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WATER HEATER HAVING RAW FUEL JET PILOT AND
ASSOCIATED BURNER CLOGGING DETECTION APPARATUS

ABSTRACT OF THE DISCLOSURE

A radiant gas burner (28) within the combustion chamber (16) of a water heater

(10) has a pilot flame (50) created using a raw fuel jet that impinges on an interior surface
portion (54a) of a flame holding outer burner wall portion (54), representatively of a
metal wire mesh material (54), and is mixed within the burner (28) with combustion air
(36) delivered thereto from outside the combustion chamber (16). The resulting fuel/air
mixture (34a, 36) passes outwardly through the impinged upon mesh wall portion (54),
which functions as a pilot flame stabilizing structure, and is ignited to form a pilot flame
(50) on the exterior of the burner body. A thermocouple portion (66) of a clogging
detection system (64) senses a change in the pilot flame shape caused by particulate

clogging of the metal mesh material (54) and responsively terminates further gas supply

to the water heater (10).
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WATER HEATER HAVING RAW FUEL JET PILOT AND
ASSOCIATED BURNER CLOGGING DETECTION APPARATUS

BACKGROUND OF THE INVENTION

The present invention generally relates to fuel fired heating
apparatus and, in a representatively illustrated embodiment thereof, more
particularly provides a fuel-fired water heater having incorporated therein
a specially designed raw fuel jet pilot structure and associated burner
clogging detection apparatus.

Despite continuing improvements in the fuel efficiency of and
reduction in undesirable operating emissions therefrom, modern fuel-
fired waters still have various operational characteristics which are less
than entirely satisfactory. For example, the burner pilots in most if not all
conventional fuel-fired water heaters draw their combustion air from the
area within the combustion chamber surrounding the pilot burner and its
associated main burner. In some water heater combustion chamber
configurations this air surrounding the pilot is diluted with exhaust gases.
This undesirably reduces the amount of available oxygen for proper pilot
combustion. With respect to this pilot-related problem, the water heater
designer is faced with two conflicting design criteria - the need for the
pilot to be close to the main burner for proper ignition thereof, and the
need for the pilot to be near a clean combustion air source for proper
pilot combustion.

Another design challenge associated with modern fuel-fired water
heaters is that they typically operate in locations that are not regularly
Cleaned (for example, in attics, closets, basements, sheds, etc.). Due to the
presence of various types of contaminants present in such Iocationé,
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which tend to clog various components of the water heater such as its burner, the water
heater must either be able to operate reliably and safely throughout its life, or, in the case
of extreme contamination from clogging materials such as lint, dust and oil, needs to be
designed to safely shut itself down before producing undesirably high levels of carbon
monoxide caused by clogging of various components of the water heater.

As can be seen from the foregoing, a need exists for a fuel-fired water heater
having improvements in the above-described areas.

It is the object of the present invention to overcome or ameliorate one or more of

the disadvantages of the prior art, or at least to provide a useful alternative.

SUMMARY OF THE INVENTION

In a first aspect, the present invention provides a combustion apparatus
comprising:

a wall structure defining a combustion chamber;

a main fuel burner disposed within said combustion chamber;

a pilot flame stabilizing structure disposed within said combustion chamber;

fuel delivery apparatus operable to receive fuel from a source thereof and
discharge the received fuel in the form of a fuel jet that impinges against said pilot flame
stabilizing structure; and

air delivery apparatus through which combustion air from outside said
combustion chamber is flowable to the discharged fuel jet to form therewith a fuel/air
mixture ignitable to create a pilot flame extending outwardly from said pilot flame
stabilizing structure.

In a second aspect, the present invention provides a method of creating hot
combustion products in the combustion chamber of a fuel-fired heating appliance, said
method comprising the steps of:

positioning a pilot flame stabilizing structure within said combustion chamber;

positioning a main fuel burner within said combustion chamber;

creating within said combustion chamber a fuel jet which impinges upon said
pilot flame stabilizing structure;

mixing air from outside said combustion chamber with said fuel jet to form
therewith a fuel/air mixture; and

igniting said fuel/air mixture to create a pilot flame extending outwardly from
said pilot flame stabilizing structure and useable to ignite a fuel/air mixture subsequently

supplied to said main fuel burner.
-2-
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In a third aspect, the present invention provides a fuel-fired heating appliance
comprising:

a combustion chamber thermally communicatable with a fluid to be heated;

a main burner disposed within said combustion chamber; and

a pilot burner structure disposed within said combustion chamber for igniting
said main burner and including:

a flame stabilizing structure disposed within said combustion structure;

fuel delivery apparatus operable to receive fuel from a source thereof
and discharge the received fuel in the form of a fuel jet that impinges against said flame
stabilizing structure; and

air delivery apparatus through which combustion air from outside said
combustion chamber is flowable through an enclosed flow path to adjacent the discharged
fuel jet to form therewith a fuel/air mixture ignitable to create a pilot flame extending
outwardly from said flame stabilizing structure.

In a fourth aspect, the present invention provides a fuel combustion apparatus
comprising:

a hollow burner body having an outer wall portion with fuel/air discharge
openings therein;

a fuel delivery tube extending into the interior of said burner body, said fuel
delivery tube being operative to receive pressurized fuel from a source thereof and
discharge from an opening therein a fuel jet which impinges against the interior surface of
said outer wall portion; and

an air delivery conduit extending into the interior of said burner body and
operative to deliver combustion air from a source thereof to the discharged fuel jet to
form therewith a fuel/air mixture passing outwardly through discharge openings in a
section of said outer wall portion and being ignitable to form a pilot flame extending
outwardly from said outer wall portion.

In carrying out principles of the present invention, in accordance with a
representatively illustrated embodiment thereof, a fuel-fired heating appliance is provided
with specially designed combustion apparatus illustratively comprising a wall structure
defining a combustion chamber; a flame stabilizing structure disposed within the
combustion chamber; fuel delivery apparatus operable to receive fuel from a source
thereof and discharge the receive fuel in the form of a fuel jet that impinges upon the

flame stabilizing structure; and air delivery apparatus through which combustion air from

-3-
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outside the combustion chamber is flowable to the discharged fuel jet to form therewith a
fuel/air mixture ignitable to create a flame extending outwardly from the flame stabilizing
structure.

The heating appliance is illustratively a gas-fired water heater, but could
alternatively be another type of fuel-fired heating appliance such as, for example, a boiler
or an air heating furnace. In the depicted water heater the combustion apparatus also
includes a main burner disposed in the combustion chamber, the main burner having a
hollow body with an outer wall having fuel/air discharge openings therein. The pilot
flame fuel jet impinges against an interior surface of this outer wall, is mixed with the
incoming combustion air within the main burner, and passes outwardly through the main
burner discharge openings whereupon it is suitably ignited to form the pilot flame on the
exterior surface of the outer wall, part of which defines the aforementioned flame
stabilizing structure impinged upon by the discharged fuel jet.

In the illustrated water heater embodiment, the main burner is a radiant fuel
burner with the outer wall portion thereof being a flame holding wall formed from a metal
mesh material. However, the invention is not limited to a combustion system employing
a radiant burner - other types of main burners may be utilized without departing from
principles of the present invention, and apertured outer burner walls of other types, such
as ceramic, porous, woven materials, etc., may be alternatively utilized if desired.

According to another embodiment of the invention, the fuel-fired heating
appliance is also provided with a clogging detection system which shuts down the burner,
preventing the generation of either of its main and pilot flames, in response to sensing a
clogging of the burner caused, for example, by particulate matter passing through the
burner and plugging up its fuel/air discharge openings. In an illustrated embodiment
thereof, this clogging detection system functions to sense burner clogging, by detecting an
undersirable change in the shape of the pilot flame, and responsively closing a fuel valve
controlling fuel flow to the burner and its associated pilot structure. Representatively, this
sensing function of the clogging detection system is performed by a thermocouple
positioned to be impinged upon by the pilot flame and operatively coupled to the fuel
valve.

In accordance with a further embodiment of the invention, a section of the
apertured outer burner wall containing the portion thereof interiorly impinged upon by the
pilot flame is more susceptible to clogging than the balance of the apertured outer wall of

the burner, thereby increasing the sensitivity of the clogging detection system. In the

4-
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section interiorly impinged upon by the pilot flame is smaller than the mesh spacing of

the balance of the outer wall.

BRIEF DESCRIPTION OF THE DRAWINGS

A preferred embodiment of the present invention will now be described, by way
of an example only, with reference to the accompanying drawings, in which:

FIG. 1 is a schematic cross-sectional view through a representative fuel-fired
water heater embodying principles of the present invention;

FIG. 2 is an enlarged scale schematic side elevational view of a raw fuel jet pilot
portion of the water heater;

FIG. 3 is a schematic, partially sectioned side elevational view of a burner
portion of the water heater incorporating therein the raw fuel jet pilot and an associated
burner clogging detection system embodying principles of the present invention;

FIGS. 4 and 5 are enlarged scale schematic cross-sectional views through a
flame-holding mesh wall of the FIG. 3 burner portion illustrating the operation of the
burner clogging detection system; and

FIG. 6 is a schematic top plan view of part of the burner portion taken along line
6-6 of FIG. 4.

DETAILED DESCRIPTION

Schematically depicted in FIG. 1 is a fuel-fired heating appliance 10 which is
representatively a gas-fired water heater, but which could alternatively be another type of
fuel-fired heating appliance, such as, for example, a boiler or an air heating furnace,
without departing from principles of the present invention. Water heater 10 has the usual
insulated metal tank 12 adapted to hold a quantity of pressurized water 14 to be heated,
and a combustion chamber 16 operatively disposed beneath a lower end wall 18 of the
tank 12. A flue pipe 20 communicates with the combustion chamber 16 and extends

upwardly therefrom through the
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water 14, passing upwardly through the upper end 22 of the tank 12. A
cold water inlet pipe 24 and a hot water outlet pipe 26 are positioned on
the upper end 22 of the tank 12 and communicate with the water 14
therein.

The water 14 in the tank 12 is heated by specially designed fuel
burner apparatus 28 operatively disposed in the combustion chamber 16
and embodying principles of the present invention. As schematically
depicted in FIG. 1, the burner apparatus 28 includes main and pilot burner
portions 30,32 which are supplied with fuel 34 and primary combustion air
36 from outside the combustion chamber 16 in @ manner subsequently
described herein. During firing thereof the burner apparatus 28 creates.
hot combustion products 38 that flow upwardly through the flue 20 which
transfers combustion heat therethrough to the water 14 to maintain it at
a predetermined heated temperature.

The pressurized water 14, from a source thereof, is initially flowed
into the tank 12 through the cold water inlet pipe 24 and heated as
described above. As needed, the pressurized heated water 14 may be
supplied to plumbing fixtures, such as sinks, showers, dishwashers and the
like, via the hot water outlet pipe 26. Hot water discharged from outlet
pipe 26 is automatically replaced with cold water flowed inwardly through
inlet pipe 24 into the tank 12.

Pilot portion 32 of the overall fuel burner apparatus 28 is of a unique
raw fuel jet construction and, from a conceptual standpoint, operates as
schematically depicted in FIG. 2. Pilot portion 32, as previously mentioned,
is disposed within the combustion chamber 16 and includes a fuel delivery
tube 40 and an air delivery conduit 42, each of which extends into the
combustion chamber 16 from exterior thereto. Fuel delivery tube 40 has
an outlet opening 44 that underlies and faces a flame stabilization
structure 46, which may representatively be a rod, wire or the like,
positioned adjacent a suitable pilot ignition structure 48.

.5-
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During operation of the pilot burner portion 32, a raw jet 34a of
pressurized fuel 34 being flowed inwardly through the tube 40 is
discharged from the outlet opening 44 onto the flame stabilizing structure
46. Raw fuel jet 34a, by aspiration, draws combustion air 36 from outside
the combustion chamber 16 inwardly through the conduit 42 and causes it
to mix with the fuel jet 34a for impingement therewith against the fuel
stabilizing structure 46. This fuel/air mixture, when ignited by the pilot
ignition structure 48, forms a stabilized pilot flame 50 on the downstream
side (i.e., the upper side as viewed in FIG. 2) of the stabilizing structure 46.
In this manner, conceptually embodying principles of the present
invention, a stabilized pilot flame is created and maintained within the
combustion chamber utilizing a raw fuel jet and primary combustion
being delivered to the pilot burner portion essentially entirely from
outside of the combustion chamber.

Schematically depicted in FIG. 3 is a representative structural
embodiment of the fuel burner apparatus 28 operatively disposed within
the combustion chamber 16. The main burner portion 30 of the fuel

' burner apparatus 28 is representatively a radiant fuel burner having a
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hollow body 52 with a flame holding upper side wall portion 54
ilustratively formed from a metal wire mesh material. Alternatively, the
flame holding wall portion 54 could be from another material having
fuel/air discharge openings therein such as, for example, a ported wall
structure, a porous ceramic wall construction, etc., and is not limited to
the representatively illustrated metal wire mesh construction.

Extending inwardly through an inlet end wall portion 56 of the
hollow main burner body 52 are the pilot burner fuel delivery tube 40, the
air delivery conduit 42, and a main burner fuel delivery tube 58. The fuel
delivery tube 40 has a side wall discharge port 60 (providing the previously
described function of the tube outlet opening 44 conceptually illustrated
in FIC. 2) positioned adjacent a closed inner end 62 of the tube 40 and ina

-6-
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Jownwardly spaced, facing relationship with an interior side surface
portion of the metal wire mesh side wall portion 54 of the main burner
body 52 adjacent its inlet end wall portion 56. While the main burner
portion is representatively a radiant fuel burner, it will be readily
appreciated by those of ordinary skill in this particular art that other types
of main burners may be utilized without departing from principles of the
present invention.

During operation of the pilot burner portion 32 of the fuel burner
apparatus 28, the raw fuel jet 34a is upwardly discharged from the fuel
tube side wall discharge port 60, and is mixed within the main burner
body 30 with combustion air 36 (from outside the combustion chamber
16) flowed into the burner body 30 via the air delivery conduit 42. The
resulting fuel/air mixture 34a,36 impinges on an interior side surface of a
portion 54a of the metal mesh side wall 54 (see FIG. 4), which defines the
aforementioned flame stabilizing structure, and passes upwardly through
the mesh portion 54a. When ignited by the igniter structure 48, the
fuel/air mixture 34a,36 forms the pilot flame 50 on the upper (.e.,
downstream) side of mesh portion 54a as illustrated in FIGS. 3 and 4. When
the main burner 30 is lit (using combustion air 34 flowing inwardly through
the conduit 42 and fuel 34 discharged into the burner body 52 through
the tube 58), the pilot flame 50 becomes part of the overall main burner
flame (not illustrated) on the outer side of the metal mesh material 54.

The fuel burner apparatus 28 forms a part of an overall combustion
system that includes the combustion chamber 16 and further includes a
specially designed burner clogging detection system 64 that also
embodies principles of the present invention. System 64 includes a
thermocouple 66 positioned to be impinged upon by the pilot flame 50
during normal operation thereof, an electrical control circuit 68
operatively connected to the thermocouple by electrical leads 70 and in
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2 turn operatively coupled, as schematically designated at 72, to the gas
N supply valve 74 of the water heater 10.

In the absence of clogging of the metal mesh area 54a, the pilot
; flame 50 (during non-firing periods of the main burner 30) has the smail
S cross-section, concentrated vertical configuration shown in FIGS. 3 and 4
8 and heats the thermocouple 66 sufficiently so that it permits continued

v
8 fuel flow from the valve 74 to the fuel supply tube 40 to sustain the pilot

2

A flame 50. However, when the mesh area 54a becomes sufficiently clogged
over time with particulate matter 76 (such as lint, dirt, oil and the like) as
shown in FIG. 5, the shape of the pilot flame changes by horizontally
spreading out and vertically shortening to its configuration 50a
schematically snown in FIG. 5. This reduces the electrical output from the
thermocouple 66 in a manner causing the gas valve 74 to close, thereby
terminating the generation of the pilot flame 50 and also precluding fuel

15 delivery to the main burner 30.

To increase the sensitivity of the system 64 to particulate clogging of
the burner 30, the mesh within the area 54a (see FIG. 60) may be provided
with a considerably finer mesh spacing than that of the balance of the
mesh 54. This makes the plugging detection function of the overall
20 thermocouple-based system 64, which operates to monitor the shape of
the pilot flame 50, more sensitive to such particulate clogging of the
burner apparatus 28.

Compared to conventional pilot structures, the raw fuel jet-based
pilot structure 32, which receives its combustion air from outside the
25 combustion chamber 16, is simpler, uses less parts, uses less fuel and
provides a more efficient pilot flame. Moreover, in a simple and efficient
manner, the clogging detection system 64 functions to automatically shut
down the water heater 10 when a burner clogging condition that may
generate undesirable levels of carbon monoxide is sensed.
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of the present invention being limited solely by the appended claims.
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The claims defining the invention are as follows:

1. Combustion apparatus comprising;:

a wall structure defining a combustion chamber;

a main fuel burner disposed within said combustion chamber;

a pilot flame stabilizing structure disposed within said combustion chamber;

fuel delivery apparatus operable to receive fuel from a source thereof and
discharge the received fuel in the form of a fuel jet that impinges against said pilot flame
stabilizing structure; and

air delivery apparatus through which combustion air from outside said
combustion chamber is flowable to the discharged fuel jet to form therewith a fuel/air
mixture ignitable to create a pilot flame extending outwardly from said pilot flame
stabilizing structure.

2. The combustion apparatus of Claim 1 wherein:

said pilot flame stabilizing structure is defined by a portion of said main fuel
burner.

3. The combustion apparatus of Claim 2 wherein:

said pilot flame passes through said portion of said main fuel burner.

4, The combustion apparatus of Claim 3 further comprising:

a clogging detection system operative to sense a change in the shape of said pilot
flame indicative of clogging of said main fuel bumner and responsively prevent further
generation of said pilot flame.

5. The combustion apparatus of Claim 4 wherein:

said combustion apparatus further comprises a fuel valve operative to selectively
permit fuel, from a source thereof, to flow through said fuel delivery apparatus, and

said clogging detection system includes a thermocouple positioned to be
impinged by said pilot flame and operative to close said fuel valve when said change in
the shape of said pilot flame occurs.

6. The combustion apparatus of Claim 2 wherein:

said main fuel burner is a radiant fuel burner.

7. The combustion apparatus of Claim 1 wherein:

said combustion chamber is a water heater combustion chamber.

8. A method of creating hot combustion products in the combustion
chamber of a fuel-fired heating appliance, said method comprising the steps of:

positioning a pilot flame stabilizing structure within said combustion chamber;

-10-
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positioning a main fuel burner within said combustion chamber;

creating within said combustion chamber a fuel jet which impinges upon said
pilot flame stabilizing structure;

mixing air from outside said combustion chamber with said fuel jet to form
therewith a fuel/air mixture; and

igniting said fuel/air mixture to create a pilot flame extending outwardly from
said pilot flame stabilizing structure and useable to ignite a fuel/air mixture subsequently
supplied to said main fuel burner.

9. The method of Claim 8 wherein said method further comprises the step
of:

utilizing a wall portion of said main fuel burner as said pilot flame stabilizing
structure.

10. The method of Claim 8 wherein:

said step of positioning a main fuel burner within said combustion chamber is
performed by positioning a radiant fuel burner within said combustion chamber.

11. The method of Claim 8 wherein:

said mixing step is performed within an interior portion of said main fuel burner.

12. The method of Claim 11 wherein:

said mixing step includes the step of flowing air from outside said combustion
chamber through an enclosed path into said interior portion of said main fuel burner.

13. The method of Claim 9 wherein:

said wall portion of said main fuel burner has discharge openings therein, and

said method further comprises the step of causing said fuel/air mixture to flow
outwardly through said discharge openings, and

said igniting step is performed in a manner causing said pilot flame to form on an
outer surface of said wall portion of said main fuel burner.

14. The method of Claim 13 further comprising the step of:

sensing a change in the shape of said pilot flame indicative of clogging of said
main fuel burner and responsively preventing further generation of said pilot flame.

15. The method of Claim 14 wherein:

said sensing step includes the step of causing said pilot flame to impinge upon a
thermocouple.

16. A fuel-fired heating appliance comprising:

a combustion chamber thermally communicatable with a fluid to be heated;

-11-
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a main burner disposed within said combustion chamber; and

a pilot burner structure disposed within said combustion chamber for igniting
said main burner and including:

a flame stabilizing structure disposed within said combustion structure;

fuel delivery apparatus operable to receive fuel from a source thereof
and discharge the received fuel in the form of a fuel jet that impinges against said flame
stabilizing structure; and

air delivery apparatus through which combustion air from outside said
combustion chamber is flowable through an enclosed flow path to adjacent the discharged
fuel jet to form therewith a fuel/air mixture ignitable to create a pilot flame extending
outwardly from said flame stabilizing structure.

17. Fuel combustion apparatus comprising:

a hollow burner body having an outer wall portion with fuel/air discharge
openings therein;

a fuel delivery tube extending into the interior of said burner body, said fuel
delivery tube being operative to receive pressurized fuel from a source thereof and
discharge from an opening therein a fuel jet which impinges against the interior surface of
said outer wall portion; and

an air delivery conduit extending into the interior of said burner body and
operative to deliver combustion air from a source thereof to the discharged fuel jet to
form therewith a fuel/air mixture passing outwardly through discharge openings in a
section of said outer wall portion and being ignitable to form a pilot flame extending
outwardly from said outer wall portion.

18. Combustion apparatus substantially as hereinbefore described with
reference to the accompanying drawings.

19. A method of creating hot combustion products in the combustion
chamber of a fuel-fired heating appliance, the method substantially as hereinbefore
described with reference to the accompanying drawings.

20. A fuel-fired heating appliance substantially as hereinbefore described

with reference to the accompanying drawings.

Dated 5 March, 2008
Rheem Manufacturing Company

Patent Attorneys for the Applicant/Nominated Person

SPRUSON & FERGUSON
-12-
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