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(57) Abrégé/Abstract:

An electric resistance radiant furnace that includes multiple panel emitters and at least one layer of metallic mesh, wire screen, or
honeycomb assembly located between the panel emitters. In some embodiments, the panel emitters each include a ceramic body
with an electric resistance wire embedded therein. Furnaces can be for heating an occupied space within a building and can also
include a blower and controls and heat produced by electricity passing through the wire can be conducted through the ceramic
body of each panel emitter and at least part of the heat can be radiated from the ceramic body to the metallic mesh, wire screen, or
honeycomb assembly and then be transferred to air blown by the blower between the panel emitters and along the metallic mesh,
wire screen, or honeycomb assembly. Concave or convex surfaces of curved layers of metallic mesh, wire screen, or honeycomb
assembly can face opposite directions, can face the panel emitters, or both.
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tiple panel emitters and at least one layer of metallic mesh, wire screen, or
honeycomb assembly located between the panel emitters. In some embod-
iments, the panel emitters each include a ceramic body with an electric
resistance wire embedded therein. Furnaces can be for heating an occu-
pied space within a building and can also include a blower and controls
and heat produced by electricity passing through the wire can be conduc-
ted through the ceramic body of each panel emitter and at least part of the
heat can be radiated from the ceramic body to the metallic mesh, wire
screen, or honeycomb assembly and then be transterred to air blown by
the blower between the panel emitters and along the metallic mesh, wire
screen, or honeycomb assembly. Concave or convex surfaces of curved
layers of metallic mesh, wire screen, or honeycomb assembly can face op-
posite directions, can face the panel emitters, or both.
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ELECTRIC RESISTANCE RADIANT FURNACE WITH MESH, SCREEN, OR
HONEYCOMB BETWEEN PANEL EMITTERS

Cross Reference to Prior Applications
This application claims priority to U.S. Patent Application No. 14/941,321 entitled

ELECTRIC RESISTANCE RADIANT FURNACE WITH MESH, SCREEN, OR
HONEYCOMB BETWEEN PANEL EMITTERS, which was filed on November 13,
2015,

Field of the Invention
Various embodiments of this invention relate to electric resistance radiant furnaces,

for example, for heating an occupied space within a building.

Background of the Invention
Various heating devices have been used for heating buildings, for example, in

residential and commercial applications, including fuel burning and electric furnaces.
There are a variety of gas heating units, and electric heating furnaces, as examples, that are
readily available upon the market that provide ample heat. In addition, there are a large
number of infrared space heaters that are useful within a room to provide single space
heating, that are readily available. Electric resistance heaters have been used that utilize
electric resistance wire to convert electrical energy into heat energy. In the past, however,
the heat has typically been transferred directly from the electric resistance wire into the air
that is being heated, and since the surface area of the wire has typically been fairly small,
as the radiant surface was typically limited to the wire only, the wire has had to be very hot
in order to transfer the desired amount of heat to the air. Very hot wires have, among
other things, burned dust and debris in the air and created vapors and caused odors in the
air heated by the furnace. Room for improvement exists over the prior art in a variety of
areas that may be apparent to a person of ordinary skill in the art having studied this

document.

Summary of Particular Embodiments of the Invention
This invention provides, among other things, electric resistance radiant furnaces, for

example, for heating an occupied space within a building. Various embodiments include
panel emitters, for example, having a ceramic body and an electric resistance wire. A

number of embodiments include at least one layer of meta metallic mesh, wire screen, or

1
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honeycomb assembly, for instance, located between multiple panel emitters. Certain
aspects of the embodiments address limitations and flaws in the prior art. Various
embodiments provide, for example, as an object or benefit, that they partially or fully
address or satisfy one or more of the needs, potential areas for benefit, or opportunities for
improvement known in the art, as examples. Various embodiments spread out the heat

with a heat sink before the heat is transferred to the air that is being heated.

Specific embodiments of the invention include various electric resistance radiant
furnaces, for example, for heating an occupied space within a building. In a number of
embodiments, for instance, such an electric resistance radiant furnace includes a blower,
panel emitters, controls, and at least one layer of metallic mesh, wire screen, or
honeycomb assembly, for example, located between the multiple panel emitters. In
various such embodiments, each panel emitter includes a ceramic body and an electric
resistance wire through which electricity passes. In a number of embodiments, for
example, the electric resistance wire is embedded within the ceramic body. Further, in
various embodiments, the controls operate the blower, the multiple panel emitters, or, in

many embodiments, both.

Still further, in many such embodiments, heat produced by each panel emitter is
conducted through the ceramic body of each panel emitter and at least part of the heat
produced by each panel emitter is radiated from the ceramic body to the at least one layer
of metallic mesh, wire screen, or honeycomb assembly. Even further, in wvarious
embodiments, the blower blows air between the multiple panel emitters and along the at
least one layer of metallic mesh, wire screen, or honeycomb assembly and at least part of
the heat produced by each panel emitter is transferred to the air between the multiple panel

emitters.

In some embodiments, the panel emitters or the body thereof has certain relative
proportions, which, in particular embodiments, are oriented in a particular manner. In
some embodiments, for example, the ceramic body of each of the multiple panel emitters
includes an overall length, an overall width that is perpendicular to the overall length, and
an overall thickness that is perpendicular to the overall length and perpendicular to the
overall width. Further, in a number of such embodiments, the overall length is at least two

times the overall thickness and the overall width is at least two times the overall thickness.

2
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Still further, in various such embodiments, the overall length of at least two of the multiple
panel emitters are substantially parallel, the overall width of the at least two of the multiple
panel emitters are substantially parallel, the overall thickness of the at least two of the

multiple panel emitters are substantially parallel, or a combination thereof.

Further, in some embodiments, there is more than one layer of metallic mesh, wire
screen, or honeycomb assembly. In some embodiments, for example, the at least one layer
of metallic mesh, wire screen, or honeycomb assembly includes at least two layers of the
metallic mesh or the wire screen. Even further, in some embodiments, the metallic mesh,
wire screen, or honeycomb assembly has a particular shape. In particular embodiments,
for example, the at least one layer of metallic mesh, wire screen, or honeycomb assembly
is curved. Further still, in some embodiments, the metallic mesh, wire screen, or
honeycomb assembly is oriented in a particular manner relative to the panel emitters. For
example, in certain embodiments, the at least one layer of metallic mesh, wire screen, or
honeycomb assembly includes a concave or convex side facing at least one of the multiple

panel emitters.

Even further still, as another example, in particular embodiments, the at least one
layer of metallic mesh, wire screen, or honeycomb assembly includes at least two layers of
metallic mesh or wire screen, each of the at least two layers of metallic mesh or wire
screen is curved, and each of the at least two layers of metallic mesh or wire screen
includes a concave or convex side facing one of the multiple panel emitters. Moreover, in
certain embodiments, the concave or convex side of each of two of the at least two layers
of metallic mesh, wire screen, or honeycomb assembly face in substantially opposite
directions. Still further, in some embodiments, the at least two of the multiple panel
emitters each includes an inner side facing another panel emitter (e.g., an other of the at
least two of the multiple panel emitters), and in particular embodiments, each inner side is

defined by the overall width and the overall length (i.e., of the body or panel).

Other specific embodiments of an electric resistance radiant furnace include panel
emitters and two layers of metallic mesh, wire screen, or honeycomb assembly and the
panel emitters have a particular shape and orientation with respect to the mesh, screen, or
honeycomb. In many such embodiments, the multiple panel emitters each include a

ceramic body and an electric resistance wire through which electricity passes to produce

3
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heat, and in various embodiments, the electric resistance wire is embedded within the
ceramic body (e.g., similar to as previously described). Further, in a number of
embodiments, the two layers of metallic mesh, wire screen, or honeycomb assembly are
specifically located between the multiple panel emitters. Moreover, in various
embodiments, the ceramic body of each of the multiple panel emitters includes an overall
length, an overall width that is perpendicular to the overall length, and an overall thickness
that is perpendicular to the overall length and perpendicular to the overall width. Still
further, in a number of such embodiments, the overall length is at least two times the
overall thickness, the overall width is at least two times the overall thickness, or both.
Even further, in various such embodiments, the overall length of at least two of the
multiple panel emitters are substantially parallel, the overall width of the at least two of the
multiple panel emitters are substantially parallel, and the overall thickness of the at least

two of the multiple panel emitters are substantially parallel.

In many such embodiments, the at least two layers of metallic mesh, wire screen, or
honeycomb assembly are each curved. Further, in some such embodiments, each of the
two layers of metallic mesh, wire screen, or honeycomb assembly includes a concave or
convex side, for example, facing different ones of the multiple panel emitters. Still
further, in various embodiments, the at least two layers of metallic mesh, wire screen, or
honeycomb assembly each includes a concave or convex side facing one of the multiple
panel emitters. Even further, in some embodiments, the concave or convex side of each of
the two layers of metallic mesh, wire screen, or honeycomb assembly face in substantially
opposite directions. Further still, in certain embodiments, two of the multiple panel
emitters each includes an inner side facing the other panel emitter (e.g., an other of the two
of the multiple panel emitters). Even further still, in particular embodiments, each inner

side is defined by the overall width and the overall length.

Moreover, in various embodiments, the two layers of metallic mesh, wire screen, or
honeycomb assembly each includes metallic mesh, or the two layers of metallic mesh,
wire screen, or honeycomb assembly each includes wire screen, or each includes
honeycomb assembly. Further, in some such embodiments, the electric resistance radiant
furnace further includes a blower and controls that operate the blower and the multiple
panel emitters. Still further, similar to embodiments previously described, in many

embodiments, heat produced by the electric resistance wire of each panel emitter is
4
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conducted through the ceramic body of each panel emitter and at least part of the heat
produced by the electric resistance wire of each panel emitter is radiated from the ceramic
body to at least one of the two layers of metallic mesh, wire screen, or honeycomb
assembly. Further still, in a number of embodiments, the blower blows air between the
multiple panel emitters and along the two layers of metallic mesh, wire screen, or
honeycomb assembly and the at least part of the heat produced by the electric resistance

wire of each panel emitter is transferred to the air between the multiple panel emitters.

Still other specific embodiments include electric resistance radiant furnaces that each
include multiple substantially parallel flat electric resistance panel emitters and two curved
layers of metallic mesh, wire screen, or honeycomb assembly located between the multiple
substantially parallel flat electric resistance panel emitters. In a number of such
embodiments, each of the at least two curved layers of metallic mesh, wire screen, or
honeycomb assembly includes a concave or convex side, for example, facing one of the
multiple substantially parallel flat electric resistance panel emitters. In addition, various
other embodiments of the invention are also described herein, and various benefits of

certain embodiments may be apparent to a person of ordinary skill in the art.

Brief Description of the Drawings

FIG. 1 is a cross-sectional view in orthographic projection of an example of an

electric resistance radiant furnace having at least two panel emitters.

The drawing illustrates, among other things, an example of one embodiment. Various
embodiments may include aspects shown in the drawing, described in the specification
(including the claims), known in the art, or a combination thereof, as examples. Other

embodiments, however, may differ.

Detailed Description of Examples of Embodiments

This patent application describes, among other things, examples of certain
embodiments, and certain aspects thereof. Other embodiments may differ from the
particular examples described in detail herein. Various embodiments are or concern
electric resistance radiant furnaces, for example, for heating an occupied space within a

building. Various embodiments include at least one layer of metallic mesh, wire screen, or
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honeycomb assembly, for example, located between multiple panel emitters. In a number
of embodiments, the furnace is installed in duct work within the building. In some
embodiments, the duct work may be used for air conditioning when not being used for the

furnace, the furnace may be combined with an air conditioning unit, or both.

Various embodiments utilize ceramic electric infrared radiant panel emitters (e.g., 11
and 12 shown in FIG. 1). In a number of embodiments, at least one heat sink is provided,
for example, between or enveloping the panels, and in many embodiments, the heat sink
(e.g., 16, 17, or both) is in the form of a mesh, screen, honeycomb, or heat absorbing
metallic or ceramic material, for example, that allows air to flow through it, so that the
heat generated within the heat sink is transferred to the passing air (e.g., 19) to carry and
conduct it into the room or building (e.g., to heat a home). In some embodiments, panel
emitters are of a low-amperage capacity, resulting in low-amperage consumption. Various
controls (e.g., 13) may be part of or used in conjunction with the furnace (e.g., 10) to
provide time delays, control temperature, efc. In some embodiments, thermostatic and
time delay controls may be used in conjunction with a furnace, for example, that allow for
the buildup of the heat within the heat sink that surrounds or parallels the radiant panel
emitters, for example, so that the blower (e.g., 14) does not come on until there is
sufficient heat available. In some embodiments, a thermostat may turn off the blower
when sufficient heat has been transferred and the temperature of the heat sink has been

reduced below effective heat transferring capacity.

Many embodiments include a casing (e.g., 18), such as a metal casing, a blower (e.g.,
14) within a structure, and a mount that holds a plurality of (e.g., infrared) panel emitters
(e.g., 11 and 12) in association with the blower. A number of embodiments incorporate a
heat sink, for example, in the form of a metallic mesh, wire screen, or honeycomb
assembly (e.g., 16, 17, or both), that is provided between or surrounding the panel emitters
and, in a number of embodiments, in parallel with the panel emitters. In some
embodiments, a housing (e.g., 18) for the system is structured such that it will be
compatible and fit with the existing ductwork of any home, so as to conveniently replace a
gas or electric furnace which may have been previously installed and used within the
facility. Furthermore, in some embodiments, a furnace of this type may be used and
connected in combination with the grid, or be used in an off grid application. In some

embodiments, the furnace (e.g., 10) can be multi-positional. In some such embodiments, it
6
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can provide for up flow, horizontal delivery of heated air (e.g., 19), or provide for a down

flow of the heated air, or a combination thereof.

A number of embodiments include a series of infrared ceramic panel emitters (e.g., 11
and 12), that are mounted upon a mounting plate. In some embodiments, the panels are
surrounded by a heat sink, or have a heat sink therebetween which is made of a metallic
mesh, wire screen, or honeycomb assembly (e.g., 16 and 17) that is capable of absorbing
heat generated from the panels during the operations of the unit (e.g., 10). In different
embodiments, the heat sink may be made of one of various types of material that are
capable of absorbing heat, such as the metallic mesh, wire screen, or honeycomb
assembly. In some embodiments, the heat sink is located surrounding the entire series of
panel emitters within the unit, and in other embodiments, the heat sink (e.g., 16 and 17) is
between the panels. Various types of mass, that is capable of absorbing heat, but at the
same time allows the passage of blower air therethrough, can be used as the heat sink for
particular embodiments. The size of the panel emitters (e.g., 11 and 12) used within the
heater can depend upon the capacity of heat desired to be generated, and can be
determined, size wise, and capacity wise, by the amount of BTUs that are desired to be
generated from the heating unit, during its operations. In addition, the capacity of the
heating unit will also be considered from the standpoint of what type of amperage is
desired to be consumed, and therefore, the lower the BTU generated from the unit, the

lower the amperage that will be consumed during its functioning.

In different embodiments, a squirrel cage or other type of supply fan (e.g., 14) can be
used, which may be operated at a fixed speed, or variable speed, and the fan and panel
emitters can be controlled by controls (e.g., 13), that may include a thermostat, in a
number of embodiments, that provide for the controlled operations of the device (e.g.,
furnace 10). One or more of various types of filters may be located within the structure of
the cabinet and filter the air, for example, as it enters or exits the blower and is passed
through the heat sink and panel emitters. Various types of racks may be used for holding
the filter or filters in place. Some embodiments further include a cooling coil when the
furnace is also to function as an air conditioner for providing cooling to the room or
building in which it is located. Further, some embodiments include more than one set of
panel emitters, for example, depending upon the amount of heat required for the room or

building to be heated.
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In some embodiments, a return conduit may convey some of the heated air that the
heating unit has heated for re-circulating some of the heated air to provide for further
heating to provide higher temperature air, lower humidity, or other conditioning before it
is conveyed by ductwork or piping to a room or other location within the building. In
some embodiments, the heating unit has a short cycle air pass that takes the heated air and
mixes it with the return air, so as to effectively raise the temperature of the return air,
brought back by the blower, and forced through the cabinet end through the panel heat
sinks, to assure that the air reaches the temperature desired for its return and delivery back
to the room during functioning. These can be effectively thermostatically or time
controlled. In various embodiments, electrical controls regulate the operations of the
heating unit, during its functioning. For example, in some embodiments, one or more
thermostats turn on and shutoff of the heating units (e.g., panel emitters and blower) based
on temperature in the occupied space. In some embodiments, the controls also control
activation of cooling coils to provide for the chilling of the air and its transfer by ductwork

into the room or building in which the unit operates.

In some embodiments, panel emitters are mounted within the unit, secured to their
mounting plates, and located by the heat sink. Various heating units can be built of
modularized segments so the components can be shipped as individual units and then
stacked or added to the overall unit when it is assembled at a customer's location. Where
more heat may be needed, additional units, such as 2, 3, or 4, can be added. Where an air-
conditioning unit and its cooling coils are provided, there may be additional air-

conditioning units that may be added as well in order to meet demand.

Various embodiments include a (e.g., low amperage) residential and commercial
radiant heating unit (e.g., 10), including cabinetry (e.g., 18), a series of electric infrared
radiant panel emitters (e.g., 11 and 12) provided therein, said panels being mounted upon a
mounting plate, a metallic or mass heat sink (e.g., 16, 17, or both), for example, between,
surrounding, or paralleling the panel emitters and mounting plates to absorb the heat
generated by the panel emitters during operations of the unit, a blower (e.g., 14) provided
within the cabinetry (e.g., in proximity with the panel emitters), to provide forced air
movement through the heat sink proximate the panel emitters for passage through

ductwork or piping and delivery to a space of a building being heated.
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In some embodiments, there are at least a pair of mounting plates, and electric
infrared ceramic radiant panel emitters (e.g., 11 and 12) having a thickness of at least 1/4”
of ceramic with desired mass are provided upon each mounting plate to provide for
additional heating of the air for delivery (e.g., via the blower) to the building to be
warmed. Further, certain embodiments, include a cooling coil, for example, provided
upon the top of the cabinetry, above the heating unit, to provide for cooling of the air to
furnish delivery of chilled air to the building, when the heating units are turned off. In
particular embodiments, there are thermostatic controls, time controls, or both (e.g., 13),
provided for regulating the operations of the heating unit, the cooling coils, or both, for
example, in response to the ambient temperature to be either heated, or cooled, depending

upon the atmospheric conditions of the building.

FIG. 1 illustrates an example of an electric resistance radiant furnace, furnace 10, for
example, for heating an occupied space within a building. In the embodiment shown,
furnace 10 heats the occupied space (not shown) by heating air 19 that is delivered to the
space. In the embodiment shown, furnace 10 includes blower 14 that moves the air, panel
emitters 11 and 12, and layers of metallic mesh or wire screen 16 and 17 within cabinet or
housing 18. Furnace 10 also includes controls 13 which are shown outside of housing 18,
but in some embodiments, some or all of the controls are located inside the housing. In
many embodiments that include a thermostat (e.g., as part of the controls), the thermostat
can be external to the housing of the furnace. In some embodiments, there is a different
housing for the blower. In some such embodiments, for example, different numbers (e.g.,
1, 2, 3, or 4) of housings for the heating element can be attached (e.g., in series) to a
blower housing depending on the amount of heat that is needed for the particular
application. In some embodiments, different modules that make up a furnace can be

shipped separately so they will be easier to ship and more manageable prior to assembly.

Further, in some embodiments, a larger number of panel emitters can be energized
when the furnace is first turned on, and some of the panels can be turned off once the mass
of panel emitters and heat sink is at a desired temperature. In different embodiments, the
blower (e.g., 14) can be a single speed, two speed, or variable speed fan, as examples, and
can be an axial flow fan or a radial flow or centrifugal fan, as examples. In various
embodiments, supply and return ductwork (not show) can be connected to the housing

(e.g., 18). Furnace 10 is an example of a furnace that incudes multiple panel emitters (e.g.,
9
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11 and 12) and at least one layer of metallic mesh, wire screen, or honeycomb assembly
(e.g., layers 16 and 17 shown). Further in the embodiment illustrated, layers 16 and 17 of

metallic mesh or wire screen are located between or surrounding panel emitters 11 and 12.

In this particular embodiment, each of the multiple panel emitters 11 and 12 include a
ceramic body (i.e., 111 and 121) and an electric resistance wire (i.e., 115 and 125) through
which electricity passes to produce heat. In the embodiment show, the electric resistance
wire (e.g., 115 and 125) is embedded within the (e.g., non-electrical conducting) ceramic
body (e.g., 111 and 121) having a desired mass. Further, in the embodiment shown,
controls 13 operate blower 14 and panel emitters 11 and 12. In various embodiments, the
controls (e.g., 13) turn the blower (e.g., 14) on and off, adjust the speed of the blower, turn
the panel emitters (e.g., 11 and 12) on and off, or a combination thereof, for example, in

response to a thermostat that can be part of the controls.

In many embodiments, heat produced by electricity passing through the electric
resistance wire (e.g., 115, 125, or both) of each panel emitter (e.g., 11, 12, or both) is
conducted through the ceramic body (e.g., 111, 121, or both) of each panel emitter and at
least part of the heat produced by the electric resistance wire of each panel emitter is
radiated (e.g., via infra red radiation) from the ceramic body to the at least one layer of
metallic mesh, wire screen, or honeycomb assembly (e.g., 16, 17, or both). Even further,
in various embodiments, the blower (e.g., 14) blows air between the multiple panel
emitters (e.g., 11 and 12) and along e.g., and through) the at least one layer of metallic
mesh, wire screen, or honeycomb assembly (e.g., layers 16 and 17 in the embodiment
illustrated) and at least part of the heat produced by the electric resistance wire of each
panel emitter is transferred (e.g., via convection) to the air between the multiple panel
emitters. In some embodiments, since the ceramic body is larger than the electrical
resistance wire, the ceramic body is not as hot and, among other things, does not produce
as much odor or vapors as prior art furnaces where a hot wire was exposed directly to the

air that is being heated.

In some embodiments, the panel emitters (e.g., 11 and 12) or the body thereof (e.g.,
111, 121, or both) have certain relative proportions, which, in particular embodiments, are
oriented in a particular manner. In the embodiment shown, for example, ceramic body 121

of panel emitter 12 includes overall length 1 or 122, overall width w or 123 that is

10



[0030]

[0031]

807404.1

CA 030051%1 2018-05-11

WO 2017/083135 PCT/US2016/059860

perpendicular to overall length 1 or 122, and overall thickness t or 124 that is perpendicular
to overall length 1 or 122 and perpendicular to overall width w or 123. Further, in the
embodiment shown, overall length 1 or 122 is at least two times overall thickness t or 124
and overall width w or 123 is at least two times overall thickness t or 124. In a number of
such embodiments, the overall length is at least 2, 3, 4, 5, 6, 7, 8, 9, 10, or 12 times the
overall thickness and the overall width is at least 2, 3, 4, 5, 6, 7, 8, 9, 10, or 12 times the

overall thickness, as other examples.

In the embodiment illustrated, panel emitter 11 has the same overall dimensions as
panel emitter 12 and ceramic body 111 has the same overall dimensions as body 121.
Other embodiments, however, may differ. Still further, in various embodiments, the
overall length of (e.g., at least two of) the multiple panel emitters are substantially parallel,
the overall width of the (e.g., at least two of the) multiple panel emitters are substantially
parallel, the overall thickness (e.g., of the at least two of the) multiple panel emitters are
substantially parallel, or a combination thereof. As used herein, “substantially”, when
referring to an angle (e.g., parallel, perpendicular, opposite, efc.), means to within 10
degrees. In the embodiment illustrated, the overall length (e.g., 1 or 122 shown for panel
emitter 12) of panel emitters 11 and 12 are substantially parallel, the overall width (e.g., w
or 123 shown for panel emitter 12) of panel emitters 11 and 12 are substantially parallel,
and the overall thickness (e.g., t or 124 shown for panel emitter 12) of panel emitters 11

and 12 are substantially parallel.

In the embodiment depicted, there is more than one layer of metallic mesh, wire
screen, or honeycomb assembly. Specifically, in the embodiment shown, the at least one
layer of metallic mesh, wire screen, or honeycomb assembly includes two layers 16 and 17
of the metallic mesh or the wire screen. Some embodiments include a honeycomb
assembly in place or, or in addition to, the metallic mesh or the wire screen. Various
embodiments include at least two layers of the metallic mesh, the wire screen, or the
honeycomb assembly. Some embodiments, for example, include 3, 4, 5, or 6 layers of the
metallic mesh, the wire screen, or the honeycomb assembly, as other examples. Even
further, in some embodiments, the metallic mesh, the wire screen, or the honeycomb
assembly has a particular shape, particular density, or both. In the embodiment illustrated,
for example, layers 16 and 17 of metallic mesh or wire screen are curved (e.g., in the shape

of part of a circle). In different embodiments, the metallic mesh, the wire screen, or the
11
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honeycomb assembly are curved in two dimensions (e.g., as shown) or in three
dimensions, and may form a circle, sphere, or other shape, as another example. Further
still, in some embodiments, the metallic mesh, the wire screen, or the honeycomb
assembly is oriented in a particular manner relative to the panel emitters. For example, in
the embodiment shown, layer 16 of metallic mesh or wire screen includes concave side
169 facing panel emitter 11, layer 16 of metallic mesh or wire screen includes an opposite
convex side facing panel emitter 12 and layer 17 of metallic mesh or wire screen, layer 17
of metallic mesh or wire screen includes concave side 179 facing panel emitter 12, and
layer 17 of metallic mesh or wire screen includes an opposite convex side facing panel
emitter 11 and layer 16 of metallic mesh or wire screen. As a further example, should
centrally-located panel emitters be added to the embodiment illustrated (i.e., between
layers 16 and 17), then layer 16 of metallic mesh or wire screen would include concave
side 169 facing panel emitter 11, layer 16 of metallic mesh or wire screen would include
an opposite convex side facing a centrally-located panel emitter, layer 17 of metallic mesh
or wire screen would include concave side 179 facing panel emitter 12, and layer 17 of
metallic mesh or wire screen would include an opposite convex side facing a centrally-

located panel emitter.

In the embodiment shown, the at least one layer of metallic mesh, wire screen, or
honeycomb assembly includes two layers 16 and 17 of metallic mesh or wire screen, each
of which is curved, and each of which includes a concave side (e.g., 169 and 179) facing
one of the multiple panel emitters (i.e., concave side 169 faces panel emitter 11 and
concave side 179 faces panel emitter 12). Moreover, in certain embodiments, the concave
side of each of two of the at least two layers of metallic mesh, wire screen, or honeycomb
assembly face in substantially opposite directions, and in the embodiment depicted,

concave sides 169 and 179 face substantially opposite directions.

Still further, in some embodiments, the (e.g., at least two of the) multiple panel
emitters each includes an inner side facing another panel emitter (e.g., an other of the at
least two of the multiple panel emitters), and in particular embodiments, each inner side is
defined by the overall width and the overall length (i.e., of the body or panel). In the
embodiment shown, panel emitters 11 and 12 include inner sides 118 and 128,
respectively, facing another panel emitter (i.e., each other). Further still, in the

embodiment shown, each inner side is defined by the overall width and the overall length
12
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(i.e., of the body or panel). For example, inner side 128 of panel emitter 12 is defined by
overall width w or 123 and overall length 1 or 122 in the embodiment illustrated in FIG. 1.
Moreover, in various embodiments, the (e.g., two) layers of metallic mesh, wire screen, or
honeycomb assembly (e.g., 16 and 17) each include metallic mesh, or the two layers of
metallic mesh, wire screen, or honeycomb assembly each include wire screen, or the two
layers of metallic mesh, wire screen, or honeycomb assembly each include honeycomb
assembly. In different embodiments, one or more layers of metallic mesh, wire screen, or
honeycomb assembly include metallic mesh only, include wire screen only, include a
honeycomb assembly only, include both metallic mesh and wire screen, include both
metallic mesh and a honeycomb assembly, include wire screen and a honeycomb
assembly, or include all of a metallic mesh, wire screen, and honeycomb assembly.
Further in other embodiments, where metallic mesh, wire screen, or honeycomb assembly
are indicated herein, another material may be used, for example, a porous material. One
example is a porous ceramic material. Different embodiments, however, can use a

different material.

Still other specific embodiments include electric resistance radiant furnaces that each
include multiple substantially parallel flat electric resistance panel emitters and two curved
layers of metallic mesh, wire screen, or honeycomb assembly located between the multiple
substantially parallel flat electric resistance panel emitters. In the embodiment illustrated,
for example, electric resistance radiant furnace 10 includes multiple substantially parallel
flat electric resistance panel emitters 11 and 12 and two curved layers of metallic mesh or
wire screen 16 and 17 located between the multiple substantially parallel flat electric
resistance panel emitters 11 and 12. Further, in a number of embodiments, each of the two
curved layers of metallic mesh, wire screen, or honeycomb assembly includes a concave
side, for example, facing one of the multiple substantially parallel flat electric resistance
panel emitters. In the embodiment shown, for example, each of the two curved layers 16
and 17 of metallic mesh or wire screen includes a concave side, for example, sides 169 and
179, each facing one of the multiple substantially parallel flat electric resistance panel

emitters, namely, panels 11 and 12.

Other embodiments include four panel emitters, for example, arranged in a square, so
that each panel faces another opposite panel and so that adjacent panels are oriented 90

degrees apart. In a similar example, the panels are arranged in a rhombus or diamond
13
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shape instead of a square, for instance, with acute angles between 60 and 90 degrees, or in
some embodiments, between 75 and 90 degrees. Still another example includes four (e.g.,
flat) panel emitters that are all parallel and in a row, with two panel emitters in the center,
two panel emitters on the sides, and at least one (e.g., two) layers of metallic mesh, wire
screen, or honeycomb assembly between the first and second panel emitter and at least one
(e.g., two) (e.g., additional) layers of metallic mesh, wire screen, or honeycomb assembly
between the third and fourth panel emitter. In some such embodiments, there are two
curved layers of metallic mesh, wire screen, or honeycomb assembly in each location with
concave sides facing in opposite directions, facing two of the panel emitters, or both. In
various embodiments, each panel emitter has a corresponding layer of metallic mesh, wire
screen, or honeycomb assembly, for instance, that includes a concave side, for example,
facing the corresponding one of the (e.g., four, for instance, flat) electric resistance panel
emitters. The embodiment illustrated in FIG. 1 is one example having two panel emitters
11 and 12. Still other embodiments include 3, 4, 5, 6, 7 or 8 panel emitters, as other

examples.

Further, various embodiments of the subject matter described herein include various
combinations of the structure, components, and features described herein, shown in the
drawings, or that are known in the art. Moreover, certain procedures can include acts such
as manufacturing, obtaining, or providing components that perform functions described
herein or in the documents that are incorporated by reference. The subject matter
described herein also includes various means for accomplishing the various functions or
acts described herein, or that are apparent from the structure and acts described. Each
function described herein is also contemplated as a means for accomplishing that function,

or where appropriate, as a step for accomplishing that function.

Further, as used herein, the word “or”, except where indicated otherwise, does not
imply that the alternatives listed are mutually exclusive. Even further, where alternatives
are listed herein, it should be understood that in some embodiments, fewer alternatives
may be available, or in particular embodiments, just one alternative may be available, as

examples.

14



Claims:

L. An electric resistance radiant furnace that accepts an air flow, for heating an
occupied space within a building, the electric resistance radiant furnace comprising:
a blower;

multiple panel emitters, each panel emitter comprising a solid ceramic body and
an electric resistance wire through which electricity passes to produce heat, wherein the
electric resistance wire 1s embedded within the solid ceramic body, so to not be exposed
to the air flow;

at least two curved metallic screens located between the multiple panel emitters,
wherein the at least two curved metallic screens each comprise a concave side facing a
corresponding panel emitter;

a thermostat connected to the electric resistance wires and the blower;
wherein:

wherein:

heat produced by electricity passing through the electric resistance wire of each
panel emitter is conducted from within the ceramic body of each panel ematter;

at least part of the heat produced by the electric resistance wire of each panel
emitter is radiated from the ceramic body to the at least two curved metallic screens;

wherein the electric resistance radiant furnace 1s configured such that the air flow
flows between the multiple panel emitters and along the at least two curved metallic-
screens;

wherein the multiple panel emitters are oriented substantially parallel to a
direction of the air flow;

wherein the at least two curved metallic screens are oriented substantially
parallel to the direction of the air flow from the blower;

the at least part of the heat produced by the electric resistance wire of each panel
emitter is transferred to the air between the multiple panel emitters; and

wherein the thermostat is configured to allow for a buildup of heat proximate the
panel emitter by controlling the turning on of one or more panel emitters, and wherein
the blower does not blow air until a predetermined amount of heat from the metallic

screens is available.
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2. The electric resistance radiant furnace of claim 1 wherein the ceramic body of
each of the multiple panel emitters comprises an overall length, an overall width that is
perpendicular to the overall length, and an overall thickness that is perpendicular to the
overall length and perpendicular to the overall width, wherein the overall length is at
least two times the overall thickness and the overall width is at least two times the
overall thickness, and wherein the overall length of at least two of the multiple panel
emitters are substantially parallel, the overall width of the at least two of the multiple
panel emitters are substantially parallel, and the overall thickness of the at least two of

the multiple panel emitters are substantially parallel.

3, The electric resistance radiant furnace of claim 1 wherein each of the at least two

curved metallic screens comprises at least one of a metallic mesh and wire screen.

4. The electric resistance radiant furnace of claim 2 wherein: the concave or convex
side of each of two of the at least two curved metallic screens face in substantially

opposite directions.

5. The electric resistance radiant furnace of claim 2 wherein: the at least two of the
multiple panel emitters each comprises an inner side facing an other of the at least two
of the multiple panel emitters, wherein each inner side 1s defined by the overall width

and the overall length.

6. An electric resistance radiant furnace that accepts an air flow, the electric
resistance radiant furnace comprising:

a blower;

multiple panel emitters, each panel emitter comprising a ceramic body and an
electric resistance wire through which electricity passes to produce heat, wherein the
electric resistance wire 1s embedded within the ceramic body, so to not be exposed to

the air flow;
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at least two curved metallic screens located between the multiple panel emitters,
wherein the at least two curved metallic screens each comprise a concave side facing a
corresponding panel emitter;

wherein:

the ceramic body of each of the multiple panel emitters comprises an overall
length, an overall width that is perpendicular to the overall length, and an overall
thickness that is perpendicular to the overall length and perpendicular to the overall
width;

the overall length is at least two times the overall thickness;

the overall width is at least two times the overall thickness;

the overall length of at least two of the multiple panel emitters are substantially
parallel;

the overall width of the at least two of the multiple panel emitters are
substantially parallel; and

the overall thickness of the at least two of the multiple panel emitters are
substantially parallel;

wherein the multiple panel emitters are oriented substantially parallel to a
direction of the air flow;

wherein the at least two curved metallic screens are oriented substantially
parallel to the direction of the air flow;

a thermostat connected to the electric resistance wires and the blower; and

wherein the thermostat is configured to allow for a buildup of heat proximate the
multiple panel emitters by controlling the turning on of one or more panel emitters and
wherein the blower does not blow air until a predetermined amount of heat from the

metallic screens is available.
7. The electric resistance radiant furnace of claim 6 wherein: two of the multiple

panel emitters each comprises an inner side facing an other of the two of the multiple

panel emitters, wherein each inner side i1s defined by the overall width and the overall

length.
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8. The electric resistance radiant furnace of claim 6 wherein the at least two curved

metallic screens each comprises wire screen.

9. The electric resistance radiant furnace of claim 6 further comprising:

controls that operate the blower and the multiple panel emitters.

10.  The electric resistance radiant furnace of claim 9 further wherein:

heat produced by the electric resistance wire of each panel emitter is conducted
from within the ceramic body of each panel emitter;

at least part of the heat produced by the electric resistance wire of each panel
emitter is radiated from the ceramic body to at least one of the two curved metallic
screens;

the blower blows air between the multiple panel emitters and along the two
curved metallic screens; and

the at least part of the heat produced by the electric resistance wire of each panel

emitter is transferred to the air between the multiple panel ematters.

11.  An electric resistance radiant furnace that accepts an air flow, the electric
resistance radiant furnace comprising:

a blower;

multiple substantially parallel flat electric resistance panel emitters each
comprising a solid ceramic body and an electric resistance wire through which
electricity passes to produce heat, wherein a majority of the electric resistance wire 1s
embedded within the solid ceramic body so to not be exposed to the air flow;

two curved layers of metallic screen located between the multiple substantially
parallel flat electric resistance panel emitters,

wherein the two curved layers of metallic screen each comprise a concave side
facing a corresponding panel emitter;

wherein the multiple substantially parallel flat electric resistance panel emitters
are oriented substantially parallel to a direction of the air flow;

wherein the two curved layers of metallic screens are oriented substantially

parallel to the direction of the air flow; and
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wherein a thermostat is configured to allow for a buildup of heat proximate the
multiple panel emitters by controlling the turning on of one or more panel emitters, and
wherein the blower does not blow air until a predetermined amount of heat from the

metallic screens is available.

12.  An electric resistance radiant furnace that accepts an air flow, for heating an
occupied space within a building, the electric resistance radiant furnace comprising:

multiple panel emitters, each panel emitter comprising a solid ceramic body and
an electric resistance wire through which electricity passes to produce heat, the electric
resistance wire is embedded within the solid ceramic body, so to not be exposed to the
air flow;

a blower configured to receive air from a return duct; and

at least two metallic screens located between the multiple panel emitters,

a thermostat connected to the electric resistance wires and the blower;

wherein:

heat produced by electricity passing through the electric resistance wire of each
panel emitter is conducted from within the ceramic body of each panel emitter;

at least part of the heat produced by the electric resistance wire of each panel
emitter is radiated from the ceramic body to the at least two metallic screens;

wherein the electric resistance radiant furnace 1s configured such that the air flow
flows between the multiple panel emitters and along the at least two metallic screens;

wherein the at least two metallic screens are oriented substantially parallel to the
direction of the air flow from the blower;

the at least part of the heat produced by the electric resistance wire of each panel
emitter is transferred to the air between the multiple panel emitters;

wherein the thermostat is configured to allow for a buildup of heat proximate the
panel emitter by controlling the turning on of one or more panel emitters, and wherein
the blower does not blow air until a predetermined amount of heat from the metallic
screens is available; and

a short cycle air pass conduit configured to accept a portion of heated air from

between the multiple panel emitters and to convey the portion of heated air to the return
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duct, such that the portion of heated air 1s mixed with return air, and a temperature of the

return air provided to the blower 1s elevated.

13.  The electric resistance radiant furnace of claim 12, wherein the return air’s

temperature is controlled with a thermostat.

14.  The electric resistance radiant furnace of claim 12, wherein the return air’s

temperature is controlled with a timer.

15.  The electric resistance radiant furnace of claim 12, wherein an inlet of the short

cycle air pass conduit is proximate the portion of heated air.

16.  The electric resistance radiant furnace of claim 12, wherein the at least two
metallic screens are curved, and wherein the at least two metallic screens each comprise

a concave side facing a corresponding panel emitter.

17.  The electric resistance radiant furnace of claim 12, wherein the multiple panel

emitters are oriented substantially parallel to a direction of the air flow.

18.  An electric resistance radiant furnace that accepts an air flow, the electric
resistance radiant furnace comprising:
a blower configured to receive air from a return duct;
multiple panel emitters, each panel emitter comprising a ceramic body and an
electric resistance wire through which electricity passes to produce heat, wherein the
electric resistance wire is embedded within the ceramic body, so to not be exposed to
the air flow;
at least two metallic screens located between the multiple panel emitters,
wherein:
the ceramic body of each of the multiple panel emitters comprises an overall
length, an overall width that is perpendicular to the overall length, and an overall
thickness that is perpendicular to the overall length and perpendicular to the overall
width;

20

Date regue/Date received 2023-05-04



the overall length is at least two times the overall thickness;
the overall width is at least two times the overall thickness;
the overall length of at least two of the multiple panel emitters are
substantially parallel;
the overall width of the at least two of the multiple panel emitters are
substantially parallel;
the overall thickness of the at least two of the multiple panel emitters are
substantially parallel;
a thermostat connected to the electric resistance wires and the blower;
wherein the thermostat is configured to allow for a buildup of heat proximate the
multiple panel emitters by controlling the turning on of one or more panel emitters and
wherein the blower does not blow air until a predetermined amount of heat from the
metallic screens is available; and
a short cycle air pass conduit configured to accept a portion of heated air from
between the multiple panel emitters and to convey the portion of heated air to the return
duct, such that the portion of heated air is mixed with return air, and a temperature of the

return air provided to the blower 1s elevated.

19.  The electric resistance radiant furnace of claim 18, wherein the return air’s

temperature 1s controlled with a thermostat.

20.  The electric resistance radiant furnace of claim 18, wherein the return air’s

temperature is controlled with a timer.

21.  The electric resistance radiant furnace of claim 18, wherein an inlet of the short

cycle air pass conduit is proximate the portion of heated air.

22.  The electric resistance radiant furnace of claim 18, wherein the at least two

metallic screens each comprise a concave side facing a corresponding panel emitter.

23.  The electric resistance radiant furnace of claim 18, wherein the multiple panel

emitters are oriented substantially parallel to a direction of the air flow.
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24.  The electric resistance radiant furnace of claim 23, wherein the at least two

metallic screens are oriented substantially parallel to the direction of the air flow.

25.  The electric resistance radiant furnace of claim 18, wherein an inlet of the short
cycle air pass conduit is proximate the portion of heated air, the short cycle air pass
conduit being positioned to receive or service an energy recovery effort from panel
emitters or electrical component heat dissipation during operation, with the short cycle
air pass conduit being further positioned to allow for heat dissipation and removal of

heat to desired location or safety removal.

26.  An electric resistance radiant furnace that accepts an air flow, the electric
resistance radiant furnace comprising:
a blower configured to receive air from a return duct;
multiple substantially parallel flat electric resistance panel emitters each
comprising a solid ceramic body and an electric resistance wire through which
electricity passes to produce heat, wherein a majority of the electric resistance wire is
embedded within the solid ceramic body so to not be exposed to the air flow;
two layers of metallic screen located between the multiple substantially
parallel flat electric resistance panel emitters, wherein the two layers of metallic screens
are oriented substantially parallel to the direction of the air flow;
wherein a thermostat is configured to allow for a buildup of heat proximate the
multiple panel emitters by controlling the turning on of one or more panel emitters, and
wherein the blower does not blow air until a predetermined amount of heat from the
metallic screens is available; and
a short cycle air pass conduit configured to accept a portion of heated air from
between the multiple panel emitters and to convey the portion of heated air to the return
duct, such that the portion of heated air 1s mixed with return air, and a temperature of the

return air provided to the blower is elevated.

27.  The electric resistance radiant furnace of claim 26, wherein the return air’s

temperature is controlled with a thermostat.
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28.  The electric resistance radiant furnace of claim 26, wherein the return air’s

temperature is controlled with a timer.

29.  The electric resistance radiant furnace of claim 26, wherein an inlet of the short

cycle air pass conduit is proximate the portion of heated air.

30.  The electric resistance radiant furnace of claim 26, wherein the two layers of
metallic screen are curved, and wherein the two layers of metallic screen each comprise

a concave side facing a corresponding panel emitter.

31.  The electric resistance radiant furnace of claim 26, wherein the wherein the
multiple substantially parallel flat electric resistance panel emitters are oriented

substantially parallel to a direction of the air flow.

32.  The electric resistance radiant furnace of claim 26, wherein the two layers of
metallic screen are curved, and wherein the two layers of metallic screen each comprise
a concave side facing a corresponding panel emitter; the short cycle air pass conduit
being positioned to the outer most edges encompassing or encasing the panel emitter

and metallic screen and hardware used for panel emitter, metallic screen, and casing.
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