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CERAMIC HEATING ELEMENT

......................................

0081 This application claims priority to U.S. Application No. 15/486,816, tiled on Apnt 13,

2017, the entire contends of which are hereby expressly incorporated by reference mto this

application.
UND OF THE INVENTION
k. Field of the Invention
HGE2] The present invention relates o a heating element and method of manufacturing the

heating element. The heating element comprises materials whuch mcrease the efficiency and
durability of the tmmersion heater.

2. Discussion of the Helateg Art

BG83 Heating elements such as immersion heaters are routinely used i water heaters and,
more specifically, tankless water heaters. In one instance, it is known in the art to use an exposed
elecirode heating element as the immersion heater. However, w thus mstance, the electrode
resistive wire 1s left exposed o the corrosive environment of the water, and the life and reliabibty
is dramatically shortened. In addition, the electrode resistive wire 1s highly susceptible to {atlure
due to localized boiling at the wire or air bubbies passing through the heat exchanger, which ¢an
cause high surface temperatures and oxidation. I s not uncomunon for heaters using thas style to
fail after 9 to0 18 months of use.

LHEIRY In another insiance, it is known in the art 10 use a metal sheathed tubular heating
clement as the immersion heater, The resistance wire 18 ceniered in the sheath and elecinically
insulated with compacted, high-grade magnesium oxide (MgQO). The heating element distributes
heat o the sheath. In these known applications, the sheath matenial s typically copper, steel, 304
stainless stecl, 316 stainless sieel, and Incoloy® 800, The most durable of the gbove-mentioned
sheath alloys is the Incolov® 800, which is more tolerant of elevated temperatures and provides
hetter corrosion protection than the other alloys discussed above. For exampie, while copper has
the best therma! transfer rate of the alloys discussed sbove, if lacks the anility to resist the effects

of elevated temperatures {heat-related stress) and 1s susceplibie to corrosion.
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LU A practical Hmit of watt density for a metal-sheathed tubular heating element betore
experiencing heat-related fatlores 1s 120 watts per sqguare inch. o turn, the Ll on watt density
aiso limiis how small one can create the metal-sheathed tubular heating element. If one skilled n
the art was able to create a sheath that could withsiand wall densities hugher than 120 watis per
square inch, then a smaller trunersion heater could be used, which could result in a smaller water
heater package. Further, the need to msulate the resisfive wire from the metal sheath also homis
the size of the metal-sheathed tubular heating element. A smaller unimersion heater and smaller
water heater package results in savings in both cost and space. | is also imoportant to mamtamn or
improve on the expected life of a metal sheath heating element construcied of Incoloy 800 and
designed at the 120 watls per square inch. Life expectancy 1s measured in years rather than months.
G006] As such, there is a need in the art for g sheathed heating element comprising a material
that allows g watt density higher than that of standard allov sheaths, which in turn allows for a
smmalier sheathed tubular heating element to be used. In addition, there 18 a need in the art for a
sheathed tubular heating element that requures minimal 10 no separation between the mienor
resistive element and the sheath, which, in tumn, allows for a sinaller sheathed tubular heating
clement and can provide improved heat transfer (o the heated fluid, gas, or other solid material in

contact with the body.

Ll The present invention 18 a heating element such as, but not bruted to, an immersion
heater, for use in an apparatus for heating a biguid, gas, or solid material such as, but not hmited
to, a water heater, The mventive heating element deseribed in thys application provides increased
efficiency and moreased durability compared (0 heating elements known 1n the prior art.

LEHBGR ] in accordance with an embodiment of the mvention, a heabing element mchudes a
preformed ceramic tubular body having a hollow cavity centraily located within, a heat-generating
component disposed within the hollow cavity, and an air-displacement matertal disposed withan
the hollow cavity. The preformed ceramic tubular body 18 ope of alununum oxide, alwminum
nitride, and silicon mitride ceramic. The heat-generating component may be in direct contact with
the ceramic tubular body. The air-displacement material 1s magnesium oxide. Purther, the heat-
generating component and the air-displacement matenial are disposed within the hollow cavity of
the preformed ceramic tubular body by way of at least one of a vibrating fill and a centrifuge

compaction.
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LY According to another aspect of the invention, the preformed ceramic tubular body may

he formed from either extrusion or sintering. Further, the heat-generating component may either
comprise a resistive wire coiled along a length of the holiow cavity, a resistive filin printed onto a
ceramic rod, or a composiie resisfive core.

8010] In accordance with another embodiment of the invention, a heating element inchudes a
preformed tubular body having a hollow cavity centrally located withun, a heat-generating
component disposed within the hollow cavity, and an air-displacerment matenal disposed within
the hollow cavity. The tubular body is an electrically non-conductive material. The heat-
generating component may be in direct contact with the preformed tubuiar body.

(00111 According to another aspect of the invention, the heat-generating component may be 4
resistive wire along the length of the hollow cavity, a resistive filim on a ceramic rod, or a composiie
resistive core within the hollow cavity.

(00121 in accordance with vet another embodiment of the invention, one method of

manufacturing a heating element includes preforming a ceramic tubular body having a hollow

cavity centrally located within, disposing a heai-generating component within the hollow cavity,
the heat-generating component being in direct contact with the tubular body and filling the hollow
cavity with an ar-displacement matenal.

{831 3] According o another aspect of the invention, disposing a heat-generating component
within the hollow cavity may include coiling a resistive wire along a length of the hollow cavity,
disposing a ceramic rod having a thick film printed thereon within the hollow cavity, or disposing
a carbon-compound resistor within the holiow cavity.

(i1 4] These and other aspects and objects of the present invention will be better appreciated
and understood when considered in conjunction with the following description and the
accompanying drawings. It should be understood, however, that the following description, while
indicé..ting preferred embodiments of the present invention, 18 given by way of iHustration and not

of Hmitation. Many changes and modifications may be made within the scope of the present

invention without departing from the spirit thereof, and the invention includes all such

moditications.

B85 A clear conception of the advantages and features constituting the present wvention,

and of the construction and operation of typical mechanismos provided with the present mvention,

N

3
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will become more readily apparent by referring to the exemplary, and therefore non-immiing,
ernbodiments iHustrated in the drawings accompanving and forming a part of this specification,
wherein like reference numerals designate the same elements in the several views, and in witich
{31 6] FIG. 1 is a perspective view of a double-ended heating element, according to an
embodiment of the mvention;

301 7] FIG. 2 is a perspective view of a double-ended heating element, according 1o another
eribodiment of the invention.

B8] FIG. 3A is a cross-sectional view of a section of g double-ended heating element,

according 1o an embodiment of the mveniion;

019 FIG. 3B is an enlarged cross-sectional view of section 38 of the healing clement of
FIGL3A;
it FIG. 3C is a cross-sectional view of a section of the heating element of FIG. 3B taken

along hne 30
B2 FIG, 4A 1s a cross-sectional view of a section of a double-ended heating element,

sccording io ancther ernbodinment of the mvention;

80221 FIG. 4B is an enlarged cross-sectional view of section 4B of the heating clement of
FiG. 44A;
O3 FIG. 4C is a cross-sectional view of a section of the heating element of FI{. 4B taken

along line 4(;

{30241 FIG. 5A is a cross-sectional view of a section of a double-ended healing slement,
according to another embodiment of the wnvention;

{2S] FI(. 5B is an enlarged cross-sectional view of section 5B of the heating element of
Fi{3. 5A;

1 0026] FIG. SC is a cross-sectional view of the heating element of FIG. 5B {aken along hne
("

(00627 FIG. 6 18 a perspective view of a single-cnded heating element, gccording to an

LA

smbodiment of the invention;

{3628} FIG, 7A 18 a cross-sectional view of a section of the heating element of FiG. &;
RG240 FIG. 78 is an enlarged cross-section view of section 7B of the heating element of FIG.
1A
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Hiki FIG. 7C is a cross-sectional view of the heating element of FIG. 7B taken along hine
T
FO0311 FIG. 8A is a cross-sectional view of a single-ended heating element, according 1o an

embodiment of the invention;

30321 FIG. §B is an enlarged cross-sectional view of section 8B of the heating element of
FIG, BA; and

{033 FI1G. 8C is a cross-sectional view of the heating element of FIG. KB taken along line
R,

0034 in describing the preferred embodiment of the invention which 15 filustrated in the
drawings, specific terminology will be resoried to for the sake of clarity. However, 1t 13 not
intended that the invention be limited to the specific terms so selected and it 18 to be understond
that sach specific term includes all technical equivalents which operate in a similar manner o

accomplish a sitmuiar purpose.

DESCRIPT! N

DESCRIPTIO

{3 PR

(FERRED EMBODIMENTS

{B033] The present invention and the various features apd advantageous detals thereot are
sxplained more fully with reference to the non-limiting embodiments described 1 detail w the

tollowing descriphion,

{B36] First referring to FIG. 1, a perspective view of a double-ended heating element 10 1s
shown. Heating element 10 i3 able {0 be inserted mto an apparatus, such as, but not linited 1o, a
iiquid heater, in order o heat a gas, solid material, or liguid, such as, but not hnuted to, water,
within the apparatus. The heating element 10 includes g tubular body 12, In this embodiment,
tubular refers to a variety of hollow bodies which may be cyhindrical, ovalar, or any other custom
geometry., The heating element 10 includes electrodes 24 that extend beyond the ends 22 of the
tubular body 12, The configuration of the electrodes 24 will be described in further detail with
regard to FIGS. 3-5. While FIG. | illustrates only one tubular body 12 in a specific conliguration,
it is also conterapiated that the heating element 10 may include a plurality of tubular bodies 12
any number of configurations. In this representative embodinient of the invention, the healing
siement 190 is oriented in a Hnear configuration, resulting in the electrodes 24 being disposed m

opposite directions along a plane 11,
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G037 FIG. 2 iHustrates an alternative embodiment of the invention, wherein the double-ended

heating element 10a is configured to include a bend 13. As a result of the bend 13, the electrodes
24 of the heating element 10a are oriented parailel to sach other and m the same direction.

{3038} While the representative embodiment of FIG. 2 illustrates a bend 13 resuiting i
opposing ends 22 of the heating element 10a being oriented parallel {o each other and 1n the same
direction, alternative embodiments of the mnvention may mclude other configurations.  Por
example, the bend 13 may be in the form of an S-bend resulting in the opposing ends 22 of the
heating element [0a being oriented parallel to sach other in opposite directions, but not along the
same plane 11, Further the bend 13 may be in the form of a partial S-bend or U-bend resulting in
the opposing ends 22 of the heating element 10a being oriented in different divections at any angle.
Al nonlinear features discussed above, such as the bend 13 in the tubular body 12 would be formed
in the tubular body 12 by an appropriate manufacturing method such as but not limited to casting,
investiment casting, molding, and the like.

8(39] Next, FIGS. 34, 3B, and 3C depict a cross-sectional view of a section of a heating
olernent, such as heating element 10, The heating element 10 includes a tubular body 12 having a
hollow inner cavity 14 centrally located within the tubular body 12, In the representative
emnbodiment of the invention, the tubular body 12 comprises an electrically insulative and
thermally conductive material. For instance, the tubular body 12 may be a ceramic such as, but
not Hmited to, aluminum oxide, aluminum nitnide, and silicon niinide ceramic. One skilied wn the
art would understand that electrically insulative refers to the material of the tubular body 12 having
a high electrical resistance.

AT According to the representative embodiment of the wvention, the tubular body 12 18
preformed into a thin-walled ceramic tube with the hollow cavity 14 therein. The tubular body 12
may be formed by way of extrusions and firing, pressing and sinfering, or any other process known
iy the art.

041 A heat-generating component 16 is disposed within the cavily 14, Whle FIGS. 3A,
3B, and 3C illustrate the heat-generating component 16 in the form of a resistive wire, alternative
cmbodiments of the invention {some of which will be described in later embodiments of the
invention) may include other heat-generating components 16, In the representative embodiment
of the invention, the resistive wire 16 is at least one of NiChrome 80 wire or Kanthal® Al wire.

However, it is also conternplated that the resistive wire 16 may comprise other materials. Further,
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the resistive wire 16 1s wound in a continuous coil of sufficient total resistance {0 generate the
desired wattage to heat the intended aforementioned liquid, sohd, or gas. Afterward, the resistive
wire 16 is placed within the cavity 14 of the tubular body 12 so as to be directly adjacent an mmer
surface 18 of the tubular body 12. It is also conternplated that the resistive wire 16 may be in direct
contact with the mner surface 18 of the tubular body 12.

10042 Nexi, a displacement material 20 such as, but not limited to, magnesium oxide {(MgQ)
is used to fill the remaining space of the cavity 14, That is, any oxygen within the cavity 18
displaced by the magnesiom oxide. By displacing the oxygen within the cavity with the
displacement material 20, the life of the resistive wire 16 is extended. In addition, the displacement
material 20 assists in conducting heat away from the resistive wire 16 and preventing any threat of
a short circuit, either of which could reduce the hife of the resistive wire 16.

3431 At each end 22 of the tubular body 12, an electrode 24 1s disposed within the cavity 14
so as to be in electrical contact with the resistive wire 16, Additionally, the electrode 24 extends
bevond the end 22 of the tubular body 12, the end being sealed with an epoxy 26. By extending
beyond the end 22 of the tubular body 12, the electrode 24 is configured 1o extend into the housing
(ot shown) so as to contact an elecirical civcuit (not shown) within the housing. As such, the
electrode clectrically connects the resistive wire 16 to the electrical circnit within the housing.
{03441 Now referring to FIGS. 44, 4B, and 4C, cross-sectional views of a heating element 23
arc shown, according to an alternative embodiment of the invention. Simular to the heating
slement 10 seen in FIGS. 3A, 3B, and 3C, the heating eclement 28 of this representative
embodiment includes a tubular body 30 comprising an elecirically-imsulative and thermaily-
conductive material. For example, the tubular body 30 may be a ceramic such as, but not limited
to, aluminum oxide, aluminum witnide, and sitlicon mifride ceramic.

3045] As discussed above with respect to the tubular body 12, the tubular body 30 15
preformed into a thin-walled cerarnic tube with the hollow cavity 32 therein. The tubular body 3U
may be formed by way of extrusions and firing, pressing and sintering, ot any other process known

b

in the art.

{H46] In this representative embodiment of the invention, a heat-generating component 34 in
the form of a resistive film 34a coated to a rod 34b is disposed within the cavity 32, The rod 34b
comprises an electrically-resistive and thermally-conductive material, such as, but not limited {o,

a ceramie including aluminum oxide, aluminum nitride, silicon nifnide, and/or the hke. The heat-
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generating component 34 is placed within the cavity 32 of the tubular body 30 so that the resistive
film 34a is directly adjacent {o an mner surface 36 of the tubular body 30,

13047] Additionally, the ceramic rod 34b extends beyond the ends 38 of the tubular body 34,
where the rod 34b is over coated with a non-resistive film 35, As aresult, electrodes 40 are formed

by rod 34b and non-resistive film 35 extending beyond the ends 38 of the tubular body 38, An

epoxy 42 may be disposed between the heating-generating component 34 and the tubular body 30
at the ends of the tubular body 30 in order to seal the heating element 28.

048] A displacement material 44 such as, but not hmtted to, magnesium oxide (Mg}, 18
used to fill the remaining space of the cavity 32 n order to displace any oxygen within the cavity
32. Displacing the oxygen within the cavity with the displacement material 44 jncreases the life
of the heai-generating component 34. For example, the displacement material 44 assists
conducting heat away from the heat-generating component 34 and preventing any threat of 4 short
circuit, either of which could reduce the life of the heat-generating component 34.

Q0445 Next, FIGS. 5A, SB, and SC illustrate a cross-sectional view of a heating element 46 15
shown, according o vet another aliernative embodiment of the mvenfion. Smmilar to the
previously-described immersion heaters, the heating element 46 of this representative embodiment
includes a tubular body 48 comprising an clectrically-insulative and thermally-conductive
material. For example, the tubular body 48 may be a ceramic such as, but not himited to, aluminum
oxide, aluminum nitride, and silicon nitride.  Further, the tubular body 48 1s preformed nto a thin-
walled ceramic tube with the hollow cavity 5C therein by way of extrusions and firing, pressing
and sintering, or any other process known in the art.

{3050 In this representative embodiment of the invention, a heat-generating component 5Z n
the form of a composite resistive core 52 1s disposed within the cavity 50, In particular, the
compaosite resistive core 52 1s placed within the cavity 50 of the tubular body 4% so that the
composite resistive core 52 is directly adjacent an mner surface 62 of the tubular body 48.

{3851 ] It is contemplated that the composiie resistive core 52 may be formulated 1o
proportion the resistive compound s0 as to provide the required resistance. The composite resistive
core S2 may be formed by sintering in order to be molded into a shape that fits within the cavity
30 of the tubular body 48. For the purpose of this application, the term sintering may include the
use of pressure and heat either alone or in combination. In the representative embodiment of the

invention, the composite resistive core 32 may be n the form of a carbon-compound resistor or



CA 0305b95%65 2015-10-11

WO 2018/191610 PCT/US2018/027477

other resistive core. In alternative embodiments of the mvention, the composite resistive core 52
may be disposad within the cavity 50 and the sintered, as defined above, in order to it within and
fill the cavity 50.

{30521 The heating element 46 may also include electrodes 54 disposed at the ends 536 of the
tubular body 48. The electrodes 54 may be formed by the composite resistive core 32 extendmng
beyond the ends 56 of the tubular body 48 and a non-resistive coating 58 applied to at least the
nortion of the composite resistive core 52 extending beyond the ends 56 of the tubular body 48.
Further, an epoxy 60 may be disposed between the cornposite resistive core 52 and the tubular
body 48 at the ends of the tubular body 56 in order to seal the heating ¢lement 46,

[H053] A displacement material 64 such as, but not lirnited to, magnesium oxide (MgO} may
bé used to fill the remaining space of the cavity SO in order to displace any oxygen within the
cavity 50, which results in increased the life of the composite resistive core 32. For example, the
displacement material 64 assists in conducting heat away from the composite resistive core 52 and
preventing any threat of a short civcuit, either of which could reduce the hife of the composite
resistive core S2.

LHIREY: However, it is also contemplated that the embodiment of the invention using the
composite resistive core 52 may not include the displacement matenial 64. That is, the composite
resistive core 52 may be formed by pressing and sintering to be cornpacted within the tubular body
48.

[G055] Now referring to FIG. 6, a perspective view of a single-ended heating element 66 18
shown. Similar to the previously described heating elements, heating element 66 18 able to be
inserted into an apparatus, such as, but not limited to, a liquid heater, in order to heat the solid, gas,
or liquid, such as, but not Hmited to, water, within the apparatus. The heating element 60 includes
3 tubular body 68. The heating element 66 inchides electrodes 70 that extend beyond a first end
72 of the tubular body 68. As shown in FIG. 6, both electrodes extend beyond the same end 72 of
the tubular body 68. An end plug 94 is located at a second end 98 of the tubular body 68, In the

representative embodiment of the invention, the end plug 94 comprises a non-resistive material.

For instance, the end plug 94 may be a ceramic such as, but not limited to, aluminum oxide,
aluminum nitride, and silicon nitride ceramic.  Allernative embodiments of the heating element

&6 may include a plurality of tubular bodies 12 in any number of conigurations.
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((356] Next, FIGS. 7A, 7B, and 7C depict cross-sectional views of the heating clement 66 o
further illustrate the elements within a tubular body 68. The tubular body 68 of the heating element
66 mchudes a hollow inner cavity 74 cenirally located within the tubular body 68, The tubular
body 68 comprises an electrically insulative and thermally conductive material. For instance, the
tubular body 68 may be a ceramic such as, but not himited to, aluminum oxide, aluminum minde,
and silicon nitride ceramic. The tubular body 68 may be preformed by way of extrusion and finng,
pressing and sintering, or any other process known wn the art.

LIy Similar to the heating elements previcusly described above, a heal-generating
component 76 is disposed within the cavity 74. In the representative embodiment of the invention,
the heat-generating component 76 is in the form of a resistive wire. However, alternative
embodiments of the invention may include other heat-generating components such as, but not
Hmited to, those described above, The resistive wire 76 may be at least one of NiThrome 80 wire,
Kanthal® Al wire, or other similar materials. The resistive wire 76 1s wound in & continuous cotl
of sufficient total resistance to generate the desired wattage to heat the intended aforementioned
Hguid, solid, or gas. Further, the resistive wire 76 is placed within the cavity 74 of the tubular
body 68 so as to be directly adjacent an inmer surface 78 of the holiow cavity 74.

L B058] FIGS. 7A, 78, and 7C, depict the resistive wire 76 coiled within the hollow cavity 74
along a length 75 of the hollow cavity 74. In the representaiive embodiment of the invention, the
fength 75 1s less than the entire length of the hollow cavity 74.

{3059 As shown in FIG. 7B, the coiled resistive wire 76 forms a second hollow cavity 80
centrally located within the coiled resistive wire 76. In the representative embodiment of the
invention, the hollow cavity 74 of the tubular body 68 and the second hollow cavity 80 of the
resistive wire 76 are both centered along a plane 82, However, in alternative embodiments of the
invention the hollow cavity 74 of the tubular body 68 and the second hollow cavity 30 of the
resistive wire 76 need not both be centered along the plane 82,

LY FIG. 7A further shows that electrodes 70 mclude a resistive wire electrode 70a and a
returning electrode 70b. The resistive wire electrode 70a 15 disposed within the holiow cavity 74
of the tubular body 68 s0 as to be in contact with the resistive wire 76 and extend beyond the end
72 of the tubular body 68, As shown in FIG. 7A, the resistive wire electrode 70a 15 m contact
with an end 84 of the resistive wire 76. In the representative embodiment of the invention, the

resistive wire electrade 70a 18 in contact with end 84 of the resishive wire 76 and does not extend

10
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beyond the first end 84 of the resistive wire 76. However, in alternative embodiments of the

inveniion, the resistive wire electrode 70a may extend into the cavily 80 of the resistive wire 7.

{61 ] As shown in FIG, 7B, the returning electrode 70b is surrounded by 4 ceramic sleeve 506
in order to electrically isolate the returning electrode 70h from the resistive wire electrode 70a.
The returning electrode 70b and ceramic sleeve 86 are disposed within the cavity 80 of the resistive
wire 76. Prior to reaching the first end 72 of the tubular body 68, the returning electrode 70b exats
the ceramic sleeve 86 and is displaced from the resistive wire electrode 70a. The refurning
electrode 70b then extends bevond the first end 72 of the tubular body 68, FIG. 7B further
illustrates that the ceramic sleeve 86 and the returning electrode 70b extend from second end 83
of the resistive wire 76 beyond the first end 84 of the resistive wire, In allernative embodiments
of the invention, the ceramic sleeve 86 and returning electrode 70b may extend beyond the second
end &8 of the resistive wire 76. In addition, the ceramic sleeve 86 may end at the first end 84 of
the resistive wire,

{80621 The heating element 66 further includes a displacement material 90 such as, but not
limited to, MgO. The displacement material 90 is used to fill the remaining space of the cavity 74
of the tubular body 68 and displace any oxygen within the cavity 74. By displacmg the oxygen
within the cavity 74 with the displacement material 90, the life of the resistive wire 76 1§ extended.
Additionally, the displacement material 90 assists in conducting heat away from the resistive wire
76 and preventing any threat of a short circuit, either of which could reduce the life of the resisiive
wire 76. As shown in FIG. 7C, the main locations filled by the displacement material 90 include
between the resistive wire 76 and the inner surface 78 of the tubular body 68 and between the
resistive wire 76 and the ceramic sleeve 86, However, the displacement material 90 fills any
additional open spaces within the cavity 74,

063 At the first end 72 of the tubular body 68, the electrodes 70a, 70b exiend from within
the cavity 74, as described above, and outf beyond the first end 72 of the tubular body 68, An
epoxy 92 s disposed at the first end 72 of the tubular body 68 in order to seal the first end 72. By
extending beyond the first end 72 of the tubular body 68, the electrodes 70a, 70b are configured {o
cxtend into a housing (not shown) so as to contact an electrical circuit (not shown) within the
housing, As a result, the electrodes 70a, 70b elecirically conunect the resistive wire 76 to the

electrical circuit within the housing. At the second end 96 of the tubular body 68, the end plug 94
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is secured in place at the second end 96 of the tubular body 68 by way of an epoxy 96. 'The epoxy

06 may be a different or similar epoxy to the epoxy Y2 desceribed above.

{30641 Now referring to FIGS. 8A, 8B, and 8C, cross-sectional views of a heating element 10
are shown, according to an alternative embodiment of the invention.  Similar fo the healing
element 66 seen in FIGS. 7A, 7B, and 7C, the heating element 100 is 3 single-ended heating
element, The tubular body 102 of the heating element 100 includes a hollow mner cavity 104
centrally located within the tubular body 102. The tubular body 102 comprises an electrically
insulative and thermally conductive material. For example, the tubular body 102 may be a ceranue
such as, but not Hmited to, aluminum oxide, aluminum mitride, and silicon miride ceramic. The
tubular body 102 may be preformed by way of extrusion and firing, pressing and sintermg, or any
other process known m the art,

{3065] Similar to the other described emnbodiments of the invention, a heat-generating
component 106 is disposed within the cavity 104. In this representative embodiment of the
invention, the heat generating component 106 1s in the form of a composite resistive core. In
particular, the compeosite resistive core 106 is placed within the cavity 104 of the tubular body 102
so that the composite resistive core 106 is directly adjacent an inner surface 108 of the tubular
body 102. The composite resistive core 106 may be in the form of a carbon-compound resistor of
other resistive core.

g it is contemplated that the composite resistive core 106 may be formudated fo
nroportion the resistive compound so as to provide the required resistance. The composite resisiive
core 106 may be formed by sintering in order to be molded into a shape that {its within the cavity
104 of the tubular biody 102. For the purpose of this application, the term sintering may mclude
the use of pressure and heat either alone or in combination. In the representative embodiment of
the invention, the composite resistive core 106 may be in the form of a carbon-compound resistor
or other resistive core. In alternative embodiments of the invention, the composite resistive core
136 may be disposed within the cavity 104 and the sintered, as defined above, in order to {it within

and fill the cavity 104,

{3367 As shown in FIG. 8B, a second hollow cavity 110 is formed within the composite
resistive core 106, In the representative embodiment of the invention, the hollow cavity 104 of
the tubular body 102 and the second hollow cavity 110 of the composite resistive core 106 are both

centered along a plane 112. However, in alternative embodiments of the imvention the holiow
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cavity 104 of the tubular body 102 and the second hollow cavity 110 of the composite resistive
core 106 mav not both be centered along the plane 1172

{GO68] A conductive core 114 is disposed within the hollow cavity 110 of the composite
resistive core 106, In the representative embodiment of the invention, the conductive core 114 18
surrounded by g ceramic sleeve 116 also disposed within the hollow cavity 110 of the composite
resistive core 106,

HHH The heating element 100 may also inciude a first electrode 118 and a second electrode
120, The first electrode 118 extends from the composite resistive core 106 of the heating element
100 and through a first end 122 of the tubular body 102, Meanwhile, the second electrode 120

extends from the conductive core 114 of the heating element 100 and through the first end 122 of

the tubular body 102, By extending bevond the {irst end 122 ot the tubular body 102, the electrodes
118, 120 are configured to extend into a housing (not shown} 50 as to contact an electrical circutt
(not shown) within the housing. As a resuli, the electrodes 118, 120 electrically comnect the
composite resistive core 106 and the conductive core 114, respectively, to the electrical cireuit
within the housing,

(30701 The first end 122 of the tubular body 102 1s sealed via an epoxy 128, similar to the
epoxy 76 of FIG. 78, Simlar to the heating clement 66 shown m FIG. 6, the heating element 100
includes an end plug 124 that is secured in place at a second end 126 of the tubular body 102 by
way of an epoxy 130, The epoxy 130 may be a different or simuiar epoxy to the epoxy 128
described above.

G071 The heating element 100 further includes g displacement matenal 132 such as, but not
limited to, Mg(3. The displacernent material 132 15 used to fill the rematning space of the cavity
104 of the tubular body 102 and the cavity 110 of the composite resistive core 106, The
displacement material 132 displaces any oxygen within the cavities 104, 110. By displacing the
oxygen within the cavities 104, 110 with the displacement material 132, the lives of the composite
resistive core 106 and the conductive core 114 are increased. For example, the displacement
material 132 assists in conducting heat away from the composite resistive core 106 and the
conductive core 114 and also prevents any threat of a short circuid, either of which could reduce
the life of the composite resisiive core 106 and the conductive core 114,

{0067 2] By pre-forming the tubular body, a manufacturer may exert belter control over the

ceometry of the tubular body after placement of the heat-generating component within the tubular

i3
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body. Due to the electrical insulation of the tubular body, the heat-generating component and the
tubular body are not reguired to be electrically isolated from one another. As such, the heat-
generating component may be placed divectly adjacent the tubular body without threat of shorting
or damage.

{0073] it is further contemplated that the cavity may be filled with the displacement materal
in a variety of ways. For example, the cavity may be filled with the displacement material by
methods including a vibrating fill, centrifuge, or combination thereof. In addition, the cavity may
be filled with the displacement material in its dry form or mixed in slurry. For example, the slurry
may cortain five (5) parts MgO and two (2) parts distilled water or sumilar combinations. When
filling the cavity with slurry, a centrifuge may be used to separate the distilled water from the Mg{
during filling. After filling, the heating element may be baked or smiered.

B074] The embodiments of the invention described herein result in a heating element having
a watt density of at least 300 watts per square inch. In particular, the described mmmersion heafers
herein result in watt densities ranging from 300-750 watls per square inch.

LLIERY It is specifically intended that the present invention not be limited to the embodiments
and illustrations contained herein, but includes modified forms of those embodiments including
portions of the embodiments and combinations of elements of different embodiments as coms

within the scope of the following claims.
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What 1s claimed 1s;

i, A heating element comprising:

a preformed ceramic tubular body having a hollow cavity centrally located within,
wherein the preformed ceramic tubular body is one of aluminum oxide, aluminum nitride, and
silicon nitride ceramic;

a heat-generating commponent disposed within the holiow cavity, wherein the heat-
generating component may be in electrical contact with the ceramic tubular body;

an air-displacement material disposed within the hollow cavity, wherein the air-
displacement material is magnesium oxide; and

the heat-generating component and the air-displacement material being disposed
within the hollow cavity of the preformed ceramic tubular body by way of at least one of a vibrating

fill and a centrnifuge.

2. The heating element of claim 1 wherein the preformed ceramic tubular body 18

formed of at least one of extrusion and sintering.

3. The heating element of ¢laim 1 wherein the heat-generating component comprises
a resistive wire coiled along a length of the hollow cavity 50 as o be in contact with the ceramic

tubular body.

4, The heating element of claim | wherein the heat-generating component comprises

g resistive film printed onto & ceramic rod.

S. The heating element of claim 1 wherein the heat-generating coroponent Comprises
at least one of a composite resistive core sintered to fit within the hollow cavity and a composite

resistive core sintered after filling the hollow cavity.

&, The heating element of claim | wherein the air-displacement material 1s at least one

of dry magnesinm oxide and a magnesium oxide siurry.

o
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7. The heating element of claim | wherein a watt density of the heating element is

oreater than 300 watts per square wmnch,

8. A heating element compnising:
a1 preformed tubular body having a hollow cavity centrally located within, the
tubular body comprising an electrically non-conductive material;
a heat-generating component disposed within the hollow cavily, wherein the heat-
cenerating component may be in direct contact with the preformed tubular body; and

an air-displacement material disposed within the hollow cavity.

3. The heating element of claim 8 wherein the preformed tubular body 18 a ceramic

tubular body comprising one of aluminum oxide, aluminun nitride, and silicon mitride ceramic,

10, The heating element of claim 8 wherein the air-displacement material 15 magnesiam
oxide.
i1, The heating element of claim 8 wherein the heat-generating component and the air-

displacement material are disposed within the hollow cavity of the preformed tubular body by way

of at least one of a vibrating fill and a centrifuge,

12. The heating element of claim 8 wherein the heat-generating component comprises

a resistive wire along a length of the hollow cavity so as {o be 1n contact with the preformed tubular

&
body.

13.  The heating element of claim 8 wherein the heat-generating component comprises

4 resistive film on a ceramic rod.

14, The heating element of claim & wherein the heal-generating component comprises

a composiie resistive core within the hollow cavity.

I§¢
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15, A method of manufscturing a healing element comprising:
forming a ceramic tubular body having a holiow cavity centrally located witlun;
disposing a heat-generating component within the hollow cavity, the heat-
generating component being in elecirical contact with the tubular body; and

filling the hollow cavity with an air-displacement matenal.

i0. The method of claim 15 wherein disposing a heal-generating cornponent witiun the
hollow cavity comprises coiling a resistive wire along a length of the hollow cavity so as to be n

contact with the tubular body.

1. The method of claim 15 wherein disposing a heat-generating component within the
hollow cavity comprises disposing a ceramic rod having g thuck film printed thereon withm the

hollow cavity.

i3, The method of claim 15 wherein disposing a heat-generating component within the
hollow cavity comprises disposing a carbon-compound resistor within the hollow, the carbou-
compound resistor being at least one of sintered to fit within the hollow cavity and sintered aiter

filling the hollow cavity.

18, The method of claim 15 wherein filling the holiow cavity with an air-displacement
material comprises filling the hollow cavity with at least one of dry magnesinn oide and 2

magnesivm oxide slurry,

28, The method of claim 15 wherein filling the hollow cavity with an ar-displacement

material comprises using af least one of a vibrating 1l and a centntuge.
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