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BARE HEATING ELEMENTS FOR HEATING FLUID FLOWS

FIELD
[0001] The present disclosure relates to heating elements, and more
particularly to heating elements for use in heating fluid flows, such as diesel exhaust

gas.

BACKGROUND

[0002] The statements in this section merely provide background
information related to the present disclosure and may not constitute prior art.

[0003] Diesel engines generally have relatively high nitrogen oxide
(NOx) and particulate emissions. Various devices and methods have been
employed in order to reduce these emissions, which can be harmful to the
atmosphere/environment. For example, a diesel particulate filter (DPF) is used
downstream of an engine to filter particulates from the engine exhaust. A DPF is
periodically cleaned by burning off accumulated soot, through active regeneration,
which uses a heater upstream of the DPF to raise the exhaust stream temperature to
a temperature suitable for regeneration.

[0004] Passive regeneration is an alternative to active regeneration,
wherein a reaction between accumulated particles and oxygen in the exhaust stream
(usually in the form of O, and NO;) results in some of the particles oxidizing.
However, passive regeneration generally occurs too slowly to remove accumulated
particles, and thus a catalyst can be used, which is often referred to as a diesel
oxidation catalyst (DOC). The DOC is also positioned upstream of the DPF and
causes NO in the exhaust stream to convert to NO, thereby facilitating passive
regeneration when the NO, reacts with the particles in the DPF.

[0005] To reduce NOx emissions, NOx catalysts such as selective
catalytic reduction catalysts (SCR) or lean NOx catalysts (LNC) can be provided in
the exhaust stream. SCR catalysts are presently most common and can be very
efficient at reducing NOx emissions to N> using NH3 over a catalyst. However, these
catalysts typically operate most efficiently at relatively high temperatures, and thus
heaters have been employed in order to achieve these temperatures.

[0006] Although various forms of heaters have been used in exhaust

streams to achieve the aforementioned emissions reductions, such heaters can
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negatively impact engine performance and add cost and complexity to the overall

vehicle.

SUMMARY

[0007] Generally, the present disclosure provides a heater, heater
system, and related methods, to heat a fluid flow (e.g. a flow of diesel exhaust gas)
that uses a resistive heating element that is directly exposed to the flow and that has
a cross-section that is shaped to provide strength for applications including shock,
vibration or high flow velocity, and to compensate for the trade-offs between cost,
size, heat transferred to the flow, back pressure and strength/vibration resistance.

[0008] In its various forms, the present disclosure provides a heater or
system that heats a flow of a fluid (e.g. a flow of diesel exhaust gas) while providing
physical robustness greater than that which can be achieved using a resistive
heating element with a round (e.g. a wire), foil or ribbon (e.g. a flat) cross-section.

[0009] In one form, a heater for use in heating a fluid flow through a
passageway is provided where the heater comprises a continuous resistive heating
element having a predefined shape and the resistive heating element is directly
exposed to the fluid flow. The predefined shape includes a cross-sectional geometry
that provides a required heat distribution, structural strength, and reduced back
pressure within the passageway.

[0010] The present disclosure further provides a heater for use in
heating a fluid flow through a passageway that includes at least one resistive heating
element having a cross-sectional geometry defining a predefined shape of an airfoil.
The resistive heating element is directly exposed to the fluid flow. The cross-
sectional geometry is operable to provide the required heat distribution, structural
strength, and reduced back pressure within the passageway.

[0011] In yet another form, the present disclosure provides a heater for
use in heating a fluid flow including a plurality of resistive heating elements. Each
resistive heating element defines a predefined shape and is directly exposed to the
fluid flow. The heater further includes a corresponding plurality of dielectric
members arranged between adjacent resistive heating elements. The predefined
shape may include a cross-sectional geometry that is operable to provide the

required heat distribution, structural strength, and reduced back pressure.
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[0012] In still another form, a fluid conduit including one of the
abovementioned heaters is provided where the fluid conduit comprises an interior
wall and at least one dielectric member disposed between the interior wall and the
resistive heating elements and an electrical box affixed to the fluid conduit adapted
to protect electrical connections to the heater, where the electrical box further
includes at least one of a current switching device and a distributed operations
system.

[0013] 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
[0014] In order that the disclosure may be well understood, there will
now be described various forms thereof, given by way of example, reference being
made to the accompanying drawings, in which:
[0015] FIG. 1 is a perspective view of one form of a heater for use in

heating a fluid flow and constructed in accordance with the teachings of the present

disclosure;

[0016] FIG. 2 is a front view, normal to the direction of fluid flow, of the
heater of FIG. 1;

[0017] FIG. 3 is a perspective view of another form of a heater for use

in heating a fluid flow and constructed in accordance with the teachings of the

present disclosure;

[0018] FIG. 4 is a front view, normal to the direction of fluid flow, of the
heater of FIG. 3;
[0019] FIG. 5 is a perspective view of another form of a heater for use

in heating a fluid flow and constructed in accordance with the teachings of the
present disclosure;

[0020] FIG. 6 is a front view, normal to the direction of fluid flow, of the
heater of FIG. 5 and rotated 90 degrees;

[0021] FIG. 7 is a side view of the heater of FIGS. 5 and 6;
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[0022] FIG. 8 is a perspective view of another form of a heater for use
in heating a fluid flow and constructed in accordance with the teachings of the

present disclosure;

[0023] FIG. 9 is a front view, normal to the direction of fluid flow, of the
heater of FIG. 8;

[0024] FIG. 10 is a side view of the heater of FIG. 8;

[0025] FIG. 11 is a top view of the heater of FIG. §;

[0026] FIG. 12 is a perspective view of one form of a continuous

resistive heating element and its attachment to dielectric members constructed in
accordance with the teachings of the present disclosure;

[0027] FIG. 13 is a front view, normal to the direction of fluid flow, of the
resistive heating element of FIG. 12;

[0028] FIG. 14 is a side view of the resistive heating element and
dielectric members of FIG. 12;

[0029] FIG. 15 is a perspective view of another form of a continuous
resistive heating element having a polygonal geometry and separated by dielectric
blocks constructed in accordance with the teachings of the present disclosure;

[0030] FIG. 16 is a perspective view of the continuous resistive heating
element of FIG. 15 without the dielectric blocks;

[0031] FIG. 17 is an enlarged partial view of one form of the polygonal
geometry resistive heating elements secured to a dielectric block using mechanical
fasteners and constructed in accordance with the teachings of the present
disclosure;

[0032] FIG. 18 is another enlarged partial view from a reverse side of
FIG. 17 illustrating fastener cavities formed in the dielectric blocks and constructed in
accordance with the teachings of the present disclosure;

[0033] FIG. 19A is a side view of a resistive heating element having an

airfoil shape and constructed in accordance with the teachings of the present

disclosure;

[0034] FIG. 19B is a side view of alternate airfoil shapes for the
resistive heating element of FIG. 19A;

[0035] FIGS. 20A through 20D are front views, normal to a direction of

fluid flow, illustrating various forms of a plurality of continuous resistive heating
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elements and corresponding dielectric spacers/members constructed in accordance
with the teachings of the present disclosure;

[0036] FIG. 21 is a schematic view illustrating one form of dual-purpose
heaters as flow diffusers and constructed in accordance with the teachings of the
present disclosure; and

[0037] FIG. 22 is a schematic view illustrating another form of dual-
purpose heaters as flow diffusers constructed in accordance with the teachings of
the present disclosure.

[0038] The drawings described herein are for illustration purposes only

and are not intended to limit the scope of the present disclosure in any way.

DETAILED DESCRIPTION

[0039] The following description is merely exemplary in nature and is
not intended to limit the present disclosure, application, or uses. It should be
understood that throughout the drawings, corresponding reference numerals indicate
like or corresponding parts and features.

[0040] Referring to FIGS. 1 through 7, a heater for use in heating a fluid
flow through a passageway 10 is illustrated and indicated by reference numeral 20.
Generally, the heater 20 includes a continuous resistive heating element 30 having a
predefined shape, (many varieties of which will be illustrated and described in
greater detail below), with the resistive heating element 30 being directly exposed to
the fluid flow F, i.e. without any insulation or sheath surrounding the resistive heating
element 30. The predefined shape includes a cross-sectional geometry that
provides a required heat distribution, structural strength, and reduced back pressure
within the passageway.

[0041] More specifically, with reference to FIGS. 1 through 4, the
predefined shape in one form includes two leg portions 40, 41 each leg portion
having a serpentine shape as shown with opposed segments 42, 44. Each opposed
segment 42, 44 is separated by dielectric members 46 in order to provide the
requisite dielectric spacing therebetween. The continuous resistive heating element
30 also includes termination portions 48 and 50 for connection to a power supply
and/or controller (not shown).

[0042] As further shown in FIGS. 1 and 2, the dielectric members 46 in

one form are bushings. The bushings 46 are disposed between the opposed
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segments 42, 44 and extend transversely therethrough. The bushings 46 are further
supported by transverse members 52 extending through their centers as shown.

[0043] A similar configuration is shown in FIGS. 3 and 4, where the
opposed segments 42, 44 are separated by dielectric members in the form of tubes
60. The tubes 60 similarly have transverse support members 52 as with the
previous form. Additionally, the continuous resistive heating element 30 includes
apertures 62 through which the dielectric members 46/60 and their support member
52 extend.

[0044] Although the opposed segments 42, 44 are spaced equally and
the dielectric members 46/60 are distributed laterally, it should be understood that
alternate spacing and locations for each of the continuous resistive heating elements
30 and the dielectric members 46/60 may be provided while remaining within the
scope of the present disclosure.

[0045] In one form, the dielectric members 46/60 (which are ceramic)
are actively brazed to the continuous resistive heating element 30. Additional
brazing may include, by way of example, Alumina, Mo-Mn, Ni-plating, or copper
brazing, among others. It should be understood, however, that other types of
connections, such as mechanical fasteners or adhesive bonding, may be employed
while remaining within the scope of the present disclosure. Such connections shall
be understood to apply to the various design alternatives that follow as well.

[0046] Referring to FIGS. 5 through 7, another form of a continuous
resistive heating element is illustrated and indicated by reference numeral 70. In this
form, the continuous resistive heating element 70 has a predefined shape that is a
serpentine waveform as shown. The opposed waveform segments 72, 74 are
similarly separated by dielectric members 76 and transverse supports 78. As further
shown, the waveform segments 72, 74 include openings 80 (shown best in FIG. 7),
which may facilitate additional dielectric members 76 and transverse supports 78,
and/or provide a lighter weight construction with alternate flow characteristics.

[0047] FIGS. 8 through 11 illustrate yet another form of a continuous
resistive heating element, which is indicated by reference numeral 90. The
continuous resistive heating element 90 includes opposed segments 92, 94 that
have varying lengths extending radially, and dielectric bushings 96 (or members) are
disposed vertically along a central portion of the passageway and radially (97)

around a periphery of the passageway as shown. In this form, the continuous
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resistive heating element 90 is wrapped around the dielectric bushings 96/97, and
more specifically around a reduced diameter portion as shown. As shown in FIGS.
10 and 11, each of the leg portions 98 and 99 are staggered axially, with the central
dielectric bushings 96 being axially aligned or connected to each other.

[0048] Referring to FIGS. 12 through 14, yet another form of the
varying length opposed segments is illustrated in continuous resistive heating
element 100. Rather than being wrapped around the dielectric members/bushings
102, the opposed segments 104/106 include end tabs 108 that may be used as
terminations or for connection to additional heating circuits within the system. As
shown in FIG. 14, the opposed segments 104/106 are staggered axially, for
example, so as to provide requisite heating with reduced back pressure within the
passageway.

[0049] Moving on to FIG. 15 and 16, still another form of a continuous
resistive heating element is illustrated and indicated by reference numeral 120. The
continuous resistive heating element 120 has a predefined shape that includes a
plurality of legs 122, each of the legs having a polygonal geometry. In this form, the
polygonal geometry includes repeating sets of an outwardly extending segment 124,
a transverse segment 126, and an inwardly extending segment 128, wherein each of
the transverse segments 126 are separated by dielectric members 130, which are in
the form of blocks in this alternative design.

[0050] As shown in FIGS. 17 and 18, the dielectric members 130
include recesses 132 to accommodate mechanical fasteners 134 to secure the
transverse segment 126 to the dielectric member. It should be understood that the
mechanical fasteners 134 are merely exemplary and should not be construed as
limiting the type of connection between the continuous resistive heating element 120
and the dielectric members 130. For example, active brazing as set forth above,
may also be employed while remaining within the scope of the present disclosure.

[0051] Referring now to FIG. 19A-19B, another form of a heater for use
in heating a fluid flow through a passageway includes at least one resistive heating
element having a predefined shape of an airfoil 150. The airfoil 150 may be hollow
and may also be a shape memory alloy so as to change the shape of the airfoll
according to flow requirements within the passageway. A plurality of airfoils 150 may
be employed across a section, or at multiple axial locations along the passageway,

or a single airfoil 150 may extend across the entire width of the passageway.

7
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Additionally, a variety of different types of airfoils may be used, including by way of
example, different NACA (National Advisory Committee for Aeronautics)
configurations, low camber, deep camber, symmetrical, or supersonic, among
others. Example airfoil shapes are shown in FIG. 19B. Generally, the airfoil shape
150 is intended to reduce back pressure while provide the requisite heating profile to
the fluid flow.

[0052] In another form, the cross-sectional geometry of the heater is
non-uniform, or a changing cross-section such that high stiffness and enhanced heat
transfer can be provided in some regions of the circuit and improved formability in
other regions.

[0053] Referring to FIGS. 20A through 20C, additional forms of heaters
for use in heating a fluid flow are shown that generally comprise a plurality of
continuous resistive heating elements 170, each resistive heating element 170
having a predefined shape, the resistive heating elements 170 being directly
exposed to the fluid flow, and a corresponding plurality of dielectric spacers 172
arranged between adjacent resistive elements 170, wherein the predefined shape
includes a cross-sectional geometry that provides a required heat distribution,
structural strength, and reduced back pressure. It should be noted that only partial
arrangements of heating elements 170 and dielectric spacers 172 are illustrated
herein for purposes of clarity, and thus the specific arrangement will be understood
to vary across the entire area of the fluid passageway/conduit. In one form, at least
one of the plurality of resistive heating elements and dielectric members enable
mixing of the fluid flow.

[0054] The predefined shape may be, by way of example, an “M” as
shown in FIG. 20A, a “Z” as shown in FIG. 20B, or an “O” as shown in FIG. 20C.
The predefined shape may be any one of these or a combination thereof, in addition
to other exemplary shapes of a “U,” a “C,” an “I,” a “T,” a “V,” a spline, and/or a
closed shape cross-section. The closed shape may be hollow and/or may be non-
circular as shown in FIG. 20D, such as an ellipsoid, oval, or teardrop (not shown).

[0055] The resistive heating elements 170 may be connected in one of
a series circuit or a combination of series and parallel circuits.

[0056] The cross-sectional geometry may be positioned normal to the
fluid flow as shown, or may be positioned transverse to the fluid flow, or in other

orientations and/or combinations thereof while remaining within the scope of the

8
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present disclosure.

[0057] As set for the above, the resistive heating elements 170 may
include apertures through which fluid can flow such that fluid flows around and
through the resistive heating elements 170.

[0058] As shown in FIG. 20D, a fluid conduit 10 is shown having an
interior wall and at least one dielectric material 172 disposed between resistive
heating elements 170. The fluid conduit may include an electrical box 182 affixed
thereto for protecting electrical connections to the heater. The electrical box 182
further comprises a current switching device in one form of the present disclosure.
In another form, the electrical box 182 further includes a distributed operations
system, such as that disclosed in U.S. Patent No. 7,627,455, which is commonly
assigned with the present application and the contents of which are incorporated
herein by reference in its entirety. It should also be understood that the flow relative
to the predefined shapes may be parallel to the predefined shapes, a cross-flow, or
any other orientation of flow relative to the predefined shapes while remaining within
the scope of the present disclosure.

[0059] Referring now to FIGS. 21A-B and 22A-B, a dual-purpose
resistive heating element having a predefined shape and being directly exposed to
fluid flow also functions as a flow guide, which is illustrated and indicated by
reference numeral 200. As shown in FIG. 21A, fluid that flows around a bend portion
(e.g. 90° elbow), or a nonlinear portion, tends to separate from the walls of the fluid
passageway, or conduit, as shown. In one form, the dual-purpose resistive heating
element 200 is used as a guide vane as shown in FIG. 21B, in which the resistive
heating elements 200 are arranged substantially parallel to a direction of the fluid
flow and define a semi-circular geometry in this form. Similarly, in FIG. 22A, fluid
flow tends to separate through a diffuser. As shown in FIG. 22B, the resistive
heating elements 200 are disposed substantially parallel to a direction of the fluid
flow through an increasing cross-sectional area of the diffuser, or conduit, in order to
act as a guide. It should be understood that this dual-purpose resistive heating
element 200 may be employed in any cross-sectional area of a fluid passageway or
conduit while remaining within the scope of the present disclosure. For example, the
resistive heating elements 200 may be arranged substantially parallel to a direction
of the fluid flow through a decreasing cross-sectional area of a conduit.

[0060] In another form of the present disclosure, any of the resistive

9



WO 2017/151975 PCT/US2017/020524

heating elements and/or dielectric spacers/members as disclosed herein may be
configured to mix the fluid flow.

[0061] In still another form, at least one of the resistive heating
elements has a temperature coefficient of resistance such that the resistive heating
element functions as a heater and a temperature sensor. Such a heating system is
disclosed in U.S. Patent No. 7,196,295, which is commonly owned with the present
application and the contents of which are incorporated herein by reference in their
entirety.

[0062] In another variant, a variable wattage control system is
employed, such as that disclosed in U.S. Patent No. 7,257,464, which is also
commonly owned with the present application and the contents of which are
incorporated herein by reference in their entirety.

[0063] In still another form, at least a portion of a surface of the
resistive heating element(s) is coated with a catalyst for promoting a chemical
reaction of at least one constituent compound or element of the fluid flow.

[0064] In another design, the resistive heating elements form multiple
electrical circuits arranged to provide a predetermined distribution of heat.

[0065] In still another form, the bare resistive heating elements, or
portions thereof, may be coated with a dielectric material, such as by way of
example, a nitride layer of approximately 0.030” in thickness in order to provide
electrical isolation as desired in a particular application.

[0066] It should be understood that the various forms of continuous
resistive heating elements having predefined shapes may be oriented along the
direction of flow, as primarily illustrated throughout, or they may be oriented
transverse to the flow or in another orientation, or even combinations thereof while
remaining within the scope of the present disclosure. Additionally, the various
predefined shapes as illustrated and described herein may have open cross-
sections, closed cross-sections, or combinations thereof, and/or may include
apertures extending through their walls for purposes of achieving a required heat
distribution, structural strength, weight, cost, and/or reduced back pressure.

[0067] It should also be understood that a “fluid” should be construed to
mean a gas, liquid, or plasma and is not limited to the example of a diesel exhaust

gas as set forth above.
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[0068] The description of the disclosure is merely exemplary in nature
and, thus, variations that do not depart from the substance of the disclosure are
intended to be within the scope of the disclosure. Such variations are not to be

regarded as a departure from the spirit and scope of the disclosure.
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CLAIMS

What is claimed is:

1. A heater for use in heating a fluid flow through a passageway,
comprising:

a resistive heating element having a predefined shape, the

resistive heating element being directly exposed to the fluid flow,

wherein the predefined shape includes a cross-sectional geometry that
provides heat distribution, structural strength, and reduced back pressure within the

passageway.

2. The heater according to Claim 1, wherein the resistive heating element

includes a shape memory alloy.

3. The heater according to Claim 1, wherein the predefined shape
includes a plurality of leg portions having opposed segments, and wherein each

opposed segment is separated by dielectric members.

4. The heater according to Claim 3, wherein the dielectric members

comprise at least one of bushings, blocks, tubes, and combinations thereof.

5. The heater according to Claim 3, wherein the dielectric members

extend transversely through the opposed segments.

6. The heater according to Claim 3, wherein the opposed segments are

equally spaced and the dielectric members are distributed laterally.

7. The heater according to Claim 3, wherein the opposed segments
define varying lengths extending radially, and wherein the dielectric members are
disposed vertically along a central portion of the passageway and radially around a

periphery of the passageway.

8. The heater according to Claim 3, wherein the predefined shape defines

a serpentine waveform having opposed waveform segments, the waveform

12
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segments being separated by a plurality of dielectric members and transverse

supports.

9. The heater according to Claim 1, wherein the predefined shape defines

a plurality of legs, each of the legs defining a polygonal geometry.

10. The heater according to Claim 9, wherein the polygonal geometry
includes repeating sets of an outwardly extending segment, a transverse segment,
and an inwardly extending segment, wherein each of the transverse segments are

separated by dielectric members.

11.  The heater according to Claim 3, wherein the predefined shape defines

a non-uniform cross-section.

12.  The heater according to Claim 1, wherein the predefined shape is
selected from the group consisting of an airfoil, an ellipsoid, and an oval, the resistive

heating element being directly exposed to the fluid flow.

13.  The heater according to Claim 1, further comprising:

a plurality of resistive heating elements, each resistive heating element
defining a predefined shape, the resistive heating elements being directly exposed to
the fluid flow; and

a corresponding plurality of dielectric members arranged between
adjacent resistive heating elements,

wherein the predefined shape includes a cross-sectional geometry that

provides heat distribution, structural strength, and reduced back pressure.

14. The heater according to Claim 13, wherein the predefined shape is
selected from the group consistingofa U,a C,an l,a T, aV, a Z, a spline, a closed

shape cross-section, and combinations thereof.

15. The heater according to Claim 13, wherein the predefined shape
defines a closed shape cross-section selected from the group consisting of hollow,

non-circular, an ellipsoid, an oval, airfoil, teardrop, and combinations thereof.

13
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16. The heater according to Claim 13, wherein the resistive heating
elements are connected in one of a series circuit, a parallel circuit, and a

combination of series and parallel circuits.

17. The heater according to Claim 13, wherein the cross-sectional
geometry is positioned at least one of normal to the fluid flow and transverse to the

fluid flow.

18. The heater according to Claim 13, wherein the resistive heating
elements include apertures sized and shaped to allow for fluid to flow around

therethrough the resistive heating elements.

19.  The heater according to Claim 13, wherein at least one of the resistive

heating elements operates as a flow guide.

20. The heater according to Claim 13, wherein the resistive heating
elements are arranged substantially parallel to the fluid flow through a non-linear

portion of the fluid passageway.

21.  The heater according to Claim 20 wherein at least one of the plurality
of resistive heating elements define a semi-circular cross-section geometry to be

positioned within an elbow portion of the passageway.

22.  The heater according to Claim 13, wherein at least one of the plurality

of resistive heating elements and dielectric members enables mixing of the fluid flow.

23. The heater according to Claim 13, wherein at least one of the plurality
of resistive heating elements has a temperature coefficient of resistance enabling the
plurality of resistive heating elements to operate as a heater and a temperature

Sensor.

14
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24. The heater according to Claim 13, wherein at least a portion of a
surface of the resistive heating element includes a catalyst for promoting a chemical

reaction of at least one constituent compound and element of the fluid flow.

25. The heater according to Claim 13, wherein the resistive heating
elements form a plurality of electrical circuits enabling at least one of a
predetermined distribution of heat, an in situ distribution of heat, and a dynamic

distribution of heat, and combinations thereof.

26. A fluid conduit including the heater according to Claim 13, wherein the
fluid conduit comprises:
an interior wall and at least one dielectric member disposed between
the resistive heating elements; and
an electrical box affixed to the fluid conduit adapted to protect electrical
connections to the heater, wherein the electrical box further includes at least one of a

current switching device and a distributed operations system.

15
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