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POLYMERI.C | MVERSI ON HEATI NG ELEMENT W TH SKELETAL SUPPORT

Cross REVEPEAESt o Rel at ed Appl i cations Thi s app|PC€§{%9Z!ﬁ1"|1§ a
continuation-in-part of U S pat ent application Serial No. 08/ 365, 920
filed Decenber 29, 1994, and entitled "I mrersion Heating Element Wth
10 Electric Resistance Heating Material and Pol yneric Layer Di sposed
Thereon. " POLYMERIC IMMERSION HEATING HLEMENTI WATH SKELETALOSUPPORT Thi s
invention relates to electric resistance heating 15 elenents, and nore
particularly, to polyner-based resi stance heating el enents for

heat i ngsgases and |i qui ds. Background of the Invention
El ectric resistance_heati ng el enents usedq in 20 cqnnect,ion with water
heaters have tradit Q Re'ﬁ-ﬁé@éat ] i ¢ components.
typi cal construahiien applicetickesia [aaicrorfﬁmﬁtrﬁcrrm:,rpimtbrmeﬁ SO t he

ends of an | 0 t | throu

U shaped tgguienlg n&pf é%tl% ggﬁ&g}egﬁstgd c% P)ngi il 85 from
the nmetal 28Reat¥P Iy, aapdwdertad lent ar‘rimmersmat éieaallpgusﬁﬂadtm%trra@mem um

oxi de. lect MW IF SUGTLLANVRIL ¢ t he
vvorkhoJr'(s)e orect ﬁe vvater eat er 1 ndust % eca%kgn?gi?mtgﬁgrgeﬂg§ﬁgve bee
a nunberDléPOS\ﬁiddér[}Sﬁﬁ%gm zed 30 def i ci encies. For exanpl e, gal vanic
currents occurring between the netal sheath and any exposed netal
surfaces in t he tank caa cr;eit efcogroal on of the various anodic netal
conponents of the system T 0 heati ng el enent
which is typi cal:rhiscdlppentdbncnpmateal torladtan Sreatictanice heamﬂgpom ts
fromt ch e f Iur I ng

el erren? ngggme \M%’ 5Re | ﬂﬁ) use oftg%gggw&ftl%s %P%%pﬁePagggl ng has

becone res1stance heatlng elements for heating gases and liquids.

Background of the Invention
Electric resistance heating elements wused in

20 connection with water heaters have traditionally been made
of metal and ceramic components. A typical construction
includes a pair of terminal pins brazed to the ends of an
Ni-Cr coil, which is then disposed axially through a
U-shaped tubular metal sheath. The resistance coil is

25 insulated from the metal sheath by a powdered ceramic
material, usually magnesium oxide.

While such conventional heating elements have been
the workhorse for the water heater industry for decades,
there have been a number of widely-recognized

30 deficiencies. For example, galvanic currents occurring
between the metal sheath and any exposed metal surfaces in
the tank can create corrosion of the various anodic metal
components of the system. The metal sheath of the heating
element, which is typically copper or copper alloy, also

35 attracts lime deposits from the water, which can lead to
premature failure of the heating element. Additionally,
the use of brass fittings and copper tubing has become
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“increasin IX nore expensive as the price of copper has | ncreased over
the yea™09824269 A5 an alternative to nmetal elenents, abfCTEEE213He
pl astic sheath electric heating el epent has been proposed 5 in Cunningham
U S. Pat enfPRESa§1993y3%01q ne¥penaice| 8Sedhe P¥esR cef commsantiashal
resi st anceindre@sedndvepowter &tkars. Magnesi um oxi de are used in conjunction
with a plastic A shea%t_tl. Sche t isrqoala tierﬁ]._leshe this nqn-¢ nducti ve,
there i s not§alanttteErF Y Baf8d M (Fet Bt NeF nifal P 10 the
heati ng unplabnicosheathwelbctinécwhearing ¢heme¢nnkhas beamprdmrsed s al so
no | i megbuk dﬁpﬁf unat gl agi,Qu ea t |.or art,
pl ast i c§sh%gt . rég{?%%é&l’ n@'gl gpnaet{]ﬁt vl\\gr'egh%%gégggbl 280 %t‘?"?ﬁs"‘ﬁﬁ‘%gé?ﬁi gh
wattage devaepmgs caenticngbrniesigsange J&kxe ceanf f @owdgreds
concom t anphhyneWenf MRiM deky aeeaPled.conjunction with a plasyummary of
the I nvention . This inventjion_proyides electrical,h resistance
heating SbeprERenfinegpabte %%&W%&‘o%%d‘?%?%?%u%t%ﬂ tdrexze 20
th ank, suchigsna ga%eanheabeﬁlse?éagedtaﬂkh tioe cthlQed i”rh‘lektal.l Wl tdfon w:c th
eating_a ui Lum __. The el enent .. 4 ngludes a_ske al .support frame
havi ngg% fH‘?t geg%l?@pp%ﬁtl n"'d-l s%?l?%%céttﬂ%?%oﬁLeVW8ﬁaroﬁfo% stas’ﬁgporti ng
surface isandr édieteante wWls® vid cRime dapilbdup of Upfovrkdnage2y, rfawmt st ance
heating to ul e ISt - her j.Gal psul at ed
and el ect r}r%g??{f}gi %gﬁlsgzﬁ%d rt:(Izl%s\%i hi %fgatr%ér%ﬁsyg}grﬁdttﬁgeﬂ%ao %ri c

coating. elementsThyerendfk | SirRARMA | pif aFFaibieg mpigh ng'aagr i ons
by providi pgeangBi N ket et al sdrgdUr eubeFusUPREAvIEe thei8Q, reagictance

heating_wre. This structure inclu a lurality of openings or
apertuglrés ?BPCBE‘FFnaPFng B&FEe ot ngfe@w (?Fcr‘?@’“{)eéﬁ pol y)r/reri c Ironatterigal .

The open support provides larger nold cross-sections that are easier to
fill. During injection nol (glu( mvaoro§>f§1r§)|1%vequo% 35 polynmer can be
directed alnost entirely ourg—_the resrstance heating wire to

greatly reduce Thdsi ieyveehtengirovideg sbectricadgreadstaneefhaatisiot he
skel etal sypeREhtEr ¥Bpable a9l HRENGOK RO OUMIRIGHE s CRATINGE JiCh
bubbl egohaggnk’ such as a water heater stor%ge tank, for use in
connection with heating a fluid medium. The element
includes a skeletal support frame having a first
supporting surface thereon. Wound onto this supporting
surface is a resistance wire which is capable of providing
25 resistance heating to the fluid. The resistance wire is
hermetically encapsulated and electrically insulated
within a thermally-conductive polymeric coating.
This invention greatly facilitates molding operations
by providing a thin skeletal structure for supporting the
30 resistance heating wire. This structure includes a
plurality of openings or apertures for permitting better
flow of molten polymeric material. The open support
provides larger mold cross-sections that are easier to
£fill. During injection molding, £for example, molten
35 polymer can be directed almost entirely around the
resistance heating wire to greatly reduce the incidence of
bubbles along the interface of the skeletal support frame
and the polymeric overmolded coating. Such bubbles have
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known tQ ¢ ot spots during the operation of the mater
Addi ti oWé??%il&fﬂe t hi n skel et al support frames of this ?P@g (ion reduce
t he pot ent nat Lon of nen epargijion of
the 5 re ??f’aﬁ%gwﬁea? i %gh \/S\n%r (&3181; r SBCHRe S!ﬂll%%errw‘ %grgg'd"oil ge" ehe et hods
provi ded bglenesti inewaten. grlﬁmllqucpmlﬂve the (t(bu@r ageléndlhstmpontm nimze

mol d openi EQ?leé [RGUTRIHAG A VWIS O CORMIESe the ?ot@nelawt%f
enbodi nent his 1 nvention,_a rret hod 10 of manufacturing an_el ectrical

resi st ancedféariAgtdodmad molded preRPaBaNtFhERdiRRA L FhCFet Red
i ncl udeg pge¥idiAtice Heskbhet alirseUmrI &m@npotngrmeag cbaHipRr t méface and
wi ndi ng a re stance heat nto the s ort face. ,
 her ol | DEEBRGRC: BFE VIS hery o TS i Reerbber (FEeRblyos SRECYBat | ny
wre to el eotveragel 3and helgultad endantnime medld abpegningapbyl aéguihingi re.
Thi s e h%gr gg r' ed to incl ude I njection nolding the support

y- Eon

frame and erima uctlve pol yme and a ~ common resin can be used
for both of thefa eofpordrars etﬂdoczilummvi@% whiher envient bem t Aemehod

conducy Vi Ly ﬁQnﬁEﬁctur&%@uhh'Ege@kgqﬁﬁﬁ resistance heatlné‘gﬁéﬁé
DeSCI’Iptlon of Dra.V\An he acco anyl ng draw ngs i |Ustrate

preferred 25 Eﬁﬁgafiﬁém E'héns ’t“ﬁ@uiEF}S"éHFP-BH mgEhee] F-nﬁéué?ﬁef’r?ﬁ?-é%ﬂﬁt i on
pertinent ko dil«lisr! espport NEvd&hhaving a Blfpokt ifurEfns sprati ve

f f d ol, f heat ft t
\Iéll (Caiw g: ?sgégég%es Pdef F%Eea\r?:c?f\m g‘fa‘agﬁ“ eao%‘ﬁ%n 8“%% I %PdISHBQ?EF of FIG
1; suFE&ce3: |sF:anélby|t mamm@&yﬂmmm@amlqkner is
Cross- f?CthBTaEdaE;qu[keeéh@V‘@¥s¥b@ﬁ’ﬁceoﬁxeta@.ngp'v)’ir?é'Lco ele{:H’igaff ter of

FIG 1 ront | anar ross-sectional view o 35
preferred ingutags @rp@rhe@mqﬁlqa%émoﬁyﬁ@psﬁlﬁtm dhreavdre.  BRig G 1;

3 method can be wvaried to include injection molding the
support frame and thermally-conductive polymer, and a
common resin can be used for both of these components to

20 provide a more uniform thermal conductivity to the
resulting element.

A Brief Description of the Drawings
The accompanying drawings illustrate preferred

25 embodiments of the invention, as well as other information
pertinent to the disclosure, in which:

FIG. 1: 1is a perspective view of a preferred
polymeric fluid heater of this invention;

FIG. 2: is a left side, plan view of the polymeric

30 fluid heater of FIG. 1;

FIG. 3: is a front planar view, including partial
cross-sectional and peel-away views, of the polymeric
fluid heater of FIG. 1;

FIG. 4: is a front planar, cross-sectional view of a

35 preferred inner mold portion of the polymeric fluid heater
of FIG. 1;
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FIG 5: is a front planar, partial cross-sectional view of a preferred
t er mi nat “@198&%@%I y for the pol ymeric flui d heater ofPQIY¥$97/21711

FIG 6: is a enl&ged partlaléfront | anar view of _ 5 the end of a
preferred coil pol yRed e partigli frespnsestionaland

FIG 7: is wiewendfangptefierired téraithaplenaissdmi Pifor the goalmesibk

enbodi nent r [ d heat er of this invention; 10
FIG 8: is Ea lr%lnltggil%%p!égt%l\:/% view of a preferred skel et al support

frame of the headfT®g ékefient ehliaiged partiwdntfmont planar vEe® of: is an
enl argeds paryd aénd'@f" of f@@ePf EACLEEY for §§$ﬁn"ﬂér§8p99{1£df Lzélgg?gl;]g!:l G

8, illustratin deposi ed 15 thermal |l y-con nerrc coa

FIG 10: i Ltk a%@\é%lmé%%%s agdtional view of an aI ternative skel etal
support frane; FIG. 7: féCan 1énlé. é'dSpQﬁtPéPnffbﬁEV BiahQ@ skeleb!
support FI G and 12 front plan_view of
the full sl?elé‘t‘% Lﬁﬁ‘ﬁ’ ‘Eﬁ & BO merlc fluid heatepepfi | ed
Descri pti orthfs tirwémt/mm: on This invention provides electrical

resi st e heati 25, .e n d ter heaters containin hese
el erﬂantalg)C Thir%"a dovi %gggarkzoﬁge \Agslpﬁcr%lﬁ’emvzﬁ% I@aﬂgﬁthBF?ﬁm on

Wi thi n wat ekedigb 2k | shpRPEES framencdf &bel immathing depeardt of pthbsens of
shortened alpmaitidhfe. As used herein, the terms "fluid" and "fluid
medi umt apply to both Iiquids and 30 gases. Wth reference to the
drawi ngs, and pdri%cul arfis 3k grlargedeparspad véem e, the3pragerved there

1|'ﬁ shown alsjcre'afaifaf]ﬁ:bupgoxm)![frﬁﬁhél 6f }.fiq[}ll &, h@.iﬂ.%fsltrla?@r@f ial & és:.t@éignt ][ on.
e PO Ui contains an, electrically conducti ve,
1o R Yar S el & edfise

resi st ance heating e 97 heating material can be
in the formof F3selOnedh, an enlpbbged, cross-sedidrinale vidwpset ahor

exampl e diterfiftive KA KAPLUSAA Ao cOII 14 having a pair of

free ends . )
FIG. 11: is a side plan view of the skeletal support

frame of FIG. 10; and
20 FIG. 12 is a front plan view of the full skeletal
support frame of FIG. 10.

Detailed Description of the Invention

This invention provides electrical resistance heating
25 elements and water heaters containing these elements.
These devices are useful in minimizing galvanic corrosion
within water and oil heaters, as well as lime buildup and
problems of shortened element life. As used herein, the
terms "fluid" and "fluid medium" apply to both liquids and

30 gases.

With reference to the drawings, and particularly with
reference to FIGS. 1-3 thereof, there is shown a preferred
polymeric fluid heater 100 of this invention. The
polymeric fluid heater 100 contains an electrically

35 conductive, resistance heating material. This resistance
heating material can be in the form of a wire, mesh,
ribbon, or serpentine shape, for example. In the
preferred heater 100, a coil 14 having a pair of free ends
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to a pair of termnal end portions 12 and 16 is provi ded-rhap7e@per ati ng
resi st a%@’%‘é&s?ng. Coil 14 is hernmetically and el ectri cgﬁi)y I nsul at ed

fromfluid with an integral .l aver.of.a_high tern tys e I rsi
material . 9O Fgr a\,\&a&gf ?%egéanll{}%lrggfis ance ?{he 5gt%ﬁng'—:&r}gt ér%:sa.sci s
protect ed fpmwidedt fog generatimg frasisianascheat ingri cCoilcddt iify. The
resi stance ' thi s Jynvants iI+s 10f et u S PR a3 ea,

| ength or cr%n%'ts@é%g%?lf% a%ﬂé é%%%ﬁln%}slf&%ﬁgétaﬁ er to _auterrper,ature of at
| east aboutirittegn2b[ baveF @ft RobighetemRgrakErSoPPyMeT iamateriad wil| be

evi dent g f rﬂ;[notjz'ﬁ'@r WY thS GUSSi W res dtidncs deathithg matteeidiplisshed

t hrough carefully selectin the,gro er . mtﬁi%;ﬁ}m}g’lt hei.r._di %nsi ons.
Wth refer QERteSteAEram FOEF NG (PAF 1% P P Etd & 1€ SRVISS'E 1 ui d
heater 10Q-gepengl | Yheoppeiseantkr eaterialniofgthlispamventaidrerid et i on
assenbly 200, _shown |n ElG 5..anin | d 300, v, J 1 <F 4, and
a pol yner Sufﬁb‘é{'?ﬁ 3GUTERSE of*iFise js?%[tﬁ anpoﬁgntsc, and ﬁée]:llrdr%lnal
assenbly i ntioi ¢hweeps| yorereat fatiar _h:@ataetemperwtulrené\ftv @*@_]qu)astf LﬁrlftWé'_r

explai ngd. ;550p witﬂ%%tplrn?ﬁelgﬁcﬁptﬂéepm@ﬁgo’la%}@mh' AsFh@1141pd s a

singl e-piece i njection no onent made from a high, t enperat ure
pol ymer. Thevideet mfinPmoothesi iYW i nef§gugsion. g f e §3%at 9% s

out er nost  egd-ofdl 86RBE t enirBagh! akageZn113? iselaaaidar yie t imrogevi ng a
plurality of threads 22. .The .,threads 22 are designed to fit within the
i nner dnanet 231 8¢ aadnﬁﬁﬁtlfnglg‘ﬁéﬁsﬁﬁ’rng‘through the sidewall of a

storage tank, fowiexarpferénca wvatRIG heatiarpaankciBarfnthe px@ferred not

shown) can be. enpl oyed.pn. theg | ']_o#e rfacq ?Qllf {tange 4o
provi det s%?%W%?ér-%?%ﬁ% gneéa‘_’P:.Sé héL?H) S%rg errgd {:nn%r rm?pl 300 al so
includes a iheegrsloparhsity termiparbent2aseibhyn2fPs preveried ¥ rcul ar
Cross-sectign. o 51HErt W1 S35, CaKbh 3% CeNGLNal udgnan sengbaldr 33 f or
separating the t_nhermstor 25 fromfluid. The thermstor_3 cav, I%%€9 S
preferably epahinfr3Agh EREhfPhNGReSS Subgmponenys o 3jdd %ﬁy‘%’r rtion
of the ternigatinBlyagaeablthe?@dlymeribthe Jnrief draatcbs mE0 widlH 1390 la so
contains at _|least a Q{air . of conductor cavities 31 and 35 | ocated
bet ween2f hefurther e plained. 5
The preferred inner mold 300, shown in FIG. 4, is a
single-piece injection molded component made from a high
temperature polymer. The inner mold 300 desirably includes
a flange 32 at its outermost end. Adjacent to the flange
25 32 is a collar portion having a plurality of threads 22.
The threads 22 are designed to fit within the inner
diameter of a mounting aperture through the sidewall of a
storage tank, for example in a water heater tank 13. An
O-ring (not shown) can be employed on the inside surface
30 of the flange 32 to provide a surer water-tight sgeal. The
preferred inner mold 300 also includes a thermistor cavity
39 located within its preferred circular cross-section.
The thermistor cavity 39 can include an end wall 33 for
separating the thermistor 25 from fluid. The thermistor
35 cavity 39 is preferably open through the flange 32 so as
to provide easy insertion of the termination assembly 200.
The preferred inner mold 300 also contains at least a pair

of conductor cavities 31 and 35 located between the

5
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"therm stor cavity and the outside wall of the inner nold for receiving
t he con8tRPY2426%r 18 and terninal conductor 20 of the REVHSHALTn
assenbly 200. The inner nold 300 contains a _series of radial alignment

grooves 38LHEIPASEST SaFESIh@N Sheudtdeds MRl Sferfde TMRe TRHdves can
be thregds Qécamomﬁgeehedcbﬁ@ﬁ@haﬁ b@qu andirtﬂeﬁﬁmlelﬂ d¥hductspaced

ff tl d f I t I
of e orp, R b oisod e SE1 41 SRbLY mmed SRRy S8d e °°°
fabri cat edcoatagnsOai spedesonf noadial q)l:gms&ets gfl'cbmvédsow tdwspcg#ed:aw ty 11
'S pregergg I’lndprn]ocqéjcﬁgtsgaén@lr%um%%r@nc' ncr’ﬁ‘heé)e'gg V\ﬁovﬁgfj;c%a

[ 1
activated core re creat oue%a 13-18
inches in I:lamgtalds e PnﬁénneCteﬁoltdfm%n ebcti | | eand n siowddalberl d

using a ri ?ga&éhe ém?fﬁ@fé‘&ﬂpp@é' beohiigR tahesé&é‘”g%ﬁ?elé@@ri@éﬂﬁ} wal |

t hi ckness r the active elenment portion 10 | s desirahly | ess tthan .5
i nches, anéeﬁﬁeﬁéﬂé’*ﬂl >‘F1"Iee§’§ltll‘ﬁ?r$ of ithen&refersgq itald st4et range of about
. 04-. 06 inches, Twai pherferredbehneteﬁlold beotda@ncw rmﬁmdlugmﬁgfor

injection 20.m0 ng_equi.pment alr of ho ns 45 an re

al so n{l,ﬁdeanaegﬁdophgog&r\gepéo&ego Sdevel %’rﬁ J1 ween
consecut i vést hreaelfenablyenghrsivaedr ousalaga a tler rﬁ nannoh polcntg or
anchor forp%ﬁ?aﬁ 51.G8S f?c‘ﬁﬁa‘lﬁvﬂe&m%m | | senslgs C%&Peal% aﬁ{‘d an end

core pull rou t he ortron Can Be Used to provi e t e
t herm storelemeél&vl‘ﬂ’ﬂﬁ}c@glsf PBWFhi%uéﬁ taghey in 1%%9I‘élhct oTh%amftﬁJés 31

W?h% fanﬂoﬁho?mfoglrd&lﬂﬂlbeaﬁflﬂ.@cﬁirﬁé (ﬁté{ﬂaflgrﬂdlI[cEG.Ié | 0 il
reference to rre ermna|on Wi

now beldi SEE§§§81 °Pffﬂ§lf:8rrﬁe?f§? E‘e glﬁggﬁntﬁ?y Zg@ecoﬁﬁ?"?%s “ga]éol yner
end cap 28tﬁ&s:kglee@k tfox thea(amm\reaqdﬁnrerm‘ Hoxrtniora| 1@ diwedds rsbA3 and 24.
As shown I ter A 2 ontain

t hr eaded hoF §§a§nd%3 tn%%r dcc@ﬁlpr%%q%%l ag‘eﬁﬁ%nngjbt%glcr?sguch as a
screw, forwnﬁbnta ngatgebr range ok aborkcal04n s, iteheser Mbdgh cighnect i ons
23 and 24 gE8;jeved hEoeMd PERET QRS-1Unt! €184,82 1%%‘%’%8& Z&fé’&i&?rm stor

conductor bar 21. Therm stor . conductor bar
6 20 molding equipment. A pair of hooks or plns 45 and 55 are

also molded along the active element development portion

10 between consecutive threads or trenches to provide a

termination point or anchor for the helices of one or more

coils. Side core pulls and an end core pull through the

25 flange portion can be used to provide the thermistor

cavity 39, flow-through cavity 11, conductor cavities 31

and 35, and flow-through apertures 57 during injection
molding.

With reference to FIG. 5, the preferred termination

30 assembly 200 will now be discussed. The termination

assembly 200 comprises a polymer end cap 28 designed to

accept a pair of terminal connections 23 and 24. As shown

in FIG. 2, the terminal connections 23 and 24 can contain

threaded holes 34 and 36 for accepting a threaded

35 connector, such as a screw, for mounting external

electrical wires. The terminal connections 23 and 24 are

the end portions of terminal conductor 20 and thermistor

conductor bar 21. Thermigstor conductor bar 21

6
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el ectri cyd yge@égnects term nal connection 24 with t her mpetpkefA451Y nal
27. The other therm stor termnal 29 is connected to thermstor

COﬂdUCtOfé&EbéHidMlIﬁ"éonne@@@!ﬂ%%&ﬁfhilt WohRleRtgpducs or %ﬁ%hhy 35

al ong the Iovver ortion aof FIG 4. To corrpl ete the circuit, erm stor
25 is provitfed Q*Bttled:ﬁ'&lr’rﬂ?l Zhe (ThE Qtded thSTRiStRr termifala@dd with a
t her nost ati,s acenhedtetatteo TERetmimtoal ycdnductafomwh ng gbagighi éhatisi S

connect ed r eaker e Jike. i s believed

that the gﬁ%ou |ee&g(1tt 0%% %Eﬁnot"%ﬁ%ﬁ Eoﬁ?‘ﬁl'@é #%@&[Wéﬁ?r&?l WRlte to one

of 5t hepargrdmmalf &I@ .pdr.ti Boscobpdete2the asrtaishoat thatrmlstodurl ng

Tel ting ofef Nes PlTBked.  optiohf1hle RAEL CLAGHPOKLLOWEEL,, ! BT mi STor
stat/théf as t

25 is a snap-action ther mopr ot ec or suc 15 W
Seri es soFEPIRISS MHfd B sbermestathi & sedifomtatec (0 or mexslyoapact

di rrgnSIt ongx@mdab dﬁ%?fbd:&b'@h%@r1%2@/o%@cYé@ to At@aélﬁte%‘ﬁafc’l@lﬁﬁcﬁgﬁta
conductive bi-metallic constyuc electrically  active
case. EnFoa&SF Ii Lﬁre#gr asi )Pe\ghfé’rféfa’%}éa%ﬁ:]a%dgﬁepﬁlﬂféﬂgc part.

20 10 Abbed t{mtt almml | oouhdsb&bllybc’é&@chrxbpmejrmm de808ne orfare
fabricate r r ed_t r to vmndlngthe
di scl osedqcm Ikte%éfﬂ&af hﬁ %@Iytl%sr?%e@g %eﬁoisgs ft$h§881c’f‘| gBtel enent
portion 1@urimdgdoiedsing of tm@mebe car eful to provide a conpl eted

circuit with 2§, t@ge ?rleﬂe%rzrgdwagng.ggoﬂ htonﬁ]% }hls can be

assured by brazing, derin spot vve |ng erm nal end

portions f?aé’n&cfé% ttl}?é-"“’t‘bgr tydthelmepretector gechnast hhenModel
condugEor Whaerigs lgolids w TG tmctncl 0 ﬂﬁﬂ@%hérh@ﬁ%b%eEESrco' | 14

over the nner, nD d 30 or t ap th oatlng 30.
In the i“pr ef SRS ¢ '88?%83? %ne]‘S g\‘;ﬁﬁgl n%z
over - ext r gedst.o Ibrcmmpnmsnapbaa’ductpwieybﬁFmethmmdcmcbhstrut:hﬁohnner mol d

300. As with tg&e1 | ﬂ%tg?cgﬁgfg oleld cRull's cag %e mtrocﬁjgced into the

nol d during the no eSS 10 Keep ™ the oW thr gh apertures
57 and Preﬁ?é’\ﬁ/btlh’rﬁjg?r?R?é-”\ﬁqey “HliﬁﬂerPOlymerlc Mixh.respect to FIGS. 6

and 720t here ah@t%ﬂoﬁﬁestQﬂh@natléﬂdaggéﬁ$§yrf§¢%ﬁ&ﬁ“ﬂﬁﬂ@rrﬁoﬁﬁbggbnents for
t he pol yrrerl

fabricated, they are preferably assembled together

prior to winding the disclosed coil 14 over the alignment

grooves 38 of the active element portion 10. In doing so,

one must be careful to provide a completed circuit with

25 the coil terminal end portions 12 and 16. This can be

assured by brazing, soldering or spot welding the coil

terminal end portions 12 and 16 to the terminal conductor

20 and thermistor conductor bar 18. It is also important

to properly locate the coil 14 over the inner mold 300

30 prior to applying the polymer coating 30. In the

preferred embodiment, the polymer coating 30 is

over-extruded to form a thermoplastic polymeric bond with

the inner mold 300. As with the inner mold 300, core

pulis can be introduced into the mold during the molding

35 process to keep the flow-through apertures 57 and
flow-through cavity 11 open.

With respect to FIGS. 6 and 7, there are shown single

and double resistance wire embodiments for the polymeric

7
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resi stance heatlng el enents of this invention. In the single wire
enbodi reOMERE% i n Fic 6, the allgnnent grooves 38 OFCHHRWAWdr nol d
300 are us re pa havi n, hellces 42 and 43 into a

coil form ngig};%%ggt %’gaﬁzrlﬁger?]e%m Pﬁeﬁpl TP ol déd ©
r esi st anceswngée ma-’eendmpodlmantofsftdm fih dFEG.hed | xthe aldignnmit 44 i s

capped by {;9594,@9 35 éfot'ﬂﬁ Phﬁeé%ofana&é are diéegcg'é%hsap"aa[ &1 Sﬁfq aa”d

i nj ection Tl ded aon)g rly, a
dual resisVaRee Rl Bavinguhalisiescah2 andhetdrdubdek coid themn.

enbodi ment gintle ftlHest p@éfe@fed ch®bishent? bR the fadide

resi stance wire %ate fromthe next consecutive pair of helices
46 and rgﬁl?ﬁa{lﬁg é”dﬁ?'re PRt §Rle RRYE WY af s&benderid coFl hediix 15

t er mi nus Sﬂemappedélfarwmhppesdadqncfopjdir@S.ltAa&eﬁﬁadppﬁl45. pitf 4fel ices 52
and 53 of e ange e r.e .electricall nnected to
t he secondg?éggg I ]% ?hﬂ: 8%’ tg%% %Hﬁggilonr gloraLﬁlgﬁl \ﬁgﬁﬁl(? & d i nner
nmol d 300 neéwper mold BAE-helices 46 and 47 in the next adjoini ng pair of 20

al i gnnegt groovesmi1 Akt houdhghbe. Q’E@ESEQhEeagiggblc g%qﬁ\g?attﬁ.o ta%r nating

pairs of kﬁllces for each wire rst oo SPices can
be wound iRegRRREdRd ¢t wo In tt'.})‘rlsno?@bﬁ@#-'iﬂ€§§ fd?rh%aéhrﬁésmumc@fw re, or

inir regullﬁéllces nu!d)eraS).d and W.bfldltﬂga shapet aPedlestiffe SPIFONGARS their
25 conduc; %ﬁl I S mgi,n i nsul ated from one notP |nner

ol d, or FETUR Sk Rerracttlygnsaln oP Siettoer a6 ragt

coat i ngs, ‘é’f cin the Samé"heepllasancepanre bis ahSECbmﬁaﬁrtyi edinr QEQ.EL&bl y

i nclu a &y n def orm 30

si gni %ant%ﬂ%}ﬁg t at#ﬁéw %q‘lrre | um\,\?e%%g\ga%%gg of A et pair

120- 180[ er?¥ PreheefopRadndc S3oI8fet ssecondgrashstanng wireenpdiahur e
greater tWEZ@Qé@tﬁ:]LEaQE& Brrindlasdd abberne ARG, cELL Be(i‘il'i_gam cs and

t her noset t, n}gm%gué/nr%{s coul al sq be useful for thi's purpose eferred
t her nopl ast¥ ed%g & WRUPGIBTORPHOE BR ok tReE “‘?5'61 %Wln-eéfﬁl phones,
pol yi m desto thpohyé.ulaelsetzlmarahed o@RSin theineﬁﬂﬁwj@ﬂang ?gllghb@es
Fﬁle?/?r:) astﬂ% grci%er msglﬁﬁgugﬁu a}le dual %%?.l g.%rs%mb Yy s os"vsse 8

alternating pairs of hellces for each wire, it is

understood that the helices can be wound in groups of two

or more helices for each resistance wire, or in irregular

numbers, and winding shapes as desired, so long as their

25 conductive coils remain irisulated from one another by the

inner mold, or some other insulating material, such as
separate plastic coatings, etc.

The plastic parts of this invention preferably

include a "high temperature" polymer which will not deform

30 significantly or melt at fluid medium temperatures of

about 120-180°F. Thermoplastic polymers having a melting

temperature greater than 200°F are most desirable,

although certain ceramics and thermosetting polymers could

also be useful for this purpose. Preferred thermoplastic

35 material can include: fluorocarbons, polyaryl-sulphones,

pelyimides, polyetheretherketones, polyphenylene
sulphides, polyether sulphones, and mixtures and
copolymers of these thermoplastics. Thermosetting

8
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whi ch Od%] ﬁz;ccept abl e for such applications i ncl ude pEBVsART71L
epoxi es, enol’i cs and silicones. Li quid-crystal polymers can also be

enpl oyed 19 O t efbeabuBhos n&a 5 In
the prof e} gm@r% 511 h J&gﬂa SUTPEE b Lo b epbsabu 8 £i%ns

of this enti_on, ene sulphrde
("PPS") |sru¢d$1@edes¢¢%tm3él be@Ba¥aes. OP\{Hecr’solécé"Vat e%“{l nﬁé?"é‘Fﬁ’P& servi ce,

| ow cost gndnARsicystalPpolefeals bahyalesiseiadhoyhd ifioy impeoviiay mol di ng.
The polyners of thi's invention canlcont ain to 10 about 5-40 w.

per cent  f DHEN T&TRSRABHEhtChe a%mce%?%\‘g%. te, glass or polyam de
fi ber. sThese panynene C@urelferredn egbodimentar iodus thdei t Lparentdeni, npr ovi ng

t her mal o) g,uct'v'ﬁev sffBhidD! hEgkeRses nBLEPELLESAL1e HiRall

conduct i vi roved wth the addition of carbon, c_‘gllr?raphrte and
met al powcsbefr idrs fdlaﬁé@ted ttQ‘%PE?Jﬁ%)’@#?%n%eercehO\‘v\EWeFOSFhQPdsl? 1&ddi ti ves

are not U%ﬁ dé%s%{i:ﬁ%y 'éE;?eclalliy &M?iﬁ@umﬂgaeelah aBYdderduct i ve

mat eri al r%@lr t he j‘:‘sualon and corrosion-resi stance ef fects of
t he pref err pBP%f@FrEoé’t RIS ARPVEREIAR SR mG iRt $90 of
this ijpvenidAtt canabe rmde Weldtearty cfammnaremfofcementhemmtas al's, or
sel ective ones of th ner,s ca.n QQIH dditives
for vari o@aRRite oI £ torﬁy AT ajgpen ing o%’ ee\gnéd usebr%or t he
el ement. mixed wiltie rwmlasrceadéimvas ufed t dompyovdngy eltdemmadal 25
current and,eneraj & pealudd {hgald Wl Jpad or propdiises . iHERAII0N

pref er abl f IBhtaihs & resl stance netal electrjically
conduct i vesorehtEthieet ty ezt then timpagyes| "’éi’rth therr@tdéiltl:'soNOfCrca&lhod’y al t hough

certaiy C%%gihléé eghaantbtal pbabBkeT- SfB&keﬁ' | s ﬁ@ulld\;iamﬁm:t able. It
S further envi si.oned t hat E}gh'lnductrve pol ynmers, containi JDg gra hite,

3
carbon or hENeNehHokddSs SHCty PASES 1VES 2ERBF STl AP £&XE°° WS itute
for netal ld;¢ sRgiahaitihdalodr aaly, cendhongvasmaterihbymayequzﬂralblteha)f

generatin r?ﬁlﬁ%&e‘?ergf:t%? I stan g’uclton ?# %%Aé)eh @ffééyédsofsucg}leas wat er .

The remai | €0 ors e preferred polynmeric fluid
heat er 10@w=ferad p:mlmmmﬁttt}r!‘lg‘ﬁ usPRY ehdske mmamarive elemapfiseri al s.

9 20 NP R42428%ention can be made with any combinBETOHSHA 21711
these materials, or selective ones of these polymers can

be used with or without additives for various parts of
this invention depending on the end-use for the element.
The resistance material used to conduct electrical

25 current and generate heat in the £fluid heaters of this
invention preferably contains a resistance metal which is
electrically conductive, and heat resistant. A popular
metal is Ni-Cr alloy although certain copper, steel and
stainless-steel alloys could be suitable. It is further

30 envisioned that conductive polymers, containing graphite,
carbon or metal powders or fibers, for example, used as a
substitute for metallic resistance material, so long as
they are capable of generating sufficient resistance
heating to heat fluids, such as water. The remaining

35 electrical conductors of the preferred polymeric fluid
heater 100 can also be manufactured using these conductive

materials.



As an alternative to the preferred inner nold 300 of this invention, a
" skel et al sug),;zoort frame 70, shown in FIGS. 8 and 9 has been denobnstrated
to proviv¥@9/2428di t i onal benefits. Wien a solid inner nol BCREEIIth as 5 a

tube, was enployed jn injection noldin eratio i11ing of
the nol d sonetines ‘%%cﬁpr é‘gtt&félattd've T:gche %rp’a%g‘?ﬁﬁgdréﬂgg ﬁ'ﬁﬂt‘{n n wal |

t hi cknessm;o asf aﬂ‘ulS)anentaBozﬁ) 02 slalodtas), sanpboxc drtamenao,| engis of up to
14 i her, u a problem
since i t esi ra?y fsnc ed adgggl \%ésgﬁs%ryﬂtﬂé ass%fS g%%qra% ceramc
powder , amw@kum@e{ﬂm@a) Weh a sn&gdesnnﬁrdmbl@ IMyOsuckhiash caused
the miten pob¥Merywd® emph®yed refelivn LRGN mcfﬁdfng'{ e%%grat@&%%ss' ve

anount s of pressure Were regrl‘u red to proper | and at 15
tines, suERPIRRASUfEL1LANgedt NERFOMAL os@ﬁ@d‘—l“‘es occurtedr dBe &0 ni ni m ze

tEel i nc: d@é@@@fd?m@n@rﬁbhﬁﬁrﬁmg thmnslwamvleﬁhuekn@@etaerrblfata% &uﬁd ng a
skel etal suppor ra ur al it opepi n an support
sur f ace asf@ %gt alrrh a?l’ég Wég???l e%xg%@bs ﬁ r'é?erlr ed 20
enbodi nentr;chemz skBhet tahesmpibibyt—cbndneti@el pollydles also purletsleantemhnber

haV' f ;t%] c‘??fen? é‘% e ﬁ@%ég%ﬁﬁh&lgg%kﬁ@ﬁs ﬁgﬂ;‘i%‘ N9 g R%% Quire

Ieng rame are he a series of

ring suppbkass Lilgeyr |agidiqarhid Iapvﬁﬁibe@wqﬂh@ﬁléﬁgt(ﬁlg@s)t R&% ube- | i ke

25 nmenbermadhestuh i i gePeGh s, Goh e dhedied a&}{é'n{cﬂ%%ﬁ Rlymer aput 0.05
i nches thic and nore preferably about 0.02S-0.030 i nches thick. The

spl i nes 8% FHEETRER LY abfyScous ab(ﬁﬁ %rfﬂly%cﬁé‘é:e\ﬁsdé’eata“toh’é‘ %P fand
desi rabl ypzaéaesure wé:pereéqtmradpabnpedpbeay fiansthe moldG2anthese fins 62

30 s d%exé e”ds@él? §?§gsg?§ EaQE%%StBQC%igbﬁ}SOgg tﬂhe I nner di aret er

of thH N efe neric coa 64 has been appli ed,
and, as chh a@nmmlmmlmme theefnfmdezme fmsivedt peokrdeotsi,on i nto

fluids, stchs aswatel templ s Utlily Ladk&] e sa f ¢ E¥Rmep! i nes 69
pref er abI I ncl udecn rcooéiveesfnpv\ha can gccommd%t e a ﬁe hel 1 cal

35
al i gnnent'y%fh%“bnﬁr af Blvgd idy sqfarf&eW$ NP FeSBBPO‘-”t surfaqeq hough
this i nveﬂsr %td@ﬁﬁih@eﬁebﬂﬁtaﬁ@b heatshegl wire 6i6NS 162 aaprieFicig-demr t OI/\ot he

Sglelze 9 erﬁ?gg{rae;x{ arTP?:.he skeletal support frlgeaﬁ U§Q7 /eri%‘liges a
tubular member having about 6-8 spaced longitudinal
splines 69 running the entire length of the frame 70. The
splines 69 are held together by a series of ring supports
60 longitudinally spaced over the length of the tube-like

25 member. These ring supports 60 are preferably less than
about 0.05 inches thick, and more preferably about
0.028-0.030 inches thick. The splines 69 are preferably
about 0.125 inches wide at the top and desirably are
tapered to a pointed heat transfer fin 62. These fins 62

30 should extend at least about 0.125 inches beyond the inner
diameter of the final element after the polymeric coating
64 has been applied, and, as much as 0.250 inches, to
effect maximum heat conduction into fluids, such as water.

The outer radial surface of the splines 69 preferably

35 include grooves which can accommodate a double helical

alignment of the preferred resistance heating wire 66.
Although this invention describes the heat transfer
fins 62 as being part of the skeletal support frame 70,

10



such fins 62 can be fashioned as part of the ring supports 60 or the
over nol 91{0/% &ﬂeri c coating 64, or froma plurality of these surfaces.
Simlarl B%heat transfer fins 62 can be provided B‘ﬁT’tUﬁ%WHJPm de of

e SP | NEScR%h 5 302 S5t B ERLRINRUONN LUECSLAIRLI £ 809 (00 80,

Addi ti ona IS 1 nvention envi Sl ons

i rregul arGQ)r Og‘eomrpyﬁlwlﬂ%ipeﬁobmlsl@r coatidepr €4si orrs élr@mg ahe inner
or outer §l|ufé12§t£foﬁ hthese sREFUGRd h§§ﬁ1wgr§&e”€ﬁé5he§é'cé\:£}?§‘f If-ra“Sfer

sur f aces to facllltate the renmval heat from surfaces into

rel
i qui ds. ?11?%% 2 (GANpRe PPBIV 4E8Y; ﬁnatﬁﬁnﬁ&tséfiewé’gfs the splinesi &y

i nj ects onsaiol &g ngcbhepiente theysnaf aeheof §meridOlagBIiirg Cogd i ng 64 or
g
fins 62, %%& ng% S?ndbl gtl ng,. anlcall wor Ki n the exterior
surf aces PreCh3atY hg 18*Sel é%’rﬁ’%t]rﬁnth?’%"?‘ﬁ%‘éﬁ i oR¥OVL Hing 3n a
pr ef er r ecobwbali penofofirickign lamy et |g&pmettne1ca11§kshapaa swm;m" tof rame 70
i ncl udes st S i C capn 0 the
dep é ? a{lcbrfge ke inn (?r Bﬁr@

tenperat ure %ma ) descri be ereln, phenyl ene sul phi de
("PPS"), !oovwl% heatsipg lelenesihft- Sureh @ea§stram§§es smofases Leteur al

SUPPOLd . IMEWIORId EIY teRIARKe PEWEOR. SHCRoRS ﬂ&rﬁré\lﬁé‘éé f[ii{co MG,

for inproyvjn Jaé her mal conductivity. Alternatively, etal support

frame cant BT ysedTREY afid® nRfbdirovided ndp s n@“ﬁ\}r@roroﬁor"@ﬂr al um na
si | i cat e, idTwdidd) Bniéct Myd, ma@5diggaphete intdr €her iurfadid &5f Jdferr],

Uher mose T R Sal SR VR 8= FHiE St ot hingy THABTR G ASn R at ur

pol yrmer s megarielliy ‘b@rlﬁmﬂi the emtter idie spoaffaces X dHe mdatteimg')pl astic

is usefl TOladd¥ers of Skl &t fhvetPPgrt frame 70 it should have a heat
deflection 30 _tenperature greater than the tenperature of the nolten

pol ymer used t ndl PEHeETRE | gRbediment of this skevenkiosuppdra frame 70

i s placedkskelecai rSllpporth | f¥eHnie) mcihidleuﬁw d hdeRuRRARM 4 adSilrgnce
in a dual_ helical configuration 35

heating w.re s f ol ded wou

around t HE* R é:taé’l ﬁpp%?’? rfangh?o 1IN tAMRSKIEEE" RQAUIMSES sur f ace,

i . e. spacksbgrio@heéRimhedal lag wolydhenylsad estxﬂlplﬁﬂwqr"tpp‘glqrre 70 is

t her t aced _in-khhe Lnj egti I h i s _Qver d with one
of t%gf &Fith %\/\Osglgll% 42%r§ounlc &F ﬁh@ G ANG-d NFLA S QUSRS

PCT/ US97/3pRert , @m@f@Pﬁe@npblynsergm@simw@rmlmclmfashAizcvgwmt|on I'n

one pref edged ﬁﬂmﬂﬁﬁmmg%ﬂeﬁn&ﬂ%bnae&&wmwf tRe chedheivdignsfer fin
62 remai n%eexsq(osl dta'ltlo s(il%rgoarcé fframe can be a fused ceramic member,
including one or more of alumina silicate, Alzos, MgO,
25 graphite, Zx0,, Si3N4, Y,0;, SiCcC, SiOZ, etc., or a
thermoplastic or thermosetting polymer which is different
than the "high temperature" polymers suggested to be used
with the coating 30. If a thermoplastic is used for the
skeletal support frame 70 it should have a heat deflection
30 temperature greater than the temperature of the molten
polymer used to mold the coating 30.

The skeletal support frame 70 is placed in a wire

winding machine and the preferred resistance heating wire

66 is folded and wound in a dual helical configuration

35 around the skeletal support frame 70 in the preferred
support surface, i.e. spaced grooves 68. The fully wound
skeletal support frame 70 is thereafter placed in the
injection mold and then is overmolded with one of the

11




remai nder of the skeletal support frame 70 is covered with 5 the nol ded
"resin on both the inside and outside, if it is tubul ar_in shag‘]e. Thi s
exposedVPMBEAH i s preferably |ess than about 10 per c&A/EPRWIsurf ace

area of the skeletal support fr 7Q, . The open cross-sectional
areas, cOFSHitUS é’?%“ﬁlﬁf'%liﬁ%*??{}?’a?uolo%%rﬁ%ﬁlﬁ ltrW?pngﬂé?rb't al%nsupport
frame 70,one prefarnrerhembodiindritng omiy greadel poveiage bftHehdeat

resi stan ngé OeW, I 6 A esj.n, i } Ri m_zi_ng the

i nci dencgt%) | uéblgl g?%aﬁsfhggéﬂg%g&@é%ﬁﬁé gér)e g?@gf%en%]bgllﬁénttél? t he open
areas shagwpiggigr iofe the skellessl gvpperiofperectl idh@¢oyexadamiyghgr eat er

than 20 ehdUSIREA Hedfie SN WU s i fake A &, tilke jgkelet al
support frame 70,, so_that m)*_lr,en pol %ngr can, nmore readily f1 ow around
the suppdrdPYiaing 7 6haRE -+ eSPEBFEROPRAURGL 101 \i§ RrEGeradply less,

al ter nat inkan shehed alo peyd of raie swdicd Sirea ofl khst ciea@tian FI GS.
10-12. The_al tetr nfat lve ?éel et al support franme 200 also includes a
pl ural i tfuﬁﬁor ]f"’brﬁ%i ti nal splines 268 havi ng spaced grooves 260 for
accommodat i ng Thew apesd ceebstarctibealli ngrease (cuwotst2Bwhiovwn) théhe

| ongitydi I hese2 : r efeer, Y. e 1 t.h-gpaced ring
suppolrdtjs pglg%rﬁ%ﬂf s%%cgﬁe?l?ﬁ B %fes%%po?}{%i%%l i %%?ﬁ%%gakr%%orﬁ Wwheel "

desi gn h@anwRita easig¥rafilying spBesgreatand goMebage2. ofThit®epr ovi des

i ntcr eaie?:éé{fé{fellrﬂf@ Féﬁ?ﬁﬁg W@% htstlae hgketﬁéa}moamrfeé@?f r mllég, whil e
not substantjally interfering w e referredq injectlion nmolding

oper at i oﬁ@:nlmlzf’ng BPee %?é'ﬁ? ‘f’gebBBPgﬁﬁr iaﬁldccdf’:ﬂti MRO%E - t hild

i nvent i opmaieheedpatbedibgntdsppthg dpendasehssetonlidl ebaprise apport

fra 7Q or .20 far anpl.e, .i.n .l ui di.z d f_pelletized or
pomdmé‘r%l zed apsotl y%%?,u%su@i ?s% rﬁ§§t I %ngu0416§lrea%aﬂgr 8%§§a§,ert htehal’résié& ance wire
shoul d beesstent @fi ¢hehentireskubuilak supfarei aves of &he sieded@dr gi zed to

te h ' i t
o Glpport fhafd’y70 5 LMo RENY @ e 3a8iaR0U

PCT/ US97/8k10mM 12around hsied shePgaite rbtate pf? ofneor8F pBEAGCEN BeEdNEL al
support widd e, into the fl u! di zed bed of pelletized pol yner. The
(11 diged bed a1l JPELOLOEADL! AR IGUILCCl o JSLUSEN Do BB Stiod
illustrated in FIGS. 10-12. The alternative skeletal
support frame 200 also includes a plurality of
longitudinal splines 268 having spaced grooves 260 for
accommodating a wrapped resistance heating wire (not
25 shown). The longitudinal splines 268 are preferably held
together with spaced ring supports 266. The spaced ring
gsupports 266 include a "wagon wheel" design having a
plurality of spokes 264 and a hub 262, This provides
increased structural support over the skeletal support
30 frame 70, while not substantially interfering with the
preferred injection molding operations.

Alternatively, the polymeric coatings of this
invention can be applied by dipping the disclosed skeletal
suppbrt frames 70 or 200, for example, in a fluidized bed

35 of pelletized or powderized polymer, such as PPS. In such
a process, the resistance wire should be wound onto the
skeletal supporting surface, and energized to create heat.
If PPS is employed, a temperature of at least about 500°F

12



S substantially uniformy provide a polyneric coating entirely around
the resistance heating wre and substantially arou et al
support W?QW%““’ The resul ti ng el ement can include a rggﬁ"lyéy?§ﬂol i d

structure g a.substantial nugheg ep,.10 -sect.i ar eas,
al t hough FP % g’?uﬁ%& %tc gt mr rggm sggrli%% Egét F% 9\%?’?2’ %hgg)?%lt

her net i calflr;amlensmlt@t gdhe f]fwmzetdjlhhdzm amellﬂlzsdfnﬁimﬁrundé'hﬂ ood t hat
t he g' 1618 PR LR ihieS] 3t HGEeN RBIIA LM BEc#Eln Dehe

pre- heate rather than energ |2|ng he resistance heating 15 wire to
generat e deffietiaed peaymesy andsFhg BeRCS| YemiStange| YiEe SHEes tos

surface. Ehb%tﬁh%@i&famﬁﬁ&mml Ysheovia@oss - f pol gingedcbedoheahigng to
provi de a nore yni form ting. Qher m)dlf%ca Lons to. the %8%(8:%3 will

be wi t Bk i Yskl?Fo‘df‘dcur t E6EFEATCE hnBEBRINI20 Wite T t andar d
rati ng of subetpmefialrlad pobyndr ithd | skdletabheatwrmot fhiamei. nveﬂ‘hieon used
in heatin t r.i a 45 t hqug Qg%
di anet er (%FW%‘%% coefl:g%%( 1|'nf'1g COI é/%%ﬁé begva:%ée%jb&pr t| pl e

ratings fseruetoaa) t coBnbobaveood® Wslahﬂtpnéf-éi-abll’ymﬂa‘?metQ\Eenc@l?@ut 1700 W

and 4% %‘3 \éé:oFs%r R% AN Ngred VL1 tnolfRfH ages ; f a@ﬁmeaw@n&@%h\é/ can be

used. even triple wattage Capacjties can provided by
enpl oyi ng remmmatqc;ﬂ deahing dfnfeeﬁlsw‘féeb%h%ma%ceém ARELAGLEA
gu fferent fRom Iﬂﬁﬁ;_bcaléusmtl-_édilledaC%tVQSE|fQiijHeﬂ30rﬁm@@réﬂoo<30_tl('jxat theom t ge

or egol ng, a e _reall t hat | nvent rQvi des | pprove
fluid heatsllﬁ‘?aeg:lagmﬁ’ﬁp? §" € anqt ﬁeglllswlﬁ:e?s%ﬁa r\ﬂoallﬁeeaﬁaﬁlg%peV| ces,
i ncl udi ng pwret-dreated, he:atté!@r &banoienesgded e dher sesiseapcef beagdngevi ces of
Lot 3 M B SadRSlo¥e PBLYFELL nco el (bl HRU1AS Bhle oo pRIRR and to

subst anti al vani c acti st ora nks. In
certain e@l@dd-lertﬁlt@’lt& ks ssurfaCF?lvenTlilhﬂ rraeess| 9ﬁf§r RésP| dnglnegt ers can

be used i fluldlzed bed heating to prb¥ide a mode 98h2ASHA
PCT/ US97/ 1711 nction wth a ITEI‘I c .storage tank sfla% to avoi d
iR

the creat |ct9ﬁ"tdF‘9ﬁet aI t'1 A ohPalthfyePRBFeSs Wi
Al t er nat i walthid hese g0l YIest codtbenlc heal pmsrcaschaologgesi gned to be used

separ ael ¥ as el i oWy LM nd UK B8 ke UdYIGARME sl @ and

heat ses or
heaters of this invention used in heating water is 240 V

and 4500 W, although the length and wire diameter of the

conducting coils 14 can be varied to provide multiple
ratings from 1000 W to about 6000 W, and preferably
25 between about 1700 W and 4500 W. For gas heating, lower
wattages of about 100-1200 W can be used. Dual, and even
triple wattage capacities can be provided by employing
multiple coils or resistance materials terminating at
different portions along the active element portion 10.
30 From the foregoing, it can be realized that this
invention provides improved fluid heating elements for use
in all types of fluid heating devices, including water
heaters and oil space heaters. The preferred devices of
this invention are mostly polymeric, so as to minimize
35 expense, and to substantially reduce galvanic action
within fluid storage tanks. In certain embodiments of this

invention, the polymeric fluid heaters can be used in
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 fluid. I'n such an enbodi ment, the flowthrough cavity 11 coul d be nol ded
in the formof a tank or storage basi n, and the heatin c,%% 14 coul d be
cont ai n&® WA the wall of the tank or basin and ene&gﬂ MMheat a
fluid or t apk Is he h dev f

i nvention col#%zt]{gn ggthsgdpgﬁ}’?’%%&@wasrtr?érg %%1 KeS %C‘?éseér)% %alr
dryers, cun¢i®gedtdas, ofrvasalodion-geiesed coacrx@snem @éltucm'@ﬂhm;iters used
in spas and poﬁéematwely,Thtﬁetsavg,Btl:ygﬁ #1308 PRl &dR

fl owthrough 15 heaters in” which lum s passe throug

pol ymer i cA¢SHENedntER nPfy BRE&IorSSRAERHRLY hésni ﬁ&?ﬁg’s Y Sqf%%?%% ance

mat er I%I Scohtdhhéri nﬁ/cﬁnts'l@rﬁ;bltarf&:‘otié@f lsticke haﬁadl uahaa8§§§eg hrewigh L heh
i nner diapeter of such, a_tube ea nerated through the
tube's i nnett2o %?a%?graﬁoia%gfillg'e I t"‘?‘& %& tqlfgé%j“ocia‘f}r :Qi

FI ow t hr cughl diebeemolded usefulle iffodmi of dayeankand istoraderbakeimnd”

nave boert i1 diigind P4/ 0fLa pe coneathlayOt I BERLEAC TEnt
limting ehetlzs tm}vmuwm\mdcﬁrsemmedcmumt a vihlwld vt Igacone
appar gt if? e Skbhkedotb N8B frt, Phe Wrddtidd e aa¢aRe0f of Eﬂﬁli in thev\o

attached cl ai ns, )
98/ 24269 invention could also be used in fp@ﬁ/ USyRers 1 curl% claim

heaters, hair dryers, curling irons, irons for clothes,

(I

and recreational heaters used in spas and pools.
This invention 1s also applicable to flow-through
15 heaters in which a fluid medium is passed through a
polymeric tube containing one or more of the windings or
resistance materials of this invention. As the fluid
medium passes through the inner diameter of such a tube,
resistance heat is generated through the tube’s inner
20 diameter polymeric wall to heat the gas or 1ligquid.
Flow-through heaters are useful in hair dryers and in
"on-deman;i" heaters often used for heating water.
Although various embodiments have been illustrated,
this is for the purpose of describing and not limiting the
25 invention. Various modifications, which will become
apparent to one skilled in the art, or within the scope of
this in the attached claims.
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1. An electrical resi stance heat i Frrent capabl e of being di sposed
t hrou 94Rlideo0f a ta | onnection w th heg lyui d

medi Uglrw?onpr |639| ng: fﬁ“m\ ““ji U‘Sj\ first flanged end; "SRt

(sz a fske;l;tgt@j_ﬁﬁmtoort fra][re haV| ntgha plurality of openi ngs the_re{ hr ough
and a first suppor urface ereon; ) c) a resistance
Wi re wound ont - sai ﬁnf?f§?tﬁbcghpﬁﬁ%§?@fl%%F‘Fé&e‘%ﬁl@ﬁﬁﬁ‘gc%éaa)%eat | east
a pair ofof bkeng rddsmsskforhroughata saaulf b|fsta fﬂ:m}gedoendxsﬁ $ai d

el ement; a th - ct| mer coating

di sposed Sogneg anr‘é'%ltglt gr?(%‘g %re &gr ¥" a c | | y “‘f%lp % Sul ating and

electrfcally i nsul at(hg galfdnSé:mfdtaam%i endi re from sai d fluid. 2.

The heating el enent cla r frarre
(Bf) by %ﬁéie‘é’ggnﬁﬁ%ﬁ gqram ﬁié%l:.%tgaé prPQgitr:y

conprises a pluralit ){}ﬁ | nes
heating ePEnERENSRIS HhATEHANIWR 3adda flﬁ@ﬁgﬁﬂhﬂQﬁﬁl@ﬁﬂ$ﬂé§a@@npr|se a
pluralityc.gérg6aoves for supporting said resistance wre. 4,

The heating el ement clajm 3 further o] r|S|n%£PluraI|ty of
ring supports conneg‘? ! ng sa‘?%s’??:t"l‘%?@ F’&HFneWC’“s'bfiﬁr’lTEE‘? S 18St The
heating ebappottdhgclstirfaternanéi conaedted tﬁ«ﬂetaéasupmmpairaﬁf further
compri sese Degi L anakel ore s SN0 01 5005081 12, OFASG I NG R J4 Uid gedi um

6. The hea I NG elene erern-sai support frame
conpri sesekemener akhg t ubul ar shape wherei n sai d openi ngs represent at

| east about 10 percegy 5 Oftr{elﬁaq_rﬂyj&rﬂﬁé@lc‘ﬁ‘e arﬁﬁeﬁal dodpibylar shape

for facilitating a nolding of sai'd thermally-conductive | polyneric
coating o3eFPeEPE r@¥pXt afidédyj Fesigbance wiré Tffférhéa??‘h%té‘lzé?ﬁs}it of

claim$ méﬁ&&pguiatﬁng anakeie&aklcam9901ﬁsuiaamﬁg §81Ar+&86Sstancel urality

of | ongi t udi nal ving a series of spaced grooves for
recei vi ng¥ gﬁ?dgr%ll §f“§ gﬁ\ﬁ% 15 VO
98/ 24269 2. The heating element of REIMISO7MREZELNn said 8.

The 1301 BRRFLEREN! Alosbal m B o Bofpkdaes S CHAlAARY T bame and

sai d thernma conduct
1ong1tud1nal splines.

20 3. The heating element of c¢laim 2 wherein said
longitudinal splines comprise a plurality of grooves for
supporting said resistance wire.

4. The heating elemént of c¢laim 3 further
comprising a plurality of ring supports connecting said

25 longitudinal splines. ’

5. The heating element of c¢laim 4 wherein said
skeletal support frame further comprises heat transfer
fins disposed to extend into a fluid wedium.

6. The heating element of claim 1 wherein said

30 skeletal support frame comprises a generally tubular shape
wherein said openings represent at least about 10 percent
of the entire surface area of said tubular shape for
facilitating a molding of said thermally-conductive
polymeric coating over said resistance wire.

35 7. The heating element of claim 6 wherein said
skeletal support frame comprises a plurality of
longitudinal splines having a series of spaced grooves for
receiving said resistance wire.
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pol ymeric coating co ﬂm‘mw ber nopl astic resin. 9. A
" polyneric skel etal S supporting rg@*&ﬁ&m& vmre of
an el ec¥ ?9e3| stante © ‘heat | ng el ement, conpri sSi ng :
plurality of ngi t pdi n | ines.incl d|n spac Qoves al ong thelr

| engths, a pl u ali ty'gff %heeaa{) 9 FrS gn§ ﬁ’g’%’?%%ﬁ’ sgﬁ?jaspl i nes,
sai d spl i aksledali nsegparky framennencﬁedsald bytherraallyptqnduct:yve of

| ongi tudi Eépgbrﬁe:?ﬁléc%éa’t'l NG %: ils® a common ]Q?%ﬁnaﬁ%ﬁétbéa&@ ﬁonp“ sing.

(a) a tan cont ai ni ng_-wat eat1 ng el enent
attached to a %al |l &f JBO%H‘F‘%Ir%Enk Fhplefali diswpPRAT ! r framssi stféﬁce

heating t guaportRagt ik Hcddee Valiee Id¥ sahdelaRdiericaild pestkednekenent
conpri si a skel etal support frame having a plurality

of openi ngEaFHBQeFHFB‘&&ﬁ'a%G’)mQrﬁSr@(g ‘supporting surface 20 thereon;

(d) a resi stance W Be p/]nmai:myt cofallenftitatiinal smpmés ngnelin@ang and
connectin ash o) [ | en 1 0ns n

(e) a thegﬁﬁﬂe r% ucetlve p y%r%?}lf: %%agkﬁg s osedt%vef gg?

r esi stanceranséeami:@srreqmerphmg ofrof salds&pd:sm,etsalduppamnesr ane for

her met j,cal, | ati el e i cal [ [ aid si st ance
gb by o é‘P‘i?l a d'?:%nnec@@a 11'@% 4y rﬁﬁh@al’?&:% d pe

wire fromsaig . . e wat er heater | ai m 10 wherein
skel etal 30ongippeirafiirdPeGRst Hdd SYRRAEISty of | ongi t udi nal spl i nes
integrally conmected wt@&ng;e&ltmord&nﬂﬁﬁr@/i de a series of side wall

apertures for faC|I|t t| of said thermally conducti ve
pol yneric coating ? t?&ﬁﬂﬁﬁﬁﬂ?ﬁ%i NG rakgy/ 12. A nmethod of
manufacturing an dbectm(hﬂatlngreiemEancatﬂanhﬁd tordumﬁlhgoﬁ fluid

conprisin
PCT/U%S?/%T??ltank tor prOVldﬁﬁ% EI%ﬁﬁr N resﬂééﬁ ?al suppo téﬁrane havi ng
a pIuraI|P9r§i06p@@|ﬁﬁ¢tWﬁ#%ﬁh¥@ughldn@a@ sumsod heptipg element

comprising:

(c) a skeletal support frame having a plurality

of openings therethrough and a first supporting surface
20 thereon;

(d) a resistance wire wound onto said first
supporting surface and connecting to at least a pair of
terminal end portions; and

(e) a thermally-conductive polymeric coating

25 disposed over said resistance wire and a major portion of
said skeletal support frame for hermetically encapsulating
and electrically insulating said resistance wire from said
fluid.

11. The water heater of claim 10 wherein skeletal

30 support frame comprises a plurality of longitudinal
splines integrally connected by ring supports to provide
a series of side wall apertures for facilitating the
molding of said thermally-conductive polymeric coating
over said resistance wire.

35 12. A method of wmanufacturing an electrical
resistance element for heating a fluid, comprising:
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“thereon; si stance heatihg wire onto said 5
SUpPpPor twohehasd®: Hm“l mﬂmlmlﬁuml ng a thermal |l y- cq@yggg-)/ﬁ-,ﬁol ymer
over sai d resistance*heati'ng™i fe 4nd a major portion of said

skel etal support fra@ t%ﬂ@ﬂiﬁ?%'é’kénéﬂéﬁtgu pert £ e tHaGaldgy/
encapsul ate ald m% EFOHISa The net hod f cIa|n112
wherein s&iB ‘s:E@?‘ et¥ °F CRTpHHUFE tflil%ﬁ:r%th’éﬂ’p?Ps%‘s £ SURPQLY ¢

| ongi t udi nakreonspl i nes. - 14. The nethod of claim 13 wherein said
ongludinal 080 MRS, (BRIREd BoRLeR il Ui RO Lty 521 4 15
skel et & suppgmsorsturfagas and said thernmal | y-conductive pol yner conpri se

a conmon thermopl ast{ r&gdiHing a ther&@llfhéoﬁaﬁéegvgf &i%‘hgt%z\ré’iherei n

said providing 20 step (a) conprises injection nol sa| el et al
support  SaffamesIftPARcH d’ﬁﬁﬂ’eﬂﬁﬁg‘”ﬂ%pa’(*@)ac‘BﬁibPFsE?’-’FhPécPifoﬁald nol di ng
sai d ther g&bllxét@qndts@tpp&tpolﬂemre tttoen%ap&ulrabally SsanguleHest aee heating

Wre and | east out er ent sai d_skel et al %E rt frame. 25

e e Bermea o it encas said i erarioR,Saaa BIRRL raTe. 2

skel ettal suppoat .fr &= cmaphodesfa clam ural mm)er@‘lmamldr aﬂt:efl@taﬂj ns.

18. A I I I b d
n el gebbloRl eslal anee Realdng ol giRaL Ganable | 108k sRelag i spose

t hrough a use ecti ng a uid
nmedi um cSpphinsisng: (a) a polyneric skel et aI support frane
having — a plypali tphDhnep@l bediDakmsP} WRS SANRBGEHoRY 1R usBHAS  Of
spaced ring supports sali d | ongi tudi nal splines conpri Si ng spaced
grooves; §plines compr(u@e EPAES St FFOOVIREat lfﬁ’ﬁ VIFPE’PH&”\'FIJ-H\? asﬁ‘d-ldr

free QBdS_rjeglJ_@antdé aw.epﬁ:rng)fwiﬁém nal end port i ons, said resist ance
2?6‘“”9 "o 98ies 426 [ R0Pn3YPRY SR 18! GnereitPASEs %%%%S:ﬁlgl?ll

(c) a polﬁuppbctcoéMHmp(xnndurwa@ﬁanthddmalwg-conﬁuctmnproyxﬂgmthe t her ma
conduct i Vlcb)ﬁ q_fl aiad c%ﬁﬁc@r[‘&herx%ﬁf&é@iicoi‘@éiﬁ?i d resistance wire and at

| east 90 percent . .
16. The method of claim 12 wherein said providing

20 step (a) comprises injection molding said skeletal support
frame, and said molding step (c) comprises injection
molding said thermally-conductive polymer to encapsulate
said resistance heating wire and at least about 90 percent
of said skeletal support frame.

25 17. The method of claim 16 wherein said remaining 10
percent of said skeletal support frame comprises a
plurality of heat transfer £fins.

18. An electrical resistance heating element capable
of being disposed through a wall of a tank for use in

30 connection with heating a fluid medium, comprising:

(a) a polymeric skeletal support frame having
a plurality of longitudinal splines connected by a series
of spaced ring supports, said longitudinal splines
comprising spaced grooves;

35 (b) a resistance heating wire having a pair of
free ends joined to a pair of terminal end portions, said
resistance heating wire wound onto and supported by said
spaced grooves; and
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of said skeletal suppﬂwmm luh" uwm |1y encapsulating 5 and electrically
i nsul at | n Ld resis AYai d fluid, where ' | eta
supportb‘f(?%’ﬁézggr ovi des a pl ur al’i ty of openings for facphé%#ﬁglfg

nol di ng of said polymneric Lng. . 19. .. The heating..el enent of
cl aim 18 wherein sai gc 10 2 oejlcygﬁ%flgscuopaptolrrt‘g ci‘orngtr%lrcl:lc)rﬁ%ralugeas&gl%leﬁeer ally
tubul ar foghapeproving the0.thdimal heandugtislidyenef ehidclcoatinkd

furt her -cﬁiwgé IR N8l ot FBBS LRGN 196SRASEL: Ole A8 | $6 ¢ surface
of said tudblu ar siage. 15 2T, AN eflectrfl%ga res%%%anc?%zéa?trll ng

el ement c&fabtald skeleephg Syppsdedenrbagrebigall vornFarsid aoindise in
fOBnFCtS' thr}ﬁ b'le!&&tildgallq; &Fﬁh@a@dﬁ@&h@@?ﬁésﬁéﬁahpe wirfe. fr(t),m said®) . a

ubul ar, palynperic, s et al, suppor. rame havjng a first supporting
surface t Harligly, hereby said BEPleral SUPRGEE \iHANOBRAVAAES id first
suppor ti ngplaerali icey anfl gemengedfop Adchiashtdngaiar maflding tef maiad end
portions; . a thermal |l y-conductive polyneric coating

di sposed éﬁéﬁﬂﬁﬁl r%gﬁ%ééﬁkg wire and a significant 25 portion of said
support  framel9. f 6fhe hbepbingaldlement enEapdaliat i by whereliactsaishl |y

| nsul atg ngQAlLt JLSITARRAR  Erafe’ Ccbhgdisaid 4! Lg&;em¥r tubylar ()

a plurality of heat transfer fins disposed to extend omthe surface
of said hedt3BRy el ement to 30 provide more efficient heating of said fluid.

18 20. The heating element of claim 19 further
comprising heat transfer fins disposed on an internal
surface of said tubular shape.

15 21. An electrical resistance heating element capable
of being disposed through a wall of a tank for use in
connection with heating a fluid medium comprising:

(a) a tubular, polymeric, skeletal support
frame having a first supporting surface thereon;

20 (b) a resistance wire wound onto said first
supporting service and connected to at least a pair of
terminal end portions;

(c) a thermally-conductive polymeric coating
disposed over said resistance wire and a significant

25 portion of said support frame for hermetically
encapsulating and electrically insulating said resistance
wire from said fluid; and

(d) a plurality of heat transfer fins disposed
to extend from the surface of said heating element to

30 provide more efficient heating of said fluid.
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