FLOW THROUGH HEATER CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] Thi s
application clains the benefit of provisional application serial no.

61/ 328, 69v0 2hilBekeon April 28, 2010, the contents of whipch/ise@1ioB4302 por at ed
herein by reference in their entirety. FIELD [0002] The present disclosure

rel ates generally to heaters re i ly to heaters for nedical
devi ces such as dialysis eqﬁbﬁ@gFM@&%ﬁ%oom The statenents in this
section nerely provide background information related to the present

di scl osure and may not constitute prior art. [0004] Heaters have been used
in medi cal appl i caCROSS-REMPRENCHE A0yBEEAd &I AI?E’MCAEBICDMSt fluids. Medical

applicatl for ers t |caII abi rtain stand rds t 0..guar ant ee
oFect 1 cal®et y 't PR, 3P tEEPs e G3eE: BeoSft of oL RelpfEnt

Typi cal | ysefi@dh6ale1/308,6SAL filefSoh OAbIW28N20aD, thé edntarmeSoPivhideelré | cal
safety standards. These are Type B, BF, and CF (F stands for floating).

Type B pr theooeyatessherep by é@‘ermeagéheiéenmeésctn cal shock and typically
i ncludes a direct ground. Type BF tyH Eﬁ- Iy provi des a greater degree of
protection fromelectrical shock than Type B, because it uses a floating

circuit wogo2]especTheoprebentdaisciosuts eslates Yon@talgtovissaisrs, Beenidire devi ces
have doubl e insul ation w thout grounding of the device. The floating

circuit readigelaryde hegtrigder medirl #aviees sHal aétﬂ'@'éﬁ’t;@qﬁm%fh t he body in
the event that the device is not properly grounded and the patient becones
the grounder. Type CF provides the highest degree of protection from

el ectrical shock and is typi cal | BAGYEBROUNMIAr di ac appl i cations. Type CF

al so uses |.oati ng, Ci rc th doubl e |nsul ation and w hout undi ng.
The ai 11 oI et wdof BIRlSmANS: et esedton AR FrOYFGI PEoaORaT: ont

| eakage waér‘?ﬁﬁtlon-rﬁé%ﬁe@'fo (Hé’iﬁf%%bn{ G%E%%@rébhﬁdi ?ﬁﬁy) n&%rﬁﬁf’bté‘bﬁof‘gﬁessar y for

application parts that are used near the heart. [ 0005] For dialysis
equi pnent [0004}eat er Hegteryphew | peers egbedo nrnemedmal damlmtuenm guchsas The

neat er ¢ nEnaS eiracl G PN THS' dhiBlrel 2PplRRrS OB BBt 1 C0°

abide by certain standards to guarantee electrical safety for patients and
operators of the medical equipment. Typically, medical applications follow
one of three types of electrical safety standards. These are Type B, BF, and
CF (F stands for floating). Type B provides basic protection against electrical
shock and typically includes a direct ground. Type BF typically provides a
greater degree of protection from electrical shock than Type B, because it
uses a floating circuit with respect to the device ground. In other words, Type
BF devices have double insulation without grounding of the device. The
floating circuit removes the conduction of functional currents through the body
in the event that the device is not properly grounded and the patient becomes
the grounder. Type CF provides the highest degree of protection from
electrical shock and is typically used in cardiac applications. Type CF also
uses a floating circuit with double insulation and without grounding. The
difference between BF and CF devices is the maximum allowed patient
leakage current. Type CF (lowest leakage current) devices are necessary for
application parts that are used near the heart.

[0005] For dialysis equipment, a heater is typically used to heat up
dialysis liquids. The heater may be a flow through heater that includes a
housing and a cartridge heater that is immersed within the dialysis fluid, such



as the dialysate. Cartridge heaters neet Type B electrical standards, and
therefore, it is essential that they are properly grounded. Wile the

heat er cawobkelpBower | y grounded in clinical settings, sech/s0iho343ptal s,
proper grounded cannot be ensured for hone dialysis applications. SUMVARY
[0006] I n one form ap electrical heatin vi ce for, nedical equi nt is
brovi ded Shane; tiEheate “GATIOas ealsTg B8y THPENENG R CRLSHRIA o B0 ough
for flui diddranpe, it %és@ﬁﬂbﬁhbﬂﬂwe@%@rdraﬂ)eﬁwgfdam@ung/vhir@tnéﬁﬁé%talé tag body, a
heater surrounding the insulating material” and the insulating body, and a
pr ot ect i oheHlapértyy gsaundednioi cligiaahseHimgsesyuch las ospitalst ippepdragroungdedei ng

di sposed aroucﬂg)reach sid e of thdfje Iheater .an[d encapsul ati ng the heater.

[ 0007] In SRABTHRE POTUYF ?1”%?’8& FEIP aﬁgﬁﬁ H’&Sdevi ce for medi cal equi prent
is provided that includes a conducting body form ng a channel therethrough
for fluid travel, a base dielectric |ayer disposed on the conducting body,
a heater surrounding the base di el®dMNIARYayer and the conducting body, a
top diele g | aye i d [ r i - i ng
surroundi ﬁ%dqﬁe top[ndﬂ,ééggr?ﬁ’i acﬁl%flaléyée?'ﬁc;&?%%@?l%&s eﬁqﬁl rﬁ%@@%’eg&fj'g&rﬁﬂ an

el ectri cals peaidetptigvhcades apr mgukkeidgtholy fonglinglascraaretiyherethrooghil at i ng
mat eri al di sposed proximate the body, the insulating material being in the
f or m of anfafEJéd frayels agiiesdating paterid syfrepndingphedesBaig Rady a Reatehse | ayer
dielectrig, hel; i i X t ryin@nd a
protecti o%urﬁ%@@ﬁ%%ﬁr‘ﬁé\ﬂmg@ﬁ@alﬁ%ﬁgﬁ ﬁ(raa@g]gg%&ﬁéy%?j %@%&I?Iﬁlc and

t he top dheugingr serrbayding c hapdreater, t inee protestibrat koudieg hieaihgr dispbeethase

| ayer dielectric and the top dielecgtric | r heing di sposed within the

br ot ect | ORI AHISSaR Sbebe1Ehet REANd cneara bt MR AGAET ty wi i1 becone

appar ent {gour)t he descandthbPMoRhoVasleddbeic@l Nhedtings ik bRr URRRiGH 0od t hat
the description and specific exanples are intended for purposes of

i |l ustrat eauipordny ianeroxidedniitatiincledesc condueting body sloopegoh cennel esent
Id: fﬁls? f;{ ﬁ‘gar;e r%’v@g%égﬂ%@] Ypae\/eﬂr%wbré%% doelégét'ri%eﬁiayheerr %'isrﬂ)o%reg fo%r the
conducting body, a heater surrounding the base dielectric layer and the

conducting body, a top dielectric layer disposed on the heater, and a
protection housing surrounding the top dielectric layer.

[0008] In still another form, an electrical heating device is provided that
includes a body, an insulating material disposed proximate the body, the
insulating material being in the form of a base layer dielectric, a heater
disposed proximate the base layer dielectric, a top dielectric layer disposed
proximate the heater, and a protection housing surrounding the heater. The
base layer dielectric and the top dielectric layer cooperate to encapsulate the
heater, the base layer dielectric and the top dielectric layer being disposed
within the protection housing.

[0009] Further areas of applicability will become apparent from the
description provided herein. It should be understood that the description and
specific examples are intended for purposes of illustration only and are not
intended to limit the scope of the present disclosure.

DRAWINGS
[0010] The drawings described herein are for illustration purposes only
and are not intended to limit the scope of the present disclosure in any way.



and are not intended to limt the scope of the present disclosure in any
way. WO 2011/ 137266PCT/ US2011/034392 [0011]FIG 1 is a cross-sectional

vi ew of awmoebaet3rieéal heating device constructed i n accecuarse@ixws43m t he
principles of the present disclosure; [0012]FIG 1A is a cross-sectional
view of a | ternat ormof the electrical heating device of FIG 1, taken
2l ong tholaPHa A TRICT 503 2 BiasS-2RTP3a 8w BhaR Ieed) otRonHRGEs eent
circult fesndithfdd iflal@dsh@hithdaé pRABDICLIIRY Infésdtt ddcfosube; di spl ayed i n
accordance wth the principles of the present disclosure; [0014]FIG 2B is
a schenat [N2]ew of FiBoflAels aecross-spetienali viewi of Aoralteseate tdinm loé te¢ect ri cal

neat ng. SeNchfthoBlifh odyih RIS kP S BRIRE A VAL PrinerPLes of
of anot he[ogiajct ri calGheatisng sép¥matic CAEWt6fUS tregadute PO icialit fomuisd t he
principles of the present disclosure;
with the electrical heating device of FIG. 1, displayed in accordance with the
principles of the present disclosure;
[0014] FIG. 2B is a schematic view of another measurement circuit for
use with the electrical heating device of FIG. 1, displayed in accordance with
the principles of the present disclosure;
[0015] FIG. 3 is a cross-sectional view of a portion of another electrical
heating device constructed in accordance with the principles of the present
disclosure;
[0016] FIG. 4 is a cross-sectional view of a portion of yet another
electrical heating device constructed in accordance with the principles of the
present disclosure;
[0017] FIG. 5 is a cross-sectional view of a portion of still another
electrical heating device constructed in accordance with the principles of the
present disclosure;
[0018] FIG. 6 is a cross-sectional view of a portion of still another
electrical heating device constructed in accordance with the principles of the
present disclosure;
[0019] FIG. 7 is a cross-sectional view of still another electrical heating
device constructed in accordance with the principles of the present disclosure;
and
[0020] FIG. 8 is a cross-sectional view of still another electrical heating

device constructed in accordance with the principles of the present disclosure.

DETAILED DESCRIPTION
[0021] The following description is merely exemplary in nature and is
not intended to limit the present disclosure, application, or uses.
[0022] Referring to FIG. 1, an electrical heating device for medical
equipment in accordance with the principles of the present disclosure is
illustrated and generally indicated by reference numeral 10. The electrical



[0016]FIG 4 is a cross-sectional view of a portion of yet another

el ectrical heating device constructed in accordance with the principles of

t he presewbD 2disisimsure; [0017]FIG 5 is a cross-secti onaCTaisesw1084392 porti on
of still another electrical heating device constructed in accordance with
the principles of the esent . di scl] osur 0018].Fl 6. 1S a cross-sectional
e of " ahBeiita Skvise T TR BhiseHIAG: B 1 2aPT Bk THGTHGVE CHABORLIT ot e
accor danceebitfoldierpHREBLES Fr dbfndleoF 68kd %%.Q%rseeqdméﬂl fthé& 7 is a

cross-sectional view of stil anot her ‘el ect rical heati ng devi ce constructed
in accorddmlwqmdtmmm dtalyslaé@ roay flow tbrcmgénhhecm@@hebm genalraily[anZO] FI G
8 is a cros ional. ther i cal atl i ce
Const cuct Btreriah Jo AdlindleSiCln Bl |, MahiETd Deulifh SRy ore.

DETAI LED RESGRKight Gvcliap g]lﬂ'diﬁtél CHH&@)‘@' %ddﬂﬁacbh@rﬁmémm g hekYa eghpl ary in

nature and is not intende imt the present_disclosure, application, or

uses. circular cylindrical shape for fluid to row through The heating device 10 may
be fluidly connected to medical equipment, such as dialysis equipment, in any
suitable manner, such as through the use of Swagelok fittings or other
threaded fittings, by way of example.
[0023] The insulating body 12 is formed of an insulating material, such
as a sintered ceramic, for example Al,O3; or as another example borosilicate
glass. The insulating body 12 could have an electrical breakdown voltage
between about 1000 VAC and 4000 VAC by way of example. Further, the
insulating body 12 could have a leaking current between about 10 pA and
1000 pA at application temperature and using a measurement voltage of
about 10%. In some forms, the insulating body 12 could be free from
hygroscopic properties. Likewise, the insulating body 12 could be constructed
to be biocompatible and consistent against bases and acids, however, it
should be understood that the insulating body 12 could have other
constructions without falling beyond the spirit and scope of the present
disclosure.
[0024] An insulating material surrounds the insulating body 12. In this
example, the insulating material is in the form of a base layer dielectric 18,
which is disposed radially outward from the insulating body 12 and the central
axis X of the heating device 10.
[0025] A heater 22 is disposed on the base layer dielectric 18 and
surrounds the base layer dielectric 18, an inner portion 20 of a protection
housing 16 (described in further detail below), and the insulating body 12. A
top layer dielectric 24 is disposed over the heater 22. The base layer
dielectric 18 and the top layer dielectric 24 cooperate to encapsulate the
heater 22.
[0026] A protection housing 16 surrounds the insulating body 12. An
outer portion 26 of the protection housing 16 surrounds the heater 22 and
dielectrics 18, 24. The outer portion 26 cooperates with an inner portion 20 of



[0022] Referring to FIG 1, an electrical heating device for nedical

equi pnent in accordance with the principles of the present disclosure is

i Il ustratwd 2andizgmheral |y i ndi cated by reference nuneralcTQS20ihm3sbect ri cal
heati ng device 10 has an i nsul ati ng body 12, or tube, form ng a channel 14

therethro hf r fl travel. For e sed h di

bt oron 8 etegtarthctsing 46ita encherial. {meacﬂls{s&i’ras 124 e did fish 1 ne
channel 1229%%1%% Mnk fbr@te@héﬁhbb@ihg':l & lobsiesdd e BoimsiibSof the hBafehi S
exanpl e, the insulating body 12 has~a right circular cylindrical shape, and

t he chann@R. 1¥loa¢ @rticidany, rth@hlnner moutier 20yof Hulr peetectidmpeousing 16usd to

fl th h. Th h t 0 b | uj_dI 1 di cal
cqui prent SRDReRe 2 afe (SpETa Padie 2 7l Jho bird 467 RlEer "o ac
t hrough th%gbaéd afreSira. teK innek boftih 20 oPtHeesrotdttivadrRilisiid 16. ngs by way of
exanpl e. 23] The insul ati n bod 12 is forned of an insulating materi al,

such as al@Zflered Aér%ﬁfﬂﬂcm ady Nspiaing cerspawed R8s disrrpee@

borosilic S S C I r

br cakdonn BT kBeCRAELERE fé03%&@%0%8@\%&3&%3@%8%@%‘%nﬁeai‘a‘*@f oG i e
Furt her, pb&udnesm 26iafghd petetforc holisingaée End eambogng 28rsimtoupeseen about
10 pA and 1000&fA at application tenperature and u5|n8 a neasur enent

vol t age ofealss &2, 1oestop ha%r@elﬁGFrfﬁsz t fiad ithe agei layeheectc d8ul e free
from hygrggﬁ c@eﬂ?%l oc%t%at Ipba:rétjég & HielbBFich q%“‘zﬂtdr{bgthléoﬁi@até?ﬁcdﬁ‘gnq be

const ruct consi stent "agal nst bases and aci ds,
however, ihe mwlattd!gbleodmdér sThegroteation Hmusrrgmétpmgldleedpr heeahanichl have

th t t ] t d f th
or osent AP B (Fonsaion (e RIPT o e ahd b SARPSUAES el at 1 ng
body 12. kiirblids ﬁ?@ﬁé‘ét@r 2bhihd digléchidsnes, e séa;ajsel fhel dlefebfickofanf, a base

| ayer dielectric 18, which is disposed radially outward fromthe insulating
body 12 ahdaten % eand aommuad R&oare gachedisposgadwithinethe0englosed jcaviigat er 22

i's dispos on.the, bha r.di el ectrig, 18 and .sur nds se. |l ayer

i ol bore s regawith BB B AR nalShd 36" LTns SbRratit helnitigldtE 8B, Med i
further d@ﬁa@klngbeffﬂh@ dlélédtr'bbe’lés n241||ﬁ1thélgn§!9§'%gl%od9\ 12)Fbré@k§l‘fordbﬁ§/ ectric
24 is disposed over the heater 22. The base | ayer dielectric 18 and the top

| ayer di eleason andaveigs paatafiuid comasciapntagtevithehelgcicapactiyebesten
protecti 0B housi ng 16 surrounds the insulating body 12. An outer portion 26
of the progéction housi ng 16 surrounds the heater 22 and

[0028] The protection housing 16 may be electrically conductive. For

example, the protection housing 16 may be formed of stainless steel, by way
of example. Other suitable materials include, but are not limited to, nickel-
plated copper, aluminum, stainless steel, mild steels, tool steels, refractory
alloys, and aluminum nitride, among others. In some forms, the protection
housing 16 is consistent against acids and bases, even though under normal
conditions, the protection housing 16 does not contact the dialysis liquid that
flows through the channel 14 of the insulating body 12.

[0029] The protection housing 16 may be constructed using laser
welded turning parts or drawn tubes in combination with turning parts, by way
of example. The outer and inner portions 26, 20, and any other parts of the
protection housing 16, may be joined through laser welding or soldering, by
way of example. In FIG. 1, the inner portion 20 of the protection housing 16 is
shown to have flanges 29, which extend radially outwardly from the central
axis X of the heating device 10 and which are connected to the outer portion
26 of the protection housing 16. It should be understood, however, that the



dielectrics 18, 24. The outer portion 26 cooperates with an inner portion
20 of the protection housing 16 to encapsulate the dielectrics 18, 24 and
t he heat ewo2811/B3mwref ore, the protection housing 16 is Poratsea 10843bDt h
sides of the heater 22. Mire particularly, the inner portion 20 of the

protectiop housj 16 is_.di sposed gn . the inpsul ating ho 2, .and the base
Poyer i ofadss 28 Sauiuo RS Bl Gt obfE o tom AB I ERd 5 HTOBISE ¢ ho
protecti ogoh@%szajzgor%e fldrife3 749 GBulRl € fdrhted] sdpaatbly RROMTBLIHY tHeSiedt | NG
conpound 28 Is disposed wthin the cavity of the protection housing 16

f or med byandénermertiensi2e,l@angopnnected 20 fasouter iand ipnert partions 260268i ng 16.
The corrpotm 28t surrg@et%Pds ht he. heater 22, the top layer dielectric 24, and
t he base Qat;’ém H?é?lrg PR NPESINGp, ‘protection housing 16 separates the
dielectri ppo3b§. 24 Fpcdnmechert Qfoté’&id‘nrlﬁ)éuéiﬁ? TienUthatihs@atig yodg.12The
protection hOUSImgh 16 provides for_nechanical protection for the heater 22,
t he di el ed@iQUS 10 Maynee vRed c s RXaINEIe, theainsyiating legy theayebger 22
and di el egf i i t 1 4. - nd
conpound @d!anﬁéa aac%ééle@%gggﬁﬁ%ﬁ {B ﬁitﬁé%rg&e%%(%%gégﬁé@%mdﬁﬁog%oﬁg?ﬁ’?n t he
prot ect i othehprasedtdnlifousiiy $6 ewed &srceit,stlohsapsiatiradhy agaiangdingr eshtd ng of
the dielectrics 18, 24 if the insulating body 12 breaks for ancﬁ/ reason and
avoi ds thBe ¥$eF dociftiesthen PEIRetRt RAUSKIG HE andcthe dasulabing Vveodyedider 22.

0028] The CLiO i - [ ugt i
xarpl o, (RETSREE or 16 Rl IngRoleEiBh HUIER B EP R EONIRHT D 1y iy
of exanpl the @isudatingubodpl® bwt way adfssoldetingl dmetbalt omgiassosolteni gadng o,

ni ckel - pl at ed copper, al. ij n t ai nl ea§_f steel , mld ste?l S, tool steels,
Fef r act or PARNGAL Ingiganie) WEIING RPERT B TMSIgRGVEIHS OF FA-TEBHEOF 8PKs, ¢ he
protecti OBtH@P‘@Bi%lé@nétﬁo@or\‘/ﬁ’ih’i)tu?r\‘blliﬁgabé‘%no@%@'%éﬁ‘gdaﬁésﬁ%pe%?ﬂhé hough

under normal conditions, the protection housing 16 does not contact the
di al ysi s prepgindinveatiof] ows t hrough the channel 14 of the insul ating body

12. [0029 protection housing, 16 be nstructe ing | r wel ded
turni g pIIBE0r *r Slusden e eBp e REn FRREREY G nind) Hherped®iovay of
exanpl e. hbgy ot aavé s holohidralOgdntasts thébeb@WeeAnd TABYhGIbR&draPdbhtacef the
protection housing 16, may be joined through | aser wel di ngq or sol dering, by

y be ] ) .
way of exah@ve accHrate ieat transéen Hiemr theobeatsh 220tareadhether Bawd tiavingousi ng

16 is shomﬂro[tj@1 E‘fevﬁge'*fﬂéM%fgﬁ%&%%mmoﬁﬂw adially outwardly fromthe

central axi s eatin whi ch are connected to the

ﬁUt er por[0082]26 of Thbalipleotriest1§redmisi bg apbplied tbysdvoupdssibleulagerisg ood,
owever,

that the fl 2 | d f d t.of th t ti
IR IS TR e
separ at el ol g i) doiclivblRUIGH aBPkBRCE BEGUNARYORS 2daRkia wiRgt ed to

t he outer and i‘nner portion ormthe protection housing
[ 0030] To owengortiarh20 fforttee thase lapersdiagcir® 18) ohiel msatealP tpridbeyon 2,

ST d i nt o8P oTe RBP4 oiaa BpoBReY aspialasdi sh TR LRV a8t 1 on 20

of the pr{Rfial SprAgiHg! N $61-G61d Andiy Chbid . THESE asroedddadkiaRd Ako
cl anping, could be used to join the protection housing 16 and the

i nsul ati ngefeoeg tp.asal“tayered iprecgssasy Oh “tayeringoproaeseepr ot ébickofilnmousi ng

o ass sol BETFSEh HiidMebitp. kD WP bf RERBRR streqtlptifing sel8upErioli s on "
wel di ng), apd te@sfdripritging Camany bR Blh ik Roo@ddesthayindiedd, Hyalvhy ng

beyond the spirit and scope of the present invention. [0031]In sone forns,
t he prot et iE¥AMRYRSIONg PIEEINE N GPHHErNGs cnemicay ey deposiige t-YB).ofedr al

from the ROGoR WBEF gePaSBR RYRH Ao Ritaels. et SRR BreRbet 1370
t he i nsul ataynincluody bi2way of example, flame spraying, plasma spraying, wire arc
spraying, and HVOF (High Velocity Oxygen Fuel), among others.
[0033] Similarly, in some forms, the heater 22 may be applied to the
heating device 10 by a layering technology, such as those described above.
For example, the heater 22 may be applied to the base layer dielectric 20 by



[0032] The dielectrics 18, 24 may be applied by any possible | ayering
technol ogy or other suitable nethod. For exanple, each dielectric 18, 24
may be a wayeri/fBoreaed t hrough application or accunul ati ecTafS2@1/843ezi al to
the inner portion 20 (for the base l|ayer dielectric 18) or the heater 22

(for the to yer dlelectrlczge usj.n rocesses ss0|ated W th thick
i i KoPe SRRPGnl  Sp5 | Alpraive RegBRaieangag iior 1M e o
processes perfgrrﬁé@gjglﬁ,j,q{éaegrto as Iayered processes or "layering
processes " Thick filmprocesses may include, by way of exanple, screen

printing, [B)34yi ng, Thelelenfglca&m@nplrtmsmeﬂy pm$uiaiiirrr@ coarmmugdo2BeassistThin film

processes ncl.ude I on t| n utteri. chem' cal
vapor depwgﬁt PB%V'(E'BQ/DSemé?{\é\? ﬁ agﬁ yva tm%yeﬁ%s d(g{)/Bf y 3§ ot hers.

Ther nal Sﬁfaw.élg pémﬁsa@ssmbsnen@bymﬂg pasimayEsd xyeW’Qﬁhg réSiaeaRdr ayi ng,
pl asma spragl wire arc spraying, and HVOF (H gh Velocrity O<ygen Fuel ),

among ot hBPluretheBe|casing giy, by way ohexampis, t he heater 22 may be applied

to the hefd j@ngew q-ﬁﬁlr(? emér §2I %erbéﬁq:bp]ﬁg% If&gg tl ‘%’agég‘fb 8 :ﬁescrl bed

above. e Heat &f e appli ed £ ayer

di el ectri ahth bye té?@nﬂé»%é@ﬂ%%@ﬂdrﬁ%@hﬂnﬂéé@ﬁd bepasmer spuel (r@tl n t he
alternative the heater 22 could sinp be a prefornmed tubul ar heater.

[ 0034] TheSEPWER} Hirelgh {eraHee e @l @Rper fianngal IRpdsothsiIghle 28 SA9YISRe wii t h
provi di ngyhGHRESGH i 15 théiuétbSrs' ﬁz EBYIAGKE 96T offer 303 BethTiAR! GaqEt eri al s,

such as Slblcone casting resin, oxXy casting resin, and Polyurethane

casti ng regthaut b@/pawayg dtfor\eXlaenspmt a[nﬂmp'éma‘ thqureserﬂZdlaelsasdm sorloegted to a
pairof cond ot Reater 22 is electrically connected to a power source in another
suitable manner. In one form, the conductors 32 could be omitted and the
heater 22 could connect directly to the electrical leads N and L1. Although the
electrical leads N and L1 are illustrated as extending radially outward from the
heater 22 with regard to the central axis X of the heating device 10, it should
be understood that the leads N, L1 could extend from the heater 22 in any
suitable manner, such as axially parallel to the central axis X through an end
36 of the protection housing 16, by way of example.

[0036] In some forms, the leads N, L1 extend through a separate
housing piece 38 of the protection housing 16. This allows the leads N, L1 to
be connected to the heater 22 after the heater 22 is assembled inside the
protection housing 16. The leads N, L1 may be guided through apertures 40
in the housing piece 38, and the housing piece 38 may be connected to the
outer portion 26 of the protection housing 16 in any suitable manner, such as
those described above with regard to connecting the outer and inner portions
26, 20 of the protection housing 16.

[0037] In some forms, a temperature sensor 42 extends from the
protection housing 16. An end 44 of the temperature sensor 42 is disposed
within the protection housing 16. The end 44 of the temperature sensor 42
may be surrounded by insulation material 46 separating the end 44 of the
temperature sensor 42 from the protection housing 16 and insulating it
therefrom for electrical safety. The position of the temperature sensor 42 may
vary, without falling beyond the spirit and scope of the present disclosure.



which are term nal pads that are further connected to a power source (not
shown) through termnal wires or other electrical leads N and L1. It should
be under swoadittizaiéét he conductors 32 coul d take forns otrh&rustéian34zez m nal
pads, w thout departing fromthe spirit and scope of the present

di scl osur | on s the heater 22 is. electrically connect.e 0 ,a power
source | n{U R ner  SNEABTOETRIARPe S0 ThE FIAH Sl CBRAIEE 162 Tooul d be
om tted apd: ithgnd\BAtEE LAdcFREbd tﬁﬁﬂﬂeééulél'r]%ﬁﬁb ylnth_métHér Qtesrt sliiele | eads N

and L1. Although the electrical leads N a are illustrated as extending

radi al | y direetiond Without fdlkingheayend the spitihandegeore obtheheresent diatloaies X of
the heati devi ¢ it should be understopod that the leads N, L1 could
extend 1 r bl ERAAE RS t9BPBIR sl o EA b daiany el el BPAg By ol |
to the ceptsabdiaky sutvarrdmeahodrodithedbertfaltdi®s RIGTLHES higtind aEgicBI 016, by
way of exanple. [0036]1n sone forns, the leads N, L1 extend through a
separ at e AivuikrygophetaadsdNot1.t he protection housing 16. This allows the

| eads N, be ¢ r r - t 22,1

assenbl edwor;’;gide thiﬂgrq%@%{%@ﬁé Egr&%ﬁﬁ%ff&a%t"?@é‘ gﬁﬂ%ﬁeﬁ{‘?&y%}%gﬁgui ded

through aperdnuRE® @8sistivé fempetsinegdéteeter), IBthermdebbplehon s thgrmistee 38 nay
be connected to the outer portion 26 of the protection housing 16 in any

sui tabl e ﬁﬁ%@rs a@u@ﬂ%éf‘@@ﬁﬁ’@ HEEReAPEE 8 Eieﬂi)jc Werr@éﬁi@'fi Y Wdh®bct i ng
the out er cand i NNQioROfHC8Re %@m%%&é’cﬁré Q@HQ&‘)H?C& HeOHRIURGed b th@037] 1N

sone fornms, a tenperature sensor extends fromthe protection housing 16.
An end 44heétindhdevieedOrfat aredgmiesdtehperauct mpasetmertttsystenme prot ecti on
housi ng 1 e end_44 of .the tenperature sensor, 42 may be surrounded by
i nsul ati OEPQ‘faieri al T26PEYe JPT Yy & iemMeRtptYre (ﬂroﬁ‘fﬁo@e Rr&MREAUSsor 42

fromthe BeRddic42 RibyNGE Pré\ddd® itREnmibiatioAl Wity o feriaakire @ontrBlecRet i cal

safety. The position of the tenperature sensor 42 may vary, wthout falling
beyond t hehewn}.i & thatmalcapitchofnat Isbopingssirah as edlss vr dimetathic switch by

2011/ 137266PCT/ US2011/ 03439 0038], The t enper at ur nsor A2 i hown

axi al 1y naw Gl AT MY B ourtspory Hb ftert BBR raEe, SE30F ext end
i n anot heprab&tsn AoLsiag! 16.dilr @t sWitch W hitmted ahl thedinhey eDfatd@fsperit and
scope of the present disclosure. For exanple, the tenperature sensor 42 can

be radi al PPiaeini SQUENE &t énthaynbe eraBeedeq idUhRaeeMBPUREtA8%N @NeMm t he
cent ol et S0 BEPHOBEY 55 AR S ikt By sadighe L

[ 0039] The "Tenperat ure sensor uch as an
RTD (resi btatirey taampenaterine stehexd badiumatithhatenoAny @uitabler centtdiesysteshor, such

as an NTC (negative tenperature coefficient) therm stor, by way of exanple.
Mor e thancé%'ggg% tarlﬁrée Kn¥lofFO “'&?Sl‘j’lndwlb% ADAREs Laraf h%/SFﬁééti ) de\r/ripce
10 for a pagdipAamy %W%&@Fﬁgaﬁﬂgeiﬁéfd"ee%”bqﬁmeﬁﬂ‘ h&%gﬁ Ao for

over-tenperature protection, enperat ure sensor y be provided in
conbi nat i drermial msalatempeowd beaiseant $udth eddifional theowal) inslatibercwald sed t ch

(not shown), such as a fuse or binetallic swtch by way. of exanple, may be
tount od_ ORGSR ET 26, OopiRer Tiand BE et PRHES RRER M cRls RGN 1 {1 he
swi t ch i sprRdgidtheusihdasi nner surface of the protection housing 16, it may

be enbedded in the conpound 28. Qther control systens may include a two
wi re cont [41dyst enNow witberaferengeal ot FHgShdaanad A, aiper elestrisal dleatisach as

bariumti nate, An jtable control t I S l.one . in
conbi nat i gﬁvﬁﬁgtwagn%ﬁﬁ&e @ﬁﬁt P'glmérr stbgmle%I (rj{?]aé'ghtﬁ%'ﬁ?urﬁg%g\?gf'ﬁg%vﬁé heat i ng
i nsi de t hetregiurgyntind\esisdg Merbukrmt Addi &f tbealquid eowrlg thicudratieosh@imdld be
used. Such additional thermal insulation could be nmounted on an outer

surface ofl4t Hdepbaffleds Baysuisi 3ty 3etanie forsl.feichias ar bt skapANAWDdN ng 16.
FIG. 1A, or it could be a bar, rod, or spring extending across or partially
across the channel 14, by way of example. In addition, or in the alternative,
the interior surface 31 of the insulating body 12 could have a corrugated,
baffled, irregular surface, or other turbulence-inducing surface geometry (not

shown) to induce turbulent flow of the liquid flowing through the channel 14. It



[0041] Now with reference to FIGS. 1 and 1A, the electrical heating device
may i nclude one or nore baffles 47 or other turbul ence-inducing structures
for inducwogotummssent flow of the liquid fl ow ng througtrTmseomhfmnel 14.

The baffle 47 may be in any suitable form such as a "T" shape shown in

FIG 1A, or it could, be a bar or..spr tendn across, or .partiall
Feross. | hehawtfe UiuerSispniiatofheo saRGTIE A OMEAIT g5 Myerpiec pareif & 1Y

al ternati gﬁoma%tIbetc%rn»s%eéLérsfmﬁng%h@&cddteoftﬂétﬂrééémw.mégur& coul d have a
corrugated, baffled, irregular surface, or other turbul ence-inducing

surface gHMry (nb”t smhm\/rfprme, |tlmidwttngr loeivisat 10 m@yofalsdqemluqeuai f1 ow ng
t hrough t he channel %1 t’l Irlb1\/e understgoqgt hat . t eci.fi G

conf i gur af1GRYETFI 8'£W”a 8 FIRey '8? SRENFCIRAdP e oISt PneIOUNg 16 ¢ ng the
scope of fTRe rAeas@Bmeht THcaR Weemdy0hd Zbhiigsredetof fleBBurd R@akhgatdun@ndevi ce 10
may al so include a nmeasurenent circuit 48 electrically connected_to the

pr ot ect i ofrageR theyinselatinpdaeyat paewine @imets of U diglechicscthidguied to
measure | %lﬁggg c%gtrengﬁﬁaﬁrﬁfa%%é@%vr{|I@Stﬂbqliéd?8r ngé/ rﬁ%s%%‘? |Hr1:%n8f rtmre of

t he di el ec age current na &4 "Wi8' e heat er

22 is in perodd, bynwaposerarhpleer i ods, by way of exanple. [0043] Now with
reference to FIG 2A an_exanple of nmeasurenment circuit 48 is

i 11 ust rat @943the nehow witbrHeleReite FA@ iy amexarmeleanf ﬁﬁf‘%ﬁ%@@‘@@ I ocat ed
out si de OElréuh?48|'|§|iIM§tr§te%qUTHé"?ﬁ%aOshu%’ﬁl'echﬁgwt I@%é@ﬁ@gl’d’éﬁmntbﬁ%
r an

extends fromthe heating device 10 to an optocou out o the
di al ysis 5q00qzﬂtedt0t59dewftthe dialyeisfexpapraént hou$jng\52deThermga$u/rememt

| at f t . ,[x0044] No it FI G
2, anot hsAdc ey et alfdree 201D aibopasthibla o ST ele
measur emefie Gialysi badBmdrt G2uBARe AR RIBIIRIE pr8Yidk 6L ATaMic! BolatibHe

di al ysi s equi prient housing 52'. The neasurenent |ead extends fromthe
heat i ng def/theem@esurtemetrﬁ@lrcwtt é8f ace 50' |ocated | nS| de the dial ysi S

equi pnent ' top vi de. enment t wi t ho al nlc

i solati on[éﬁfa%] Th (\;(‘1 e‘é’fﬁl r%? Ca?tnetﬂ 'ﬁg'\r/ 2@ 18 mrbg %&”@% fo have a
Type BF OFne%lsTVé?ﬁeﬁiFmﬂiLﬁtCMl|§dlluéiﬁit@@ythwsuﬂﬁﬁ@rﬁt%lftﬁutomtlh@uﬂégl mum

| eakage current to the patient. In sone fornms, Be B electric_safety

rating magnainésfase B9edocatedsitniowtne dinlysis &%ﬂl@@eﬂ hausing3 52anofher form
of an el eﬁ{é'a'sﬁ?%mgrg@r a@g)édanfgﬁﬁs‘%otr#'tﬁb g rfggﬁé\{lE%a}Bdtosﬁ%Hﬁte‘#acE% present

di scl osure 1 s generally erence numner

110. Hal f lovhted msivestheeatialysin eafuigrhentedZctor proaidetee atdasgrainentcarclitty’ s shovvn
but it shoul d be understood that the other half of the cross-section of the
el ect ri calVtRedt 93YaRIeV$LaIA™0 woul d be identically present and mirrored

across thppggjtral §KkSeidctrical heating device 10 may be provided to have a
Type BF or a Type CF electrical safety rating, depending on the maximum
leakage current to the patient. In some forms, a Type B electric safety rating
may also be used.

[0046] Now with reference to FIG. 3, another form of an electrical
heating device within the spirit and scope of the present disclosure is
illustrated and generally designated at reference numeral 110. Half of a
cross-section of the electrical heating device 110 is shown, but it should be
understood that the other half of the cross-section of the electrical heating
device 110 would be identically present and mirrored across the central axis
X.

[0047] Like the electrical heating device 10 hereinbefore described, the
electrical heating device 110 of FIG. 3 also has a right circular cylindrical
shape, however, it should be understood that other shapes could, such as



[0047] Li ke the electrical heating device 10 hereinbefore described, the

el ectrical heating device 110 of FIG 3 also has a right circular

cyl i ndri cab 2hizisee6however, it shoul d be under st ood thatPCotuser1193pES
coul d, such as cylinders ot her than right circular cylinders or rectangul ar

h | d t fall th d f th
Shepce. ot b U5 Bk LB B Rl PR RRER.EL 0,
i nsul at i nGS@@Wthé&?faﬁl Poeord tﬁe%rbnﬁlana%orpa%f%@b%&htH%rclaéuw;d to travel,

such as dialysis primary 1 nsul ati ng bod I's formed of an
i nsul ati nfptAR]er i al Thacela@tscairmﬁmgl @dgvieg 1d6dw@s @@dlrr:sargsvesumalmg bedpect to

have a baf f7doTaoen coenapl o 53 dlpeioeuBhdbE iy & Halblrdcioey dlisfoae” o
above Wi t liquigs et prirfafy @&Jlaﬂm@'b@d%MZ[lQ%ﬂ]e‘bi @mdu%bla\tmghﬁm%frlallgﬁd' S

di sposed around the primary insulating body 112. The conductive |ayer 120
i s formedhas paAP@Tiestas éesdripedonennea Mie r@ﬁ@@@ﬁ @l theTRgulgdRARAdY 82 104y er 120

may be fopjed, byrh%béﬁr%mg )}J @gui%ﬂgpﬁ%?y ﬂfﬁwa al%g h%beH hé@ﬂet of bind: o

t hermal spraying, exa or s e con uctl ve | ayer

120 and t hebplehgasiydudisy birtictoge, edyesktibedabeova with apdeiado EI@8.acand
t herebetween to all ow accurate heat transfer fromthe heater 122 to the

liquid fl kY ng through the channel 114 of the primary insulating body 112.
0050] | I dy 160,
[Surrotnggtﬁtﬁég]”g ”Bkeédr%uctlbé‘laty%%ﬁan 3 %@oée&%?&ﬂﬂﬁfwéb ME%@%HPQ y

conductive layer rimary 1 nsulati'n 112. The
secondar ybodguiat i Tﬁgebmdl;dud:ﬁma |dyiek € 20his ﬂmrnnedrcyf am:al&c&mailg ¢md$ucmé may be

formed of an insulatin eri al ch as, a |nt red ceram c, for exa |l e
A 205 Comterals theuhalanr s, T T b8 fouBed TR 2By oAg wrofass ™
properti egygeas thiBRAIAPMNE filh Lo t'h%%éﬂsér% Fn'@eb W et éi‘&ngl‘édwn%mé 0051] A

heater 122 is di sposed on the secondary |nsula i ng body 160 and surrounds
t he seconttumg, ithe goaduekiyeblayer 180. andmthehpsm@mamuatlnghbo%eaﬂarham@za directly

contacts th ndar.y i psul atin 160, Th nd 120 and
the. seconnapyBRRELFalitel, MRa0o R naRE P B) secd Bt MR Hhansten, FERL 10

i nsul ati npefiedy13d3oaim@ tifgidheawvieg Idugdhweherimiel 124 ftﬁYthlée ﬁﬁf@ﬁrWUCt ed
as descri bed above with respect to the %eater 22 of FIG 1. 8052]A

di el ect ri Bsutingdaflyshsed over the heater 122. The diel ect r| c
[0050] Insulating material, in the form of a secondary insulating body

160, surrounds the conductive layer 120 and the primary insulating body 112.
The secondary insulating body 160, like the primary insulating body 112, may
be formed of an insulating material, such as a sintered ceramic, for example
Al,Os , or as an other example borsilicate glass and may have the properties
described above with regard to the insulating body 12.

[0051] A heater 122 is disposed on the secondary insulating body 160
and surrounds the secondary insulating body 160. In this example, the heater
122 directly contacts the secondary insulating body 160. The conductive
layer 120 and the secondary insulating body 160 are disposed between the
primary insulating body 112 and the heater 122. The heater 122 may be
constructed as described above with respect to the heater 22 of FIG. 1.

[0052] A dielectric 124 is disposed over the heater 122. The dielectric
may be similar and applied similarly to the dielectrics 18, 24 described above
with respect to FIG. 1. The dielectric 124 and the secondary insulating body

160 cooperate to encapsulate the heater 122.

10



may be simlar and applied simlarly to the dielectrics 18, 24 descri bed
above with respect to FIG 1. The dielectric 124 and the secondary

i nsul ati /yolzotly13180 cooperate to encapsul at e t he heat er PCZA1S2011¥034392

2011/ 137266PCT/ US2011/ 034392 [0053] An el ectrically and thermally insul ating

conpound i.s di spose round th ielectrjc 4, the heater, 122, and the
se(r:rgngary I I at: ng‘nbc?g?/&%‘gl} ﬁf@ec@ﬁﬂaﬁ%ﬂ 'Jf_‘%%ﬁ% SEMRA a1 2%0 $ he

conpound @R AESE " AlBAdARRY Ridbttict $28the tRedtbS 12D, é@@ﬁﬂb%@é&{ﬁ%' on
housi ng 116 surrounds the heater 122, the conpound 128, the dielectric 124,
t he conduisiulagingayasty 16@, Thedccanheoynd had ynaynbde sivibardertpei cospeitricndd bodi es
112, 160. The.didﬁl ectri% 124 i? dl:ﬁ(?%ed bet ween the heater 122 and the
protecti oﬂeﬁg&q %bQLVfGW'Tﬁ%%lﬂC FP r's ‘exanpl e, the protection housing 116
includes pops#Jter partgrereclie® Abdsifgeatisi GakoynesNect haistepi #22 pitgges 129
t hat connect the outer portion 126 of the protection housing 116 to the
conduct i veOMR@ERd 1128, the diglestac dad the canductive lavier $2@oarrhthe PABAML i ng

body 160, : e di. i 24 a u are
di sposed. abﬁesoe{&g)gbg%gr%@at@wﬁebg@g%gﬁil, ofanlioﬁrsr}eng%ﬁgﬁ%n@ it %eeggéggdct ive
| ayer 120betwHerT ihicchdateretZ2padliiad pratbeticreleousdiag ¥ 16nsul ati ng body 160, the

heater 122, the dielectric 124, and the conpound 128. The outer portion 126
and t he S[Qﬂe%[li eces M 3Ys gixanepihgt BreteePhbHQEsng 116 inelydes afoRd€F uct ed of

el ectri capbMiohCsh!shé i - hib&sh i respect
to the prE{)@gtﬁi on ﬁ%\sé??endgﬁé%l&o@rﬂuéwﬁ?%%i ;&Ig%%i?étqﬁ% cor@&gﬁevém{egyer 120,
t he si de podioas!2®6f trendratéaionuh@usipgritibda the @oatiuctine layet é20itoriotmousi ng

116 b ted as described above wit d o th {i
nousi ng 18, S0Bn e I SECRBRER G U 88l ARRY b0 (D8SHTHRE eatls 122 may

be connechpibdific & J0VEHd FRICOPh BN P28 Tardl didb8§éd.i CR! olreAdFoldd0tthghown) ,
simlarly to the connection shown in FIG 1, by way of exanple. In sone

forns, t hprateelits nagusing edd6t ransugthea conglactive fayesi 1g0picoope(aiet tehown) ,

such as the _housi.n i of th rotection h in 6.shown i.n FIG 1.
one or* moPECARTAR g sEe8addn bsuREnd RS b e BEElST 222 i lete ey as
the t enpenaf uaed Wé@fnpéa_né hICZBD Thel odesropdried 196t dnd erpsiek giecdd @9 1.
Li kew se, a neasurenent circuit could be used, such as the neasurenent

ci rcui ts ABthergroteniinm hanaingests inbyd bei eansteisrct of etpatically condusives, to

| . . . : -
Cecondary TAGH Al iy SRayy! APk bR (I teetE I BiiBilg Hdusifg
2011/ 137266 BEFIGS20 LIeWid8 AR e[ddDUGENeumyet h20 etheddidé pacebel@9, agddesi ce 110

may be provided havin
y P outer portion 196 of the protection housing 116 may be connected as

described above with regard to the protection housing 16, such as by laser
welding or soldering.

[0056] The heater 122 may be connected to a power source by a pair
of electrical leads (not shown), similarly to the connection shown in FIG. 1, by
way of example. In some forms, the leads may extend through a separate
housing piece (not shown), such as the housing piece 38 of the protection
housing 16 shown in FIG. 1. One or more temperature sensors (not shown)
may also be employed, such as the temperature sensor 42 shown and
described with respect to FIG. 1. Likewise, a measurement circuit could be
used, such as the measurement circuits 48, 48 shown and described with
respect to FIGS. 2A and 2B, to measure leakage current through the primary
insulating body 112, the secondary insulating body 160, and/or the dielectric
124.
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a Type BF or a Type CF electrical safety rating, depending on the maxi num
| eakage current to the patient. In sonme fornms, a Type B electric safety

rati ng mayoabsosbweused. [ 0058] Now with reference to Fl ECTAS2@nm843e2 form
of an electrical heating device within the spirit and scope of the present

disclosureg is illustrated and generall esi ed at reference nuneral

210, vl 1 5T or osdhaschiedteat conasaibe SRS hater g BeVidEs 526795 ahoun,
but it shguhthebBFWIdeTHEASE estiridd) &Mt 9atiRG! defindifty oftAESnERRJUNGN Of the
el ectrical Heating device 210 would be fdentTcally present and mrrored

acr oss t hteakegercarreakia the ppli®B9]lnidoee farms, @clype Bl elaetiici sadetyaatiogs 10,

110 her ei nhef rebdescri bed, the electrical heating device 210 of FIG 4
al so has P YR? 8i%389r ar cylindrical shape, however, it should be

under st oofpg58}t Ot hilows haPesefebetide a6 FIE. I AdanstHel hBFmt BRAN ettricdl r cul ar
cylinders or rectangul ar shapes, could be used wthout falling beyond the

spirit anbesidhedeyice nathip eentspiitsendssgape [0hobe] Preseast ediseiosHre Heat i ng

device 21 i i i Y, r i n 4

ther ot hr ol 7ise Pt GPterall Metld pod Mefirenb @ rilhel £4RC o BT

i nsul ati ngrdsecheclidd dfsthé alestdcall hedtinghdevieé i g resteswml banid shaaldobeperti es
as described above with respect to the insulating body 12 of FIG, 1. The

primary i HQG%?EC_?%thﬁfdﬁezqt@eﬁﬁ‘@”a@fsg’%ﬁwsa?%cﬁppr@f @Weléﬁr@@ﬂihﬁéti'&%ross t he
channel - 24dyie8 2 10flpEid He RERIENY Pdet dridUhrfirorEBcadiedd il cBRivhcs¢ 10 coul d
y &Y Plrbu d as

al so or alternative have ot ence-1 nduci ng structures,
descri bedXabove, by way of exanple. [0061] A secondary insul ating body 260

260, 11 kel dOIEY | el B8 Reiibaonya51, chupoBe Kor it GETRROFIORGl a1 no
mat eri al, Jes&hers tife %ié&r%a@%e‘égﬁgn@e‘?icef?fo BKAMD! £ A?Rss aHgHiTireRl her

exanpl e borosilicate glass, an y have the properties described above
wi t h r egaedinasicehehaps unewevey, Bahould bel wuBaiaodethiat ottrr2shapesi spoed on

e oS aR LI R B0 B0 SR IS G BE SO BRAL Sl o
260. As syséd witheusRapAsspondnBbspiritRedsdpeithé préichpameibdueé ween t he
primary insul ating body 212 and . . . .
[0060 The electrical heating device 210 has a primary insulating body
212 forming a channel 214 therethrough for fluid travel, such as dialysis liquid.
The primary insulating body 212 is formed of an insulating material and has
properties as described above with respect to the insulating body 12 of FIG. 1.
The primary insulating body 212 may also have a spring 247 extending across
the channel 214 to induce turbulent flow of fluid. The heating device 210
could also or alternatively have other turbulence-inducing structures, as
described above, by way of example.
[0061] A secondary insulating body 260 surrounds the primary
insulating body 212. The secondary insulating body 260, like the primary
insulating body 212, may be formed of an insulating material, such as a
sintered ceramic, for example Al,O3; or as another example borosilicate glass,
and may have the properties described above with regard to the insulating
body 12.
[0062] A heater 222 is disposed on the secondary insulating body 260
and surrounds the secondary insulating body 260. The heater 222 directly
contacts the secondary insulating body 260. As such, the secondary

insulating body 260 is disposed between the primary insulating body 212 and

12



the heater 222. The heater 222 may be constructed in any suitable manner,
such as the exanpl es descri bed above with respect to the heater 22 of FIG
1 [0063] Avdizeltesrasbc 224 is di sposed over the heater 222PCTHiseoidiogisertri c

224 may be simlar and applied simlarly to the dielectrics 18, 24

descri bed above w respect, tqQ FEIG 1. The dielectric 224 and the
Secondary e GrEl PAa. bUo NSRS Cogrdeuite o SRR AvY SREoRdARERS 22,
[0064] An g|,&¢ bEitRaldxanfiles HBSEMREd ¥ob\is Witht ﬂe@ﬁeé@ﬂ@@%ﬁ%a@@ﬁzz%ﬂjl@osed
around and surrounds the dielectric 224, the heater 222, and the secondary

i nsul ati nd.- body 260. The conpound 228 may be sinmilar to the conpound 28

descri bed e wth re ct FLG 1, [006 r.ot i hqusi 216
surrounds[ \jheate ??%%ﬁfcn%éjé) %ﬂ@ﬁﬂﬁe‘é%’g?r ﬂ?ﬁhg?t&rég?r %%%@egﬁﬁ t he
primary apgd4sfspméasivilalstdaspmedositirgly2b2the2@Bleciitys 48 ebeddscabéds i s

di sposed between the heater 222 and the protection housing 216. [0066]In
thi s exanpbeve witagespedtPyleoddubtie dielestide 234 andsthe spcesdamcinsylaingut er
portion 2 ' i e primary insulating bod
212 to forg%dgﬁgg\%%?gé%ﬁg%%agﬁa eétsegggﬁég,#éyrozlztr?;ul gti ng %ody 260, tﬁe hezlt er

222, the pogB4ctri cAR24lecndallyhearzbnperndily?2Bsalatindi spagdindl 1228t her wor ds,
the protection housing 216 and the pripary .insulating bod¥%212 cooperate to

encapsul aflisPPRRd sEewndang surERNnds Hie BIRECIHe @24 iae hieatery 222and Hae

di el ectri 2 | ;

pr ot ect | or ra e S ERE RERRIE (e LORpBULE 2RO Be L 14 0%

el ect ri cabbmpoond 28tdaseribat @bbaé withueispast toldG. descri bed above with respect
toth [ h ' 6 FIG 1..[0067]T t 222

connect od Q3L pover S50ciBy aUpED: 296 GLEEUASalg o3RS netoaithn)

sim | arlych@pbllBd 22BN idRileSREWD4 k! fhe drimBY, ¥Ry setofd@YPhSulatifg SOMe

forms, the | eads may extend through a separate "housing pieCe (not Shown),
such as t hedies &lizn@6pi etiee 8@lertric P24 s cispasedrbaiwasn nge heatdroid? and

descri bed, wi fh.respect to 1. [0068] The electrical heating device 210
may be prg‘{ﬁ@g&eﬁg\%ﬁ}%&yg Ejléi

[0066] In this example, electrically conductive side pieces 229 connect
the outer portion 226 of the protection housing 216 to the primary insulating
body 212 to form a cavity in which the secondary insulating body 260, the
heater 222, the dielectric 224, and the compound 228 are disposed. In other
words, the protection housing 216 and the primary insulating body 212
cooperate to encapsulate the secondary insulating body 260, the heater 222,
the dielectric 224, and the compound 228. The outer portion 226 of the
protection housing 216 and the side pieces 229 may be constructed of
electrically conductive material, such as that described above with respect to
the protection housing 16 of FIG. 1.

[0067] The heater 222 may be connected to a power source by a pair
of electrical leads (not shown), similarly to the connection shown in FIG. 1, by
way of example. In some forms, the leads may extend through a separate
housing piece (not shown), such as the housing piece 38 of the protection
housing 16 shown and described with respect to FIG. 1.

[0068] The electrical heating device 210 may be provided having a
Type BF or a Type CF electrical safety rating, depending on the maximum
leakage current to the patient. In some forms, a Type B electric safety rating

may also be used.
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Type BF or a Type CF electrical safety rating, depending on the maxi num
| eakage current to the patient. In sonme fornms, a Type B electric safety
rati ng mayoabsosbmeused. WO 2011/ 137266PCT/ US2011/ 034392 T[UB0@IJ0bd392 Wi t h
reference to FIG 5, another formof an electrical heating device within

the spiri SCO of the esent disclosure js iJlustrated and generall
dosi gat el0GET, of or Biatt Wil eblareriozn O 1ElC 31 colessordest fn i ’
el ectri Caheﬁﬁ’@é | i g ein 3HR Is jrﬁhQM‘@ séﬁiﬂe I ﬁh'é_o'fbl«?séﬁﬁ Hi!%@%‘sé?é)qg t hat

the other half” of the cross-section of the electrica eat 1 ng device 310
woul d be illoetratedabng genarsiy desinated @tewferenoe snurnerat e3it(.al Halkiof .

[ 0070] Li ke_t he el.ectr.ical heatin eviges 1 10,, 210 herei nhef ore

esor | bed Ot BG (D8I IRGAPF Gt 8Vsd 0318 Resndiy G SRRTCES, gn
circul ar gibéresdd #atsthapsthePMEEVEr the trdssXddctioReofuihdesiebardl heatingt her
shapes coul d be used, such as cylinders other than right circular cylinders

or rectangavige XlRayeuld b idrnticaiuipresant pagomdrened aGiPss thearaniselopes of t he
pr esent d'kscl osure. [0071] The electrical heating device 310 has a primary
i nsul ati ng"body 312 formi ng a channel 314 therethrough for fluid travel,

such as d[edn0gi s |i GlkedtheTereopidaraigatingsdédtés g Gotho, 321 ireréinbefede of an
i nsul ati ng?materi al and has properties as descri bed above with respect to

the i nsul BEPepasbdye SEEGHICAERERtinG dpNIEesH| Oval §1G ra G158 DA% AU CHegithmy al so
h bat.{ 417 t Wl I [ f
Frurd. They hRUEAr shass: Ml WrfORTRE urifetsiobd RN el StE boa P ©

t ur bul encbei sk isughsds oylindees other thascrightediralareylindgrsvay reftaegalapl e.

512, A hestares oLt e bderariherRpTIcA SaRE 9 HERIRETHY ARAGIRD and
surr OU”dSFdd’ﬁl]5eco”¢Hé>éléétﬁéél%édmgb@@m%§6g% heea et AY isddathd BBEYY |

contacts The Secondary insul ating body , and the secondary 1 nsul ating
body 360 B32dorspog@dchannekand therepgrousln jori fhad travelh gublo@g didlgsiadiquiche heat er

She hoat ef NBETEpaR, aarping sE9AT4 i Rfndh F R SRt A B88G 0n The
heat er 32gropEiged 89 dobsHBeRt ek RN ré§R ey teinsLRitihgbokdg t2hef PIG.Mary and

secondary_insul ati ng bodies 312, 360. For exanple, each of the insulating
bodi es 31§he3@mnar3/6@,sumpg&odyoéﬂ@dn@y aig9 havelcabeflg ¥bf docaded iRdbd as a

ot o o0 EERABICyL Y LRIl A P 8 ° bl Rethaen PRI, oo

2011/ 1372687 Lis0alivE34382 other turbulence-inducing structures, as described
above, by way of example.
[0072] A secondary insulating body 360 surrounds the primary
insulating body 312. A heater 322 is disposed on the secondary insulating
body 360 and surrounds the secondary insulating body 360. The heater 322
directly contacts the secondary insulating body 360, and the secondary
insulating body 360 is disposed between the primary insulating body 312 and
the heater 322. The heater 322 may be constructed as described above with
respect to the heater 22 of FIG. 1.
[0073] A top insulating body 362 is disposed on the heater 322. The
top insulating body 362 may be similar to the primary and secondary
insulating bodies 312, 360. For example, each of the insulating bodies 312,
360, 362, may be formed of an insulating material, such as a sintered
ceramic, for example, an Al,Os; borosilicate glass, and may have the

properties described above with regard to the insulating body 12.
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[0074] An electrically and thermally insul ating conpound 328 is disposed
around and surrounds the top insulating body 362, the heater 322, and the
secondar ywonsularisag body 360. The conpound 328 may be ecmiusarinssvhe
conpound 28 descri bed above with respect to FIG 1. The top insulating body

362, the dary insul ating body, 360, and the conpound 32 perate to
encapsul af‘go%ot‘ﬁe heaf\8r ©3ricalyn7A{ida PHP@@Xi'B‘ﬁU 08 HS”@P@”SU%M%S t he

heater 32gispbBEd %‘Pmﬁﬁd%%ﬁﬁouﬂﬂg_thé%é‘?ﬁﬁﬂgﬁ{q b8 J62P thd'hbalizpp bodi es
360, 362. In this exanple, electrically conductive side pieces 329 connect

t he out er apditié sacarRryfingulaling boedyc86@n ThelgoinmeELBE32& NMaydog sinmitar yo

i nsul ati ng body 312 form ity in which,t d i .ating bod
560, the Mebairadsd 2B A EhBarB Rl R 5o ol Teclob BNt 258 are
di sposed. pbdy OSB! thrsEontii MsIgwid BodyoBB0Ndarkl &handotbeundi 8B8 Y

i nsul ati ng body 312 cooperate to encaEsuI ate the secondary and top
i nsul at i ngoeRRIPEstRgIcapseiate thehaelgr 822322, and the conpound 328. The outer

porti on 3gihl the B QheELOR NANSHAT 180 RGNS BldlonBiiEresoB2Gnmy be

construct el ectri'call’y conductPve material, suc descri bed

above w t bompspadt328pahd ehesetertdrgmnbicopiimgulditingbodie&360, 3620ThINike heat er
322 may be connected to a power source by a pair of electrical |eads (not
shown), sPRAMRIE. Placdically COnRHELS BiHedHRGRs P40 pprnect theQuiRsPORioNER el e. I n
sone for t ; Ms' i not
shown), gggF\ﬁé;?r%t%gﬁlﬁnoﬁg}ﬁﬁ@@plﬁﬁé&ggeggh?ﬁrf@reg@@gi on hgﬂgitﬁgﬁﬁ éhown in
FIG 1. [68vi] rhevhadhetha seabnderytinag atiey iboely3360,nthe heater @22ddlde hapi ng a

T BF . trical f et ' . d dj th i
[ hkage cIRaN BB ATICRE compHE T PSSR o N BBL LN, AT oty
rating mayrabsirPPouste: 316041 Neav pMrharyr %fsﬁfafﬁﬂﬁebé%@@ cSopéragd igr form

of an electrical heating device within the spirit and scope of the present
di scl osur encapsulatestheasecbnsiady gadetar insulriigghadied 300,r 364 r thecbealener al

410. Hal f - ti f th | ectri ' i 410 | h :
put i1 shaere L GaPBBuhE R i sF RertaiEors B A EEHIEUalngn of "the
el ectricaB1beaid fe €rR)d prRcéd B2WMd, be dSHRRUCERR] by eRicRs&ly @rduttivé or ed
across the central axis X. WD 2011/137266PCT/ US2011/ 034392 [0079] Li ke the

el ect ri camatedali pgchiagiteaisdassribed@boyeovits 1esnest & Mreptectipisieisied, t he

el ectri cal1 tbc?r,gtléng device 410 of FIG 6 also has a right circular
cyIindricaP shape, however, it shoul d be understood that other shapes, such
as cyl i ndpp0y6jt her Tharheategh822 imaubarconykctedetosa powes Goangibara phiapes,

coul d be erployed, Wou Labha S SRIRNE hh%Rebhin SMduRieReot, b
way of example. In some forms, the leads may extend through a separate
housing piece (not shown), such as the housing piece 38 of the protection
housing 16 shown in FIG. 1.

[0077] The electrical heating device 310 may be provided having a
Type BF or a Type CF electrical safety rating, depending on the maximum
leakage current to the patient. In some forms, a Type B electric safety rating
may also be used.

[0078] Now with reference to FIG. 6, another form of an electrical
heating device within the spirit and scope of the present disclosure is
illustrated and generally designated at reference numeral 410. Half of a
cross-section of the electrical heating device 410 is shown, but it should be
understood that the other half of the cross-section of the electrical heating
device 410 would be identically present and mirrored across the central axis
X.
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[ 0080] The el ectrical heating device 410 has a conducting body 464 formng a
channel 466 therethrough for fluid travel, such as dialysis liquid. The
conduct i nyohoty13484 is formed of an electrically conductcrasowmtiesdizat, for
exanple, a nmetal, such as stainless steel. Any other suitable electrically

ducti i al I I . | t tively b I d 00 Th
Condlet T R0 e 3ROl LSRR S B OB T
to i nducenbriiRsdierd dés@wedf tHbé ?F@cﬁicaﬁ@aﬁﬁ‘@ﬁb{)iﬁedﬁ‘d &§errE & sRBlhsph so or

alternatively have other turbulence-inducihg structures, as described
above, byrighly ciogulax spticsical 8b8pg Ahbwueeerdiiebkatldi ke luaderstaad that dtheposed on

t he conducting body 464. .The base djel ectric | er 418 may be sinmlar and
oot §od o EhaPek. Pth A8 feyid0EoBer 3h&h 3TN et nBaeaBY el et it o
FIG 1. [9R§sds) doedt Be e%ﬁ;ao'yédd\}im@gsmirﬁgﬂbéif@qd)ng'riebﬁ@tsrcbﬁeIoi}tﬁé 418.

The heater 422 surrounds the base dielectric |ayer 418 and the conducting
body 464.PmEsenheiscsurR? may be constructed as descri bed above with respect

Lo the hefior22, o 1k iefyichPRBAAY tRBicH 1655, 5 SAVERAR T, dbfnoscd

over the r 422. di e rrc lrayer 47 may al so mlar and

appl i ed starlig lay chenridie4@d eheretnroagh 16r fldidl traselr ished apadiatysié tiuloespect to
FIG 1. The top and base dielectric |ayers 424, 418 cooperate to
encapsul aff Bet398dHelRG pody #64sis SAENA 04 3D elecikicaliy candyctiveemaliiiabni@r base

0 e peErORL S 1Rt ek S 0L b e Lo, gRguicap | enot
di el ectri cohdyative Matgrial@auld aigcaot alksrnativelee emiployeeds 468 to surround and
compound IS i < 5besanaHEMIbDHL Adfdn bl Aot 447 doediaidTt no
heater 42@e ThensaBp s iftRBeMRYbiENEHIGW & lidd ! e RBRANG Heditedgser i bed
above with respect to FIG 1.

could also or alternatively have other turbulence-inducing structures, as

described above, by way of example.

[0082] A base dielectric layer 418 is disposed on the conducting body

464. The base dielectric layer 418 may be similar and applied similarly to the

dielectrics 18, 24 described above with respect to FIG. 1.

[0083] A heater 422 is disposed on the base dielectric layer 418. The

heater 422 surrounds the base dielectric layer 418 and the conducting body

464. The heater 422 may be constructed as described above with respect to

the heater 22 of FIG. 1.

[0084] A top dielectric layer 424 is disposed over the heater 422. The

top dielectric layer 424 may also be similar and applied similarly to the

dielectrics 18, 24 described above with respect to FIG. 1. The top and base

dielectric layers 424, 418 cooperate to encapsulate the heater 422 as shown

in FIG. 6. Each of the top and base dielectric layers 424, 418 extend

longitudinally farther along the length of the heating device 410 than the

heater 422 extends. As such, the dielectric layers 418, 424 contact each

other at edges 468 to surround and encapsulate the heater 422.

[0085] An electrically and thermally insulating compound 428 is

disposed around the dielectric layers 418, 424 and the heater 422. The

compound 428 may be similar to the compound 28 described above with

respect to FIG. 1.
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WO 2011/ 137266PCT/ US2011/ 034392 [ 0086] A protecti on housing 416 surrounds
the heater 422, the conpound 428, the top dielectric |ayer 424, the base

di el ectriwol2ayers72668, and the conducti ng body 464. The top/use@hmsisprc | ayer
424 i s di sposed between the heater 422 and an outer portion 426 of the

protectio sing 416. [0087]|n this anpl e, the otectlon ing 416
Phol udes TB8IF w07 AC dipteetinabius 08 dlRerogobnpsn b isaiar efzor dhear ! y
conduct i VeosbBandi428e thetd éh@%ctﬁ@fé?@%ﬂh?]e%ﬁﬁ dlfé%c‘tr'l@féyé?ﬁngf ahfe
protection housing 416 to the conducting body 4 form’a cavity in which

t he heat ethmeandmdmgdb@heéﬁm cTheayen siedadric 42ygr fh%lls Hisposegpdetideds8 are

di d. .1 n oth t h t duct i
body _a6e’ URErES 22 ahdinadgr BBl P2 drg B ST netRhg U “bace. 0
di el ectri poggmyers 484, thisl &bt hetheompstieBtort 28ousthg w@erncmetsl QHe 426 and

t he side pieces 429 of the protection housing 416 may be constructed of any
sui t abl e eles#icailgal ¢Qﬁd’s@ﬁﬂ@1c@ﬂt% pedtien 1446, agdchlegyicaint cansbistiveesidabove

with resp f

conduct i né%%%%z%ﬁ?% e Si e@gp%g?o%@@ofﬂq?%ro}e tledrnkfg%ﬂr ﬁ%ﬂﬁg% of the
protecti oméwma'du@r@@dmyyme oo roracte dagity daswhiohe thealimateidlh, tegard to
the protection housing such as by | aser welding or soldering. [0088] The

heat er 42§'ql1%ﬁt”%éa¥%ﬁnde@ et4, oangd ABREsOnRAHKE 480 %{epgiSPC’%?d el |@c?‘ihieéal | eads
(not Sho"‘Wo H% pR61et6? HolSinGOME Shé e %BHM‘@CHH%E&@ 4é4ec§)5

exanpl e, aIt any ot her surtabl e connection out
falling beyoapisuﬂate tbplhea*teraﬁnm Sthepepadnd beserdaaesleoﬂrlcdaysemo@# e418| andone

such as. M6 ROTCONRY fabe 106 SHBLPorfoTrEe 4nd e e Aistes rpdidosre.
sensors (B Riteét'ibﬁ’\mou%ﬁignaéh%o rﬁﬁy{eﬂ%"éb/r%@ruo‘ﬁét?fbfa%nﬁfhgu&é‘-ﬁl@eé@bwc,%l&ensor 42
shown and described with respect to FIG 1. [0089] The conducti ng body 464

i s confi gaorduatyebeajenalndsuth 'BISu:thatt Heselikast rdbonke matht iregpatéviccdhal10 may

70 Aot neparrDRoRig B ot P | eR ke BhUdGoe SRR EE: B3 *° 7' ©

accor dancgiguet i 2d)@nar thecourbe poftfort 26 R @9€ ProtdcHeh PBUEIRG M3 HitBsbEN
i nsul ati ng body 502 defining a |ongitudinal passageway, a substrate 504

di sposed 6enrgded @srdrsEPAY abREe i WEuIesEard o Haﬁiyrcsegtlorhh%%m@ﬂ%@ecfm sposed
on and SULL@ qgéé}q"@g@gs@@gﬁ’%fm and a protection housing 508. The

protection h usi ng n outer portion 510 and side pieces 512

t hat co][m[mlsat]he ouThe Heatér ﬁm ﬁdéyhbe ddmaeste@otbgarppWe:nssdumé blglaspbisélr ate
504 to forma cav ch the 06 and an e ectr.i an
t her mal | yO RléGH e %%dﬁﬁBﬁW@l@'rﬁ &YgiOs tg@sfié’(ﬁme?ﬁ@? ePeYa in g ﬁr BYecti on

housi ng 59/% xTaE@é "é}ﬁﬂ@h%rﬁp&hépggﬁétﬂé %ohﬁeé’cﬂﬁﬁl‘h%g tﬁ Gsé&‘%hﬁﬁ{t er 506

and the co ound ubstrate I's made of a d material and may
be el ect rfailmg peyorxitrest spigt end scopé o dihe present Sisdldsurey , Intsomééatres;, 506 nmay

or ot ect | ol hEdSh TELateE MR SEP A AOHA R LIRSS hEs at i ng
E?gé 582t gfe ﬁ&?slﬁg'b%d’ea:i@sﬁ&ﬁn i FROY1 MeHEsr Morél fshpémasteddnofL@rtd to
shown) may also be employed, such as the temperature sensor 42 shown
and described with respect to FIG. 1.
[0089] The conducting body 464 is configured to be grounded. Thus,
the electrical heating device 410 may be provided having a Type B electric
safety rating.
[0090] Referring to FIG. 7, another form of an electrical heating device
500 constructed in accordance with the principles of the present disclosure
includes an insulating body 502 defining a longitudinal passageway, a
substrate 504 disposed on and surrounding the insulating body 502, a heater

506 disposed on and surrounding the substrate 504, and a protection housing
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[ 0091] The el ectrical heating device 500 further includes a baffle 516 in
the formof a cylindrical core body. The baffle 516 may be forned of

el ectri cavbyoimsueat i ng or non-insul ating material. Theprbaftfsc@1hiBodef i nes
a plurality of waved portions 518 on the peri pheral surface and is
configure uc t hat , when the baffle.5 6 i S |nserted e |, ongi tudi nal
PassagenadOBt The PRISHEN: horaino U0 lidRs AR adeh G GhS 181870 he | nner
surface 5%930@% é)fiethéts%rﬂ%éc?%@%bteﬁ%rﬂldﬂ BH bYtof ﬂfénséc&IdJeIr? IhEMIaﬂﬁgfI ui d

channels 522 to allow fluid, such as dialysis liquid ow t hr oug

[ 0092] Ref eub$trajet594FtIo(£orr8 a aadtyhierwiich rthemeatere‘i%camd eal ele@mcalmaﬂ@vu ce 600
construct in accord nce with th rin | es of ent dIS | osure has
SO et o BT SFRURRNS S tincng! §1 £ A yidHaRRde) Thefrdler e mroleatotyi e Goo
i ncl udes Ropsing BOFANd €82 supstratessiatboteratd & bAtapsuldteehbaidated 506 base
dielectric | ayer 604 dlsgosed on the plate body 602, a substrate 606

di sposed 8Rdithe aeapouided &t rlihe S@WFatGCﬁQ‘Iaﬁdmédﬁe@ct@ISOB@SnQﬁeélébélé@I on the

substrate I of atop
dielectri g%(g/ayeer %hr%%ng "){%m% BFQO'HIW Et 82@18?'#? h%%r%%) bte body
602 incl udes thefrinatly spdg/e@wiéaem@ﬂéspml@ad mmeregbm aFiGE) ¢lted rTI@el ayer
604. A plurality of openings 614 are forned through the flat side surface

612. The Beigctifnhausingclapay Be£oRRHUSKE @chpen%%t?dé@zthpdnﬁwayngjef. ne a
I I f I I
pruralttypghy dﬂ?‘egr ts %ﬁaélggﬁqniérhgw}gdn@r%  USCHAR Qi) ﬁcég'[afdy thaui d, to

flow throug |'at e body 6 or ne ectri
i nsul ati ngl@G&t &td 6I such as ceranmics, or an electrically non-insul ating

t ial. 011/1 1/ 034392 941 Th bst
fheposad Mo basﬂﬂl S HEA OB BV el ala0es apatte BAC Mt er i a
separate fH@%W%fbﬁséylmdﬂbﬁptcbfé: HO@X/er B4 pafie §1'6b$ﬁd)ﬂtb% @Sndpprbe made

of an insulating material or a non-insulating nmaterial.” The substrate 606
functi onse@@trwaﬁubssulatlegfafr noménswating nedsrialwhildie ha@ﬂebé@ defines a

606 i< af QALK MEEE poRRr BFE i hef BB Bherd Shiffon et imeoR Y "Gon” ©

fromthe &ligh ehdtlvomenend Baffieesfd g ﬂséﬂé@ﬂﬂb&h@l@ngﬁmm%dsbﬁgméﬁ of
dielectric |ayer 604 breaks. Wiile not shown in t

t t
housi ng. e BeUistiogitesty 502 éh@l\ﬁ@é/@da(mﬂl@fﬁ%ﬁéﬁtar&thleelaégw bon 00l 605
0095] Th |
\[/ari a]ti oﬁtsH%Tr ﬁ%@%@glnocfdgégéaﬁ?lhmongn?I%plg@[fP O?rﬂyjhd ng #%3’?2%?@’?; ended

to be witfiuid, bheh asajptysi$ lighid, { e tirodghcl osure. For exanpl e al t hough a
geonetric conf i guration of a heatin devi ce having a ch nnel 8r med

t her et hr o[}fP4as bedFEEMGI Bl . AWirSermMl dmnelesirica I‘?at&ﬂﬁn FYChe
under st Ooéoéwnsfrt]&eﬂafn' QSoraned Wﬁt Ifénﬁrlﬁ&ﬁl%%dbf"ﬂhet BrelsBft RiRiife

di scl osure may al so be enployed w't eati ng device, anong ot her
geonetri ebasAcrcIetejcorqﬂguramm'e Mdrelspeciically, gheaaIeainsalmesactlhgsiﬂjnstB@ﬁ)n shoul d

o D OBl diS o Feht Tdy o e” TRRSa R, P Fe e TRERLOPH Bogecl e

of the prarfatiridiiel 8OUrdsposee’diVhe plate body 602, a substrate 606 disposed
on the base dielectric layer 604 and a heater 608 disposed on the substrate
606. Optionally, another insulating material in the form of a top dielectric layer
610 may be formed on the heater 608.
[0093] The plate body 602 includes a flat side surface 612 proximate
the base dielectric layer 604. A plurality of openings 614 are formed through
the flat side surface 612. The base dielectric layer 604 and the plate body
602 jointly define a plurality of fluid channels 616 to allow fluid, such as
dialysis liquid, to flow through. The plate body 602 may be formed of an
electrically insulating material, such as ceramics, or an electrically non-

insulating material.
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What is clainmed is: 1. An electrical heating device for nedical
equi pnent, the heating device conprising: an insulating body formng a
channel twenetihm3megh for fluid travel; an insulating nmatemitaskoigms43orndi ng
t he insul ati ng body, a heater surrounding the insulating material and the
insul atin

Y; t ect h i di th
heater, t ot ect (IiBﬁ %E@%ESBQII?I ?rﬂ%%sggs‘lﬂﬁr}%ﬁ gém nog%@ﬁtr”g égel 58‘3’ ©
heat er angdngnsansyd %? 'anQoIFohﬁla?@r'?él &eparate, from&heT%eeB%%dth@?ér%/efFW. ng

device according to Claim1, the insulating material bein the formof a
base | ayefrhduwbetftata 606 nhry be avade ohlanheatlnting deatedal érua merlneuiabmg sing a

top | ayer dleI the. h r _surrounding .t e | ayer electrlc t he
Lop df or B FIA G BT BB POp I BaE A 8 P78 80 B R T M e

di el ect ri gfayCio® pethakimaly-5oragea arsidras deberitrpbBsve IMEIGSSE tb BYeTh@nd t op

| ayer dielectrics being disposed within the protection housing

3.
The el ect pulsirata &6 s SR VPR agot 6EBRANRHOR anesiphinat sepataies tf&)hgateg. ng a
t ermper at Upge §A5 e ﬂ"\@eﬁo%lﬂﬁqﬁ' RO el eEREREHE (R BIGK oleledfiePosed

within the protectlon hous rica evi ce

accor di nglaty@r 604ibredks.f ereenotcshmmm i the dravehgCa pretektion hodshgeﬁayxl Iy
i nsul at i ng npound di sposed within the Erot ection housing and surroundi ng
t he heat eP® Qr@l\éd@6}tp eaglepe @ndisetact at legghthenealas@08.ayer dielectric. WO

2011/ 1372%%{/ USZO&‘:%(b}éggr?t disclosure is merely exemplary in nature and, thus,

variations that do not depart from the gist of the disclosure are intended to be
within the scope of the present disclosure. For example, although a
geometric configuration of a heating device having a channel formed
therethrough has been illustrated and described herein, it should be
understood that the various constructions according to the present disclosure
may also be employed with a flat heating device, among other geometries.
Accordingly, the tubular configurations disclosed herein should not be
construed as limiting the scope of the present disclosure. Such variations are
not to be regarded as a departure from the spirit and scope of the present

disclosure.
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5. The electrical heating device according to Claim2, further conprising a
measurenment circuit electrically connected to the protection housing, the
measur emewo 20ivisaieb bei ng configured to neasure the | ealagaSeunngd2 t hr ough
the insul ating body and the dielectric. 6. The electrical heating
devi ce according to Claim1, V\/nereig Nﬁ i nsul ating body is bioconpati bl e.
7. The electrical heating device ac b ﬁg to daim1l, wherein the

i nsul ating bodyyhat i®ekif¥gligscopi c. 8. The el ectrical heating device
according to Claiml, the insulating body being formed of sintered ceramc.
9. The electrical heating device according to Claim1, the protection

foueing and 1 | 1oHh LA MR PR ARt IR T

a turbul eﬂéﬁcé%@ﬁﬁpr@ﬂw structure located in the channel of the insulating

body. he el ectrical heating device according to Claim1, the
heat er an insulating body forming a channel therethrough for fluid

travel;
an insulating material surrounding the insulating body;
a heater surrounding the insulating material and the insulating
body; and
a protection housing surrounding the heater, the protection
housing being disposed around each side of the heater and encapsulating the
heater.

2. The electrical heating device according to Claim 1, the insulating
material being in the form of a base layer dielectric, the electrical heating
device further comprising a top layer dielectric, the heater surrounding the
base layer dielectric, the top dielectric disposed over the heater, the base
layer and top layer dielectrics cooperating to encapsulate the heater, the base
layer and top layer dielectrics being disposed within the protection housing.

3. The electrical heating device according to Claim 2, further
comprising a temperature sensor, wherein an end of the temperature sensor

is disposed within the protection housing.

4. The electrical heating device according to Claim 2, further
comprising an electrically and thermally insulating compound disposed within
the protection housing and surrounding the heater, the top layer dielectric,
and the base layer dielectric.
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being forned by a |l ayering process. WD 2011/137266PCT/ US2011/ 034392

12. The electrical heating device according to Claim1l1, further conprising
a conductwoeoliapgeze6di sposed bet ween the insul ati ng bodypamastéie/obesat er .

13. The electrical heating device according to Caim 12, wherein the

i nsul atin bod S sul.ating bod t he ulat.in bei n
: n 'ltJhe :‘o?m of se?ﬁg "Y(ﬁé egﬁtinrglgd 4 & éﬁ??r&ﬂdj EH'Ig‘ %onﬁh@ﬁrve I a;/e?
and the p&bﬁ%%mﬁ“ﬁ”h‘@e’sﬂﬂ;n@%mr%?ré?éd”!rléé@c'E!Sﬁﬁé‘éteé"t"oeﬂ'ﬁé Yréeetigst s the

secondary i nsul a trical heati ng devi ce
accor di nghowgsiapatha mawmma@tr cu:@nbbemgngom‘lgmred dotmeasutesihesieakbge ween t he

h dth d Yo | ati bod dth
i ol cct r1 Eotaa RIS herBs AR BibeeBS AESRIEAR. ' " 15° e erect ri cal

heati ng device according to Cla|n114, further conprising an electrically
and thermally insulating conpound di sposed around the dielectric, the
heater, and the secondary insul ati ng body. 16. The el ectrical heater

according o Cual m o ARSHENNARPARECLLORAIR BT, LBErGRTALCt ! ve

| ayer cooperate’ to encapsu evsecondar atin eat er,
the di el efristlatingaoudiytib ®iccommeatibte. WO 2011/ 137266PCT/ US2011/ 034392

17. An electrical heating device for nedical equipnent, the electrical

heati ng device conprising: a conducting body form ng a channel therethrough
for fluid travel;

7. The electrical heating device according to Claim 1, wherein the

insulating body is not hygroscopic.

8. The electrical heating device according to Claim 1, the insulating

body being formed of sintered ceramic.

9. The electrical heating device according to Claim 1, the
protection housing and the insulating body having a holohedral contact
therebetween.

10. The electrical heating device according to Claim 9, further
comprising a turbulence-inducing structure located in the channel of the

insulating body.

11. The electrical heating device according to Claim 1, the heater

being formed by a layering process.
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a base dielectric |ayer disposed on the conducting body; a
heat er surroundi ng the base dielectric |ayer and the conducting body; a top
di el ectriwolayen7wssposed on the heater; and a protecti @nThisesliisd392
surrounding the top dielectric layer. 18. The electrical heating

devi ce accordi n t he heat er. bei n f or med ala
process. o % 190  Thacelgehicet i iAo Sevisg AapiEhdeobiRiRY s o & m 17,

wher ei n tBSmBhQﬁwgCé IcBRdiGHR I%Qe!f 8ispbSEd ehRbdry 15 THUEAtIN \gebod y and thé0- The
el ectrical heati device according to Caim19, wherein the protection

housi ng cb@@@fates wi th the conducting body to encapsul ate the base
dielectric layer, the heater, and the top dielectric |ayer. 21. The
el ectrical heating device according to Claim20, further conprising an
electrically and thermally insulating conmpound di sposed around the top
dielectric layer, the conpound bei ng encapsul ated by the protection housing
and the conducting body. 22. An electrical heating device

compr i <1 ng: 2 h9dY: Tho electical neatif ddlRd Abgr bR 191 IABAR g X1 e

t he body, the insul eing in a base ayer
di el ectri nsutatingabedy amrfrﬁalrypmewaltiag ebddye tivesresul @5y rrrhtahactbémg ina top
dielectric |layer disposed proximate the heater; and a protection housing
sur r oundi Hif 0@ efeapepondary insulating body surrounding the conductive layer and

the primary insulating body, wherein the heater directly contacts the

secondary insulating body.

14. The electrical heating device according to Claim 13, further
comprising a dielectric disposed between the heater and the protection
housing, the secondary insulating body and the dielectric cooperating to
encapsulate the heater.

15. The electrical heating device according to Claim 14, further
comprising an electrically and thermally insulating compound disposed around
the dielectric, the heater, and the secondary insulating body.

16. The electrical heater according to Claim 15, wherein the
protection housing and the conductive layer cooperate to encapsulate the
secondary insulating body, the heater, the dielectric, and the compound.
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wherein the base layer dielectric and the top dielectric |ayer cooperate to
encapsul ate the heater, the base layer dielectric and the top dielectric

| ayer beiwgQ 2dispoxed within the protection housing. 23. Phe/usk@atos43eal

heati ng device according to Caim22, wherein at | east one of the base

dielectric layer, the top dielectric lLayer, and the heater are forned by a
layering procedd: AR elegicaieatioosauioe r mRdlce RHLRIPPER (e ElRAIR ¢ o

d ai m 22, hEgfidd8evie@BRipHsiHg:an el ectrically and thermally insulating
conpound di sposed wthin the protection housing and surroundi ng the heater,
the top dielectric hagenquciing bhey bfesmingayee chdne¢letherethrough for 281id The

el ectrical heah_i ng.devi ce according to Caim22, wherein the body forns a
channel t her et HPY gh for fluid travel. 26. The el ectrical heating

devi ce according t og@gkraididctrithgyesr dispdsedeihd Soddwrting body; 27. The
el ectrical heating device according to Claim?22, further conprising a

plurality of channePs Ne&i@fedSUrr t He brse peiglaatg elayee PAdulthei ng
material. oonqucting body:

a top dielectric layer disposed on the heater; and
a protection housing surrounding the top dielectric layer.

18.  The electrical heating device according to Claim 17, the heater

being formed by a layering process.

19.  The electrical heating device according to Claim 17, wherein the

protection housing is electrically conductive.

20. The electrical heating device according to Claim 19, wherein the
protection housing cooperates with the conducting body to encapsulate the
base dielectric layer, the heater, and the top dielectric layer.

21. The electrical heating device according to Claim 20, further
comprising an electrically and thermally insulating compound disposed around
the top dielectric layer, the compound being encapsulated by the protection
housing and the conducting body.

22.  An electrical heating device comprising:
a body;
an insulating material disposed proximate the body, the
insulating material being in the form of a base layer dielectric;
a heater disposed proximate the base layer dielectric;
a top dielectric layer disposed proximate the heater; and

a protection housing surrounding the heater,
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wherein the base layer dielectric and the top dielectric layer cooperate
to encapsulate the heater, the base layer dielectric and the top dielectric layer
being disposed within the protection housing.

23. The electrical heating device according to Claim 22, wherein at
least one of the base dielectric layer, the top dielectric layer, and the heater
are formed by a layering process.

24. The electrical heating device according to Claim 22, further
comprising an electrically and thermally insulating compound disposed within
the protection housing and surrounding the heater, the top dielectric layer,
and the base layer dielectric.

25. The electrical heating device according to Claim 22, wherein the
body forms a channel therethrough for fluid travel.

26. The electrical heating device according to Claim 22, wherein the
body is flat.

27. The electrical heating device according to Claim 22, further

comprising a plurality of channels formed through the body proximate the

insulating material.
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