this invention, the steam-heating



condensate, the apparatus conprises an ejector including a suction chamber
connected to the heating section, an inlet for receiving supply of the

hi ghpressure control fluid and an outlet connected to the high-pressure
control fluid inlet and further conprises a valve neans provided at a
connection 10 between the heating section and the suction chanber of the
steamejector. That is to say, the ejector is incorporated in a

hi gh- pressur exgeRbid off the SrelBStAfRNtRL RARRINGE 4 Bondin8hrPTARS Higposant r ol
fluid;, the outlet of the ejector 1s connected to the high-pressure control
fluid inlet dfetvben dhedkestiige seetimy anidntheirbhderssate rboveriagi amitChmdizer of
the ejector and the heating 15 section are connected to_each other via the

val ve neans cbednieiedier baynga sunkionf chamberconnactedde she baatingeectioneor

hi gh- pressure ntrolk fluid iis intro d int.o.the condgnsat e recovering
intt Eher eby todbpseiderate S phd oh S0IeE it eftiVina mapoln Pty FiS S1e88t o) a
suction gorce,i LA { I . 2] : r eby
T acounl atdPhERE PRt i RS R B e et AR e 1 I et
via the val veefgrnaturdissideithghgatiR@béetioh drhdel dahtlbidaté tagle s@hs thsudleat i ng
and the subsequent heating stage, each tinme the high-pressure control fluid
i s introducecdu m the heattagshetisntor the convdenisate tamktintatheusstction chamber iof

devel oped in the ejector, so that the air accunulated in the heating
section may HEeSte@NEACHY: ed. For acconplishing the object of this

i nvention, with the i aratus _qof .t:h resent inyventio t he

condensat e recoveri 5%?@%%&3@832&5"*%&"&&?d?%‘é‘&eﬂlg }&e&%{nr%?e i oF ?tPﬁ et for

recei Vi 0@ SURRh¥cREatBitaILRBSHERAGRMEA] tHd MididgiechbR 3R M the LbRM&RARd | Ng

and exhausting the 30 condensate and a condensate returning outlet for

exhausting t heceresBrunait7 drops diys popredbtenieds ablme, tthe stppar ajactorcds1pr i ses

an ejector includi r&%a suction chghné)ﬁr connected to the_heating _section and
t

an inlet conrAstuaigdits capgee e PRIRE Rechignorthecondensate, ardo babert us

further conpris a vahve neans, previd at, a_connecti between the
heating sect isélﬁﬁg?iglﬁoﬁti‘e§ugﬁ8?ic %‘_r@’ﬁ’éﬁgg}?e Bﬁ‘ea‘f’h@egﬁoﬁamﬁéﬂég@grwgﬁﬂri s to
say, the ej ey acurhlURREROMAIRA the Ke SBELEGHS Wil $RET ddldehbatedtRps Sage
connected to the condensate returning outlet of the condensate recovering
uni t antlst he wsaltinpninchteningeratiret dveop dyecpredetorchinbé vhkeei thgsteant éjectonr e
connected to each other via the valve nmeans conprising e.g. a 10 shutoff

val ve. | n opefactwtedsadhat steam i swprdioad ot ¢tolf thestepmeiedter Hented
fromthe condepsat essure-transpgrtin assage t hereby t ss tishe
condensate t h‘?‘g'u_ghs(%?éﬁé Sel}pé)ch @??gg_nsﬁ’cet F%sﬁ'hfgt‘}i ng%ﬁgn g@’ffgl %%Veegoq%ﬁ_ F’h&h% uction
chamber of t hgc@oRCHAmbet@meBYckethe aRCHPAANSELD ﬁéi&@tﬁé"ﬁe&ﬁ%'s@&i&?c_“ on
may by sucked and exhausted via the valve neans. 15 During both the initial
st age of the amhthemndensxtesankdntleahaubtsthguento theadutsiglest age of t he sane,
a suction force is devel pp?d in the ejector, every tinme _the condensate is

pressur &0t r anspor t eAc§ergRalRellt the sheambegtisgsapraratus dosh dnnthepmtabe of
th d t i [ I ul at ed inside the, heati
sect on' my. BRAEL IRk RbpE 66 SibBbeR iRy ArE P e e ng
apparatus of Jdgmifl§@ANIndidY &hel BRatihp S&4ioh! 6P R E&?déﬁ%‘a’t’@'tﬂﬁﬁc'i;hxlﬁ’?d

construction, the valve neans conprisés a tenperature-responsive valve

whi ch i s openedultimg b5 pacts ¢erhpemtdreograpm thhesté¢ampgeaoniscadtyatedptedatker m ned
value in the heating section or 25 between the heating section or the
condensat e re@@@ﬂl%t@hﬁfﬂﬂso as to allow suction of air fromthe heating

ti L nt th i f th i 1 ) t. i L , ; th
Conperafire in tho REERRGeeteIB e e tEnct Al hBn oG SRR < ne
condensat e r egQURIAhdde-HBédribedWolls@ctith éptﬁe%emtmﬂfrpg} SpAatus, ﬂiﬁﬁﬁr\/ by a

predet erm ned val ue, the tenperature 8 responsi ve val ve as the valve

means i s openthprisess teilpeshtinrenespinsiatd valvd dispessil aftheiabitiofghs stehairon and
the suction chanber of the steamejector, so that the resultant suction

force devel opaecton theetesuperabinrecteaponsive yeke beingeopenedtin response to a
accumul at ed I&rsolpdgytat1 eprgggtte.!rn esde %tai\i)enirtlothtehgen?gérsﬁgl% inSSide the heating

30 section or the condensate tank so as to supply the steam of the steam supply



Brief Description of the Drawings Fig. 1 is a construction view show ng a
first node of enbodi nent of a steam heating apparatus according to the
present invention, 10 Fig. 2 is a construction view showi ng a second node
of enbodi ment of a steam heating apparatus according to the present
invention, Fig. 3 is a construction view showing a third node of enbodi nent
of a steam heating apparatus according to the present invention, Fig. 4 is

a constructi gip¥t&heind dFdhe stedwd Efactypde of enbodi ment 15 of a
st eam heating apparatus according to the present invention, Fig. 5is a

construction view sthat ig ta dayf tih casdethef steainelikatiarg apf)aﬂataéaﬁchuideata ng
apparatus according to the present invention, and Fig. 6 is a construction
vi ew showi ng cendensaie hé%ﬁk,ngh@c‘ﬁpéﬁ anoeidedc sheli tenesature-nespansive tvale® Best

of dinEEan”'éﬁ? bipeesed o ibanlstng’ b SheamsDerpr- b Be BH b gwAalFa' & er ence
to Fig. hinthl el Hb(BH Kgét?ﬁ% Tl_r_tioﬁ o‘%rmlegéf (f]ti(n%?tegteéﬁtwes ger- In

t he steam hea I ng appara us s own | a Jjac ned as a

heati ng sect itempepatu?e draf»eby @epfferdbeerrytuﬁédtmué ehet tempétamlreépdnﬁsﬁ@
connected to a steam supp pi pe 3. Further, the apparatus includes a 9

t enper at ur e- r\@m)msopmedab\ﬁe to 2upplynsieamdottheanlet afi the steermejectoplapdpi pe 4
222»[ ?Oﬁogdenss%%aoﬁe o%é/eegsl r}l%vgﬂ)ped 6md|t}fep%181§t?or(xjoc vvz%r dly V&Ithtt sJ t Cek%tlr
accumulated in the heating section and the condensate tank may be sucked

10 into the suction chamber via a check valve or the like provided between the
suction chamber of the steam ejector and the condensate tank and the air
may be exhausted to the outside subsequently.

Further, the steam-heating apparatus of the present invention, in
addition to the above-described construction of the steam-heating apparatus,

15 further comprises a check valve provided at a connection between the
heating section or the condensate tank and the suction chamber of the
steam ejector, the check valve allowing only unidirectional gas passage from
the heating section or the condensate tank to the suction chamber of the
steam ejector.

20 That is, by providing a check valve between the suction chamber of
the steam ejector and the heating section or the condensate tank in addition
to the temperature-responsive valve connected to the inlet of the steam
ejector, when air has accumulated inside the heating section or the
condensate tank thus resulting in a drop in its temperature by a

25 predetermined value, the temperature-responsive valve is opened to supply
steam to the inlet of the steam ejector and the check valve is opened by the
resultant suction force from the steam ejector so as to allow communication
of air from the heating section or the condensate tank to the suction

chamber, so that the air accumulated inside the heating section or the

30 condensate tank may be sucked and exhausted to the outside by the suction



The steam supply pipe 3 incorporates a pressure control valve 7 5 and a
shutof f valve 8 and is connected to the jacket section 2. The pressure
control valve 7 sets the pressure of steamto be supplied to the jacket
section 2 so that its tenperature becones a predeterm ned val ue. Further,
the steam supply pipe 3 is connected via a pipe line 9 to a high-pressure
control fluid inlet 10 of the condensate recovering unit 6. 10 The branch

st eam suppl Y fe¥cB8n4ht Susd&edBFervi @ @ shutoff valve 11 and the
t enper ature-responsive valve 12 to an inlet of a steamejector 5 The steam

ej ector 5 includes Hosuactomplishingithe difecthofC thiks sinventiom, eathe dhev stéarhhe
j acket section 2 via a . pipe . line 15 incorporating_a check valve 14
therein. Thi heafagenpargasiof the pyesendanyeniomithe condensate sepoygangfumit uj d 15

f the j ket ti 2 toth t.i .£h 13, .not all i fluid
o e ok B beb e oML A58 o S S b
comect o 10 A8 LRI B SAMLSMBOAAD, dnaoRRERARINGPERY! 90

t enper at ur e- rcef BORHtY ethéalpyardidisicompRised aftejaeehicitchslivg & SuttiGe Ehiginber
tenperature control valve including a tenperature-responsive cylinder 17

mount ed to a coonedted tofthe Heatingksection,can omlep fmheaceiving snpplat ofashediighi r
tends to occur and an aci]%glhgr Horti on 18 of 1;teae tinggrature-respons've
val ve 12, thé’ré%qrﬁﬁéptr? apH gny oy ®wnngg iterthe 5@1%'@3%‘}6%&@6@@ to
each other vig..a . X1 . i e 25 rature-r nsi ve
valve 12 is (%gﬁe%je\‘/%méé‘gd ?‘ﬁ%ﬂglgﬁ%lgpé %s?é \%agg%ﬁ%a\néep %ﬁ&gﬁd@rgf%nﬂgitg% s a

drop imghe HRAREEREKE Redthitd S tiohoun Bhefuctifh ch@mbér oMteSstPamtdjsutbar | Y,
when the tenperature inside the jacket section 2 drops, this résults in

reduction in the voThatisdab sayt grepgecdtouisancappoateidie of highepressuraicortiol n t he

t enper at ure-rgsponsi ve ¢ylinder 17) ich 30 reduction.in turn results in
pressure reddBRAJRSSAS] HE RASHPE: ﬁl%b@ IWESSW@S%‘?QH\%JFM ﬁafaoe gt phthe 5

vol une reductj.on,  .Then h v e [essur ducthand s trapsmited via
Uhe"Thext bl o e F 3ot o BYChRBRSBhER T Gal AQUER MY fe boRREITALS

t enper at ur e- n@sRAMEIgY Anit2land AR bectRRCASSNbEP BY Thé Vjctoagd thRehéfiper ature
inside the jacket section 2 rises, this tenperature'rise is 5 detected by

t he t enp®r at weetior ape cenvected to rdeh offer wihethebyalté endamspenginising rees poNSi ve

valve 12 is closed. As described above, wth the tenperature-respansive
val ve 12 prO\ﬁhd'é%élaYalﬁ’ﬂe i@nﬁ@%ltalt’@ﬁ’ beheR %h@i?é@ﬁ“%@ﬂ?%i%@@lﬁand t he

0100 5 e R Yt s 8 BRERLLY
ej ector 5, WHARsdire control fluid through the ejector, a suction force is developed in the
suction chamber of the ejector, whereby air accumulated inside the heating
20 section may by sucked and exhausted via the valve means.

Accordingly, both in the initial stage of the heating and the
subsequent heating stage, each time the high-pressure control fluid is
introduced into the condensate recovering unit, a suction force is developed
in the ejector, so that the air accumulated in the heating section may be

25 eliminated.

For accomplishing the object of this invention, with the steam-
heating apparatus of the present invention, the condensate recovering unit
includes a high-pressure control fluid inlet for receiving supply of high-
pressure control fluid for pressure-transporting and exhausting the

30 condensate and a condensate returning outlet for exhausting the pressure-



is accunul ated inside the jacket section 2 thereby to develop a
corresponding drop in the tenperature by a predeterm ned value, steamis
supplied to the steamejector 5, so that the resultant suction force

devel oped in the suction chanmber 13 sucks the air accunul ated inside the

j acket 15 section 2 and exhausts this air to the outside. A |lower portion
of the jacket section 2 is connected with a condensate inlet 20 of the
condensat e r eeansported coridenSate, ahe @peatusieoprisks ah ejector Aackidisg ther ei n
a valve 22 and a check valve 23. The check valve 23 allows only

uni di r ect i onaucher shambet conngcted tothe heating festionsutd am irlep connectédto

S?Pgi?i iﬁfl N ?@@eﬁﬂ&kr?t&k?%ﬁ?@h%'g%ﬁ%?é%?q?nfthé{‘tcta%%g{f?eéfaéievi a
i 2
Cecoveri ng une pesfis BRRHART A GbauT Befilentins fodting SEABIUR AR

passage g r omsubfiof eRERBSAbPtHeRONRdj@ldoNi t 6 to the 25 condensate
pressure-transporting pipe 26, not allowng fluid passage in the reverse

di rection. The condEhstisdorsayptheréjefonisi incérpbrateddn ai ghydessuan contralist
returning outd e_él 27 for the hi gh- pressure control fluid di sposed at the
upper porti oflfl Pegsageronnpeted de theeondegratetebuayes ewilet ofithe condensatet 10,

and this 30 exhaust retuyrni Qutl et 27 is conpnected to a pipe Jine 28,
which in currereeiipe Shfl MR8 Schion “harhaiopt B Secid nd ghe Ao,
portion whic { m% | vi ded
separately. &ﬁgt%@%%r%%ﬁ%og%cfz?ggﬁ%})gg%} @g%‘gf{%@l nt Z&’g}rﬁl?ﬁ%gieg%ocat ed
at a | over pchutefbnvalvbe dandpaation, rekeayethenbighpiescurd @dafrol Muid is

hi gh-pressure 5 control fluid inlet 10 and al so opens the exhaust returning
outlet 27, wHBtiegycedfrgenshe condensase pressuzelixanspextingnassage thevewdta o f1 ow

down into the recpveri unit, G via,the pipe line 21, the check, val.ve 23
and t he condé’ﬁ’ﬁﬁg elc?ﬁuge%lsggg £hﬁ?BHb%%ﬁ§}PCE ed g‘@ﬂ?%@ 13 §e§$%‘tﬁam k)ﬂe
accunul at ed wi,t-Hi j i : - :

pr edet er m ne‘&‘”&t&lﬁg rC h?@b%ggfp?%%ﬁe%oggwhﬁgp S’gaflgg g@#ﬁlgﬁgﬁ{as&gﬁ}}ete?%%rﬁg
outl et 27 andeotienmdyley fudkledpndsadiaastedniiache Vhlviednéaset 10, wher eby

hi gh- pressure steam as a hi%{lpressure control fluid is allowed into the

condenshi e recover i Ryring both \thg imbakiséaga ofpibley heatieg regesst Andcthriensate
inside the unit is pressuretranspaeried via the congdensate returnjing outl et
2. the checRupsp IR AARR T the Safich ¢ ity forees Rudeelonsd b Bhsor | ng
area, where t afighd Sthke® e Y | el DSi t he
recovering un%?%téprgs:l%?%w{élr eédsta% gefr{gésu %e\(gg g%%é%%#pbﬁéacgﬁ%znsa e, the
hi gh- pressur candendate brexsuid-tiathspoitiie fdbshge afrhieonll@sede dardvétigg axttaust
returning outlet 27 is opened, whereby the 20 condensate is caused to flow
down into thevheueby etir gcwmiviated ingidehthec bpatng seetiommeay be. susgked and
repetitéq)n of such gperational cycle, the condensate recovering unit 6 can
recover®fhe EEHE8RESt e produced inside the jacket section 2. In Wg. 1,
when an object is tp heal g itpsi I ti elyrl j :
steamin the steam sﬂ%&ey’ g‘ib%e :;c ?sggeu%%ﬁegﬁﬂgi ggpﬁieﬁ%?eggu?he@g%{%s%%‘l[ val ve
7 to the jackavemstied,iinmdditidmso tdee hbive-daackibéd setdtirmition, the ¢8lveanBa@ount
of air remains initially, because of which the tenperature thereof has been
dropped. Acccerdimifiey a terperatigergspansiveesdye svhieh iappanediniresporsedd aso as
to "supply thg ste fromthe steam.s | y.pipe . 4 to the st.eam 30 ejector
5. W th thi s oRdh EhF LBLALIROY & REaUFeEiTes velve i the BeRE destenon o
chanberg4d3 of frhl’?é: -9, ' L :

remai ni zn% ai rbeg?@%xﬁg}?f‘g% et é%into?loo%"fgb?E?%éﬁtshg@gbuc%?%%ﬁg %E’g%ﬁﬁ?%% t he
check val ve Ishctiol dxdizubbm thd heatihgtRctibe iAtd $heeuckibe thiahthdresdeiet ur e
inside the jacket section 2 reaches a predeterm ned value) the tenperature

s responsive ejedter 12 is closed to stop the suction, whereby the steamis

supplied via the pressure control, valve 7 to the jacket, section t hereb
topﬁeat the react Pdﬁﬁ@%g &o sqy, when the temperature in tﬁe heating sectlzon or Y

between the heating section and the condensate recovering unit, such as in

30 the condensate tank, drops by a predetermined value, the temperature-



After heating the reaction vessel 1) the steamis rendered into condensate,
whi ch flows through the pipe line 21 down into the condensate 10 recovering
unit 6. By supplying the heating steam having a predeterm ned pressure,

i.e. a predeterm ned tenperature, into the jacket section 2 fromwhich the

air has been elimnated, the reaction unit 1 is heated by the steamof the

predeterm ned tenperature. For instance, when steam having a pressure bel ow
t he at nospher, j ] i j £ r ol

Vol ve T he A At ey kR MO PP ) P b A |2

j acket secti detweérs theheating yedtiqn asd the shetiavwchimbai ob phsteam pjeetsur e,

t he atnospheric_pressure may act on the respective connections, so that a

portion of atsedbphthe resultanfgyction force devebweadinithe suedon chambend sueks air
or air mxed in the s | i ed steam may. cays ccunul atj.on, of, air, inside the
Packer seoti anbexhamarily dinatuoniaral et me g Beict st hmisdiny b
reduced gdue to heat discharge. Then, this tenperature drop is detected by

t he tenperature-responsive cylinder 17 to open the tenperature-responsive
val ve 12, wheggépDedcetionSofIHEMra®engd Om 25 the steam supply pipe 4 into
the steamejector 5 and a suction force is developed in the suction chanber
13 of the steamejector 5. As aresult, the air remaining in the jacket
section 2 is sucked_via the check _valve 14 into fhe suction chanber. 13 and
exhausted to the oufig-dds alqenﬁwpgn%yl,e“aéhwag 6 mode Qfﬂ@l@%#méﬁbeﬁi ment ,
not only air prese i the initial .at f the.steam heating apparatus
but also air aﬁ%%&ﬁﬁ‘%"%"é’bg m{i‘rﬁbui %goi%ng%g%%gwgﬂfuwgg Oﬂg process may be
sucked ggd exhaust egig o i BoRYhaLasn Hew LRorAhEHRLLRE hRleDf chflBARhEAM
havi ng heated the reaction vessel 1 is condensed and rendered into the
condensat e, wifersbymiheatapeapfaratuscdosomling to totumederit inveniién,cant |y, so t hat
the inside of the jacket section 2 is nmaintained at the initial pressure
condition. On the oFien Waheonstrictiopridenwshewins adhinst mode ohembediment o t he

condensate regovering unit 6. An wi th.repefition of. the.operations
described ab @,SE%?W@Q}& %}}Haé'aﬁjss quc@gi%ggqf}}eapgsgr}ttlgae?go ‘he condensat e
recovering portion. pld 4;3eaoRdnTRten vlew SRAIE ourth SRIAAM ARAGIAEN:

enbodi mrent of a steagghelatl ng appar at ues w1 Dbe degcri beg vvieth ref errlence to
Fig. 2 1®m whidfh stemmdeddting amesatusladcerding totladpsedtingehdat, exchanger. | n
the foll ow ng discussion) the sane construction as that of the_ foregoing
embodi ment wi || be Bif-Btis@ copstrugon viexnshevdnegaifih paede of srehpsdimenhofi . 2,
a jacket section 2 fornmed as a heating sectijon in the outer ri phery of
Che react | on aselheATEE aBeRiit Abohtag B8 e BudePul BirepHRrabE ' FUrt her.
the apparatus incl Uﬁ% @i h QRALELEGHP Vi SRORRL 8 tbomth ARRCH B8R suppl y
pi pe 4, a tenperatureresponsive valve 12 provided a connection between a
sucti on chammcoringto theprdeart ej ector 5 and the jacket section 2 and

i ncludes al so a condensate recovering unit G di sposed dowwardly of the
jacket 4@ction 2. 25 That is, the branch steam supply pipe 4 is connected
via a shutoffgyvalwye,1 0.an . inlet of a.steamejector 5. The suction
chanber 13 ofB?ﬁié‘)fg‘?eeéﬁ#’éﬁb@Y‘&g@e&H&e‘?ﬁh@j acket section 2 are communi cat ed
with each other via a pipe line 15 incorporating a shutoff valve 29 and the
t enper at ur eresponsi ve valve 12. An outlet of the steamejector 5 is

connect ed t o (firgti modd0f émbedihisrtth be comuni cated with a separately
provi ded steamusing 14

25 A first mode of embodiment of a steam-heating apparatus will be
described with reference to Fig. 1 in which a reaction vessel 1is employed as
a heat exchanger.
In the steam-heating apparatus shown in Fig. 1, a jacket section 2
formed as a heating section in the outer periphery of the reaction vessel 1 is

30 connected to a steam supply pipe 3. Further, the apparatus includes a



portion not shown. In this enbodinment, |ike the foregoing enbodi nent, the
t enper at ure-responsi ve valve 12 is constructed as a self actuated
tenperature control valve. 5 As described above, with the

t enper at ure-responsi ve val ve 12 provi ded at the connection between the

j acket section 2 and the suction chanber 13 of the steamejector 5 and the
shutof f valve 11 for supplying steamto the steamejector 5, when air is
accunul at ed itBfmipd@atulbe-rbdfonsiveSRlid PP cohriddfideia brardR\@eAR sappRf piparendi ng
drop in the tenperature by a 10 predeterm ned value, steamis supplied to
t he steam ej entdon &ondensatearecohering sudit dhidispowséd alowiovadly ef eheppdken t he
suction chanber ' 1$ sucks the air accunul ated inside the jacket section 2
and exhausts Sefl® &ir to the outside. In Fig. 2, when an object is to be

heat ed i nside the rgaction vessel 1 i,rst. steamin the steams ly pipe
3T Suppli ed via tABS SR ERDHoReP REPATAES R PIPSERE FOIRR) VALRL] o b
Insidetisjaqﬁflg I . | (Pﬁqﬁﬁ Ll i PIH L Y,
because g]of whi ¢ %%%t%?é&ﬁ%g?gfaﬁraelgﬁﬂe@gg% as%%ée]%tg%%tb({)ﬁ%? ’gz%giéﬂg%%g y, the
t enper at ur e- rceaf@hoae NVeRky thelpressurenfReshng o Bs stifplest witheghclep@vtivicat i on
bet ween the suction chanber 13 of the steamejector 5 and the jacket
section 2 so 2 bathahisdemperatuiraibegomas iadprezigterminpd oladue. s eFurther 2thes

sucked into the suctipn chanber 13 to be exh UStgd ;taggtge out si de. \éten t he
t enper at ur e iSHIBSUPRY PIREKSS COBREGIBH ViR 2.8 e d 19 AcHEBR ITRISHER CORITOe, t he

t enper at ur e- r@ggg@“g ox?llxé’&n]d%n-hitecxje(?@%gir&gemfﬂ gp_t he suction, whereby the

steamis suppli ra the pressure con val've' 7 to the jacket section 2
therebyjgo heat t heTh@%@ﬁﬂ&ﬁst\ésﬁﬁﬁipp%y Pipm fledtndlbbted vid a%huk s GaReei vabl e
to adapt the pressure control valve 0 be normally open so as to supply
steam t o t he stdetm tjreperature-respensve valve 12 talascindenafea wtdsine gjectar fange
that the valve is opened/close n operatiye association with the

t enper at ur e- re¥peieam, ejecior @@Eg{d%wnt vi8 whichgs fepmunicatiten t he

air remaining i he_] .segt | - 1S. 10 ed. in e tj on 30
chanber 13. %@tﬂ %g?\a&%é@#ﬁ% eVl%][ll '%Wgﬁflgec%ggn (gogﬁﬁaglr? g2‘Ji :%}slgcg(eygfé’ is‘ftjch
pressure bel aieldig. atTHs RRGEK GaReChs WliBws!dify FRBRBRNal pRESHRUSCATRY act
on the respective connections, so that a portion of atnospheric air my

enter the | adken thecjdchat Bectimh 2hiocs the suctiomichambeedl 3, mdathalleupgl flendl st eam
may cause 5 accumnul ati gn of ai ré{l_'rnsi de tggljagket section 2, whereby the
PBHA

t enper at ur e JTaSERAZE B CiAS: revexss shirestinny bl thgestean @ircter dchar ge.

Then, this te r re dr.opqi.s e t. enperat ure-responsh Vv
cylinder 17 tchgep’%%&ttﬁg ﬁlggphélrea&’ﬁﬁoegé gg%%ﬁ%?@%eva% alsfﬁa%tgﬁ'egﬂ/owaef
comuni cat i onsgbSmAIRPpbRIEInAHOReN the suction chanber 13 of the steam
ejector 5 and the 10 jacket section 2. As a result, the air remaining in
the jacket section b ithisuekbadimens, tthe $empexaturdieespensivt8 waldeexRaisted to
the outside. In this way, accqrdin (550 t he present enbodjnent, not only air
present2Q n t rensiypeted ag; a¢ ég]g'ﬁc “@ge t@&%ﬁ%%’é{mnﬁo%ﬁ&gw vies ipgludmes @ ai r

oxhaust ot o ETRERRE sEERSIAC PR 1 P BLRGA0 R T holtiord 08 188 RRet | g
appar atus of dagtibn Bhghéie sdcupfilagi6is 0N dirnRARS t@bc IR AR RAbtudthepaitfdn

supply pipe 4 for supplying steamto the inlet of the steamejector 5 is
connect ed t o B githieitempefatiuire-respoasivevapie/ 1 ithe cglihder 5Tppd yheigestatam t o
the inlet of the steam ejector 5 downstream of the 20 l?ressure cont.r ol
val ve 7. Al t dtosen§heing sennectedtoaash ofhes; via aflgrblegube d9ncEhaldis; they
portion,upstream of, the pressure eontrel .valve 7. l,n sugh case, if is
bossi b B 1o JepHS b ERP IR I i onthal: sleS e BBbrpbest o
i ts pressure @dpssivetflinddhi 17 détet@rakdp’ 8l Yhe tdnpoarsieRMdtetHd Pket
apparatus of the invention, the steam supply pipe 4 may be provided 25
separ at el y frseotibine2.st Mare spgupicyl azlyp ewBen sthet tanpafatars issideithei pdket
separately to the respective steam supply pipes 3, 4. (third node of
enbodi ment) 3®chon % deppsotiis geselip brlrediitions inathe velwmeef prigmpspatuaeus wil |

be 1G responsive fluid contained in the temperature-responsive cylinder 17, which

30 reduction in turn results in pressure reduction in the temperature-

10



described with reference to Fig. 3 in which a reaction vessel 1 is enployed
as a heat exchanger. In the foll ow ng discussion, the sane construction as
that of the foregoing enbodinent will be omtted. 5 In the steam heating
apparatus shown in Fig. 3, a jacket section 2 forned as a heating section
in the outer periphery of the reaction vessel 1 is connected to a steam
supply pipe 3. Further, the apparatus includes a tenperature-responsive

val ve 12 connggpatkivofl 8idd e fits VAAMSHARYoR! PPhén, the %eélq)&i pFétlre. 2
condensate tank 11 di sposed downwardly of the jacket 10 sectionh 2 and a
condensat e r eeduetiomis transméiited in thecflexibleppibe 19 fweth? actaatop poaties 18,
pressure control valve 7 for setting the pressure of steamto be supplied

to the jacketWhexebydhe ferspenature-rasponsivgsakveui2dsiopeneths Conyetsedy,oviemed
value. And, this pipe 3 is cannected to the jacket seciion 2, Further, the
st eam suppl y eptgﬁgpqrgt“éﬁﬁﬂ@@f’& eygpcket SPSP‘B'? ﬁgﬂﬁ?%éﬁw iﬁ%@:ﬁ&‘&"‘f FEME he
branch sgeam o) t [Welal? cgq” fal-ui d 4 of the
condensa%e re%égeée%hang)lyuﬁtlht% é%n%}e?b@{ig%%ﬁ?@#ﬁe\gem up&%%/ p]i7peqvj{e?£§l%£:oﬁgeect ed
via the pressunffeeafi@dTefonstlevilve12 & @bsddnl et of the steamejector 5. A
suction chanmber 13 of the steamejector 5 and an upper portion of the
condensate tank 11 Ased@@ribednabiveatvadh wiheh tempbrastiberespopasise chede 121 ve

14. This check valve 14 all ows, o%y unidi rectional fluid paasgge fromthe
condensat e t aevidediad th goungatiobetwaem dae steanysonly peRg Agndithe anlshebage in

bipe 11 e 10 WeGSeRns 2l Ry thel Jaieb 15 by 6 SlnpreckPp FRENER P, 1 ne
line 26jglescrjabiest deati6d 2 ad the subtisn ERRRBEIEDf thd KRakGedtof §IRHEE air

enbodi nents, the tenperature-responsive valve 12 is constructed as a self
act uat ed t enpsr accuweutxad r aisidal the jdoketv esectibhe 2t elpesbyt uive-desslopns ve
cylinder 17 of this tenperature-responsive valve 12 is nmpunted to a_portion
of the conderf9aresPepGRgIdropsa the demperatyse by aopredetarmined ¥alueTptgam és t he

30 - ' | ve 12 i d when the t.
esponsi ve. oyl ERGER A 7 Shebh 8crof 5, S AEARE ri et Bt Fotes BbYelondd
tank 11. As dgseid REeiGP UEmbEk 1B shekd P GhALEEGHLEIPPNALME R Xa%kétz

provi ded at the connection between the steam supply pipe 4 and the 1 nlet of
5 the ejl&ct orsebtian@® artbexttamcks thas wir th4heootsidied at t he connection between
t he

A lower portion of the jacket section 2 is connected with a

condensate inlet 20 of the condensate recovering unit 6 via a pipe line 21

which incorporates therein a valve 22 and a check valve 23. The check

valve 23 allows only unidirectional passage of fluid from the jacket section 2

20 to the condensate recovering unit 6, not allowing fluid passage in the

reverse direction. A condensate pressure-transporting pipe 26 is attached

also via a check valve 25 to a condensate returning outlet 24 of the

‘condensate recovering unit 6. This check valve 25 allows only

unidirectional fluid passage from the condensate recovering unit 6 to the

25 condensate pressure-transporting pipe 26, not allowing fluid passage in the
reverse direction.

The condensate recovering unit 6 further includes an exhaust

returning outlet 27 for the high-pressure contiol fluid disposed at the upper

portion of the unit beside the high-pressure control fluid inlet 10, and this

30 exhaust returning outlet 27 is connected to a pipe line 28, which in turn is

11



condensate tank 11 and the suction chanber 13 of the steamejector 5, when
air is accunul ated inside the condensate tank 11 thereby to develop a
corresponding drop in the tenperature by a predeterm ned val ue, steamis
supplied to the steamejector 5 so that the resultant suction force

devel oped 10 in the suction chanber 13 sucks the air accunul ated inside the
condensate tank 11 and the jacket section 2 and exhausts this air to the

outside. In E%ﬁe&é@ﬂﬂ&?ﬁ?ﬁﬂu&ﬂﬁe&%ﬁ&éﬁ&%ﬁr 5theP PORioEwhidH Raes loWeIOL the

t enper at ure-responsive valve 12 is attached to the upper portion of the
condensat e t pibsshte thas hnather jduket segtpnd preidebgmpasately.cyl i nder 17 may 15
al so be attached to_an upper or |ower portion of the jacket section 2 or

may even be mount edWiheni areunilustzaied float setainediin theaunipGeis lorated @b aof t he
j acket tion 2 and.a | ateral i f th d tg t 11
b o by Ty BB 8 ol Py R0SA Bl B BBsPOR o

t he condensa g ype ifl.e }ggﬂ] f e%gjf ; &R.Fge ate

recoverﬁg u%?ltlﬁgp?r%&conneg?e%&g;ﬂg&%?%gsI@%eé wsg ra C I{elgg va vegg’s. Thi s
check val ve Zghérebpsbndetisutd tisidd fed jaeked sdckioh® RagaRed tb flow déendatdensat e
tank 11 to the condensate recovering unit 6, not all owi‘r)é fluid passage in

t he reverse dheeaetovaringAuniinfevisathe pipesineel, rtdnesghacki vajveidde apd the
attached also via a cgﬁgk valye 25 to condensat e ret(g‘rsar]&ng outlet 25 24
of the conderenfensate guet 20 Then, whenrphecondengatedp gga fnmyat

uni directional.f]uid passage frI h 0 ' LN t he
condensat e pr"gg}é‘lﬁr -etl%g?i‘éeﬁ%}% Pﬂlgrapfopguébﬂgﬁi(}? ﬁé’?fﬂ %@33’\38?%@?’85%&58%& n the
rever se gl r eglokfiibn, TReuRMUGRS € XIOAN BRI TUAADEperl S WBlUHER- an
exhaust 30 réturning outlet 27 for the high-pressure control fluid disposed
at the upper pk8ssurpaontmh fhfidtindetuhd,t whesehye highepresgirepsteasums z drighol
fluid inlet 10, and this_ exhaust _returning outlet 27 is connected to a pipe
line 28, whi diessire spptrok fluithiealleted dntonde qomdgasale repeverBigdwpiddt ¥a ank 11

whi ch has a bstanti al |l y._sane opr re j;acket | ien an
unillustrate Hﬁ%%?mc%“_rﬁlﬁ}’ rpéﬁe iSnQ{?‘%ZC ﬁnqoﬁa%ﬁ%]age I1§§1§§ e@%&ﬁ?&’é&@ﬁ%&@ tion,
the condensatig,f SeMAI¥iAThE RbAd&AsBhO2QRrATNE Nithit-2, 8RS BREICPAIVE 25 dldui d
inlet 10 and a?so opens the exhaust returning outlet 27, whereby condensate
i nsi de the cahdgipalmet2hko hlcondensate adcdveringoavedpowheratthe chredenmate &3 i ng

unit 6 via the pipe_line 8 the check valve 23 and the 10 condensate inlet
20. Then, whéscavege®ondensate is gradual |y accunul ated within the
recovering unit Gt USh U he float. {0 redet erm . U ition,
the unit closes theﬁg%?aﬁ%etQ’Pé?ﬁ?ﬁ?ln]gsb({?tﬁhgtl%ﬁgwéﬁ g}ﬁ{e%ﬁé;ls_[ %?g%graessure
control fl ui dekdl@F rdQvey6l @RVcoRHERsAE ST NiBh PrEAMra Sortrbl SR BISUIC
control fluidis allowed’into the unit Gvia the steamsupply pip a 3 15
and t he condessaam closédiand ke exhaustsepassg patletr A spopensd, wiherelhethe
condensate returning outlet 24, the check, valve 25 and the pipe line 2Gto
a conde?Bat e condensaters eaussd thdow drwnc e therrecavering ByRy & dvia t he
wat er | evel insi,de the.rec ri unj t is | d .resu of yrecovery
of the condencé’gflgr,lsattﬁe“}]i?tg “pre st erecpggi[urog! of}'%{ch ioﬁfﬁ’lé%qnofng Cll% g%eai n
closed and t hgn@QXhaits treb Rl #8it% thR treddver ShERDNAEn s B Y18 cdd hside
condensate is caused to flow down into the recovering unit 6 via the
condensat e i nthetjadkt stitidn 2.epetiti on of such operational cycle, the

condensate recovering_unit 6 can recover the condenﬁgte produced inside the
j acket section 2 vi i lcoheamnakieqtas ko he heated pnsige ghe reacign yessel dpj ect

Supply 5 po. it Samm rcean oy BRTL idanil yabE Hetdiet hEnihERC:

section 2. |Ingj ) S$hi & hhop 2 ' Lo & Lef ins
initially ang‘%gf%o7t g(? r%hhg%&gér;ﬁt %%glghalgsOI?%%Q%S:j%%ggﬂgF&s%ct ] gdnlbg tggiabei ng

pushed by thegmbesimf bieceusens inithillghbédumst efpeiial the tafiptrauneothéxest been

dropped. Accordingly, the tenperature-responsive valve 19 )
has been dropped. Accordingly, the temperature-responsive valve 12 is

opened so as to supply the steam from the steam supply pipe 4 to the steam

30 ejector 5.  With this, there is developed a suction force inside the suction
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12 is opened so as to establish comunication between suction chanber 13 of
the steamejector 5 and the condensate tank 11, so that the air remaining
in the condensate tank 11 is sucked via the check valve 14 into the suction
chanber 13 of the steamejector 5 and exhausted to the outside. Wen the 5
tenperature inside the condensate tank 11 and subsequently the tenperature
inside the jacket section 2 reaches a predeterm ned val ue, the

tenper at ur e- IBSRMAST VP of Ah¥Cstddm 8jebloRSHdwhichs sABkidl ForRl CiheANsudRden the
ot her hand, the steamis supplied via the pressure control valve 7 to the

j acket secti epmaihingr &ibyoftthe Hadtettdeetiow dciritorthe esstibn thaiibeAf 13evidntlad i ng
the reaction vessel 1, the steamis condensed and rendered into condensate,
whi ch flows tcheduyalvedd gidhexhausts this gavie theoutside Wheeitbetemperatursing

unit 6 fromthe condensate tank. 1. The pressure.and the tenperature of
ot ur ot o0 ot SASRIDE UL SerpR Feaches aReRIS tRELYalLS, LEBT ek R
heati ng stea j edet.er m p S cqndis E rede 1 hed
emper g o Petoiste SaRECHPUE RGP HERTHL sudtidh, HlerbP BECBRA 1
elimnated, thpplied&id dhe prédsute tonthelafAde Tytotthe jatleansetfion Rethri-aietser m ned

tenperature. Fox instance, when steam having a pressure bel ow t he
at nospheri c preas shie eeantion®essdld. suppl i ed via the pressure control valve 7,

t he reacti on vessel is heateq at GOC. 20 en the inside of_ the jacket
section 2 is set at%&ﬁ’%&f%r%‘“&% Y@ﬁ?\éﬂtlﬁr& pream I5 eandered ipp

at nospheric pr [e nmay. on.st h ectiv ection so that. a
portion of athBapmerc iR il hoieb HRE B Hle 2R iR Mo BhdetBnd,
air m xggl in&s@ve%ﬁ%plﬁﬁ@ $t eam Ry s CERETUL&AtRS HeaRt Mhavinkde, the

j acket section 2 an consequentl%i r?s?g%ﬁ? e 25 condﬁsatee t ank 1? as wel |,
wher eby t he tprefeteamimed peesserk)ded aduedetmrhdnéd démpamtgee, hptbthejabREt f r om
the saturation tenperature. Then, this tenperature_drop is detected by the

t enper at ur e- rSéspOMS fent yhickidhe Bir hasdisen ¢lhamatpdethea teastionspritst & val ve
12) whereby ste hsS supplied frgmthe, st eam suppl iLpe 44 nt.o the steam
oi bctor & andeaghl BF Rl of R bHEIREREGN, e BhliE, SRt 15 0
the steam ej aghéd sRanf\RaRnkeSptdssutd elé® the %'tﬁloéﬁi@ﬂid‘t[)f&sﬁfé dfiegengensat e
tank 11 is sucked via the check valve 14 into the suction chanber 13 and
exhaust 88l t o suippliedtvsa tlee presstits contegl, vadve By thengattion kessel dds hieasstbatli ment ,

not only air present in the initial state of the steam heating apparatus
but also air eunul ated duri ng the 5 subsequent heating process nay be

sucked and exhaustegdnt o the out si.de by, the stegmejector,5. The stgam

avi ng heated che r A2 ByiSpSUbdE e AkCRARE 2T SHET b et R b iRhe
condensat e, WARI aBModflierRP rbdsute, Thé! n&mﬁph_@ﬂtecgftsgﬁwlxﬁ%faé&l ¥n #i% that
the inside of the jacket séction 2 is maintained at the 10 initial pressure
condi ti on. Ovrebphertivelennbetivhs, shehabvagortien of amessixdric hiranay doter theom t he
condensate tank 11 into the condensate recaovering unit G And, with

repetit?®n ofiackat sspem2i ek this si% phay mbwddn thesupphigd séeara may cause

-t ted.to §he .cond t ' tion, As d i ped |
e orceent - aibomutatior of ¥ iRSAEIAR kel BEHE S OEb by BR eppetalB sy o 1"
opened/ cl oseqhwi {Rk&et&EiohoP Iﬁa¥tﬂberé<ﬁﬁe&r(ﬁléJE& Heht [d&haepdemsale ik 11,

it becomes possible to provide the tenperatureresponsive valve 12, the

ej ector 5, thempenatensalrep tisdktettiedalmd thé tenrperdémsatesp oresive eylimdprutii to 6 as
one integral unit, Then, by attaching this unit to a hot-water heating
appar at us sucipeasthgrfemperatuieresonsiveryalve §&| wherzby rsépam ap pappligchfrom he

oo of nbodbReER oS RIF GUPEH el SEATD BIRET, 5 Pt ACTEAPr At g
appar atus w Idev:efo 4854 thOSGctir thdBh &' BN GRhE Ut des, WRlChyRulieard | on

- : T pisfrn na
vessel 1 is enployed as a heat exchanger. In the t'ollow ng di scussion, the

same constr ucdit e8magihBah the jhtlieetisetgoing saoketivivetiieschickl vddee ediihted. 30
In the steam heating apparatus shown in Fig. 4, a jacket section 2 21
the suction chamber 13 and exhausted to the outside. In this way,

according to the present embodiment, not only air present in the initial state

30 of the steam-heating apparatus but also air accumulated during the
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formed as a heating section in the outer periphery of the reaction vessel 1
is connected to a steam supply pipe 3. Further, the steam supply pipe 3 is
connected via a pipe line 9 to a high-pressure control fluid inlet 10 of a
condensate recovering unit 6. The pipe line 9 incorporates an ejector 5 and
5 a suction chanber 13 of the ejector 5 and the jacket section 2 are
connected with each other via a pipe |line 15. The steam supply pipe 3

i ncor por at es hek @R HRatipBlyiBtest 3hXPhd shilfedSild bitided & ﬁﬁeswtgidéfbrgt eam
to be supplied to the jacket section 2 so that its tenperature becories a

pr edet er mi nedheakeram efoethr 3.hi s pipe 3 is connected 10 to the jacket section
2. The branch pipe line 9 is connected via a shutoff valve 4 to the ejector
5. An outlet of theTBpeatean mving beatrsttheireastignnvesselpt dés comdensedtand ™ f | ui d

inlet 10 of the,condensate recqvering ynit, 6.. The suctiqgn chanber, 13 of the
el ector 5 andoPE e chE; o OPORNSAtE, VHESHRY rits SPERLGy VA penss (efucad 15
via a shut of f s 5 I 12 I

erbodi ment . (PEngpen P e (hETRENGLFHE: ERERRE ¥ RSB sl S |,

t oget her conghitialt@redsuidl coaditeas .- OhrthehitherWaAd] thRNEondenked theddryaggoi ng
enbodi ments, the tenperature-responsive valve 12 is constructed as a

sel f - act uat edl® dewpanta theecandensate recdvegingnahit &. ngAred, with repetition of

t enper at ure-responsi ve ¢ Iin%gr éq? noynt ed (i?o a portion of the jacket
section 2 wh operatensilesxibsd ahove Bryeondensata s pregsune-wansnertad porti on

18 of the te r - I nsi. Lve 12, the cylinder 17 and the actuator
portion 18 bgﬁﬁégégéﬁggggggyghéggﬁ Yher via a flexible tube 19. 25 Like
the foreggoi ng enbodi nents, the condensate recovering unit 6 closes the

hi gh-pressure control fluid inlet 10 and al so opens the exhaust returning
outl et 27 whelseammdimodé osembedithenitbat contained in the unit Gis |ocated at
a |l ower position, whereby condensate inside the jacket section 2 is caused
to flow down into the recovering unit 6 via the pipe line 21, the check 30

bradual 1y accumil ar ArcihinedPel bpBRaly A et R R B, (o
a predet er m nRdcHPEE wilPsIdreABe td 1. UM WIRHIPA F8adthie VSBAUSE dniIHYEH g%

outl et 27 and opens the high-pressure control fluid inlet 10) where

hi ghpr e$8ur e sheatnexehangdn. gh- pressure control fluid is allowed into the
unit 6 via 5 the steam supply. pipe 3 and the condensate contai ned therein
i s pressur et r anspor Hedh¢itallaagcdisensnon ¢he came ronptotions ap shat; phthereck

val ve 25 and e pi i fe t.a.a condensate recovering area, where the
condensate | sf%ge&)gﬂ\églghb%%g “é@ctﬁ:’ (ml#gpf(?he hi gh- pressure steamas a
hi gh-pressure contrpl tHOstehi-Heating UpphiRts hOWh iAFiENS of jatRet cRiohhe

condensate recovering unit 6, the high-pressure steami's caused to pass

al so the ej edbomed as\aeeating sectoa tin the Hoter peciphebeofidealeapish vesseheisuct i on
chanmber 13. Al so, V\/aen the inlet 10 is closed, the high-pressure steamis
not caud@d t Fopregtetre ajsteamsupplspmend: Aurshen ithe appasatussngiides dhed,

ither. 15 | 1q. .4 i i be h d. i id h i
vescel 1ot rupteidnes EohRREPhES brinch e SRRl o ietptieafiee "
pressure contyeQh o/ Galfe 12 PrB¢ide8 K &nn2Gsh BBtween & shtforL &SPy 1D0p

enbodi nent, since the pipe I'ine 15 1 ncludes a branch pipe 11 and a shutoff
val ve 16, t hetheesteamiejertai § andithieghtket peets@n? anusindldeb aljoz keidawsaté on 2
may be exhausted by opening 20 the shutqff valve_ 16. That is to say, by
suppl yi ng st SRRI¥ATERE weit §rdispased dewmmvasrlyoef thapacket segdionnd j acket section 2

d al i hut of f | 16 i . i ni i id
e 2ol on' o9 g BL4hEhFad YEaRCewhdlF rbL eSS TbRPR Lk SRubE e
air remains ipg,&qitigend ﬁﬂlété&f %e%éaﬁ%gﬁaemf Be 2% ol QIpBhahdnthdrs) gppwe

j acket section 2 has dropped. nce, t enper at ure-responsive valve 12 is

opened so as dtearasdjedsbr 5 andothieaclesttseotion 2t ave @onshehicatedoRthiteich bthed t he
steamejector 5 and the jacket section 2. So that, wth each devel opnent of

suction forcevikrspiee line Idubncormoratingte shupfiovalvh2%pndithe tBmpenaturemai ni ng
ir inside the j t i i d 30 ted to_th t si de.
S\k;nl tn ?113 te en‘p‘gﬁ c?rgﬁlE\Ze Y%g’g gotn hén;oigéggfk t;lg s%eanal1 ré?ecﬁ;(rhsaysscoremectgd to gp(l)ll)Je St ae

30 line 16 to be communicated with a separately provided steam-using
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section 2 reaches a predeterm ned val ue, the tenperature-responsive val ve
12 is closed to stop the suction. After heating the reaction vessel 1, the
steamis condensed and rendered i nto condensate) which flows through the
pipe line 21 down into 5 the condensate recovering unit 6. By supplying the
heati ng steam having a predeterm ned pressure, i.e. a predeterm ned
tenperature into the jacket section 2 fromwhich the air has been

el im nated) thwetibeaetkkswhnit 1 is heated by the steam of the predeterm ned
tenperature. For instance, when steam having a pressure bel ow t he

at nospheri c pressurk atlis6C@nbedii®@nsuphke edhei donelgeingr emnbodinoemt} r the val ve
7, the reaction vessel 1 is heated at GOC. Wen the_inside of the jacket
section 2 is te@pegatugeapsponstveyrvalye| dw tlhe coRTiBapRdr a8 i eselfipetuap

at nospheri c Rressure _rrxaé/ﬁlaclit%1 n the respective connections, so that a
portion of atfBEShAHLE copiro @V%nt er the 15 jacket section 2 and this air
or air ngxed in theagupsl-1idd iR Yh CEHeS @ L apd if1.,.L N de t he
j acket rsTsécti on, whereby tc%le terrperé?ﬁire I'S reelggceg déaeés?gnﬂggﬁd(}ivgcﬁzarge.
Then) this temeideduatetlity opnneztidat lestivedn bthet jackétesareiont 2iraerdr dsetusiore
cylinder 17 to open the tenperature-responsive valve 12 thereby to

est abl i sh corshambheat 1oaf the weam ejestar & tandnthehshuteff vadvel 31 dor shppbingt or 5
and the jacket sectiqn 2. Then, wiith each resultant . devel o t of . suction
force i nsi de XFAMSECHIGAEHRARION S BPERNEE ds eromubates HaSHe DieaiRskat ng i n
the jacket s i i J | ted to
e acket, SSgbial oZuleh KAl GRRSRUSAERTUENHEE hpRth KBt

val ve me@ns, pieHetinéd valieCSRAm idstpifliddtd tha! stehidl Gector &f sbhBat the
steam heating apparatus but also air accunul ated during the subsequent
heating process pectionc forde davelopdrhirs thel suctiothehamber d8 sweks tthe stieam

j ect 5. (fifth de .of, di t) 30 24 fifth .mod mbadi t of
o ot oam heal | HEVERAEAISCRIF TBeHRSEPRIL R pEh st DHB AL beagetds. 1
a ste . . _ e in
G scusei on. the. santy L MoeB B iR, B REReATASRE R keack By Wit 1

Wil be on ttfeet, dtBahlia theesameaipphy paiPR iabtspliddona the pregsure cotoRcket
section 2 formed as a heating section in the outer periphery of the

reacti ohdvessallvd T $o dbanjecketdsection 8t ehmsideldhisy jaekpt sactidhui2y leecertalre st eam
supply pipe 3 is conpected via.a pipe line 9 _ta .a hjgh-pressure contyol
fluidinlet 1308RnGR0l AT ISHAERS o BeRaisA @t athich dhe Prversuan sheveot
recovering unj ' a t rni | , Lchh bn turn
i s connect edr}k%s geécrg%g&ge;'e ‘%@@@@g’ 1(:E ?éﬁ‘é%‘ ;é {r ?%éggé%)g)hlsﬁ%ev% ﬁ i

i ncor por at i ngopdie@is6 @k @b eStablishl camsmGtic ot batwrn the saktiéeh£hBet 03 of and
the jacket section 2 axe connected with each other via a pipe line 15. 15
The condensatthemtess ejestor annddhe jankepsension heo teati the eipremaisinginsdide k

val ve 2 Thi s check valve_25 allqws only unidiyectional fluid passage from
t he cong‘énsat eJRCkRF SETHRT A M U eaénto,{gxegyfgp@gflam er 13 to {’e exhatisted t0

the outside. When the temperature inside the jacket section 2 reaches a
predetermined value, the temperature-responsive valve 12 is closed to stop
the suction, whereby the steam is supplied via the pressure control valve 7
to the jacket section 2 thereby to heat the reaction vessel 1. Incidentally, it
25 is conceivable to adapt the pressure control valve 7 to be normally open so as
to supply steam to the steam ejector 5. Instead, it is also conceivable to
arrange that the valve is opened/closed in operative association with the
temperature-responsive valve 12, whereby the valve is opened only when
the air remaining in the jacket section 2 is to be sucked into the suction

30 chamber 13.
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The condensate pressure-transporting pipe line 26 is connected to the
ejector 5. The suction chanber 13 of the ejector 5 and the jacket section
20 2 are communi cated with each other by a pipe line 15 incorporating a
shutof f valve 29 and a tenperature-responsive valve 12. In this enbodi nent,
the shutoff valve 29 and the tenperature-responsive valve 12 together
‘constitute a valve neans. In this enbodinent) |ike the foregoing

enbodi nents, the 25wWirmndledhside of sdakétwRetian 26s 3t dtSuehpyéssues Belods a
sel f actuat ed tenmperature control valve including a tenperature-responsive
cylinder 17 rthenatuospheaicppredsure,othd regnjasphetic slereesm Masheacd awctheul ati on
of air tends to occur and an actuator portion 18 of

t enper at ur e- rreewﬁyp\ﬁenmtwsuo wea@ym%@ aimowmr%%eraeawpmr e tion

2,001 10 SO Gek o At PURE 0, oD G o By i
oregoing e r
hi gh- pr ;5;5‘” %c%ﬂhlﬁ!lﬁ bthid ﬂléig@][tﬁl%ga&@‘éj sé’étﬁ)?i ?Rﬂ'ﬂe%ehfr‘%h@’éé}ﬁ éfatﬁf% gf i ng

out | et when an uni ustrate confained in the unit cated at

a | ower posi tthenackéteseync@niandrt ceduesd diud be hieat ldischaegd.i Thea, i this
caused to flow down into the recovering unit 6 via the pipe |line 21, the
check val ve Zempevatuire drep dedetgcted by the mnpemeﬂ)e mmns*mecsclmdﬁenwatte is

radual | y accunul within the recoveri ush u the float to
o B edet or i AR BYo e BRE R gR TR Ao l8s hre FATSRURIEOR

outlet 27 andyg %ﬁﬁﬁe&%‘%ﬁ@b tid S3ctiin®c }&Q{i'léol F .?tlsa & Jeétgr 5"!41?& hi gh

10 pressure steam as a -pressure con owed into e unit

6 via tie stgaskeiseption 2. p%ﬁa&@dﬂt hﬂlecmdeﬁf@ﬁmgcmnﬂw jagKett sretioh R i§
pressuretransported via the condensat e returni ng outlet 24, the check val ve

25 and the pisveked intodBetsmction chambeatld amice?daush«gi tor thee, OIWISBiBe tInethls
condensate is recovered. 15 And, each tjnme the hi ressure nhgf a
hi gh- pressureW%%rﬁCFQ}]dnngﬂ ei@'e%ﬁrﬂni‘ Bﬁmr’m@n& preseat 2‘6

hi gh- pr essur g, s e %\;%BY uctl on
force can be c@%?e ope |n tlﬁ&thﬁfc ?Ig @lhssr% ﬁ?%%&&nﬁiaté@ rgan obj ect
is to be heats@%sbd\ﬁérﬂ%éa’ﬂ@ig&ﬁ@@ésb@ﬂaybéSﬁbkeli, m?&eihdtﬁtedﬁdmutmdemy st eam
supply pipe 3 is supplied via the pressure control valve 7 to the jacket

sectionl®. | rthelsteapaegectdr 5.hi s enbodi nent, since the pi pe line 15 includes
a branch pipe 11 an shutof val ve 16, the I emai ni i nitiall

present inside the fré gteagk: ezg}p@a%%raﬁgs @&li’f&gastb éir}g‘i/a% &eand l%1!‘;]@2’/%hut of f
valve 1G Th e \, r ol
Valve 7 to trd dibgRll akedR R AOn e e ol e BIERT MEBIEPRE T,

air remai ni nghienté4if djét®or BKEInEREdd f9a Pottiod 6f firRdstestn énpply*@qse fooﬁ he
steam Further, when sone air renmains inside the jacket section 2, the

t enper at ur e mmmd;lsengmteaimct«ettheenlatmf thehstearr ejastat. 5 Hiowmstream dothe

te erat ure-responsi ve v lve 1 en d.so.as to estahlish comunj cati on
rrp é(&l pressure contr afve% ilte at?vely, the steam supply psipe maynb

connected to a portion upstream of the pressure control valve 7. In such
case, it is possible to supply to the steam ejector 5 a high-pressure steam
prior to its pressure adjustment. Still alternatively, in the steam-heating
apparatus of the invention, the steam supply pipe 4 may be provided

25 separately from the steam supply pipe 3, so that steam is supplied
separately to the respective steam supply pipes 3, 4.

(third mode of embodiment)

30 A third mode of embodiment of a steam-heating apparatus will be
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bet ween suction chanber 13 of the steamejector 5 and the jacket section 2.
So that, with each devel opnment of suction force inside the suction chanber
13 of the ejector 5, the remaining air inside the jacket section 2 is
sucked and exhausted to the outside. Wien the tenperature inside the jacket
5 section 2 reaches a predeterm ned val ue, the tenperature-responsive val ve
12 is closed to stop the suction. Wen the inside of the jacket section 2
is set at SUGhsBIFSEWIth refdreicd REFia T0S RMSEH & rPAGRAWeBsel 118 eﬁiﬂl@fé& g4l c
pressure nmay act on the respective connections of the jacket section 2, so
that a porti enhedt ekchahgayspheric air nay enter the jacket section 2 and
this air or air mxed in the.sugﬁlied steam may cause accunul ation of air

i nsi de the jacket sBrthefollowingetisgissione the spareacanstructioncaithat ofutha o heat
di scharge. Then) this iepperatu drop, is detected by the

t enper at ur e- %E%B%%ﬁ%%ﬁwﬁi’? qIBRE%len the tenperature-responsive val ve
12 thereby to estabtj oH%a kEH' .8.@1& NEER i tj s 13 of

the ejector 5 and t ﬂeﬁfba%%g% sec |%%M§ ﬁ%]ﬁ W %ﬁ@g%(%%rjgg {%ﬁ 12

devel opnent  dbrifbd hb @rhda@ingecfioh Ge thd6uter peiiphehaliberedisd vddagl eigct or
5, the air remaini ng in the jacket section 2 is sucked into the suction

chanber 13 arvdnagttaddbeal staam sapplyt pipee3. | dfurthey, Why appacatudiingudes tahe
present enbodi nent, not with the_ 20 valve neans, only air present in the

nitial stat PP HUISTRIRANRIRANYP %WE@ 9.4 brang sgﬁaznﬁeanlm;a@ 4d i
out i e by ¢ HoGRACHbePE S o haRb iR Ra A1 Brddiet Yen BB ackBloci ron

descri bagl abaygpion Randed ¥h dER3AR 18O REInsasnit Be shutof f valve 29 and the
t enper at ure-responsi ve 25 valve 12. Instead, the valve neans may conprise

only either the shuThékteam svepply pipe 3tiscrpoaites 8 prespos someolallve7 féur t her
it is also possible to enploy, a check val ve which allows on

|
uni di r ect i onaetingthe pressurpolstenm tobe suprlied todbeijackes se%thrh% se thatiibh

chanber 13, t _all.ow fluid passage. in the reverse. di.regtion. 3 n the
For egol ng. moderrsreaitk Beamain £ pPRESARAH il AL Sisiee 5% iingtlhd 1,' 1
provi ded as go3Bbfacket Y&URA 3.V PRIEEBED Sh&bttatt 5@ PEHY § iy Bdntfectd®lidd N9 the
t enper at ure-responsi ve cylinder 17 and the actuator portion 18 connected to

each other vippeéhaedbranbhed frometheShrahdls steath supplg pipng er ahiglepresponsi ve
val ve may conpri S(f a, conbi nati%g of _.a tenperature 5 sensor or an oxygen

sensor for devesiol AyidindeleHbef the candengade recovemnempi6. | ndustri al
Applicability As desgribed ;.above, the;steamheatin aratus relating to
the 10 present i nventt dHeRELcLean SHRIRISRT L E conterBRE L 18 wifedirer
means of st eaiksed fflvé 12 % an RERE b'heSREdth Bectd !, A Bh&iGPAAAbS1S S
useful as a steamheating apparatus which allows heating the object with

hi gh t enper atafrthe ptemn sjeomb tandudn agper pertiif efttheodonelensateetapkr Hit aree
unevenness in the heating. ect'hggc by suckj naband exhaust air .accunmul ated 15

i nsi de #the hegmmynicatad withaeachedher viamicaedipyalvailds i'Lhipshesleuplyel 14 usef ul
as a steam hegili . @ . SUk tyab r a relative | ow h i
t enperature _ragjr?é'{%%n g&%@%@%@ hgb(%g?%s%ggﬁ%m t_ﬁﬁgo%%%lgﬁgﬁ t@?ﬁaﬁ E(gmeabl e as
a steam heat i agtigRRRAMLES 18 MotUiRwillg HusPPhiash in hOtevedd AvsctRACALN
vessel s enpl oyed for polynerization reaction, etc., a distilling apparatus
for outlet of the steam ejector 5 is connected to a pipe line 16 and communicated

with a condensate pressure-transporting pipe line 26 described later.

25 In this embodiment, like the foregoing embodiments, the
temperature-responsive valve 12 is constructed as a self-actuated
temperature control valve. However, the temperature-responsive cylinder
17 of this temperature-responsive valve 12 is mounted to a portion of the

condensate tank 11 where air tends to be accumulated. That is, the

30 temperature-responsive valve 12 is opened when the temperature-
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20 food products) a-condensing apparatus, or a sterilizer. 28 Claims 1. A
steam heating apparatus in which a heating section forned in a heat
exchanger is connected to a steam supply pipe for receiving supply of 5
heati ng steam and connected al so to a condensate recovering unit for

di schargi ng condensate produced as a result of heating, the apparatus
conprising: a steamejector including a suction chanber connected to the

heating sect EQébo%@ﬂ/eaL;&Hﬂale?tl QEtebRCE| ¥} atRE! oﬁfmsmhﬁfee@dﬁdeﬁgae@nerei n

the steamejector 1s actuated in responsé to a drop in the tenperature of
t he heating ssskildn by a predetermi ned value to cause gas in the heating

section to be sucked into .the suction chanber of the steamejector. 15 2.
The steam heating appatescrbedabovei wath dhel tamperatyyeryesponsivnpiales g a

t enper at ur e-r espgnsi val ve proyided at, the inlet.of,the s m ej ect or,
e’ enper at BraTad b s GunpshoR bebort Hisrteam Sopkepinscband BB HRBESE ot he
t enper atur e ' [ ] to
suppl y the. eSSt ehd etk Y 11 BoRAEE B} BIERGRRMAM KRR 01 g
appar at us aceghdéiaté Qank a1mMadd ther sixtlonCEAhbet N8 & fHeesteadPlejertdd HVi ded
at a connection between the heating section and the suction chanber of the
st eam ej ect owhdrhar iéectanvaiaved misidedbegondeysataitaink d& thearehy tgdsvelas sage

fromthe heating section to ,the 25 suction chanber of ,the steam ejector. 4.
The st eam he&PYREP g SR 1 FQ}PH@"att‘érecbhiarﬁrfﬁe W‘ﬂ‘lﬁ%‘f V@‘Hﬁp?ﬁe%% a
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tank 11 and the jacket section 2 and exhausts this air to the outside.

In this embodiment, the temperature-responsive cylinder 17 of the
temperature-responsive valve 12 is attached to the upper portion of the
condensate tank 11. Instead, the temperature-responsive cylinder 17 may

15 also be attached to an upper or lower portion of the jacket section 2 or may
even be mounted inside the reaction vessel 1.

The lower portion of the jacket section 2 and a lateral portion of the
condensate tank 11 are connected by a pipe line 21 via a valve 22. Further,
the lower portion of the condensate tank 11 and the condensate inlet 20 of

20 the condensate recovering unit 6 are connected by a pipe line 8 via a check
valve 23. This check valve 23 allows only unidirectional fluid passage from
the condensate tank 11 to the condensate recovering unit 6, not allowing
fluid passage in the reverse direction. A condensate pressure-transporting
pipe 26 is attached also via a check valve 25 to a condensate returning outlet

25 24 of the condensate recovering unit 6. This check valve 25 allows only
unidirectional fluid passage from the condensate recovering unit 6 to the
condensate pressure-transporting pipe 26, not allowing fluid passage in the
reverse direction.

The condensate recovering unit 6 further includes an exhaust

30 returning outlet 27 for the high-pressure control fluid disposed at the upper
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tenperature of the heating section by the predeterm ned value so as to

all ow suction of gas fromthe heating sectini to the suction chanber of the
steamejector. 5 5. A steam heating apparatus in which a heating section
formed in a heat exchanger is connected to a steam supply pipe for

recei ving supply of heating steam and connected al so to a condensate
recovering unit for discharging condensate produced as a result of heating,
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result of recovery of the condensate, the high-pressure control fluid inlet 10

20 is again closed and the exhaust returning outlet 27 is opened, whereby the
condensate is caused to flow down into the recovering unit 6 via the
condensate inlet 20. With repetition of such operational cycle, the
condensate recovering unit 6 can recover the condensate produced inside
the jacket section 2 via the condensate tank 11.

25 In Fig. 3, when an object is to be heated inside the reaction vessel 1,
first, steam in the steam supply pipe 3 is supplied via the pressure control
valve 7 to the jacket section 2. Inside this jacket section 2, a certain
amount of air remains initially and also air has entered also from the jacket
section 2 as being pushed by the steam, because of which the temperature

30 thereof has been dropped. Accordingly, the temperature-responsive valve
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di schargi ng condensate produced as a result of heating, wherein the
condensate recovering unit includes a high-pressure 20 control fluid inlet
for receiving supply of high-pressure control fluid for
pressure-transporting and exhausting the condensate and a condensate
returning outlet for exhausting the pressure-transported condensate; and
the apparatus conprises an ejector including a suction chanber connected to

the heating §§fi%b Enish 2td SdtSbliSPERRRRRE At hitween daseat ehahbeptar ni ng
outlet and a va means provi ded at a connection between the heating

section and bfthessteamcsiectinibad the comdersatatandy L tsoithati the dineempazngheat i ng
apparatus according to claim8 or 9, wherein the valve neans conprises a
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cal cal ca] cal %?}]m(;ca an Actelll]ecgtegmalscsuapphed via the pressure control valve 7 to the
jacket section 2 thereby to heat the reaction vessel 1.

10 After heating the reaction vessel 1, the steam is condensed and
rendered into condensate, which flows through the pipe line 21 down into
the condensate recovering unit 6 from the condensate tank 1. The pressure
and the temperature of saturated steam have one-to-one relationship.
Hence, by supplying the heating steam having a predetermined pressure, 1.e.

15 a predetermined temperature into the jacket section 2 from which the air
has been eliminated, the reaction unit 1 is heated by the steam of the
predetermined temperature. For instance, when steam having a pressure
below the atmospheric pressure and 60°C is supplied via the pressure
control valve 7, the reaction vessel 1 is heated at 60°C.

20 When the inside of the jacket section 2 is set at such pressure below
the atmospheric pressure, the atmospheric pressure may act on the
respective connections, so that a portion of atmospheric air may enter the
jacket section 2 and this air or air mixed in the supplied steam may cause
accumulation of air inside the jacket section 2 and consequently inside the

25 condensate tank 11 as well, whereby the temperature is reduced due to heat
discharge by 5 to 10°C from the saturation temperature. Then, this
temperature drop is detected by the temperature-responsive cylinder 17 to
open the temperature-responsive valve 12, whereby steam is supplied from
the steam supply pipe 4 into the steam ejector 5 and a suction force is

30 developed in the suction chamber 13 of the steam ejector 5. As a result, the
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As described in the present embodiment, as the temperature-

15 responsive valve 12 is opened/closed with detection of the temperature of

the condensate tank 11, it becomes possible to provide the temperature-

responsive valve 12, the ejector 5, the condensate tank 11 and the

condensate recovering unit 6 as one integral unit. Then, by attaching this

unit to a hot-water heating apparatus such as an existing reaction vessel 1

20 for replacement, the apparatus may be readily converted into a steam-

heating apparatus.
(fourth mode of embodiment)

25 A fourth mode of embodiment of a steam-heating apparatus will be
described with reference to Fig. 4 in which a reaction vessel 1is employed as
a heat exchanger.
In the following discussion, the same construction as that of the
foregoing embodiments will be omitted.

30 In the steam-heating apparatus shown in Fig. 4, a jacket section 2
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5 a suction chamber 13 of the ejector 5 and the jacket section 2 are connected
with each other via a pipe line 15.

The steam supply pipe 3 incorporates a pressure control valve 7 for
setting the pressure of steam to be supplied to the jacket section 2 so that its
temperature becomes a predetermined value. And, this pipe 3 is connected

10 to the jacket section 2.

The branch pipe line 9 is connected via a shutoff valve 4 to the
ejector 5. An outlet of the ejector 5 is connected to a high-pressure control
fluid inlet 10 of the condensate recovering unit 6. The suction chamber 13
of the ejector 5 and the jacket section 2 are communicated by a pipe line 15

15 via a shutoff valve 29 and a temperature-responsive valve 12. In this
embodiment, the shutoff valve 29 and the temperature-responsive valve 12
together constitute a valve means.

In this embodiment, like the foregoing embodiments, the
temperature-responsive valve 12 is constructed as a self-actuated

20 temperature control valve including a temperature-responsive cylinder 17
mounted to a portion of the jacket section 2 where accumulation of air tends
to occur and an actuator portion 18 of the temperature-responsive valve 12,
the cylinder 17 and the actuator portion 18 being connected to each other
via a flexible tube 19.

25 Like the foregoing embodiments, the condensate recovering unit 6
closes the high-pressure control fluid inlet 10 and also opens the exhaust
returning outlet 27 when an unillustrated float contained in the unit 6 is
located at a lower position, whereby condensate inside the jacket section 2 is
caused to flow down into the recovering unit 6 via the pipe line 21, the check

30 valve 23 and the condensate inlet 20. Then, when the condensate is
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transported via the condensate returning outlet 24, the check valve 25 and
the pipe line 26 to a condensate recovering area, where the condensate is
recovered.
And, each time the high-pressure steam as a high-pressure control

10 fluid is supplied from the inlet 10 into the condensate recovering unit 6, the
high-pressure steam is caused to pass also the ejector 5, whereby a suction
force can be developed in the suction chamber 13. Also, when the inlet 10
is closed, the high-pressure steam is not caused to pass the ejector 5, so that
no suction force is developed, either.

15 In Fig. 4, when an object is to be heated inside the reaction vessel 1,
first, steam in the steam supply pipe 3 is supplied via the pressure control
valve 7 to the jacket section 2. In the case of this embodiment, since the
pipe line 15 includes a branch pipe 11 and a shutoff valve 16, the remaining
air initially present inside the jacket section 2 may be exhausted by opening

20 the shutoff valve 16.  That is to say, by supplying steam via the pressure
control valve 7 to the jacket section 2 and also opening the shutoff valve 16,
the air remaining inside the jacket section 2 is forced out by means of the
steam.

Further, when some air remains inside the jacket section 2, the

25 temperature inside the jacket section 2 has dropped. Hence, the
temperature-responsive valve 12 is opened so as to establish communication
between suction chamber 13 of the steam ejector 5 and the jacket section 2.
So that, with each development of suction force inside the suction chamber
13 of the ejector 5, the remaining air inside the jacket section 2 is sucked

30 and exhausted to the outside. When the temperature inside the jacket
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kDl ] A?ﬂa’ité I“blyI the steam of the predetermined temperature. For instance,
when steam having a pressure below the atmospheric pressure and 60°C is
10 supplied via the pressure control valve 7, the reaction vessel 1 is heated at
60°C.
When the inside of the jacket section 2 is set at such pressure below
the atmospheric pressure, the atmospheric pressure may act on the
respective connections, so that a portion of atmospheric air may enter the
15 jacket section 2 and this air or air mixed in the supplied steam may cause
accumulation of air inside the jacket section, whereby the temperature is
reduced due to heat discharge. Then, this temperature drop is detected by
the temperature-responsive cylinder 17 to open the temperature-responsive
valve 12 thereby to establish communication between the suction chamber
20 13 of the ejector 5 and the jacket section 2. Then, with each resultant
development of suction force inside the suction chamber 13 of the ejector 5,
the air remaining in the jacket section 2 is sucked into the suction chamber
13 and exhausted to the outside. In this way, according to the present
embodiment, with the valve means, not only air present in the initial state
25 of the steam-heating apparatus but also air accumulated during the
subsequent heating process may be sucked and exhausted to the outside by

the steam ejector 5.

(fifth mode of embodiment)
30
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In the following discussion, the same construction as that of the
5 foregoing embodiment will be omitted.

In the steam-heating apparatus shown in Fig. 5, a jacket section 2
formed as a heating section in the outer periphery of the reaction vessel 11s
connected to a steam supply pipe 3. Further, the steam supply pipe 3 is
connected via a pipe line 9 to a high-pressure control fluid inlet 10 of a

10 condensate recovering unit 6. The condensate recovering unit 6 includes a
condensate returning outlet 24, which in turn is connected to a condensate
pressure-transporting pipe line 26 incorporating an ejector 5, and a suction
chamber 13 of the ejector 5 and the jacket section 2 are connected with each
other via a pipe line 15.

15 The condensate pressure-transporting pipe line 26 incorporates a
check valve 25. This check valve 25 allows only unidirectional fluid
passage from the condensate recovering unit 6 to the outside. |

The condensate pressure-transporting pipe line 26 is connected to
the ejector 5. The suction chamber 13 of the ejector 5 and the jacket section

20 2 are communicated with each other by a pipe line 15 incorporating a
shutoff valve 29 and a temperature-responsive valve 12. In this
embodiment, the shutoff valve 29 and the temperature-responsive valve 12
together constitute a valve means.

In this embodiment, like the foregoing embodiments, the

25 temperature-responsive valve 12 is constructed as a self-actuated
temperature control valve including a temperature-responsive cylinder 17
mounted to a portion of the jacket section 2 where accumulation of air tends
to occur and an actuator portion 18 of the temperature-responsive valve 12,

the cylinder 17 and the actuator portion 18 being connected to each other
30 via a flexible tube 19.
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closes the high-pressure control fluid inlet 10 and also opens the exhaust

returning outlet 27 when an unillustrated float contained in the unit 6 is
located at a lower position, whereby condensate inside the jacket section 2 is
5 caused to flow down into the recovering unit 6 via the pipe line 21, the check
valve 23 and the condensate inlet 20. Then, when the condensate is
gradually accumulated within the recovering unit 6 to push up the float to a
predetermined upper position, the unit closes the exhaust returning outlet
27 and opens the high-pressure control fluid inlet 10, whereby high-

10 pressure steam as a high-pressure control fluid is allowed into the unit 6 via
the steam supply pipe 3 and the condensate contained therein is pressure-
transported via the condensate returning outlet 24, the check valve 25 and
the pipe line 26 to a condensate recovering area, where the condensate is
recovered.

15 And, each time the high-pressure steam as a high-pressure control
fluid is supplied from the pipe line 26, the high-pressure steam is caused to
pass also the ejector 5, whereby a suction force can be developed in the
suction chamber 13.

In Fig. 5, when an object is to be heated inside the reaction vessel 1,

20 first, steam in the steam supply pipe 3 is supplied via the pressure control
valve 7 to the jacket section 2. In the case of this embodiment, since the
pipe line 15 includes a branch pipe 11 and a shutoff valve 16, the remaining
air initially present inside the jacket section 2 may be exhausted by opening
the shutoff valve 16.  That is to say, by supplying steam via the pressure

25 control valve 7 to the jacket section 2 and also opening the shutoff valve 16,
the air remaining inside the jacket section 2 is forced out by means of the
steam. |

Further, when some air remains inside the jacket section 2, the
temperature inside the jacket section 2 has dropped. Hence, the

30 temperature-responsive valve 12 is opened so as to establish communication

26



PHWG 109&' ()- !'CWI109%& ()- !'+"109& ()-f!"10%&k ()-f3"10% & ()- !"#N~\= 10
33"10%w& ()-!33"10% ()- 10t 10t 10t&f>10% & ()-2"10% & ()-!42"109%& () -
Ye}[<~\= 10

TIT109%VE ()-10T 1109 & () -"10%ve () -+ 109X & () -" 109V ()-!"10% i & () -
>}ASH= 10 10M 10M

10M&, >109%v& () -2"10%V&' ()-!42"10%& ()-*"109v& ()-!4*"10%&' () - OWX6SH=

101 0" 109 () pShdVedition damrBiaid of Bie'sidAH&;dobordh B a'thAYEeket sbofion 2.
1098 () - (6] z[ <1=

10" S>10% & (Sosthat,08atR' dach! des6lopadstat (of stttddd 10eRirside s dct{on cHedbSR’ () - S#
10" 10" wo) 2 4Boof the cjector 5, the Wmbining alr smside the jacket section 3 is sucked
and exhausted to the outside. When the temperature inside the jacket
5 section 2 reaches a predetermined value, the temperature-responsive valve
12 is closed to stop the suction.

When the inside of the jacket section 2 is set at such pressure below
the atmospheric pressure, the atmospheric pressure may act on the
respective connections of the jacket section 2, so that a portion of

10 atmospheric air may enter the jacket section 2 and this air or air mixed in
the supplied steam may cause accumulation of air inside the jacket section 2,
whereby the temperature is reduced due to heat discharge. Then, this
temperature drop is detected by the temperature-responsive cylinder 17 to
open the temperature-responsive valve 12 thereby to establish

15 communication between the suction chamber 13 of the ejector 5 and the
jacket section 2. Then, with each resultant development of suction force
inside the suction chamber 13 of the ejector 5, the air remaining in the
jacket section 2 is sucked into the suction chamber 13 and exhausted to the
outside. In this way, according to the present embodiment, not with the

20 valve means, only air present in the initial state of the steam-heating
apparatus but also air accumulated during the subsequent heating process
may be sucked and exhausted to the outside by the steam ejector 5.

In the fourth and fifth modes of embodiment described above, the
valve means comprises the shutoff valve 29 and the temperature-responsive

25 valve 12. Instead, the valve means may comprise only either the shutoff
valve or the temperature-responsive valve. Further, it is also possible to
employ a check valve which allows only unidirectional fluid passage from
the jacket section 2 to the suction chamber 13, not allowing fluid passage in
the reverse direction.

30 In the foregoing modes of embodiment, the temperature-responsive
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connected to each other via the flexible tube 19. Instead, this

temperature-responsive valve may comprise a combination of a temperature

5 sensor or an oxygen sensor for detecting presence of air and a controller.
Industrial Applicability

As described above, the steam-heating apparatus relating to the

10 present invention heats an object placed in a heat exchanger by means of
steam supplied into a heating section. And, this apparatus is useful as a
steam-heating apparatus which allows heating the object with high
temperature precision without adverse effect of e.g. temperature
unevenness in the heating section by sucking and exhaust air accumulated

15 inside the heating section as needed. This apparatus is particularly useful
as a steam-heating apparatus suitable for a relatively low heating
temperature ranging around 100°C. Specifically, the apparatus is suitable

as a steam-heating apparatus for use in steam-heating of various reaction
vessels employed for polymerization reaction, etc., a distilling apparatus for

20 food products, a condensing apparatus, or a sterilizer.
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1. A steam-heating apparatus in which a heating section formed in a
heat exchanger is connected to a steam supply pipe for receiving supply of
5 heating steam and connected also to a condensate recovering unit for
discharging condensate produced as a result of heating, the apparatus
comprising:
a steam ejector including a suction chamber connected to the
heating section and an inlet for receiving supply of the steam,;
10 wherein the steam ejector is actuated in response to a drop in the
temperature of the heating section by a predetermined value to cause gas in
the heating section to be sucked into the suction chamber of the steam

gjector.

15 2. The steam-heating apparatus according to claim 1, further
comprising a temperature-responsive valve provided at the inlet of the
steam ejector, the temperature-responsive valve being opened in response to
a drop in the temperature of the heating section by the predetermined value
s0 as to supply the steam to the inlet of the steam ejector.

20
3. The steam-heating apparatus according to claim 2, further
comprising a check valve provided at a connection between the heating
section and the suction chamber of the steam ejector, the check valve
allowing only unidirectional gas passage from the heating section to the

25 suction chamber of the steam ejector.

4, The steam-heating apparatus according to claim 1, further
comprising a temperature-responsive valve provided at a connection
between the heating section and the suction chamber of the steam ejector,

30 the temperature-responsive valve being opened in response to a drop in the
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5 5. A steam-heating apparatus in which a heating section formed in a
heat exchanger is connected to a steam supply pipe for receiving supply of
heating steam and connected also to a condensate recovering unit for
discharging condensate produced as a result of heating, the apparatus
comprising:

10 a condensate tank disposed between the heating section and the
condensate recovering unit;

a steam ejector including a suction chamber connected to the
heating section or to the condensate tank and an inlet for receiving supply of
steam,;

15 wherein the steam ejector is actuated in response to a drop in the
temperature of the heating section by a predetermined value to cause gas in
the heating section or in the condensate tank to be sucked into the suction

chamber of the steam ejector.

20 6. The steam-heating apparatus according to claim 5, further
comprising a temperature-responsive valve provided at the inlet of the
steam ejector, the temperature-responsive valve being opened in résp onse to
a drop in the temperature of the heating section by the predetermined value

so as to supply the steam to the inlet of the steam ejector.

25
7. The steam-heating apparatus according to claim 6, further
comprising a check valve provided at a connection between the heating
section or the condensate tank and the suction chamber of the steam ejector,
the check valve allowing only unidirectional gas passage from the heating
30 section or the condensate tank to the suction chamber of the steam ejector.
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_5 discharging condensate produced as a result of heating,
wherein the condensate recovering unit includes a high-pressure
control fluid inlet for receiving supply of high-pressure control fluid for
pressure-transporting and discharging the condensate; and
the apparatus further comprises an ejector including a suction
10 chamber connected to the heating section, an inlet for receiving supply of
the high-pressure control fluid and an outlet connected to the high-pressure
control fluid inlet and a valve means provided at a connection between the

heating section and the suction chamber of the steam ejector.

15 9. A steam-heating apparatus in which a heating section formed in a
heat exchanger is connected to a steam supply pipe for receiving supply of
heating steam and connected also to a condensate recovering unit for
discharging condensate produced as a result of heating,

wherein the condensate recovering unit includes a high-pressure

20 control fluid inlet for receiving supply of high-pressure control fluid for
pressure-transporting and exhausting the condensate and a condensate
returning outlet for exhausting the pressure-transported condensate; and

the apparatus comprises an ejector including a suction chamber
connected to the heating section and an inlet connected to the condensate

25 returning outlet and a valve means provided at a connection between the

heating section and the suction chamber of the steam ejector.
10. The steam-heating apparatus according to claim 8 or 9, wherein

the valve means comprises a temperature-responsive valve which is opened

30 in response to a drop in the temperature by the predetermined value in the
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heating section or between the heating section or the condensate recovering
unit so as to allow suction of gas from the heating section into the suction

chamber of the ejector.
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