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(57) Abstract

A radiant heating system (30) is provided which includes a tube (34) for radiating heat, and which has a vacuum pump (40) which is
coupled to an upstream end thereof, for establishing negative pressure therein. A plurality of burner assemblies (32) is mounted in series
along a length of the tube, for igniting a combustible gas mixture which is within the tube (34). A metering element (90) is provided for
controlling the firing rate of the burner assemblies (32) under various negative pressure conditions.
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INFRARED HEATING SYSTEM AND METERING ELEMENT

a)(1) TECHNICAL FIELD TO WHICH THE INVENTION RELATES

This invention relates to the art of heating. More particularly, the present
invention relates to a radiant heating system for heating an area. In a further and more
specific aspect, the present invention concerns a metering element for use in

combination with a radiant heating system of the infrared variety.

a)(11) BACKGROUND ART

Heating concerns the process of raising the temperature of an enclosed space for
the primary purpose of ensuring the comfort of the occupants. By regulating the
ambient temperature, heating also serves to maintain a building’s structural, mechanical
and electrical systems.

Radiant heating systems usually employ either hot-water pipes embedded in the
floor or ceiling of a structure, warm-air ducts embedded in the floor, or some form of
electrical resistance panels applied to ceilings or walls. Panel heating is a form of

radiant heating characterized by very large radiant surfaces maintained at modestly

warm temperatures. With many such systems, there is no visible heating equipment
within the structure, which is an advantage in decorating. A disadvantage is the extent
to which a ceiling or floor might be ruined in case of corroded or faulty hot-water piping

where this method is employed.

T'o overcome these and other deficiencies inherent with such radiant heating
systems, the prior art has devised low intensity radiant heating systems of the infrared
variety (hereinafter referred to as “infrared heaters™). Infrared heaters are typically
employ burners which ignite combustible gas within a tube. The tube becomes heated
and emits the heat in the form of radiant energy into a surrounding space or area. This
s contrast to high-intensity infrared heating devices characterized by open flames and

glowing hot ceramic surfaces which emit radiant energy into the space.

AMENDED SHEET



10

15

20

23

CA 02260959 1999-01-13

2

Low intensity infrared heaters are provided in basidally three mechanical
varieties, and have been classified by the American Society of Heating, Refrigeration,
and Air-Conditioning Engineers (ASHRAE) as Type la, Type lb, and Type lc. Type
la infrared heaters, which normally include only single burner systems, involve
atmospheric burners which utilize the natural buoyancy of hot combustion gases to draw
combustion air into a burner mechanism. Type 1b infrared heaters use a mechanical
assist fan at a tflue end of a heaters use a mechanical assist fan at a flue end of a heater
tubing system to draw combustion air into a burner mechanism. These types of systems
can have single or multiple burner mechanisms within the same tubing system, and
generally provide the longest heat exchanger lengths. Finally, Type lc heaters,
sometimes referred to as unitary heaters, us a mechanical assist fan at a burner end of
a heater tubing to force combustion air into a burner mechanism within the same tubing
system, and generally provide the longest heat exchanger lengths. Finally, Type lc
heaters, sometimes referred to as unitary heaters, use a mechanical assist fan at a burner
end of a heater tubing to force combustion air into a burner mechanism. Type 1c¢ heaters
are typically employ a single burner mechanism with minimal lengths of heat exchanger

tubing.

While the number of manufacturers offering Type 1, Type 1b, and Type lc
heaters have increased over the years, the basic operational performance and concepts
associated with the devices has remained remarkably constant. Burners of the Type la
category are typically of a venturi design, mixing air and gas partially within the venturi
section prior to ignition. Burners of the Type 1¢ category .;«ire typically of a nozzle mix
design, mixing air and gas partially within a burner throat before ignition. Burners of
the Type 1b category are typically of a pre-mix configuration, mixing air and gas as
completely as possible before ignition. This is particularly critical in multiple burner
systems, as better mixing is required to avoid difficulties of combustion contamination

at downstream burner locations.

By way of example, US Patent 3,394,886 by Robert G. Budden titled Control
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Device for Gas Burners, describes a radiant tube burner as well as a radiant tube system
whereby the incoming mixture of air and gas are controlled to ensure proportional or
stoichiometric amounts of air and gas to ensure clean and proper fuel combustion. In
this patent, gas supply valves denoted 49 and 29 in Figure | are described in columns
three, lines 47 to column four line 33. The inventor describes the radiant tube gas
burner as providing for “a proportional mixture of air and gas is assured when the
pressure or partial vacuum varies in the pipe 10. Furthermore, this arrangement
described will maintain a proportional mixture of air and fuel when the pressure in the
housing 15 is varied 1n relation to the external air pressure. Also this arrangement will
maintain a proportional mixture ot air and gaseous fuel when the air pressure within the
housing 15 is varied and when the pressure in the pipe 10 is varied simultaneously with

the pressure in the housing”.

In other words, the purpose of gas supply valves 29 and 49 is to ensure a proportional
mixture of air and fuel so that a proper combustible mixture of fuel and air is provided
to the pilot and main flame. Should the vacuum which the burner is being exposed to
decrease or should the pressure in the pipe 10 as denoted in Patent US 3,394,886
(equivalent to “tube” in this patent) increase, there is less suction on the burner,
theretore, the amount of air drawn through the burner will decrease, therefore, in order
to maintain a proportional gas to air mixture which will ignite and fire gas valves 29 and
49 shown 1n figure 1 would decrease the amount of the gas and therefore, decrease the

firing rate or the output of the burner due to the reduced vacuum in pipe 10.

On the other hand, should the vacuum increase in the pipe, in other words, if the
pressure should drop and the suction become greater on the burner, more air is drawn
through the burner, therefore, more gas is required to maintain a proportional mixture,
therefore, valves 29 and 49 would open allowing more gas to flow to maintain a
proportional predetermined mixture of fuel and air through the burner in order to obtain

a clean burning tflame. This proportioning and ensuring a proportional mixture under
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all circumstances results in, as illustrated the output of the burner increasing or
decreasing depending upon the vacuum at which the burner i1s exposed. Therefore,
burners that are exposed to a higher vacuum will have a greater output and burners
which are exposed to a lower vacuum will have a lower output, theretore, in a typical
radiant tube heating system the output of burners along a tube will vary from high to low
depending upon their position along the tube or the pipe. This is very undesirable since
this may create non-uniform heating, whereas in most installations the heating systems

are usually designed to provide a uniform heat and temperature throughout a building.

The current state of the art technology in the industry relative to multiple burner
systems is best illustrated in the product named Co-Ray-Vac® from Roberts-Gordon,
Inc., in Buffalo, New York, or in a derivative product called No-Ray-Vac® from
AmbiRad LTD in the United Kingdom. These products have existed since about 1962.
Each system consists of multiple burners (usually four to six in line for smaller firing
rates, and two to three in line for larger firing rates) operating in series relative one
another along a length of radiant tubing. Systems for these products are designed based
on overall flow volume relationships and capacity of a vacuum which provides negative
pressure on the entire network of tubing. Tubing lengths vary according to selected

heating requirements and desired thermal efficiency, with longer lengths of tubing

providing higher thermal etficiency and a wider heating distribution area.

A typical multiple burner system is comprised of a plurality of gas burners
mounted 1n series along a length of a tube. Each burner is equipped with fuel and air
orifices 1n proportion required for acceptable combustion. A vacuum pump at an end
of the system establishes a negative pressure at each burner which determines the fuel
and airtlow rate through each burner, and also draws combusted gases to an outlet for
proper emission of combusted gases. In such a system, the vacuum pump 1s set at one
predetermined vacuum setting, with the output of the system being alterable by varying

the fuel and air orifices in each burner.
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Because of the large amount of attached heating tubes, this type of multiple
burner system costs substantially more to the user than heaters of the Type Ic
designation. Because of this, and because of the industry market pressures brought to
bear by an ever increasing number of manufacturers of the less expensive unitary type
heater system, designers are faced with a serious dilemma. Longer heat exchangers,

which provide superior performance and heating distribution and efficiency, are

increasingly more expensive to install, while unitary heaters are less expensive to install,

but do not provide the desired performance capabilities.

In an attempt to ease this dilemma, manufacturers of the multiple burner systems
have made burner firing rates larger in an attempt to provide more heating capacity at
lower first user costs. Additionally, manufacturers routinely recommend that minimal
heat exchanger lengths be installed to save money. These attempts give in to the design

dilemma stated above by sacrificing performance for the benefit of first cost.

Physical laws of fluid flow dictate that for a given vacuum pump setting, each
burner in a multiple burner system experiences a different vacuum level. In other
words, the negative pressure differential or vacuum experienced by a burner closer to
the vacuum pump is greater than the negative pressure differential or vacuum
experienced by a burner further from the vacuum pump. Therefore, with current
technology, burners closest to the vacuum pump burn at higher thermal output rates than
burners furthest form the vacuum pump, which burn a lower thermal output rates.
Where all of the burners in a multiple burner system are tated at a given firing rate or
output, only the intermediate burners operates at a nominal rate, which is the most
efficient rate or burning. Accordingly, manufactures are less likely to develop larger
burner systems because the larger the burner, the more difficult it becomes to achieve
clear and complete combustion at downstream, locations. In sum, the ever increasing
vacuum or negative pressure differential along the length of the tube of a system toward

the vacuum pump results in burners nearer the pump operating at rates tar beyond their
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nominal design output. This phenomena results in unacceptable combustion conditions,

which in turn limits burner size.

With respect to the atorementioned Roberts-Gordon Co-Ray-Vac® system,
which is constructed with fixed gas and air metering devices which must also function
as flow metering devices, the change in vacuum assist levels not only varies the firing
rate, but it also varies the fuel air ration, or the relationship of air and gas on a
volumetric level. Because the relative size of the gas metering orifice i1s small as
compared to the air metering orifice, the variation of vacuum changes the relative
proportions of flow of gas or air to the burner. This contributes to poorer combustion
at high vacuum levels. The downstream combustion problem is further compounded
because there is a unique set of fixed gas and air metering devices for each firing rate,
making systems with multiple firing rate burners hard to adjust or control. In sum, the
prior art burners have defined orifices for a balanced fuel and air mixture which relates
to a closely defined vacuum setting. As vacuum settings increase away from the defined
vacuum setting, the ratio of tuel and air becomes increasingly unbalanced, further
contributing to the limitation of incorporating more and larger burners in series while

still maintaining complete and efficient burn outputs.

Due to the inherent fault in current technology that provides for a large firing rate
Inconsistency in a series of burners, large amounts of dilution air are brought into the
system at the first burner to smooth out the inconsistency, and to even out the heat along
the length of the tubing network. The cooling effect of this air decreases the operating
efficiency of the first burner in line, and uses up precious vacuum fan volumetric

capacity that could be more efficiently utilized with additional firing rates capacity.

AMENDED SHEET

’ Thede ey Rl PN B W Ty Rt M M o A b L s 10 125000 Ml WAL 0 1 % TH TR LD Gt i o W sl e i G P LA RN A2 b K T LA L A | RN 1A S A el AT AR A S A Tl x0T Dt U e A A 1R N e B M 1 AR B | e Ll s el Shad NPPD D @ whbd aly 1 o i dlird rid DM AT R AL ey



CA 02260959 1999-01-13

WO 97/40320 | PCT/CA97/00259

10

15

20

25

30

35

7
a) (iii) DISCLOSURE OF THE INVENTION

The present invention provides a radiant
heating system including a tube for radiating heat,
the tube having a downstream end and an upstream
end, a plurality of burner assemblies which are
mounted 1n series along a length of the tube, each
of the burner assembllies being provided with means
for igniting a combustible gas mixture which is
within the tube, and a vacuum pump which is mounted
proximate to the upstream end for establishing
negative pressure within the tube. The invention is
characterized in having metering means for mixing
the combustible gas mixture and for controlling the
flow of the combustible gas mixture through each of
the burner assemblies for maintaining a nominal
combustion rate within the tube under variable
negative pressure conditions.

The present invention also provides a burner
assembly for a radiant heater, the radiant heater
including a tube for radiating heat provided from
the burner assembly and a vacuum pump for
establishing negative pressure within the tube, the
burner including a gas inlet, an air inlet, a mixing
chamber for mixing fuel gas which is received from
the gas 1nlet with air which 1s received from the
alr inlet, thereby to form a combustible gas
mixture, and a combustion assembly for receiving the
combustible gas mixture from the mixing chamber and
for igniting the combustible gas mixture within the
tube. The invention is characterized in having a
metering element, which is carried by the mixing
chamber, for selectively regulating the mixing of
the air and the fuel gas, and for regulating the
flow of the combustible gas mixture to the
combustion assembly. '
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Such radiant heating system or burner assembly“
for a radiant heater is preferably characterized in
that each of the burner assemblies includes a mixing
chamber having an inlet for receiving fuel gas, an
open upper end for receiving air, the mixing chamber
for mixing fuel gas and the air to form the
combﬁstible gas, and an open lower end for expelling
the combustible gas to be ignited within said tube.

Such radiant heating system or burner assembly
for a radiant heater is preferably characterized in
that the metering means includes a metering plate,
which 1s positioned proximate to the open upper end
of the mixing chamber, for regulating the passage of
air through the open upper end. Preferably, the
metering plate is characterized in including a
plurality of apertures which are formed
therethrough, each of the apertures being
selectively sized for allowing a predetermined
volume of air to pass therethrough. The metering
plate 1is still further preferably characterized in
including an aperture which is selectively
adjustable between a first position for passing a
maximum volume of air therethrough, and a second
position for passing a minimum volume of air
therethrough. The metering means is yet still
further characterized in including a choke plate
which 1s positioned proximate to the open end of the
mixing chamber, for regulating the passage of
combustible gas through the open lower end, e.g.,
where the chok: plate includes a plurality of
apertures which are formed therethrough, each of the
apertures beling selectively sized for allowing a
predetermined volume of the combustible gas mixture
to pass therethrough.

The present 1invention still further provides a

burner assembly for a radiant heater, the radiant
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heater including a tube for radiating heat provided
from the burner assembly and a vacuum pump for
establishing negative pressure within the tube, the
5 burner assembly including a gas inlet, and an air

inlet. The invention is characterized in having a
metering chamber for mixing fuel gas which has been
received from the gas inlet with air which has been
received from the air inlet to form a combustible

10 gas mixture. The metering chamber is further
characterized in also including means for
selectlively regulating the mixing of the air and the
fuel gas, and for further requlating the flow of the
combustible gas mixture to a combustion assembly for

15 igniting the combustible gas mixture within the
tube.

Such burner assembly is characterized in that
the metering chamber includes a conduit having an
inlet for receiving fuel gas, an open upper end for

20 receiving air, and an open lower end for expelling
the combustible gas mixture to the combustion
assembly. The metering element is further
characterized 1n being pivotally housed within the
condulit for selectively regulating the passage of

25 alr through the open upper end, and for further
regulating the passage of the combustible gas
mixture through the open lower end, the metering
element belng pivotally movable between a first
configuration for allowing a minimum volume of air

30 to pass through the open upper end, and a second
configuration for allowing a maximum volume of air
to pass through the open upper end. The metering
element 1is still further characterized in including
a metering plate which 1s positioned proximate to

35 the upper open end, a choke plate which is disposed
in spaced-apart relation relative to the metering
plate prdximate to the open lower end, and a neck

SUBSTITUTE SHEET (RULE 26)
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interconnecting the metering plate with the choke
plate, the metering element being pivotally
adjustable between a first position for allowing a
minimum volume of ailr to pass through the open upper
end, and a second position for allowing a maximum
volume of air to pass through the open upper end.
The metering chamber is yet further characterized 1n
that includes an adjustment screw which is disposed
in cooperative relationship with the conduit and the
metering element, the adjustment screw belng
selectively rotatable for selectively adjusting the
metering element between the first configuration,
and the second configuration. Preferably, such
metering element is characterized in including a
plurality of apertures which are formed
therethrough, each of the apertures being
selectively sized for allowing a predetermined
volume of air to pass therethrough.

The present invention also provides a method of
heating which includes the steps of providing a tube
for radiating heat, the tube having a downstream end
and an upstream end, providing a plurality of burner
assemblies, each of the burner assemblies having a
firing rate and being mounted in series along a
length of the tube, each of the burner assemblies
being for igniting a combustible gas mixture
proximate to a combustion assembly which is suitably
located within the tube, and establishing negative
pressure within the tube. The inventive method 1is
characterized in the controlling of the firing rate
of each of the burner assemblies proximate a nominal
firing rate. |

The method is further characterized 1in that the
step of controlling the firing rate of each of the
burner assemblies includes the step of controlling

the flow of combustible gas mixture to the
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combustion assembly. Preferably, the step of B
controlling the flow of combustible gas mixture to
the combustion assembly is further characterized by
including the steps of controlling the mixing of the
combustible gas within the mixing chamber of each of
the burner assemblies, and regulating the flow of
the combustible gas within the mixing chamber. The
step of controlling the mixing of the combustible
gas is further preferably characterized in including
the step of controlling the flow of air into the
mixing chamber, the mixing of the air and a fuel gas
communicated therein thereby forming the combustible

gas mixture.
The method is still further characterized 1in

that the step of controlling the flow of air further
includes the step of providing a metering plate,
which is selectively adjustable for allowing a
predetermined volume of air to pass into the mixing
chamber through the open upper end. Preferably, the
step of providing a metering plate is characterized
in including the step of providing the metering
plate with a plurality of apertures which are
selectively configurable to allow a selected volume
of air to pass into the mixing chamber. Preferably,
the step of providing a metering plate 1is still
further characterized in including the step of
providing the metering plate with a metering
aperture which is selectively adjustable between a
first configuration for passing a maximum volume of
air into the mixing chamber, and a second
configuration for passing a minimum volume oOf air
into the mixing chamber.

still more preferably, the step of regulating
the flow of the combustible gas from the mixing

chamber is further characterized in including the
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step of providing a choke plate which is selectively
adjustable for allowling a predetermined volume of

combustible gas to pass into the combustion assembly

of each of the burner assemblies through an open
lower end to be 1gnited, Yet still more preferably,
the step of providing a choke plate 1is further
characterized in including the step of providing the
choke plate with a plurality of apertures which are
selectively configurable to allow a selected volume
of combustible gas to pass therethrough and into the
combustion assembly of each of the burner
assemblies.

The advantageous effects of the present
invention include the following: 1t provides a new
and improved radiant heating system; it provides a
new and improved burner assembly for use 1n a
radiant heating system; it provides a new and
improved burner assembly for operating under varying
vacuum or other negative pressure conditions; it
provides a new and improved radiant heatling system
that is efficient; it provides a new and improved
burner assembly that 1s easily and selectively
adjustable for ensuring efficient firing or burn
rate under varying vacuum or other negative pressure
conditions; 1t provides a new and improved metering
element for regulating the mixing of air and gas

within a burner assembly and for regulating the flow

of a combustible gas mixture at varying vacuum oY
other negative pressure conditions; it provides a
new and improved metering element that may be used
in combination with existing technology; it provides
a new and improved radiant heating system which
operates to reduce combustion emissions, e.qg.,
carbon monoxide and nitrous oxide; it provides a new

and improved radiant heating system having larger
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firing rate burner assemblies; it provides a new and -
improved radiant heating system that conserves
energy; and it provides a new and improved radiant
heating system having the capacity for utilizing an
extremely high number of individual burner
assemblies which are connected in seriles.
a) (iv) BRIEF DESCRIPTION OF THE FIGURES OF THE
DRAWINGS

In the accompanying drawlngs:

FIG. 1 1s a perspective view 1llustrating portions

of a low intensity infrared heating system;

Fig. 2 1s a perspective view of a low 1intensity
heating system as it would appear utilized in combination

with a structure;

Fig. 3 1s a side elevational view of a burner

assembly;

Fig. 4 1is a top elevational view of the burner

assembly shown in Fig. 3;
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Fig. 5 1s a front elevational view of the burner

assembly shown in Fig. 4;

F1g. 6 1s an enlarged perspective view of a metering

element:;

Fig. 7 1s a top elevational view of the metering

element shown in Fig. 6;

Fig. 8 1s a side elevational view of the metering

element shown in Fig. 6;

Fig. 9 1s a rear elevational view of the metering

element shown in Fig. 6;

Fig. 10 is an enlarged fragmentary perspective view

of an alternate embodiment of a metering element;
Fig. 11 1s an enlarged perspective view of a
metering chamber, with portions therein broken away for

the purpose of iliustration; and

Fig. 12 1is a side elevational view of the metering

chamber shown in Fig. 11.
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a) (v) BEST MODES CONTEMPLATED FOR CARRYING OUT THE
INVENTION |

Turning now to the drawings in which like reference
characters indicate corresponding elements throughout the
several views, attention 1is first directed to TFig. 1
which illustrates a heating system being generally
designated by the reference character 30. Heating system
30 is of the infra-red type typically used for emitting
heat in the form of radiant energy into an area to be
heated.

As can be seen in Fig. 1, heating system 30 includes
a burner assembly 32 carried upon portions of a reflector
element 33. Although only one burner assembly 1s shown
for purposes of 1llustration, it will Dbe readily
understood that a plurality of burner assemblies may be
used as selectively desired for use in a larger heating
system. The reflector element 33, having a generally
inverted U-shaped configuration, partially encompasses
tube 34 and functions as a means for directing the
radiant energy or heat from tube 34 1into a selected area.
Tube 34, having a substantially elongate configuration,
an upstream end 35, and a dowstream end (not herein
specifically shown) 1is comprised of a plurality of tube
elements 36 each of which are courled together by means
of wrap around couplings 38. As will be further
discussed, burner assembly 32 1s operative for i1gniting a
combustible gas within tube 34 for providing heat to tube
34. The tube 34 absorbs the heat provided £from Cthe
burner assembly 32 and emits or radiates the heat
therefrom for providing heat to a selected area, with the
reflector element 33 being operative for maximizing the
reflaction of the radiant energy emitted by the tube 34
to the selected area. The 'heating system 30 further

includes a vacuum pump 40 coupled upstream end 35 of tube
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34 which is operative for providing a negative pressure
atmosphere within tube 34 which draws fuel gas and air
through burner assembly 32 and which further draws the
heat provided from burner assembly 32 through tube 34,
5 further details of which will be herein further

discussed. Additionally, the vacuum pump 40 includes an

exhaust pipe 42 having an exhaust outlet 44 for emitting
combusted gases or by-products produced from the

combustion taking place within tube 34 to the outdoor

10 atmosphere.

Heating system 30 may be of any preferred length or
configuration, and may be utilized with one Dburner
assembly 32 for providing radiant heat to a relatively

15 small area, or a plurality of burner assemblies IoOr
providing radiant heat to a larger area. In typical
operation, heating system 30 is normally suspended from a
ceiling of a structure by means of hangers, such as
hanger 46 illustrated in combination with Fig. 1.

20

For instance, Fig. 2 illustrates how heating system
30 may be installed in combination with building 50 for
providing heat to the building 50 for maintaining the
temperaﬁtdre within the building 50 proximate a desired

25 temperature range for providing comfort to the
inhabitants therein. Preferably suspended from the
ceiling of building 50 (not hereln specifically shown),
heating system 30 1includes a plurality of Dburner
assemblies 32 carried by portions of reflector element 33

10 and further coupled in series along the length of tube 34
(not herein specifically shown) each for providing heat
to tube 34, of which will be further explained as the
detailed description ensues. Further shown 1s vacuum

pump 40 operative for introducing negative pressure

SUBSTITUTE SHEET (RULE 26)



CA 02260959 1999-01-13

WO 97/40320 | PCT/CA97/00259

5

10

15

20

25

30

17
within tube 34 for drawing the heat provided from each

burner assembly 32 through the system.

Heating system 30 as herein discussed 1s of the type

such as the Co-Ray-Vac® low-intensity heating system

provided from Roberts-Gordon, Inc., 1n Buffalo; New York,
or a derivative product called the No-Ray-Vac continuous
radiant tube heating system provided from AmbiRad, LTD,
in the United Kingdom. All of the elements and
operational features herein discussed in combination with
heating system 30 are typical with these above referenced
systems, further details of which will not be herein

discussed as they will be readily understood by those

having ordinary skill in the art.

Attention 1s now directed to Fig. 3, which
illustrates details of burner assembly 32. Burner
assembly 32 is of the type provided 1in combination with
the radiant heating systems provided from Roberts-Gordon,
Inc., in Buffalo, New York, or AmbiRad, LTD, in the
United Kingdom. As can be seen, burner assembly 3¢
includes a burner housing 60 with a gas 1inlet 62
extending therein. The gas inlet 62 1s 1n gaseous
communicétion with a zero regulator 64 which 1s further
in gaseous commun:};ation with a solenoid assembly 66.
The solenoid assembly 66 1s further 1in  gaseous
communication with mixing chamber 68 by means of an inlet
73 formed through portions of mixing chamber 68. Mixing
chamber includes an open lower end 69 coupled in gaseous
communication to a combustion assembly 70 having a burner
cup 72 housed within tube 34. The mixing chamber 68
further includes an open upper end 74 which 1s 1n gaseous

communication with an air inlet 76 formed through

portions of burner housing 60.
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In operation, burner assembly 32 is operative for

providing heat to tube 34. In particular, when heanting
system 30 1s actuated, vacuum pump 40 becomes engaged
thereby introducing negative pressure within tube 34. As
a result of the negative pressure, fuel gas (not herein
specifically shown) passes through gas inlet 62 and is
drawn 1into mixing chamber 68 through inlet 73, while air

provided from the external environment is drawn through
alr inlet 76 and into mixing chamber 68 through open
upper end 74. The air and the fuel gas, which may be of
any preferred type such as propane gas, natural gas, or
other suitable 1ignitable fuel substance having similar
burnirg characteristics, are drawn together into mixing
chamber 68 where they become mixed together to form a
combustible gas. Further due to the negative pressure
provided by vacuum pump 40, the combustible gas is then
drawn through open lower end 69 of mixing chamber 68,
lgnited by means of ignitor element 78 to produce a flame
(not herein specifically shown) which is then supported
by flame support grid 80 for communicating the flame into
tube 34 for heating tube 34, tube 34 being then operative
for radiating the heat in the form of radiant energy to

all area.

With continuing réference to Fig. 3, and additional
reference to Fig. 4 and Fig. 5, carried within mixing
chamber 68 1s seen a metering element 90. The metering
element functions as a metering means for regulating or
controlling the mixing of the combustible gas and for
regulating or controlling the flow of the combustible gas
through the open lower end 69 of the mixing chamber 68
for controlling the firing rate of burner assembly 32
proximate the combustion assembly 70 for maintaining a
nominal combustion rate within tube 34 proximate the

combustion assembly 70 under variable negative pressure
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conditions. In particular, when a plurality of burner

assemblies are coupled in series along the length of tube
34, each burner assembly 32 1is exposed to a different
negative pressure environment within tube 34. In a
further respect, the burner assembly 32 closest to the
vacuum pump 40 experiences a high degree of negative
pressure, whereas each successlive burner assembly 32
disposed 1in increasingly remote relation relative vacuum
pump 40 experience a progressively decreasing level of
negative pressure along the length of tube 34. Through
the selective regulation of the mixing and the flow of
combustible gas 1nto the combustion assembly 70 of each
burner assembly 32 with use of metering element 90, the
combustion rate of each burner assembly 32 proximate the
combustion assembly 70 can be normalized so that each
burner assembly 32 1is firing at approximately the same

thermal output.

Consistent with the foregoing, attention 1s now
direct=d to Fig. 6 which 1llustrates an enlarged view of
metering element S0. As can be seen, metering element
30, preferably constructed of stainless steel or other
suitable substance, 1is preferably comprised of a metering
plate 92} a choke plate 94 disposed 1n spaced-apart
relation relative metering plate 92 and each defining
substantially paral"lel planes, and a neck 96 disposed
therebetween and interconnecting metering plate 92 with
choke plate 94. Metering plate 82, further details of

which can be seen in combination with Fig. 7 and having a
generally square configuration, 1includes an upper surface
08, a lower surface 100, a front edge 102, two side
edges, 104 and 106 respectively, a rear edge 108 from
which is integrally attached an upper end of neck 96, and

a plurality of apertures 97 formed therethrough. Choke

plate includes an upper surface 110, a lower surface 112,
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a semi-annular leadling edge 114, two outwardly divergent

side edges, 116 and 118 respectively, extending from a
rear edge 120 of which is integrally attached a lower end
of neck 96, and a plurality of apertures 122 formed

therethrough.

The neck 96, further details of which can be seen in
combination with Fig. 8 and Fig. 9, includes a lower neck
portion 124 extending upwardly from the choke plate 94,
and an upper neck portion 126 extending in an upwardly

divergent and rearwardly extending fashion from the lower

neck portion 124 and having an upper end 1integrally

attached to rear edge 108 of metering plate 92. The
lower neck portion 124, having a generally elongate
configuration, 1includes a front surface 128, a rear
surface 130, and side edges, 132 and 134. Upper neck

portion 126 i1ncludes a front surface 136, a rear surface
138, and two upwardly and outwardly divergent side edges,
140 and 142.

Consistent with Fig. 3, Fig. 4, and Fig. 5, metering
element 1s suitably carried within mixing chamber 68,
with metering plate 92 disposed proximate open upper end
74, and choke plate 94 disposed proximate open lower end
69. When heating system 30 is actuated, and air 1s belng
drawn 1nto mixing"chamber 68, apertures 97 disposed
through metering plate 92 function to allow only a
predetermined volume of air to pass therethrough and into
mixing chamber 68, while apertures 122 proximate the

choke plate 84 allow only a predetermined volume of

combustible gas to pass therethrough and 1into the

combustion assembly 70 for ignition. Apertures 87 and
apertures 122 are selectively configurable for
controlling flow rate. In particular, apertures 97 and

apertures 122 may be selectively sized or selectively
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numbered to allow a predetermined and selected amount of
air and combustible gas, respectively, to pass
therethrough as selectively desired. For burner

assemblies that experience large‘ amounts of negative
5 pressure, apertures 97 and apertures 122 may Dbe
selectively sized or numbered for allowing a smaller
volume of air and combustible gas, respectively, to pass
therethrough, whereas for burner assemblies lJocated at
increasing remote locations from vacuum pump 40 which 1n
10 turn experience increasingly smaller levels of negative
pressure, apertures 97 and apertures 122 may Dbe
selectively sized or numbered for allowing a larger
volume of air and combustible gas to pass therethrough.
As such, the firing rate of each burner assembly 32 may
15 be selectively controlled so that each fire at a nominal

rate.

In further respect, the volume of air introduced

into each mixing chamber 68 of each burner assembly 32

20 disposed in series along the length of tube 34 can be
selectively regulated for regulating the burn or firing
rates of each burner assembly proximate combustion
assembly 70. In other words, the more air flow 1into the
nixing chamber 68, the larger the firing rate the

25 combustion assembly /0. As such, the ratio of air to
fuel gas to form the combustible gas can be effectlvely
and easily controlled for providing each burner assembly
32 with a proper mix of fuel gas to ailr relative a
specific negative pressure differential or vacuum for

30 allowing burner assembly 32 €O oberate at a nominal burn
rate. Furthermore, the volume of combustible gas
introduced into each combustion assembly 70 of each
burner assembly 32 disposed in series along the length of

tube 34 can be selectively regulated or controlled for

35 requlating the burn or firing rates of each burner
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assembly. - In other words, the lower the volume “of
combustible gas introduced into combustion assembly 70,
the lower the firing or output rate, while thé higher the
volume of combustible gas introduced into the combustion

5 assembly 70, the higher the firing or output rate.

Instead of using apertures 97 and apertures 122 as a
means for regulating the passage of air into the m1lxXlng
Chamber 68, and for regulating the passage of combustible

10 gas from the mixing chamber into the combustion assembly

70, respectively, Fig. 10 illustrates how an adjustable

aperture may be used. As can be seen in Fig. 10, instead
of metering plate 82, disclosed is a metering head 148
having a metering aperture 150 selectively adjustable
15 between a first configuration for allowiﬁg a maxlimum
volume of alr pass therethrough, and a second

configuration for allowing a minimum volume of air pass

therethrough.
20 Metering head 148 includes a continuous rim 152
formed in a substantially square configuration.

Continuous rim 152 includes an upper surface 154, a lower
surface 156, a front edge 158, a rear edge 160, two side
edges, 162 and 164, and a continuous inner surface 166
25 which defines metering aperture 150. Further included is
a plate element 170 slidably disposed in an elongate slot
172 formed through portions of front edge 158. Plate
element 170 can be seen as having a substantially planar
upper surface 174, a substantially planar lower surface
30 176, two side edges, 178 and 180, a rear edge 182, and a
front edge (not herein specifically shown) extending
inwardly through elongate slot 172 and proximate metering

aperture 150.
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Plate element 170 may be selectively and slidably

disposed from the first configuration where metering
aperture 150 is largest for allowing a Jlarge volume of
air to pass therethrough, and inwardly 1in the direction
indicated by the arrowed line A for selectively varying

the size of metering aperture 150 until metering aperture

is eventually closed in the second configuration for

‘allowing only a minimum volume of air to pass

therethrough, which would be negligible. As a sultable

means for adjusting plate element 170, provided an

attachment 190 extending upwardly from rear edge 182 and

15

20

30

35

having an aperture 192 formed therethrough, an upper end
194, an outer surface 196 and an 1inner surface 198.
Rotatably carried within aperture 192 is a screw 200
having a headed end 202 disposed proximate outer surface
196 of attachment 190, an elongate threaded portion 204,
and a free end (not herein specifically shown) threadably
received by a threaded aperture 206 formed through a
flange 208 extending upwardly from portions of upper
surface 154 of continuous rim 152 proximate front edge
158.

In operation, plate element 170 may be selectively
slide or disposed into metering aperture 150 by rotating
screw 200 in the appropriate direction thereby urging
plate element 170 into metering aperture 150 for
selectively varying the size of metering aperture 150.
When slide, side edges 178 and 180 of plate element ride
and reside within portions of a groove 210 formed within
portions of continuous inner surface 166 of continuous
rim 152. Thus, metering aperture 150 1s selectively
adjustable between the first configuration as shown 1n
Fig. 10 for allowing a maximum volume of alr to pass

therethrough, and the second configuration (not herein

specifically shown) for allowing a minimum amount of alr
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to pass therethrough. as has been herein intimated, in

the second configuration, the plate element 170 would
completely obstruct metering aperture 150 thereby
allowing a minimum volume or little or no air to pass
therethrough. Between the first configuration and the
second configquration, plate element 170 may be

selectively positioned for adjusting metering aperture

150 to be of a selected and desired size for allowing a
selected volume of air to pass therethrough depending on
the varying negative pressure conditions present, details

of which have been herein previously discussed.

Rlthough not herein specifically shown, an
adjustable aperture as discussed above may similarly be
used in combination with the choke plate as selectively

desired.

Attention 1s now directed to Fig. 11 and Fig 12,
which 1llustrate an embodiment of a metering chamber
usable in combination with a selected burner assembly 32,
the metering chamber being generally designated by the
reference character 220. In this embodiment, metering
chamber 120 would take the place of mixing chamber 68
illustrated in combination with Fig. 3, Fig. 4, and Fig.
5. In this embodiment, metering chamber 220 includes a
conduit 222 having a continuous sidewall 224 with an
continuous outer surface 226, a continuous inner surface
228 defining a bore 229, an open upper end 230, and an
open lower end 232 having an outwardly extending annular
flange 234 for coupling proxir:te portions of burner
assembly 32, details of which will not be herein
specifically discussed. As can Dbe seen in Fig. 11,
continuous sidewall 224 is composed of a generally planar

sidewall section 236, and a generally annular sidewall

section 238.
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Like mixing chamber 63 previously discussed and
being preferably constructed of stainless steel or other
suitable material, condult 222, which may have be of any

preferred shape o¢r configuration, 1s operative Tor

LW 1

receiving air through open upper end 230 and fuel gas
through 1nilect 240 rrom a gas 1nlet (not hereln
specifically shown), inlet 240 shown as extendilng througn
portions of the annular sidewall section 238 orC
continuous sidewall 224. Carried within bore 229 1s seen
10 a metering element 242 and having the same general
structural characterlstics as metering element 90
discussed in combination with Fig. 6, Fig. 7, Fig. 8, and

Fig. 9.

15 Like metering element 90, metering element 242
includes a metering plate 244 positionea proximate open
upper end 230, a choke plate 246 in spaced apart relation
relative metering plate 244 and positioned proximate open
lower end 232, anc a neck 248 interconnecting metering

20 plate 244 with choke plate 246, the metering plate 244
and the choke plate 246 defining substantially parallel
olanes. Metering plate 244 can be seen as further
incluaing a plurarlty of aperturss 250 formed
therethrough that may be selectively sized or numbered

75 for allowing a selected volume of air pass therethrougn
and into bore 229 as selectively desired for controlling
the mixing of air and fuel -gas, detalls of which have
been herein previously discussed. ©Unlike choke plate 54
discussed in combination with metering =lement 90, choke

30 plate 246 is a solid piece having no apertures extendlng
therethrough. However, it will be readily appreciated

that choke plate 246 may be formed with apertures 1=

desired for controlling the flow of combustibie gas

through the open lcocwer end 232.
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With continuing reference to Fig. 11, and further

reference to Fig. 12, metering element 242 may Dbe
selectively disposed between a first configuration and a
second configuration, to be herein discussed. One such
5 preferably means of carrying out this function is by
pivotally mounting metering element 242 within bore 229
of conduit 222. In particular, extending Chrough a first
threaded aperture 256 formed through portions of planar
sidewall section 236 proximate open upper end 230 of

10 condult 222 1s a screw 258 having a headed end 260 and a

free end (not herein specifically shown) threadably
coupled to a pivot mount 262 carried by portions of neck
248 . Furthermore, extending first through a spacer
element 268 positioned proximate portions of the
15 continuous outer surface 226 of planar sidewall section
236 of conduit 222 proximate open lower end 232, and then
through a second threaded aperture 270 formed through
portions of planar sidewall section 236 proximate open
lower end 232 of conduit 222 is an adjustment screw 272
20 having a knob 274, an elongate threaded member 276
extending outwardly therefrom and terminating with a free

end 278. Free end 278 bears against an outer surface
248A of neck 248.

25 As has been herein intimated, apertures 250 may be
selectively sized or numbered for allowing a desired
volume of air pass into bore 229 of conduit 222. As fuel
gas passes through inlet 240, and air passes through the
open upper end 230 through the apertures 150 formed
30 through metering plate 244, the air and the fuel gas mix

together in bore 229 and then pass or expel from bore 220
through open lower end 232, with the choke plate 246
being operative for regulating the volume of combustible

gas passing therefrom.
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To adjust metering chamber 220, adjustment screw 272

may be selectively and manually rotated by grasping
adjustment screw 272 and rotating in the appropriate
direction for urging free end 278 against outer surface
S 248A of neck 248 for pivoting the metering element in the
direction 1indicated by arrow B in Fig. 11. As such, the
metering element 242 may be selectively adjusted by
pivoting the metering element 242 from a first
configuration of which can be seen in Fig. 11 and Fig. 12
10 for allowing a minimum volume of air to pass through open
upper end 230, and a second configuration for allowing a
maximum volume of air to pass through open upper end 230
(not herein specifically shown), the metering element 242
being pivotable about pivot mount 262. In the first
15 configuration, 1t c¢an be seen that metering plate 242
substantially encompasses open upper end 230, with the
volume of air passing therethrough into bore 229 being
limited by the selective size and number of apertures
250. In the second configuration, metering element 242
20 may be pilvotally urged 1in the direction indicated by
arrow B 1n Fig. 11 such that metering plate 244 becomes
angled apart from open upper end 230 thereby allowing a
maximum volume of ailr to pass therethrough and into bore
229. The metering element 242 may be displaced at any
25 desired position intermediate the first configuration and
the second configuration as selectively desired for
regulating the volume of air passing into bore 229, and
for selectively regulating the passage of combustible gas
through open lower end 232 as needed with respect to the
30 varying negative pressure conditions existent along the

length of a selected heating system such as heating

system 30.
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a) (vi) THE WAY THE INVENTION IS CAPABLE OF
EXPLOITATION IN INDUSTRY

The new and lmproved radiant heating system and
the new and i1mproved burner assembly for use in such
radiant heating system of the present invention is
Capable of exploitation by industry since it can be
operated efficiently under varying vacuum or other
negative pressure conditions. It is easily and
selectively adjustable for ensuring efficient firing
Oor burn rate under varying vacuum or other negative
pressure conditions. The new and improved metering
element efficiently regulates the mixing of air and
gas within a burner assembly and regulates the flow
of a combustible gas mixture at varying vacuum or
other negative pressure conditions. It may be used
1n combination with existing technology. Such
operates to reduce combustion emissions, e.g.,
carbon monoxide and nitrous oxide. Such new and
improved radiant heating system has larger firing
rate burner assemblies while conserving energy.
Finally, such new and improved radiant heating
system has the capacity for utilizing an extremely

high number of individual burner assemblies which

are connected in series.
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CLAIMS

L. A radiant heating system including a tube for radiating heat, said
tube having a downstream end and an upstream end, a plurality of burner
assemblies which are mounted in series along a length of said tube, each of
said burner assemblies being provided with means for igniting a
combustible gas mixture which is within said tube each burner assembly
including a mixing chamber for mixing fuel gas received from a agas inlet,
with air received from an air inlet to form a combustible gas, each burner
assembly including a combustion assembly for receiving said combustible
gas from said mixing chamber, and for igniting said combustible gas within
said tube, and a vacuum pump which is mounted proximate to said
upstream end for establishing negative pressure within said tube,
characterized in having metering means in the form of a metering element,
carried by said mixing chamber, for selectively regulating the mixing of the
air and the fuel gas, and for further regulating the flow of said combustible
gas to said combustion assembly, said metering element also for mixing
said combustible gas mixture and for controlling the tlow of said
combustible gas mixture through each of said burner assemblies for
maintaining each burner assembly at substantially the same uniform
nominal combustion rate within said tube under variable negative pressure
conditions, thereby maintaining a substantially uniform heating rate along
the length of said tube which is under variable negative pressure conditions,
and further characterized in that each of said burner assemblies includes a
mixing chamber having an inlet for receiving fuel gas, and open upper end
for receiving air, said mixing chamber for mixing fuel gas and the air to
form said combustible gas, and an open lower end for expelling said
combustible gas to be ignited within said tube, wherein a portion of said
metering element controls the flow of combustible gas mixture passing

through said open lower end, thereby controlling the combustion rate or
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heat output of each burner.

2. A bumer assembly for a radiant heater, said radiant heater including
a tube for radiating heat provided from said burner assembly and a vacuum
pump for establishing negative pressure within said tube, said burner
assembly including a gas inlet, an air inlet, a mixing chamber for mixing
fuel gas which is received from said gas inlet with air which is received
from said air inlet, thereby to form a combustible gas mixture, and a
combustion assembly for receiving said combustible gas mixture from said
mixing chamber, and for igniting said combustible gas mixture within said
tube, characterized in having a metering means in the form of a metering
element, which is carried by said mixing chamber, for selectively
regulating the mixing of said air and said fuel gas, and for regulating the
flow of said combustible gas mixture to said combustion assembly, the
metering element also controlling the flow of said combustible gas through
said burner assembly for maintaining a uniform nominal combustion rate
within said tube under variable negative pressure conditions, thereby
maintaining a substantially uniform heating rate along the length of said
tube which is under variable negative pressure conditions, and further
characterized in that each of said burner assemblies includes a mixing
chamber having an inlet for receiving fuel gas, an open upper end for
recetving air, said mixing chamber for mixing fuel gas and the air to form
said combustible gas, and an open lower end for expelling said combustible
gas to be ignited within said tube, wherein a portion of said metering
element controls the flow of combustible gas mixture passing through said
open lower end, thereby controlling the combustion rate or heat output of

each burner.

3. The radiant heating system or burner assembly for a radiant heater
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as claimed in claim 1 or 2 characterized in that said metering means or
metering element includes a choke plate which is selectively adjustable for
controlling and allowing a predetermined volume of combustible gas to

pass through said open lower end and into said combustion assembly to be

1gnited.

4. The radiant heating system or burner assembly for a radiant heater
as claimed in claim 1, claim 2 or claim 3, characterized in that said
metering means or metering element includes a metering plate, which is
positioned proximate to said open upper end of said mixing chamber, for

regulating the passage of air through said open upper end.

J. The radiant heating system or burner assembly for a radiant heater
as claimed in claim 1, 2, 3 or 4 characterized in that said metering plate
includes a plurality of apertures which are formed therethrough, each of
said apertures being selectively sized for allowing a predetermined volume
of air to pass therethrough, and further preferably characterized in that said
metering plate includes an aperture which is selectively adjustable between
a first position for passing a maximum volume of atr therethrough, and a

second position for passing a minimum volume of air therethrough.

6. The radiant heating system or burner assembly for a radiant heater
as claimed in claim 1, 2, 3, 4 or 5 characterized in that said metering means
further includes a choke plate which is positioned proximate to said open
end of said mixing chamber, for regulating the passage of combustible gas

through said open lower end, preferably characterized in that said choke

plate incudes a plurality of apertures which are formed therethrough, each

of said apertures being selectively sized for allowing a predetermined
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volume of said combustible gas mixture to pass therethrough.

7. A burner assembly for a radiant heater, said radiant heater including
a tube for radiating heat provided from said burner assembly and a vacuum
pump for establishing negative pressure within said tube, said burner

assembly including a gas inlet, and an air inlet, characterized in having a

metering chamber for mixing fuel gas which has been received from said
gas inlet with air which has been received from said air inlet to form a
combustible gas mixture, said metering chamber further characterized in
also including means for selectively regulating the mixing of said air and
said fuel gas, and for further regulating the flow of said combustible gas
mixture to a combustion assembly for igniting said combustible gas
mixture within said tube, the metering chamber also controlling the flow
of said combustible gas through said burner assembly for maintaining a
uniform nominal combustion rate within said tube under variable negative
pressure conditions, and characterized in that said metering chamber
includes a conduit having an inlet for receiving fuel gas, an open upper end
for receiving air, and an open lower end for expelling said combustible gas
mixture to said combustion assembly, and a metering element pivotally
housed within said conduit for selectively regulating the passage of air
through said open upper end, and for further regulating the passage of said
combustible gas mixture through said open lower end, said metering
element being pivotally movable between a first configuration for allowing
a minimum volume of air to pass through said open upper end, and a
second configuration for allowing a maximum volume of air to pass

through said open upper end.

8. The burner assembly for a radiant heater as claimed in claim 7

characterized in that said metering element includes a metering plate which
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is positioned proximate to said upper open end, a choke plate which 1s
disposed in spaced-apart relation relative to said metering plate proximate
to said open lower end, and a neck interconnecting said metering plate with
said choke plate, said metering element being pivotally adjustable between
a first position for allowing a minimum volume of air to pass through sald
open upper end, and a second position for allowing a maximum volume of
air to pass through said open upper end; and/or characterized in that said
metering chamber includes an adjustment screw which is disposed in
cooperative relationship with said conduit and said metering element, said
adjustment screw being selectively rotatable for selectively adjusting said
metering element between said first configuration, and said second
configuration, preferably characterized in also including a plurality of
apertures which are formed therethrough, each of said apertures being
selectively sized for allowing a predetermined volume of air to pass

therethrough.

9. A method of radiant heating including the steps of providing a tube
for radiating heat, said tube having a downstream end and an upstream end,
providing a plurality of burner assemblies, each of said burner assemblies
having a firing rate and being mounted in series along a length of said tube,
each of said burner assemblies being for igniting a combustible gas mixture
proximate to a combustion assembly which is suitably located within said
tube, and establishing variable negative pressure.conditions within said
tube, characterized by the step of controlling the firing rate of each of said
burner assemblies proximate a uniform nominal firing rate, despite the tube
under variable negative pressure conditions, further characterized in that
said step of controlling the firing rate of each of said burner assemblies

includes the step of controlling the flow of combustible gas mixture to said
combustion assembly, preferably characterized in that said step of

-
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controlling the flow of combustible gas mixture to saild combustion
assembly further includes the steps of controlling the mixing of said
combustible gas within a mixing chamber of each of said burner
assemblies, and regulating the flow of said combustible gas within said
mixing chamber, characterized in that said step of regulating the flow of
said combustible gas from said mixing chamber further includes the step
of providing a choke plate which is selectively adjustable for allowing a
predetermined volume of combustible gas to pass into said combustion
assembly of each of said burner assemblies through an open lower end to
be ignited, preferably characterized in that said step of providing a choke
plate includes the step of providing said choke plate with a plurality of
apertures which are selectively configurable to allow a selective volume of
combustible gas to pass therethrough and into said combustion assembly
of each of said burner assemblies, further preferably characterized in that
said step of controlling the mixing of said combustible gas further includes
the step of controlling the flow of air into said mixing chamber, the mixing
of said air and fuel gas communicated therein thereby forming said
combustible gas mixture; and/or characterized in that said step of
controlling the flow of air further includes the step of providing a metering
plate, which is selectively adjustable for allowing a predetermined volume

of air to pass into said mixing chamber through said open upper end.

10.  The method of claim 9, characterized in that said step of providing
said metering plate with a plurality of apertures which are selectively
configurable to allow a selective volume of air to pass into said mixing
chamber; and/or preferably characterized in that said step of providing a
metering plate further includes the step of providing said metering plate
with a metering aperture which is selectively adjustable between a first

configuration for passing a maximum volume of air into said mixing

AMENDED SHEET
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chamber, and a second configuration for passing a minimum volume of air

into said mixing chamber.
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