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PURGED GROUNDED INNERSICN HEATER . ' BACKGROUND OF THE

| NVENTI ON wo 9816783 This application bases its priority sknal
application Serial No. 60/027,920 filed on Cctober 11, %%896%

The present invention relates to i nmersion heaters for heating a
liquid in a bath. Mre particularly, the I nvention relates to a
grounded gas purged i mrersion heat er . 5 ‘Tubul ar el ectric
heating el ements are known in the - art to consist of a resistance
wire coil or ribbon wound PURGED SGROUNDERY INMERS ION0 \HERrS® exact

el ectrical resi stance for a given length of coil. The coil is

generally inserted into a sheat hBA EafvBNTION netal, and

filled with an electrically _insulating material, such as
magnesi um oxi de. The asSe#B| ?Ppélﬁﬁéiﬁon baseg ditis rwdmz:emltgr ocavwagedilsdonal

conpact the fill n@pgrichtdbl Serial &Nd! mélél}/ﬁ%@nbz O'ﬂs‘lgﬁtc@ﬁn p'(?tb&rre 1%

assenbly so as to facilitate heat trans heé“entire stru
t hen 15 anneal el??%- el i minate stresses built up during roll
reduction. The fini shethéeptésgnel éapehtdan Hanthes to 1mmé95%ﬂ h%ta‘ﬁe@“-

unlimted variety S config ons as needed

process requiring ﬁ%ﬁtﬁgg@fﬂg 2 liquidiin g g@%omm‘?’fﬁtﬁ%réi’-fmﬂ-ﬁa‘tlm/attth°
densities or 20 invenwbhountredfatimmt tohiaxhgrannbed rqasf guRfed I 9 Mmd r@ii WD
| engt h of tubul ar hegatdpg el ement varies dependi ng upon the process

for which the heater elenent is used. As an exanpl e, an oil based
liquid transters heat ‘éli‘\u]ﬁ%?eelec‘:rlcsh@@lt}r&uﬁimta amecknbasedn the

li quid. Since ther2So comsist BE Wééé@@ﬁcét@YrﬁeéblgeEQ igﬁoﬁebgh%
poi nt to provide econom_cal, useful life, the anou

(or watts) for a untt Ht st e Vit i &P PO RRp AR °Xac‘5vva@ﬂ-e§§ﬁ9p@1
known in the art frFsistanegy dorxoid tiwen lengthi @f dcbs120 WBHES BS{1 is

square inch of hey&le SR Ninserted into a sheath, usually a tube made of
10 metal, and filled with an electrically insulating
material, such as magnesium oxide. The assembly is then

roll rgduced or swaged to compact the £ill material and
eliminate any voids within the assembly so as to
facilitate heat transfer. The entire structure is then

15 annealed to eliminate stresses built up during roll
reduction. The finished heating element can then be

formed into an unlimited variety of shapes or
configurations as needed for the process requiring heat.

It is also known in the art that watt densities or

20 the amount of heat which can be transferred from a given
length of tubular heating element varies depending upon

the process for which the heater element is used. As an
example, an oil based liquid transfers heat much more
slowly than does a water based liguid. Since the

25 resistance wire must stay well below its melting point
to provide economical, useful life, the amount of powexr

(or watts) for a unit area must be varied. A common

"watt density“'known in the art for heating an oil type

liquid is 20 watts per square inch of heater sheath




area. For a water based liquid, watt densities can be as high as 90
watts per square inch. Fromthe above, it is evident that for
any given application, a certain ampunt of material nust be used 5
to achi ev&VQ9¥1638Hper watt density. Therefore, it would = PCT/US9E18816
beneficial if one could use |less material to_ provide an equi val ent
amount of  surface 3¥ed: FPF phiwatgyr dased ligepd, wassstdsyssitngesoohd be

achi eved. ~as Mogh sbapeswhave peen derfd-d ofndnbul ar heater 10
sheat hs. It is commn]gi n tQFl art to use tri anQ’u, or even
s P

c 4% oval /
flat surfaces on the sheh ferott 1S SVIgeRaskhREafQr any given
efficiencies. Prayyplicanion) org celrtain amolneat of sheaidialsutlis@Sbéi 0ged

splines or pins, h: Y, well for .certai

ool featione 15 P EdhEEre the pRGSEr UBE: ARLAIPES N obHo B ER Ol SE TR
linitations. Flat mdeenefichebt hf Packcrhddabise thpss materiakmtat provide
sufficient compactifgeRfuitBadid | afBLAEI Af surfacelMsehn tugh m%r gdyge

voids within the heater el ement ) thys. Limting heat transfer. Fins
and ot her protrusi¥Re202 COfhcPEYIRG: WOV T 3FRLRYece area but al so

require addi t i onghnyrarsHasésr ingrst eRemn a&g\é‘gﬂ | fa% aédighu%&alblheater

mat eri al . th of_the i ncr.ease_caosts. It ul esirable_to

i ncrease t g)osur f a%}ée%?lg%' of IZC t hBuCEmmen 1n“ﬁ§§t iaﬁ% eF8n¥tite wrrhapgular,

addi ng materi al orovafupri eyeds Llataddiurfanes simapilng. sheaths in order to

El ectrical resistang beatgr f . 0of . ' Lhyous, flexible
éﬁ?ﬁéa & lé%ﬁﬁﬁ@f%ﬁ@lé%ﬁ%%ﬁgi Protfﬁggéﬂg éiqﬂgﬁggF

cable are particul sul table ) on 1 n"corrostvec
baths since the ext@?t@¥ sheath, gpucheas| &t e spdiinesngr einackbavd alsh

a suitable 30  phaeihi Gsaat ghbakydiay iVdry alid 31 26ber kor@s 15 aélsﬁlieaétﬂgns .
corrosi've nature t he eg%gal bat h be nsgc h at(ig. An exanple of a
flexible cam e resi3tAn&d helFerSiaPSHo ribedy,qheueyisted s Lspecific

Patent No. 4,158, 7bimitafhoss. Flapatedt ovali shesudrsatiatiheties nabylity to
Lo canr o heffasne I tkioion compalh it 9PLAS B0 CRaBlElyy.
of a This in turn can produge voids within the heater element
thus limiting heat transfer. Fins and other protrusions
20 increase the amount of surface area but also require
additional manufacturing steps, as well as additional
material. Both of these increase costs. It would be
desirable to increase the surface area of a tubular
heating element without adding material or requiring

25 additional shaping. '
Electrical resistance heaters formed of a
continuous flexible cable are particularly suitable for
immersion in corrosive chemical baths since the exterior
of the flexible cable may be jacketed with a suitable
30 plastic material having satisfactory resistance to the
corrosive nature of the chemical bath being heated. An
example of a flexible cable resistance heater is shown
and described in U. S. Patent No. 4,158,764. This
patent is .incorporated herein by reference in its

35 entirety.

It is known to provide such flexible cable heaters
with an outer casing or ijacket formed of a



pol ytetrafl uoroethylene (PTFE) material. PTFE has satisfactory

resi stance to chem cal attack by corrosive nmedi a. However, it has
t he di sadw;,g%gsst hat when enployed in a thin wall ed tg¢gegdegnssigsi r ed
flexibility, the perneability of PTFE permits transm gration of

heated chemi cal vaparddirafiiierddeyDénal (hereabl ateriaheat erprpd0 has
overcone this pro 4 di sclqses that {he

lem . S. Patent No. 4,553,022 t
outer. | acket of {RECHHAECSTY TEqiathcr be; clieRdsnd, ashrdie lormrcteatts
a suitable 10 seddice of Howevegaseidus haedi bhvef odisadvahabigen tham awhen
inlet end of the I kN L.O : f over
the heating el em%ﬁ@%%geﬁqégéalgﬂigpﬂéﬁea {:ﬁ%éo?ﬁé dgﬁ&%‘%{ f%ee}ﬁleaﬁéjr'gy'
cable.  ThPs proEhges pgrmeablilddiy i AfoudTHE PeFWiteyv dirgwsmegvaeionheot

resistance 15  hpalddy) eheneakhl! Gy enfoanhaCsnmahalard Sor eyl Veapie
chem cal vapors which may have perneat ed throu%r} e outer plastic

jacket of the heat®®tS e. TPaPERECRES this -8 "Ps of soPatent No.
i ncor porat ed her eian 393 JeferdineeloPes thati tBeedbuteet ackEt of the QeoDé-
the difficulties with the flexible cable heaters illustrated in %lS.
Patent Nos. 4, 158\,@?@2? ahgreTsion, hedi-qp /CRR Rfat CPRESRES eI afe Sinttable
grounded. 18uch sourag cahdk ngrysgregoiusedasiwar fousciegullattdon from an
authori ties, SpANAN BRaUNIET Wild eheskahor 8hBnkeSchibigndchle fAnadigl
CSA d e app Tt wou

25 St andards Associ ation ( ) In order to rove
al so be desirabl e theufffe RFALRF Jehe reaplageelementy toash expransideat

flexible cable theatStBerWil® of theBh&hees HhKWINOd hepiidr Rehlldes a
t hrough t he PTFE j acket of the cg_‘k?l e heater. 30 Accordi ngly,
it has been consi GSFEFHES aBF¥ F5S Tlowy&QFe| BPrden QY Shd thRprcRte Hater

sheath el ednt whhefating elemehe useds¢avenger gery grodudalatled cherdeiveo
3??$icuItiegh:ngbg¥%@?%§%ﬁgygsgggvi .H§¥§§%?£?“§%§ %%g&%gﬂgi §8$§ﬁ§%be%ﬁg
overall results. outer plastic jacket of the heater zrable. Patent No.
' ' 4,553,024 is also incorporated herein by reference in
its entirety. '

20 One of the difficulties with the flexible cable
heaters illustrated in U. S. Patent Nos. 4,158,764.and
4,553,024 is that the.heaters are not grounded. Such
grounding is required by various regulatory authorities,

" such as Underwriters Laboratories (UL) and the Canadian

25 Standards Association (CSA) in order to be approved. It
would also be desirable to have a gas purge take place
on such grounded flexible <cable heaters while
maintaining good heat transfer through the PTFE jacket
of the cable heater.

30 Accordingly, it has been considered desirable to
develop a new and improved heater sheath element thch
can be used in a purged grounded fluid heater to meet
the above-stated needs and overcome the- foregoing
difficulties and others while providing better and more

35 advantageous overall results.



BRI EF SUMVARY OF THE | NVENTI ON I n accordance with the present

I nvention, a new and | mproved i mrersion heater for corrosive fluids
i's . provided. 5 More particularly in accordance with this
aspect of WO98/1678he i nvention, the heater conprises an el ec®PCTAEOTAS816
resistive material strand opergtlve upon c%n%epptlon t a source of

power to provide heat. A BRARESF s MYAR o gPHctrically
insulating fill materi ain ia3ck¥danck mdﬂfé Wezﬁbelﬁbéﬁtibﬁal bynew and
resistive materi al trand. An el ca | v _conducti ve, shea i )
di sposed - ar dtﬂRF?‘fﬁ;f ﬂ"fmef‘?ﬁ?%??al eit %%ul SPTHWRNKER ul‘i 1s
flexi ble chem calpxyovnidedl mat eri al encases t he electrically
conductive eath. A fl € t

conduct Jac%gt th. A Tdd 0 Aaseassy ﬁ]asccorgg{,\f:g 9: PRI EEEE LfBect of
t her et hr ough. the anBntG@élrenﬁM nmepatey k‘h@mpéélssétt@nn elerpricahdy
sets of first and f@é‘ﬁ@nﬁ@'h&@éf&a@ff&%ﬂw é‘ﬁ@fé]@i@e upon V&Brﬁibét?iéﬁ' tbn
opposi te directions, oVi on the 20 15 surface of
electrically condit |W£‘?’Fe té’ower R &Fetde phrak-fl wﬁ tW??‘BWllY

over the outer surdé@tdictive Qilédflﬁrish&mjﬂ ahdsheaweay t Bel3henbbeandlt heés

j acket in er to enpve y .corrasive fl uigd whic

penetrat ed 1%he J ac{]eﬁposf% ar?cﬁ%“lerfg rﬁc}b Gtz ?J:g{uYarrez%lsglvﬁckrg?t?glal

provi ded with a sestimsndf sbacedlecrh:trerqwiﬂlyy conducextren@haagitrh b:sswmsposed

contact the outer suyrfase 9 tB811 ma a%] The vehb«a $ e m thegris
S

cooperate with the outer surface of e sheath to orm hanne
t hr ough whi dhtesiblrir gehanigyllean ines. mataripdt @RepEeF 3othe

terrgolcli ment, kat br aléilé@élerw:%ly&&ha@@aedeb@héaen .the fl?ldfﬁmétﬁraﬁaégggéhis
ubul ar ac e in o formf nnel s 0 urge
o S e hahrEen e ot Rel AEe JaGkal R8s ddat for

i nvention, an i m’reﬂsimrk@aalffguaqipabaf&sw s;hrerm}dﬂdglsS Mor e
particularly in accord €s té“{ggélr@&p@ct Ofknurle gtltr;%%ntlg&n H‘Eln
apparatus conprises a flexibl'e type i mer 5|on

a corrosive fluid.sets of first andhsecenss sh@ﬂqlﬂhéhhér eX&endigus ghannels

el ectrical :cy resi sghien Splral nﬁﬁedspgbs&&éaadr@%&%ﬂé/e HW-&PPAEa banthe
a source o

o] d and t her ductjve
el ectrical I3P i nsul%ﬁ?"r% ?‘é’Ffa t\élﬁl %p%%%ﬂlﬁ?iﬁﬁd SR ve EEEL o

allow for a purge fluld to flow over the outer surface
of the sheath and between the sheath and the jacket in
order to remove any corrosive fluid which may have
penetrated the jacket. In another embodiment, a tubular
25 jacket is provided with a series of spaced internally
extending ribs which contact the outer surface of the
sheath. The valleys between the ribs cooperate with the
outer surface of the sheath to form channels through
which a purge £fluid can flow. In yet another
30 embodiment, a braid material is disposed between the
'sheath and the tubular jacket in order to form fluid

flow channels for the purge fluid.
In acc’orda.rice,with another aspect of the present
invention, an immersion heating apparatus is provided.
.35 More particularly in accordance with this aspect of
the invention, the apparatus comprises a flexible type
immersion heater for immersion in a corrosive £fluid.



5 the electrically resistive material strand. An
el ectrically conductive sheath is disposed around the fill

mat eri al.. t,é&bul ar jacket of a flexible Chem?‘?;ijn# :
mat eri al gvr%’}élgs the electrically conductive sheath %§U|%‘i§| ow

passage is defi nEdrﬂQ imm@E MEL hd f%*{}?f %\égk&ﬁ &g Epfcgtfg?f; ?ﬁt?&stlve

allow. a flurd to ow t herethrou Source of pur ge

medi umis provi ded“%ﬁﬂrba%o‘-ﬁtﬁﬁ%dl%P%Céélﬁ?o‘apﬂéchBPECtlon teoaneouimg tife
source of pur ged f cbihéirrfeﬂéu%i@vihé heat EL-H& ddl MhdErs P &8nduct ive
I n accordance wt h t| | | ﬂr%er ect of sent”™ inventiLon, _

a nmethod s tEi‘eﬂca st Ry ai‘l]'ur‘??ltge‘agafrrﬁéfsﬁ%ﬁ@]eéﬁfépnd
for corrosiwe fI_undse electr= callyn aresisaive V\nnta{téftlsl aspesand. the an
i nventi on, o] e ste V|d|n an 20

electrically resis | ve {') i %%’ lﬁa\ﬂed %ﬁfggtﬁ‘l ar dfspos e tPigrd afhe
el ectrically conduétl¥e mt@maﬂ ThPe tubulaxtr jagkeits dmsesnt efllekdbde
the sheath. cﬁ@rﬁ:{@@iiy inert CRAEWELLYE ?rf‘c%{é'i altl. 'néfég{:# gglly

material is packed bet ween the strand and the eat i n_or
isolate 25  the %%%at’rv%m%h?étéheatrﬁ flpdd vBblaw ipA3$RIE| lis defined

materi al | aoat ed Ilﬁ’e&xk?@eﬁheﬁbh mxm\gjaekeA taihal| erm sheatBCke! 18w a
chemically inert n@tjer(?a{__o ed _over t he sheat h. A channe IS

formed between an OES’er FEPuPRe sHeaFPUERA QF iBeged £luid
peri phery of the 3fediupatkeprovided and @necadidtt aje aflschefses@sd for

I nvention is the L si.@n O w ve g t ounded
i quid heat er- ?ei){?f{é tHe éoﬁrgg C§31itnhg %d’\(/aanfd;égé!dofm?(ﬁ gs% fhe
invention is the FBluidpflew spapsagea heater elenent with an el ect rically
conductiveisheath for giQuRdiRG-RIHER GHRN CLLY1I MBidther adPUEL %Oesleghgg
or jacket wherein flow channels are

formed between t h@XHEERH achFY%tEBVerl ng to™SHheR a i  pEewidedui dfes
fl ow t her ebet ween manufactur;.n@ta:hl immekbebnatheaticagE o ddr-dg¥Le€Ntluids.
I nvention is - t he o] f,_a e,@]pn for_increasing the surface
5 area of a tubul ar. ﬂéhég hg\%agﬁgu;vsja dl%gggdcﬁstqeoqél S2°kht L e E1OBy
needi ng addi ti onalth@anungaepedi ngoyrepsses the steps of providing an
20 electricallv resistive material strand and a tubular

sheath of an electrically conductive material. The

strand is inserted into the sheath. A thermally

conductive electrically insulating material is packed
between the strand and the sheath in order to isolate
25 the strand from the sheath. Any voids in the £ill
. material located in the sheath are removed. A tubular
Jacket of a chemically inert material is slipped over
the sheath. A channel is formed between an outer
periphery cf the sheath and an inner periphery of the.

30 - jacket.

One advantage of the present invention is the
provision of a new and improved purged grounded liquid
heater element. _ _

Another adv'antagé of the present invention is the

35 = provision of a heater element with an. electr.ically
conductive sheath for grounding and a chemically inert
outer covering or jacket wherein flow channels are



Yet anot her advantage of the present invention is t he provision of a

heat er el enment sheath which is provided with integral flow channels
whi | e nai nt ai ni ng. 10 the structural integrity of the sheath because
no WP 2¥16383 i s renpved fromthe sheath C An PEISOTARRLP
advant age of the present |nvent|on IS provi sion of a heater

el ement sheath wi t§PERed betwpap, thes £FhrakR n@nélf f5Rg efeyeBinowticc R khedt A
is capable 15 Pubge rtglmmdtbyfrowpahéeéb@tmﬂ 0 eI i m nate any voi ds
ina fill material hel d.w{hi heat urther advant age
of the present |nvent|ont|isft hotlie 3%{%1\1/11:%9 ogftl?;i"h%ﬁ?%?qﬁl?aﬂ%ﬁt“ﬁﬁﬁ hg
a tubular jacket the pmmd@nl oftd tﬁchnmauby foextionmigap indsthe Fhefaicbs

20 coopergte wij ﬁut ar éﬁmi‘&% Oéhé‘aéﬁatﬁ{t?%ﬁgenédd ng. S8&2Ehoh1

define fluid flow channels to allow a
t her et hr ough. materialy Q¥ We%nghéﬁida&\;maégéﬂamuﬁmttpreggnstamnt i on

i's the provision of a h?éﬁeénétﬁéﬁnhdkr%@ﬂt%égoﬁ fpat g&e%%nt ﬁ{\?é'@@ion is
sheat h, a tubul arHJ_acket and_a brai rial disposed,

ed s
between the sheat F3hd BRI 34Kt © A L?ﬁéeﬁ‘r a?&l@ﬂ‘e&teﬁge@&&‘pewg‘t-é’? wi-Bh
t he inner surface pnfov:.ded wvihehj dokegrald flwy ochannelsf atd Iof thdiensheatihg

to define ui ow_{ her et hy ough. 30
A yet furthler adva agreg{)}qu%tﬁ% preserwfbjéﬁv tI%F] |slfIL ﬁg?ﬁg pﬁ%gg?is(?n 6P
a heater elenent wherdtl oks removed frppnither ishpatie. integrity of the
outer chenically msa&afﬁoﬁypta&;aﬁ@&gstoﬁytﬂsaﬁyéé@ﬂgeiﬁ?é&hgﬁslgf

flow or |oss of pressure, if no flowis desited
benefits and adVeifag@oviFionh®f 2a heRRA¥ | FLePent hethaathppuitht a8

those skilled in tiecreased neatlng eff1c1ency but which6bsheath is ,apable

art upon a_readin d under st an the fol I ow n detaile

speci ficati oSE of beilly Tadity ngéR ﬁTﬁﬁ\IE%: SRR ST I\‘E%‘-’ Voias
The invention may imaka bi_;lyklmateruam hﬂlde!wnaum._n She glaeashand arrangenment
of parts preferred embogdi fipiRePladvantadli 6P Whe|pPesdheCIiPEALiBrIgkALDe

in this specification
provision of a heater element having a tubular jacket

provided with internally extending ribs. The ribs
20 céoperate with an outer surface of a heater element
sheath to define fluid flow channels to allow & purge
fluid to flow therethfough.
A still further advantage of the present invention
is the provision of a heater element including a heater
25 element sheath, a tubular jacket and a braided slszeve of
material disposed between the sheath and the jacket.
The braided sleeve cooperates with the inner surface of
the jacket and the outer surface of the sheath to define
flow channels for a purge f£luid to flow therethrough.
30 A.yet.further édvantage'of the present invention is
the provision of a heater element which allowé for
monitoring the integrity of the outer chemically
resistant tubulaf jacket by measuring either loss of
flow or loss of pressure, if no flow is desired.
35 Still other benefits and advantages of the
invention will become apparent to those skilled in the



and illustrated in the acconpanyi ng drawi ngs which form a part hereof

and wherein: Figure 1 is a cross-sectional view through a gas 10
purged fl ¢y ngg,gmgﬁbl e type i mrersion heater according to PCTUSTAREIE! -
preferred e ment of the present invention; Figure 2 is a

schematic view of jachegisr &aPégdln? éﬁdrﬁﬁééféEhﬁalﬂ§Ebﬁyﬁhgm%?¥iow1ng

heatlngllqwdlnanolqg Figuré 3 1s a

el evational view BRt21AE4uSBECiticatiQny e of the heater sheath of Fi gur e
1; Figure 4 is a perspective view of a gas purged

flexibl e cabl e type |rmer5|o ) cond preferred
enbodi nent of the present mv%li‘ e 619 THE DRAWE e5is a

per specti.ve view t hr oughea Jgaeerptulged may takél @h}kﬁknecahblfemypbnl ERrtsE
heat er accogding er@_s and a

i nventi on. BETAL LED DEg%RI F‘;Pré %%ﬁ%ﬁ%& Eﬁ)@%‘%%ﬁ?r%?f

Referring now t o Whac# WiilhgPendesanihed idhdletrril in thétSeSP@lCi[fd-lqﬁtsiml

of illustrating pepakernedserbedaran St:he accdthpd @i hgVarhive Agnhy j2nd
for purposes of Ilmtlng Figure 1 |IIustrates a heater cable

according to QFrﬁPéf@r”E irent of the present invention.
30 The cabl e Cor’rprl S‘éguaehelat s el emsds-ldeebicohatarikar athrough a
conventiongj cyl 'Eﬁ%g%é.rﬁﬁ.‘g%&ﬁp.e c%‘fﬂe F‘frp eg%%grvg&r?nelhgﬁtﬁrlc%qsﬁlg{ H—E‘g to

by a fill materia eria
i nsul ating ther mabl §isesdpeeifegred emppdinent . ofr bher ahlegertheimedreriah;

conprises magnesi um 35p;que¥l 08 Qfs aﬂog&fen%hvc?nirhgwlcgﬁ' KNOMOL SUEN capie

mat eri al . _
Encl osing the fil Pnﬁﬁﬁéﬁ-ﬁéﬂopsJélcﬂ)n%in%’é?me?%hmmg liqadpd prepsr sitgn
made from a conveﬂhtqnal def or mabl e nmetal. The sheath includes an

I nner peri ery 32 whi cont act.s lal 20 and an outer
peri phery gg @é?&&e 7 the 8‘utsé'rdepee+$'ﬁ%{;§7°n§ e VA W3l Rt ysguced
grooves 36. scale Wit bheefheradreoe stoeath soft Biuger a.;3, the grooves

conprise a series of paighlel belicall psidaldidg L8y of a gas purged

flexible cable type immersion heater according to a

second preferred embodiment of the present invention;
20 and
Figure 5 is a perspective view through a gas purged
flexible cable type immersion heater according to a
third preferred embodiment of the present invention.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

25 Referring now to the drawings wherein the showings

are for purposes of illustrating preferred embodiments
of the invention only and not for purposes of limiting
same, Figure 1 illustrates a heater cable A according to
a first preferred embodiment of the present invention.
30 The cable comprises a heater element 10 which can.be a
conventional cylindrical heater wire. The heater wire
is surrounded by a fill_matérial 20. The £ill material
is an electrically insulating thefmally conductive
material. Preferably, the material comprises magnesium

35 oxide or another conventionally known such material.



hand grooves 38 and a series of parallel helically 10 spiralling right
hand grooves 40. The two sets of grooves intersect at a nunber of
| ocati ons around the outer periphery 34 of the sheath 30 to form a.
pl ural it ywo98/1678% di anond-shaped islands 42. I n essence, PATIUSYT188LH
pattern is provided on the outer perlfgd_ery 34 of the 15 sheat h 30.

The knurl ed pattern cafnsdosdmer &&reu hpakeniglais a condwmnrdnte omdleat

of dies during final, r 95:&:?&@%&5» Oﬂta% from ahecéheéhal‘éh%fienhe zﬁr%ﬂse
to conpact theflll r;;oerl% nd. renove, an% voids wthin t
heater el ement. oi 5’?% AR LPRcE PﬁE}PPIeHﬁYt 3feathich
transfer. Tbernmtdtm:ltwe fiddueiatg rtifsls 2lonandednpauter pdedpheaty 34.
renove any teri I t th n mai nt,ai_n Ihe
structural gﬁt egr?’ty hgﬁt ugﬁ%‘ ouibe? %%P%ﬁ%{yﬁ F%ndt 1 &F S"[’et'ﬂfﬁ &h

be produced by usga@dz&s 3(60nvent|onal dies and allows for |ncreased cost

savi ngs. It hasw%%ﬂ1£§E§£#%§§tnbueéﬂgalﬁg QQPU?é‘§r0¥h%7%fﬂbves

i ncrease in surface area of EFf oxXl mat e ¥
Wil e a knurl ed p&SOMBGESss 3 |Sardissil Rar ﬁ%} dweligally ppirsdding deft

appreciated that ha&hd‘\/aﬁtébyegf 3@t held a sepaéserds @&&élq@fowé%%émy

the outer ri pher th,by using other t es of

conventi on § di es' %;Alralrllng th{lﬁ :}’ LY TS Ehat ¢ eshE’é{Ph $atgo of
formed as to grpovesicintgtarat i by & damiget udfnd]dqam@mdﬁﬂguhkiow}?é
channels in the L. SUL She I nt ai.ni_n
sufficient anount 8 % %tr%%gﬁerr ac3e4 rz}r?fe ke contc:iucf;'lc\%gl e tl Pg'rf:['fyer

to a casing-50. Of dlamond shaped Afstléindﬁe‘lknurlk@ g&semae hag heewrled

formed in the 2283t hi S0prbheaedsidig Ohel 2RI SPe£BHRSS!H PP
t he sheath_30. An |anner per| pﬁgry 52 of the ga5| ngrSBe B Qggﬁ ja%tégt %\g&r

sever al |si"§nds 4§ht?lattl'hé sheath 30 in 5 order to enhance heat transfer.
An outer periphery 54 The knufrlidie m=sastenn Sfan sbé nné:ﬂﬂfaet:u\ﬂfetihbgzh%s:.ng a

sol ution which e
the tubul ar casi ngogffe%tl%n%el %eegé odf;(p%lnee e n| %?‘yrgﬁ‘ Fﬁguﬁg'd'toé’r of
el ement can be 10the Bbeasl eAemertte 30asengs tThiemperhiotdher dilldemazerial

tighter fit 2bhaﬂde¥@mo%r gal! y-oe&y %hﬂanEhéhﬁes%%'wgl%%%é he such
sheat h. The casing |s pr ef er abl y made _from a suitabl |y

nert | thofopl ackPEasEs | aPOLsigaRleaSince they limit heat transfer.
The method of producing this knurled pattern does not

remove any material from the sheath 30 and thereby
maintains the structural integrity of the tubular
element. The knurled pattern can be produced by using
25 . conventional dies and allows for increased cost savings.
It has been found that the knurled pattern provides an
increase in surface area of the sheath of approximately.
17%.

While a knurled pattern is illustrated in Figure 3,
30 it should be appreciated that a variety of other
patterns can be produced on the outer periphery of the
sheath by using other types of éonventional dies. All
that is necessary is that the sheath be so formed as to
_ ‘provide a plurality of longitudinally extending flow
35 channels in the outer surface of the sheath while
maintaining a suificient amount of sheath surface area

for conductive heat transfer to a casing 50.



pol ytetrafl uoroethyl ene sold under the brand nane 15 Tef | on.

Preferably the sheath 30 is made of a suitable conventional netal.
Wien the {rpdspigrgabl e A is used to heat a corrosive typpgnsoflstle such
as deioni zed water or anot her type of liquid used in the manufacture

of te gl, 20 CO”pUterAﬂﬁEﬁOSth% hEna[heeah p’ﬂl:ﬂérx?rﬁﬁgr aden nﬁeemea a.n the
suitable corrosion.re erial, such.as,stai

titani um incal oy &eaitd'bp}gf rg% SRREPIt Pped A5HET 5% 3 ﬁﬁBI Pgatsj'&r??edot%‘é‘?r
types of netals sidie ashehtlcdd® umasn inner penighery ci?2 bf ¢hel apednd550
Wth reference no‘@%lﬁ:(#@t%”éhé %&E‘zﬁa‘frl‘éighﬁé 42 of 3EHAr ds!rp%ér? 30 in

second preferred e resent invention is
i |l ustratedS _  Theugss d&o enhaneebheaéoﬁganeeﬁee hek epuseamPer igheay chi

can be a CO%‘EVBH&f@AsﬁYé'S‘é"iEahnh%tr&raé’! rﬁléﬂa&hbs %qut%ﬂ%_@@h
by a known fill material  84. Enclosing the fil material is a

conducti ve sheat hisp, %rkéﬁ é}%?ot‘r made from a convent ional netallic

material . The sheath irxd udesknown, &Hei BAGr oﬁerﬂfweﬁ&bﬁZa%b&@ﬁ@ltmtéan
the fill nateri al 84ada out er

or jacket 100 encP8sERIIHATH %lca?'ge“ %%erét&f‘ﬁ 41"%%8& ﬁelﬁf“entthé:aéhy?\g
i ncl udes amoi nner fizerdeggheinto the cPimy. Witkhst netbodr providedech &ighter

plurality of spac
| ongi tudinal ly extqéeindltr%arhebvsenl dzf'reDeﬁl%eedx% udlnﬁ oﬁ e caSlngo onto the

respective val | eysheggh. dSfheeceaingi bs pepferably coadactrenme amﬁ’«@rtable
periphery 94 of t%éﬁl@él@.ygo ihBet thern\@éi&é’@lé06 e b SR VE Agu

ch
| ongi tudi nally exte annel s | ui mhlch flows
t hrough t he ﬂqé’crl{%t fgld‘or%t]@ﬁf epe?Pb%erW’E‘%?Fgoft fe PXARG ¢S

in contact1si th tilme&adii on which is to be heated As in the

previ ous enbodi nent, t I nt e_farc d |
the jacket 100. Al tern%é?%a,eg]t}ﬁ %% Sﬁggg& 10(?Iscanr‘1a§| rrp y Be puJT e

over the sheath 9@&onventignaly, m¢i¥able3|wleeln the hesker ted®leol ddaised to

extruded over hedth® Re3dive type llqquthsrlfch?rﬁq%lmzté’d REQUL £ ér :
a heater cable. C accord%‘?gﬁ%ﬁldf ird preferred enbodi nent of the

present 15 i nv@RQGILY SRfer 2 innthei vegmisstER of IR 9-

20 computer chips, the sheath 30 is preferably made of a
suitable corrosion resistant material, such as stainless
steel, titanium, incaloy or copper. For other types of
applications, other types of metals such as zirconium or
columbium can be employed.

25 With reference now to Figure 4, a heater cable B
according to a ' second preferred embodiment of the
present-invention is there illustrated. The heater
cable comprises a heater element 80 which can be a
conventional cylindrical heater wire that is surrounded

30 by a known fill material 84. Enclosing the £ill
material is a conductive sheath 90, preferably made from
a conventional metallic material. The sheath includes
an inner periphery 92 which contacts the £ill material
84 and an outer periphery 94.

35 A casing or jacket 100 encloses the sheath 90. In
this embodiment, the casing includes ah inner periphery
102 on which there are provided a plurality of'spaced



cabl e conprises a heater elenent 120, preferably in the formof a
conventional wire which is surrounded by a known fill material 124.
Enclosing the fill material is a conductive sheath 126 made from a
suitabl e KNOWY1613  npetal. The sheath has an out er perl phe?qfl!!w’mﬁch i s

contacted by a brald | a e a;ol The braid Ig\s/ nprise one
or nore strands OI@ % TSR 1ng ri c&Hf}ent P&ﬁ&lneﬁ rbﬂfd"een the

mat eri al . Encl osi Iig.}dé"leabd& ardspecaive vallapsl ang.ackeink. cHboe diaekeioa

has an inner surf ' an, ,ou urf ace of t e braid
| ayer 130 %%%Q%%ez%\ene‘?wg&%?aégp%gﬁ%%g b@r4a|%EI 5‘3’& s?b ‘élatg hethe
out er surface 128 veflleus Mt@nzeerveF@S(re]dDmlwdlnallyoemleatdmig of Lawne
jacket 134, gbrai d cl3ghand S@@%”'aléﬁxrge £131% awah%alfwwef Eﬁgs&hgﬁam%

140 which allow a purge 30 - fl ui l.ow therethrou
previ ous enBIGFERRENEO0 -t hATY quEST P?E%F%é fg%rlﬁqi‘éet 100 is
remai ni ng el ement $rofedritadteatiath thé tesmat ival wmt:hels to HedHeit &N as

sinmply be extruded_o S The brai.d | ayer can be
rade of any suit 2B Bs BYEYARYENERERS IRty iShe ARG e Janeas siSaen 50
t hernmopl astic or can berefiafded ihtandthentjerdlet IT0e. onA;ttemlaJtrlanmm, | tShe

t hat he e ca, n

3o . 20" MIRMA 2088 cad Qﬁﬂéﬁy dhe PREIRE6oLL Mine Milsary o0,
whi ch may bé&lsg.t dd élefsd:rrﬁ stfpﬁélrmg eﬁoihpa geudd bns@lmu@d over
gl ass or quartz nmghgy |g;}{eath Wth reference now to Figure 2, the
heater cable A 5 ‘*&Egg e %ed in an open,liqui d cont ai ner 140. The
heater cable is shown t F%’F Baei Ro¥ 15quF 49NERd Sirn @ heatggecable C

contai ner 140. Thaddordibie theat ehizabbeefdrasd ebodimerandst emiee@ﬂiéwerwt
of the l'q d batﬁﬁyé%%%gngptiere 1lfﬂ§ fﬁ%ednn%ﬂ;l@gharr%p t z%he

provi ded on the rim container
conventional 't her #edd§plaemEriise dn heatereglenegntnigos hprleéaxablqabﬂre thé 0

al low for sensing ffrm of adRAMAIMEAHAY GARA tipfcH 03B eMEnt '
of the therrrmcﬁmasO aca5| ngﬂ@& The thernocaqupl e has p%tlitu}rﬂge %} &

| eads 156, 158 mﬂ‘&?“@ktféﬁ& Ma&§ A4y ERIRFEhERe il lhaatariablis A
and | ongi t udi nal | s oubnandc dfret rmheashnglzs made). £Tbe caSifng tdbié& known

connect ed 58 a te%eggit()fﬁﬂ(sheath has an outer periphery 128 which is
contacted by a braid layer 130. The braid layer can
comprise one or more strands 132 of a suitable
conventional strand material. Enclosing the braid is a
tubular jacket 134. The jacket has an inner surface 136
25 which contacts an outer surface of the braid layer 130
while the inner surface of the braid layer contacts the
outer surface 128 of the sheath 126. Formed by a
cooperation of the jacket 134, braid 130 and sheath 126
are a plurality of flow channels 140 which allow a purge
30 fluid to flow therethrough. As 1in the previous
' embodiments, the jacket 134 can be pulled overq the
remaining elements of the heater. Alternatively, the

jacket can simply be extruded over such elements. |
The braid layer can be made of any suitable
35 conventional material, whether it is thermoplastic or
metallic strand material. The only requirement is that
the material ©be <capable of accommodating and

- 10 -



pressure tight connection. One branch of the tee 160 is connected to
a pressure fitting tubing 162 connected to 20 the inlet of a pressure

relief val%g'gmég& The ot her _ branch of the tee 160_ i seéé_lqﬁg;}n%‘;a

pressure t fitti ng tubi ng 162 connected to the inl a pressure

relief valve 164. %‘E.&Q ose res
tight fitting and t-'-rlj-:fel\slﬁqﬁE “ent % % ‘? 9%*‘3’6& hgggﬁﬁgrpg%%ﬁaﬁ
the heater cabl e @aveks fpitable (for i s phrandecupndc: be amur@adan_wmgo

one side L1 gq_fagg1e,ﬂeq;yx&gr¢¢ NRatdheal her nocoupl e [ eads 156, 158 al so
extend t hrough gronmet 16%an are connected via | eads 172, 174 to
the input termnals of W% SHTRES IOV LRFIPEEPed 178 hprtendakis b,

in turn, issconneesd be empwoyea Jmnc;tn oaspéﬂSlh.qmilde Shittea Dieponen .| i NEhd 1
and via jun n180tot eL2 of .t he power. .|ine

t hr ough control | e?‘ il nae}ble.Lg'fea "%& e HOMCESEq abdb’s déhedl%fln
the heater cable Ales amrrasioies] BE0. Theafbewikie hedtenddaddes thad eits
pressure type fit r?ﬂ,,s tend$ARNESIEdoE0 B Sont & 6 c ney
branch therteéo coﬁ}r?egltnegi gto a foeX|%f % e%a%ﬁ a}\%m Eh%ﬁg@l
connected to a teSWitahly) MOMLIREG IFLARICHANE e’e4415IE¥°V1ded B té:]@ﬁanletftle@f

to a fluidigondui te KO Z=dri-dive=out | et of neter 194 which receives a

pressuri zed, gaseous oma reseryoir. 196. The_re ni ng
branch of tee 190 5 nﬁﬂ"‘?ﬁe c et e‘borf%e%t*?ﬁ? OrRSEHPECHPLE; r@“%%e Q33
whi ch i s | eddand Mathev\hebtarselahlreg caw tyldbbwatpreseiiising of

switch 200. o] cted

provi de a supply i pur @gatgfﬁ h?%ﬁd%y# %%E%leu‘fjl ng ?LBé %gﬂgg dE t%ee :
186 through the cé;meermm@mtmzcwem The thqnml@lh@ a/ai’anerlcﬁﬂ
to therebyiprovi da eadMBHUONS which 33&&Hd gfoﬁgeiﬂe&ﬂnamg | RRSIGugh

peri phery 52 of the casi 2‘%%1 %mé]g%@fl]e ou phery 34 of t he s eat?‘n
30. Svitt gLty Hﬂe ¥d°BFé’@trr‘31 4 hpe pasingp
seri esI ?/I a Iegdg ZQ)?. 2®1f1e|t @alsdmyg ned sid0@onddrtdd aco a ted elay icadimated
generally at 21 Term.nal, . 0] .. e .S ,CO to .0
signal output ter yal® to]‘f%:ﬁ'f£ Jorhﬂf%félo?errp(%r%éa{aé/urraenc%o%{]etgﬁqi’ 17%[? is
Terminal 208 is Connectez,d)mfeca riresswoghfietangcoibiags 168 ceommerdie lito

of the 20 5o tem‘?f@ti’ﬁfeéogtfrcadﬁfessure relief 81L&l %4C0i | 7oLl ch%%e@n
armat ure operably gnnect e novable sw.tch contact ne
218 branch of the tee 160 is closed by a pressure type
fitting tubing 162 connected to the inlet of a pressure
relief valve 164. The other branch tee 160 is closed by
a pressure tight fitting and resilient grommet 166 and
25 "~ has one power lead 168 of the heater cable extending
therethrough and connected via lead 170 to one side L1
of the power line. The thermocouple leads 156, 158 also
extend through grommet 166 and are connected wvia leads
172, 174 to the input terminals of a temperature
30 controller 176. The controller, in turn, is connected
via a junction 178 to one side of power line L1l and via
junction 180 to the other side L2 of the power 1line
through controller terminals 182 and 184.
The opposite end of the heater cable A is connected
35 to a bracket 144 and has suitable pressure type fittings
connected to a conduit tee 186 which has one branch
thereof connected to a flexible tube 188 which is
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connected to junction 220. The stationary contact 222 of relay 210

Is connected to termnal 224 and | ead 226 25 to a heater power |ead 228
out of tee 186. In operation, the tenperature controller 176
ener gi zes wbe®sneitsay coil 214, and cl oses contacts 218, PCTIGHINEXI6| 214
I's thereby energized. In the event that a break or leak in the

casing 50 occurs pepmiected toss 8ee fitgfinchel YhseoOsenbiangh tdle teer kase

in the gas purge i$g  connect8BRS&Y DY #1DAGSVHfasVd t 632200, th-gh'oﬁ#)_l.ré‘é‘kéf
the circuit in relay coil 214 -thereby de-energizing the

and openi ng swit cH"@bR¥ atP?d YRachorecedvas R preponeized, gasepupenadiuer
cable. In the evenfrbfiah rBeeevbirallbess 3he r@&\ainﬂﬁgdbx%dé}e SONESE NEGH0

so that the level drops_bel ow urface of heat er cabl e causi hg
an over heat : %%ng???%ﬁte?hﬁolﬁc%gg§ Pﬁeﬁgﬁﬁﬁ? %O tRe i eyhich
- 12 - is igableidacémtacs wihbed benshiag kennocpupt ea ghéssure
causes controlternl4§ot o de-energize relay coil 214 and break

t he power connection fo the heater cable. It should be evident

that a pressure sensor Ebel @aseougpe fhetdviswpplybeh@6i tisf pongectedi dto
flow In this roapaél 5aguggm yPBEs Py %\@H%@u%ﬁaer@éﬁ ide, pé@é%ﬂée
e .

sensor indicating a soung t ubu heat er jrack vent
pressure | o, t he*P? 38 Ee§eﬁ§5r§ﬁﬁﬂW$Qﬂ |cable héaﬁﬁqlk%?cﬁn@h%hust
t ubul ar heater | acknfoaghrfengef healxseridd to tn{dﬁb}t’ (pf@v‘rﬁaér@p&bﬁtmuous

failure. th urpose. fo

sheath 30 is becad% Re ﬁ ag E%ee %HJ Qﬁﬁ;t%?%ﬁgg 2y 52 9%?%&% ¢asing
order to obtain Uw@@dmkhee¢@ttabpeanphe§y 34 of uhdgsmﬂathnadlan St andar ds
Associ ation (CSA) approygl. }5ssure sw1ﬂéhfﬁdooist38 gk%g%fﬁgiéctf%Fally

|Ilustrated mul tiple paraIIeI passages are provi
sheath and 15 tHe Farkes Ybaa}?%@ﬁtﬁnglBﬁﬁoFoatﬁmmﬁﬁqlﬁn%D%et&k%nOf a

t he grounded heatefeB@?aihdﬁﬁdtéﬁeg@ﬂh&blﬂ@okﬁ§t2ﬂ@ nOTerm1naJ.@RﬂﬂU§f'Hﬁe
tubul ar j acket. [t,shoul d ere are, a varijet

of still further rethods™HnTe neg€e§CL8O§Pa ﬁ?gﬂﬁéeQHhﬁ?Eiqﬁ%ﬁ%ﬁa%l%%%n £
It is intended the ttenpetatefet heortwelheds RF6i.ncl udeskminahe x@@pelsf

this patent app||C@5ﬁﬂf @?dtﬂPSuﬁhafgﬁathBQQf214 to termiddf 21We5E Ofe
has been descri bed reference
20 temperature controller.

The relay coil 214 has an armature operably
connected -to a movable switch contact member 218
connected to junction 220. The sﬁationary contact 222
of relay 210 is connected to terminal 224 and lead 226

25 | to a heater power lead 228 out of tee 186.
In operation, the temperature controller 176
energizés the relay coil 214, and closes contacts 218,
222. Coil 214 is thereby energized. 1In the event that
a break or leak in the casiﬁg 50 occurs permitting loss
30 of the gaseous medium, the decrease in the gas purge is
sensed by a pressure switch 200. This breaks the
circuit in relay coil 214 thereby de-energizing the coil
and opening switch contacts 218, 222 to turn off power
to the heater cable. 1In the event that there is a loss
35 of liquid in the container so that the level drops below
the surface of the heater cable causing an overheat
condition, the increase in temperature of the heater

- 12 -



25 several preferred enbodi nents. Cbviously, nodifications and
alterations will occur to others upon the reading and under st andi ng

of this spasbdrigegdion. It is intended to include alplcTrismeo/issié
nodi fications and alterations i nsofar as they conme within the

scope of the apperdg@fe3§acketchai Beneed by ehei vhkemicedupleof This causes
Lo tﬁ%&%&g} Sl’}:é _aﬁgege'-gnerﬁ&:ze relay cloilA914gﬁx“n§ Prehk

heater for corrosiS& CONpr IS
electrically resitdtd \wowenntcemirsct ion apel the hegperatiakdeupon connection

to a source of power tg.sgh dﬁ&“@@eebgaé?tlfhat a preSsgfg EQﬁ%@yldbul

conductive electrically 1nsulating Cfi mat eri al | osed aroun
said el ectBical | e  used rekthouty cbppeditalokipyrge fluid flow. Ingkhis

electrically condﬁgﬂl\&%éﬂﬁﬁ,ﬁ ph&posed d0one WUIW Sgéfaté! bhebtidlire
a tubular jacket of a flexifhle chem call ]1 nerﬁ mat erj al, encasi ng:
sai d el ectrical | y XSRRrcdngecating ?n?e?ﬂ%‘,d &iypular heater jacket,. ¢ |ip fhe

fl ow passage defi rakrheiofephresautelioss,t thel prejsatirel sanbanwbisite atikyrf)
o Lo 09,8 100 0 sy BRGS0 ncer sagkes aake il 2 et
helical |y 1éxtendingior to catastrophic failure.

As mentioned, the purpose for employing a metal
sheath 30 is because the heater cable A needs to be
groundéd in order to obtain Underwriters Laboratories
(UL) or Canadian Standards Association (CSA) approval.

15 In all of the embodiments illustrated, mwmultiple
parallel passages are provided between the sheath and
the jacket to allow the flow of a purge fluid between
the grounded heater sheath and the outer protective non-
conductive tubular jaéket. It should be appreciated

20 that there are a variety of still further methods which

' could produce such a heater element. It is intended
that all of these methods be included in the scope of
this patent application, and the claims thereof.

The invention has been described with reference to

25 several preferred embodiments. Obviously, modifications
and alterations will occur to others upon the reading
and understanding_of this specification. It is intended
to include all ‘such modifications and alterations
insofar as they come within the scope of the appended

30 claims or the equivalents thereof.
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channel . 3. The heater of claimZ wherermnm said fluid flow
passage further conprises a second helically extending " channel which

i s conwasmaems & Spiral 5 0 n § !l!lllillﬂlll" Illlﬂfllﬂe' “ectuRsitais,

The heater of claim3 wherein sald flrst ahd " *second channel s are

| ocated on an out BhageispRdmjmed i said electrically conductive heater
el enent . 5. The heater of clain11 wherein said quid flow
passage conprises at | east ,one.channel %d on_.a

ut er
periphery of said elec rlcaPFy &EW§UCEFWE STshESEh. corréB1e e 218k,
- 14 - .comprising6. A purged grounded inmersion heater for

corrosive fluids, Conprisingn electricall fgbf§é¥$é'9ﬂ£&¥ Si'sgh¥§
mat eri al strand operative upon connection to a source of power ng
provi de heat; operative upgni hePRAPFE1EBNdERt ide SAWKEIS i @&ff | power to
i nsul ating s rolridehthesital di sposed around said™ electrically
resistive material strand; n el ectricall, nductiye .
sheat h di sposed 10 aroun&'§QFEm?}#W'ﬁ8PQPF5Fve e{ectrléaEQY'lnaU¥asaP5r
j acket of a flexiidlchematakrigl dispoeed nmatreriral esadsl ngelatcdrically

electrically cond cti §E% a passage neans for
allowing a fluid g e %lvamat Egl Str%%ﬁﬁ tubular jacket and said
electrically conduct|W@.shéapﬁrumai1Y' conductive shehslt diapobed

neans for gpansfegripadhedtia £i1l elveeinpaid sheath and said tubul ar

J acket. a tubular jacket of a flexible chemically

inert material encasing said electrically conductive
sheath; and,

a fluid flow passage defined between said

15 tubular jacket and said sheath for allowing a fluid to

flow therethrough.

2. The heater of claim 1 wherein said fluid flow
passage 1is comprises a  first helically extending

channel.

3. The heater of claim 2 wherein said fluid flow
passage further comprises a second helically extending
channel which intersects said first helically extending
éhannel, wherein said first and second channels spiral

5 in opposite directions.

4. The heater of claim 3 wherein said first and
second channels are located on an outer periphery of
said electrically conductive heater element.

5. The heater of claim 1 wherein said fluid flow
passage comprises at least one channel located on a
knurled outer periphery of said electrically conductive
sheath. '

- 14 -



7. The heater of claim®6 wherein, SH"H’Hﬁﬂm means conprises at
| east one channel . Hﬁ’l’f!lﬂlal m 7 wherein said at
| east wo9Bge7gyannel conpri ses a groové dé&f i me N an outpeir/Us97/18816

surface of sald sheath. 9. The heater of claim7 wherein said

at | east one chargnel qaomsmsgéda yabueyiede! | pRdetrBidh | Meiter for
surface of said Jack et. An, i nmersion heating apparatus

conpri si ng: orrosive fluids, tﬁoé"pé%fbgflélq ype i mrersion heater for
imersion in a corr03| ve |iami deleogriicsilly resistive material agtrand

electrically resig ‘f:%t’Rteerh?énStéé‘HQeétlonC’pt%atéVes&?zoé‘e cogpe% “penr tQa
source of power to
thermal |y %onducpireyids é’@tartl,cal |y insulating fill mat er i aI

disposed around said 4 theelnsﬁ;f é@ﬁﬁﬂcﬁ?%bséléétﬁkﬁﬁ.'ﬁ'l i ghgal%mlﬁ
an electrically conducti ve shea osed ar,ound”sal

mat eri al , £ill  ‘material u?dtﬁ%ﬁs?%ckétr nda f B&ich| cedRERdgRLLY
inert material engagiRgis® chatleadial ealdandonducti ve sheat h, and 15
a fluid fl ow passage defi ned_between_said. t.ubul.ar and,sai d

sheath for allowing a fluid*%b eﬁcgrf"f"ggf/l?’hefzgf‘ﬂ}lgﬁd‘?{e 3R&8ky glsposeéi

sour ce of 0pur geafrowindt medidurfii ldndhaterial; a conduit for
connecting said source of pur gﬁugglar fié'%:lgege%bf’\rz‘heofi@E&bfll ui gheh&\fg lly

passage. 11. The heater. of rein sard
passage conprisesinert material enggging ﬁéllldcaﬁil?cémlé?ﬁd-ﬂng chadnsltlve
defined in ‘aRegeter surface of said sheath; and 5 a

second helically extending channel defined 5_11 an outer surface of
said sheath, wherein said sé&&rFsage means for allowing a fluid to flow

15 between said tubular jacket and said electrically
conductive sheath; and
a heat transfer means for transferrlng heat
between said sheath and said tubular jacket.

7. The heater of claim 6 wherein said passage
means comprises at least one channel.

8. The heater of claim 7 wherein said at least
one channel comprises a groove defined in an outer
surface of said sheath.

9. The heater of claim 7 wherein said at least
one channel comprises a valley defined in an inner
surface of said jacket. ' '

10. An immersion heating apparatus comprising:
a flexible cable-type immersion heater for
immersion in a corrosive liquid, comprising:
an electrically resistive material strand
5 operative upon connection to a source of power to
provide heat,
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hel i cal |y extendi ng channel ywméiggz?EKEETd*++¢st hel i cally extending

channel and wherein said fi ﬂﬂ%&"ﬂ nd channels spiral in opposite
directions. 12, » h ”W%FE@fain1lO wherein said fluid flow
passage cOYPPVLEI8 5t | east one groove defi WEd in an. oBCTAUSITUIBHt e of
sai d sheat h. 13. The heater of _claim1Q wherein said fluid

f1 ow passage conprises at PeastPBRBRVAY| eyCORANAEAVEN amlectricahhyr
surface of said jaakeflating £fill material disposed aroondb -said

14. The heater of %gkgh%g%iggggggﬁgq_%r in;sait(r;e]q:e:%]”%%]ﬁlééai d layer |ocated

bet ween said tubufar | ac tonductive sheat h,

wherei n sal® braid layer ceoper &kactwritatiyd t domductiasket ehdashi d
sheath to 5 ...dgiibpessal drbhihd obliaW A Hterial, ~15. A met hod
of manufacturing an Tnmersion heater , tor corrosive fluids

conpri si ng: pr ovRdFRgudAaTel acketcafl § flexiblecchenicakly
strand and a tubujgershesdefaBn etlce@iriFakbya 5e1ec€9995<i&gve &%&ﬁ&fbé

i nserting the stragd-k thedsheath; “packi ng t%erna y
conductive el ect r PE&R 5' and  jnsulating material between the strand and

t he sheat hl%n order to isokhafkutilefibwapdstags A8E€ishABEEWdOn said
renoving any Vvoj ' . P fill terj | gcated i n the sheat h;
slipping a tubul a‘r:gjggéégt J% Egtcﬁ‘g% 0523%1&;/ éﬁéath for a(ﬁOWlng a Ulg to
flow therethrough;
a source of a purge fluid medium; and,
a conduit for connecting said source of purge

20 fluid medium to said fluid flow passage.

11. The heater of claim 10 wherein said fluid flow
~ passage comprises:
' a first helically extending channel defined in
an outer surface of said sheath; and
5 a second helically extending channel defined
in an outer surface of said sheath, wherein said second
helically extending channel intersects " said first
helically extending channel and wherein said first and
second channels spiral in opposite directions.

12. The heater of claim 10 wherein said fluid flow
passage comprises at least one groove defined in an

outer surface of said sheath.
13. The heater of claim 10 wherein said fluid flow

passage comprises at least one valley defined in an
inner surface of said jacket.
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inert material over the sheath; and ~ Torming a channel

e e b R 2

formng a C agﬁlr%gsscorrprl ses the subdidfary steps of:

.reducing the sheath; and,, The heater of5%¥éan90af%§EH§ hehi §§£an9d

ext endi ng channels 5 I n the outer, periphery of the sheath dur
step of r ol Prigddudpygr located between spid ﬁt‘bh’é@roﬂa@]@tnﬁm said

w]per ein Sﬁi d |St9plere]actr1ca1fl@F mda%u@wlhw@ieamﬂpwmﬂrh%aa@yx@ﬁ yta

o nurling the ()uter EII ery.o

met hod of clai m 15REF&5F rgt%?) fLui’u?ars Ijla[%ﬁer'fg and $3bd §Pej=§@k§t°
over the shgath cdﬁﬁhm$e$a1d flui&;ﬁimm|ﬂaasggstep of mechani cally
expandi ng an end of t he tubul ar jacket.

- 17 _ 19. The net hod of cIa|n115 wherein said step
of form ng a chandd. cédmathod 19 mamsfattmying epnoimmersiont hediteg

the tubular |acke d&ﬂﬂbsﬂ#@“ﬁﬁdﬁhémﬁéﬂbrlslnSXtend'ng spaced ribs
| ocated on an inner perlphery t hereof, wher@in valleys are | ocated

bet ween each pair ripgeviding an eleshrifpd LyetFRALoFiveamatesial

wherein said Steps(tfrand atnnm ag auphaie! speRthsesft h%.r§Ub§U.@b@'i‘¥.c%tIQ.@/
of - slipping a n§@§Qi|%¥ over he sheath before said step
slipping a ubulalco eat h.

1nsert1ng the strand in the sheath;

packing a thermally conductive electrically
insulating material between the strand and the sheath in
order to isolate the strand from the sheath;
10 : removing any <voids in the £ill material
located in the shéath; _
slipping a tubular jacket of a cﬁemically
inert material over the sheath; and
.forming a channel between an outer periphery
15 of the sheath and an inner perlphery of the jacket.

16. The method of claim 15 wherein said step of
forming a channel comprises the subsidiary steps of:
roll reducing the shéath; and,
scribing a set of helically extending channels.
5 in the outer periphery of the sheath during said step of
roll reducing.

17. The method of claim 15 wherein said step of
forming a channel comprises the subsidiary step of
knurling the outer periphery of the sheath.

18. The method of claim 15 wherein said step of
slipping the tubular jacket over the sheath comprises
the subsidiary step of mechanically expanding an end of
the tubular jacket.
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19. The méthod of claim 15 wherein said step of
forming a channel comprises the subsidiary step of
extruding the tubular jacket with longitudinally
extending spaced ribs located on an inner periphery
thereof, wherein valleys are located between each pair
of ribs. '

20. The method of claim 15 whergin said step of
forming a channel .comprises the subsidiary step of
élipping a braid layer over the sheath before said step
of slipping a tubular jacket over the sheath.
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