
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization

International Bureau
(10) International Publication Number

(43) International Publication Date
27 November 2014 (27.11.2014)

WO 2014/189713 A2
P O P C T

(51) International Patent Classification: AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
F24H 9/20 (2006.01) BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,

DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(21) International Application Number: HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,

PCT/US20 14/0378 15 KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,

(22) International Filing Date: MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,

13 May 2014 (13.05.2014) OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM,

(25) Filing Language: English TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,

(26) Publication Language: English ZW.

(30) Priority Data: (84) Designated States (unless otherwise indicated, for every

13/899,960 22 May 2013 (22.05.2013) US kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,

(71) Applicant: PLUM COMBUSTION, INC. [US/US]; 2090 UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
Faulkner Road NE, Atlanta, Georgia 30324 (US). TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,

EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,(72) Inventors: NEUMEIER, Yedidia; 1276 Biltmore Drive,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,

Atlanta, Georgia 30329 (US). NEFF, David; 5555 Timson
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,

Lane, Johns Creek, Georgia 30022 (US). PRATTE, Mi¬
KM, ML, MR, NE, SN, TD, TG).

chael; 5883 Thompson Bridge Road, Murryville, Georgia
30564 (US). Published:

(74) Agent: BOCKHOP, Bryan; 2375 Mossy Branch Dr., — without international search report and to be republished
Snellville, Georgia 30078 (US). upon receipt of that report (Rule 48.2(g))

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,

(54) Title: ULTRA LOW NOX BURNER USING DISTRIBUTED DIRECT FUEL INJECTION

(57) Abstract: A burner box (100) includes
a housing ( 110), a fuel tube (120) and a
porous heat dissipating surface (130). The
housing ( 110) is bounded by a sidewall
( 112). The sidewall defines an open passage
( 114) that allows unimpeded vertical air
flow. The fuel tube (120) extends into the
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ULTRA LOW NOX BURNER USING DISTRIBUTED DIRECT FUEL INJECTION

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to fuel burners and, more specifically, to a burner

that produces low NOx levels.

[0003] 2. Description of the Related Art

[0004] Water heaters employ burners to heat water in a tank. Many existing burners

generate high temperature flames that cause nitrogen to react with oxygen in the

combustion air so as to form mono-nitrogen oxides (referred to as "NOx"), which are

pollutants. Some burners employ configurations to reduce heat concentration of the flame,

thereby reducing the flame temperature and, thus, reducing the amount of NOx produced

during combustion. Many such burners employ complicated systems for combining fuel

and combustion air. More specifically, heating systems for natural draft water heaters are

more problematic by nature as the flue has very limited draft forcing. The needs for low

NOx systems further complicate the situation. Until recently only limited firing capacity

could be achieved by low NOx burners that are not fan assisted.

[0005] Therefore, there is a need for a simple combustion system that produces low

NOx levels during combustion.

SUMMARY OF THE INVENTION

[0006] The present invention is directed to extending the power of low NOx high

efficiency natural draft thermal systems .

[0007] The disadvantages of the prior art are overcome by the present invention which,

in one aspect, is a burner box that includes a housing, a fuel tube and a porous heat

dissipating surface. The housing is bounded by at least one sidewall and has a top and an

opposite bottom. The top and the bottom are each open so that the sidewall defines an



open passage that is configured to allow substantially unimpeded vertical convective

airflow upwardly from the bottom and so that 100% of all combustion air flows upwardly

from the open bottom. The fuel tube extends into the passage defined by the housing. The

fuel tube has an inner cavity that is confined by a tube wall and that is in fluid

communication with a fuel connection port outside of the housing. The tube wall includes

a plurality of spaced apart orifices passing therethrough that are configured to distribute

fuel received through the fuel connection into the open passage defined by the sidewall of

the housing. The fuel tube is disposed at a distance from the top of the housing so that

substantially all of the fuel distributed from the fuel tube is entrained by the combustion air

before the fuel reaches the top of the housing, thereby forming a substantially homogenous

fuel/air mixture. The porous heat dissipating surface is disposed across the top of the

housing. The porous heat dissipating surface is configured to support a flame resulting

from combustion of the fuel/air mixture. The porous heat dissipating surface includes

enough open area so that the fuel/air mixture passes through the porous heat dissipating

surface substantially unimpeded. The porous heat dissipating surface is configured to

dissipate heat from the flame mostly by radiation into the surroundings and thus also serves

to prevent flashback of the flame into the housing.

[0008] In another aspect, the invention is a water heater that includes a water tank, a

combustion space and a burner box assembly. The water tank is configured to hold water

therein and has a bottom surface. The water tank defines a flue passing upwardly

therethrough. The combustion space is surrounded by an outer wall and is bound by the

bottom surface of the water tank so that the combustion space is disposed beneath the

bottom surface of the water tank. The combustion space is in fluid communication with

the flue. The combustion space has a bottom area configured to allow air to pass upwardly

therethrough substantially unimpeded. The burner box assembly is disposed in the

combustion space and includes a burner box. The burner box includes a housing, a fuel

tube and a porous heat dissipating surface. The burner box assembly is configured to

support a flame so as to heat water in the water tank through the bottom surface of the

water tank and the flue.

[0009] These and other aspects of the invention will become apparent from the

following description of the preferred embodiments taken in conjunction with the

following drawings. As would be obvious to one skilled in the art, many variations and



modifications of the invention may be effected without departing from the spirit and scope

of the novel concepts of the disclosure.

BRIEF DESCRIPTION OF THE FIGURES OF THE DRAWINGS

[0010] FIG. 1A is a side schematic view of a burner box.

[0011] FIG. IB is a cross schematic view of the burner box shown in FIG. 1A, taken

along line IB- IB.

[0012] FIG. 1C is a top schematic view of the burner box shown in FIG. 1A.

[0013] FIG. ID is a top plan view of a burner box.

[0014] FIG. 2A is a perspective view of an opened water heater.

[0015] FIG. 2B is a schematic cross sectional view of a water heater of the type shown

in FIG. 2A.

[0016] FIG. 2C is an exploded view of the water heater shown in FIG. 2A.

[0017] FIG. 3 is a top plan view of one embodiment of a fuel tube.

DETAILED DESCRIPTION OF THE INVENTION

[0018] A preferred embodiment of the invention is now described in detail. Referring

to the drawings, like numbers indicate like parts throughout the views. Unless otherwise

specifically indicated in the disclosure that follows, the drawings are not necessarily drawn

to scale. As used in the description herein and throughout the claims, the following terms

take the meanings explicitly associated herein, unless the context clearly dictates otherwise:

the meaning of "a," "an," and "the" includes plural reference, the meaning of "in" includes

"in" and "on."



[0019] As shown in FIGS. 1A-1D, one embodiment of a burner box 100 includes a

housing 110 that is bounded by at least one sidewall 112 (the embodiment shown is

rectangular, with four sidewalls 112) that defines a passage 114. The top and the bottom of

the housing 110 are substantially open so as to allow air to move freely upwardly through

the passage 114. A fuel tube 120 extends into the passage 114. The fuel tube 120 is in

fluid communication with a fuel port 124 that is outside the housing 110. The fuel tube

120 includes a plurality of spaced apart orifices 122 that distribute fuel (e.g., natural gas,

etc.) received from the fuel port 124 into the passage 114. In the embodiment shown, the

fuel tube 120 is straight and the orifices 122 are evenly spaced apart along two spaced apart

rows that run the length of the tube 120. The fuel tube 120 extends through one of the

walls 112 and is affixed to an opposite one of the walls 112 so as to hold the fuel tube in

120 an alignment that results in fuel injection in a substantially upward direction. Also, in

one embodiment, the total orifices injection area ranges from 20% to 50% of the cross-

sectional area of the fuel tube 120. The fuel tube 120 is placed at a distance from the top of

the housing 110 so that substantially all of the fuel distributed from the fuel tube is

entrained by combustion air flowing upwardly through the passage 114 before the fuel

reaches the top of the housing 110. This results in a substantially homogenous fuel/air

mixture near the top of the housing 110. The housing 110 has dimensions such that 100%

of all combustion air flows upwardly from the open bottom of the housing 110, without

any requirement for combustion air to be brought in through the side.

[0020] A metal mesh 130 (or other type of porous heat dissipating surface, such as a

ceramic material) is disposed across the top of the housing 110. The mesh 130 supports a

flame 10 that results from combustion of the fuel/air mixture. The mesh 130 includes

enough open area so that the fuel/air mixture passes through the mesh 130 substantially

unimpeded. In one embodiment, the mesh 130 is a low resistance mesh having at least a

65% open area and can include a 24x24 mesh with a 0.0075 inch diameter wire. The mesh

130 dissipates heat from the flame 10 and prevents flashback of the flame 10 into the

housing 110. One embodiment may also include one or more supports 132 that maintain

the metal mesh 130 with an upwardly curved shape, thereby increasing the surface area of

the mesh 132. An optional mesh 140 may be included adjacent to the bottom of the

housing 110 as a flame arrestor to prevent flame from the burner from reaching the bottom

and to prevent external fire from entering the housing 110.



[0021] Distributing the fuel injection along the entire length of the fuel tube 120 into

the upwardly flowing combustion through the entire height of the housing 110 results in

substantially all of the fuel being entrained in the combustion air once it reaches the mesh

130. This results in a lower combustion temperature, which results in reduced NOx

generation as a result of the combustion.

[0022] As shown in FIGS. 2A-2C, a burner box 100 of the type disclosed above can be

employed as part of a water heater 300 that includes a water tank 310 that has a bottom

surface 312 and that has a flue 320 passing upwardly therethrough. Some embodiments

may include additional baffles and heat transfer surfaces coupled to the flue 320. A

combustion space 316 is defined between an outer wall 314 and the bottom surface 312 of

the water tank 310. The flame 10 is supported in the combustion space 316 on the mesh

130 and provides heat to the bottom surface 312 and to the surface of the flue 320, thereby

heating the water in the tank 310.

[0023] A base 320 that includes a plurality of holes 322 is disposed under the burner

box 100 and allows air to pass freely upwardly therethrough. A radiation shield plate 324

is placed between the bottom of the burner box 100 and the base 320 to prevent heat from

the burner box 100 from harming the floor beneath the water heater 300. An optional mesh

140 may be included as a flame arrestor to prevent flame from the burner to reach to the

bottom and to prevent external fire from entering.

[0024] A plenum 330 may be disposed within the combustion space 316 and around

the burner box 100 so as to separate it from the bottom of the water heater 300. In one

embodiment, the plenum 330 has at least one outer dimension so that thermal acoustic

noise is substantially reduced in the combustion space 316, resulting in a quiet operatoin.

The plenum 330 defines a compartment 342 into which the burner box 100 fits. An

opening in the outer wall 314 allows access to the burner box 100 and a curved plate 346

isolates the combustion space 316 from outside of the water heater 300.

[0025] Many different shapes for the fuel tube are possible without departing from the

scope of the invention. For example, in one embodiment, as shown in FIG. 3, the fuel

tube 620 can have a circular shape. In other embodiments, for example, the fuel tube may

be semicircular, or include two spaced-apart semicircular halves connected to a central

coupling.



[0026] While a water heater is disclosed herein, it should be understood that other

fluids may be heated with a burner box of the type disclosed above without departing from

the scope of the invention.

[0027] The above described embodiments, while including the preferred embodiment

and the best mode of the invention known to the inventor at the time of filing, are given as

illustrative examples only. It will be readily appreciated that many deviations may be

made from the specific embodiments disclosed in this specification without departing from

the spirit and scope of the invention. Accordingly, the scope of the invention is to be

determined by the claims below rather than being limited to the specifically described

embodiments above.



CLAIMS

claimed is:

A burner box, comprising:

(a) a housing bounded by at least one sidewall, the housing having a top and an

opposite bottom, the top and the bottom each open so that the sidewall

defines an open passage that is configured to allow substantially unimpeded

vertical convective airflow upwardly from the bottom so that 100% of all

combustion air flows upwardly from the open bottom; and

(b) a fuel tube extending into the passage defined by housing, the fuel tube

having an inner cavity that is confined by a tube wall and that is in fluid

communication with a fuel connection port outside of the housing, the tube

wall defining a plurality of spaced apart orifices passing therethrough that

are configured to distribute fuel received through the fuel connection into

the open passage defined by the sidewall of the housing, the fuel tube

disposed at a distance from the top of the housing so that substantially all of

the fuel distributed from the fuel tube is entrained by the combustion air

before the fuel reaches the top of the housing, thereby forming a

substantially homogenous fuel/air mixture; and

(c) a porous heat dissipating surface disposed across the top of the housing, the

porous heat dissipating surface configured to support a flame resulting from

combustion of the fuel/air mixture, the porous heat dissipating surface

including enough open area so that the fuel/air mixture passes through the

porous heat dissipating surface substantially unimpeded, the porous heat

dissipating surface configured to dissipate heat from the flame and to

prevent flashback of the flame into the housing.

The burner box of Claim 1, wherein the fuel tube comprises a straight tube that

extends from a first side of the housing to an opposite second side of the housing.

The burner box of Claim 2, wherein the orifices are evenly spaced apart along two

spaced apart rows that run the length of the tube.



4 . The burner box of Claim 1, wherein the fuel tube has a cross-sectional area and

wherein the orifices subtend from 20% to 50% of the tube cross-sectional area.

5 . The burner box of Claim 1, wherein the porous heat dissipating surface comprises a

metal mesh.

6 . The burner box of Claim 5, wherein the mesh is a low resistance mesh having at

least a 65% open area.

7 . The burner box of Claim 5, wherein the mesh is a 24x24 mesh with a 0.0075 inch

diameter wire.

8. The burner box of Claim 5, further comprising at least one support that is

configured to maintain the metal mesh with an upwardly curved shape.

9 . The burner box of Claim 1, wherein the housing has a rectangular plan shape with a

first pair of walls that are separated by a first distance and a second pair of walls

that are separated by a second distance, in which the first distance is greater than the

second distance and wherein the tube has a length that is substantially the first

distance.

10. The burner box of Claim 9, wherein a first one of the first pair of walls comprise an

opening passing therethrough through which the fuel tube extends, an end of the

fuel tube affixed to a second one of the first pair of walls so as to hold the fuel tube

in an alignment that results in fuel injection in a substantially upward direction.

11. The burner box of Claim 1, further comprising a flame arrestor disposed adjacent to

the bottom of the housing.

12. The burner box of Claim 11, wherein the f ame arrestor comprises a metal mesh.

13. The burner box of Claim 1, wherein the fuel tube is bent into a shape that is a

selected one of circular or semicircular.

14. A water heater, comprising:



a water tank configured to hold water therein and having a bottom surface

and defining a flue passing upwardly therethrough;

a combustion space surrounded by an outer wall and bound by the bottom

surface of the water tank so that the combustion space is disposed beneath

the bottom surface of the water tank, the combustion space in fluid

communication with the flue, the combustion space having a bottom area

configured to allow air to pass upwardly therethrough substantially

unimpeded;

a burner box assembly disposed in the combustion space and including:

(i) a housing bounded by at least one sidewall, the housing having a top

and an opposite bottom, the top and the bottom each open so that the

sidewall defines an open passage that is configured to allow

substantially unimpeded vertical convective airflow upwardly from

the bottom so that 100% of all combustion air flows upwardly from

the open bottom; and

(ii) a fuel tube extending into the passage defined by housing, the fuel

tube having an inner cavity that is confined by a tube wall and that is

in fluid communication with a fuel connection port outside of the

housing, the tube wall defining a plurality of spaced apart orifices

passing therethrough that are configured to distribute fuel received

through the fuel connection into the open passage defined by the

sidewall of the housing, the fuel tube disposed at a distance from the

top of the housing so that substantially all of the fuel distributed

from the fuel tube is entrained by the combustion air before the fuel

reaches the top of the housing, thereby forming a substantially

homogenous fuel/air mixture; and

(iii) a porous heat dissipating surface disposed across the top of the

housing, the porous heat dissipating surface configured to support a

flame resulting from combustion of the fuel/air mixture, the porous

heat dissipating surface including enough open area so that the

fuel/air mixture passes through the porous heat dissipating surface

substantially unimpeded, the porous heat dissipating surface

configured to dissipate heat from the flame and to prevent flashback

of the flame into the housing; and



(d) a plenum disposed within the combustion space and around the burner box

assembly, the plenum having at least one outer dimension configured to

interfere with acoustic harmonics in the combustion space,

wherein the burner box assembly is configured to support the flame

so as to heat water in the water tank through the bottom surface of the water

tank and the flue.

15. The water heater of Claim 14, further comprising:

(a) a base disposed under the burner box assembly that is configured to allow

air to pass freely upwardly therethrough; and

(b) a radiation shield plate configured to shield an area under the water heater

from heat generated by the burner box assembly.

16. The water heater of Claim 14, wherein the fuel tube comprises a straight tube that

extends from a first side of the housing to an opposite second side of the housing.

17. The water heater of Claim 16, wherein the orifices are evenly spaced apart along

two spaced apart rows that run the length of the tube.

18. The water heater of Claim 14, wherein the fuel tube has a cross-sectional area and

wherein the orifices subtend from 20% to 50% of the tube cross-sectional area.

19. The water heater of Claim 14, wherein the porous heat dissipating surface

comprises a metal mesh.

20. The water heater of Claim 19, wherein the mesh is a low resistance mesh having at

least a 65% open area.

2 1. The water heater of Claim 19, wherein the mesh is a 24x24 mesh with a 0.0075

inch diameter wire.

22. The water heater of Claim 19, further comprising at least one support that is

configured to maintain the metal mesh with an upwardly curved shape.



23. The water heater of Claim 14, wherein the housing has a rectangular plan shape

with a first pair of walls that are separated by a first distance and a second pair of

walls that are separated by a second distance, in which the first distance is greater

than the second distance and wherein the tube has a length that is substantially the

first distance and wherein a first one of the first pair of walls comprise an opening

passing therethrough through which the fuel tube extends, an end of the fuel tube

affixed to a second one of the first pair of walls so as to hold the fuel tube in an

alignment that results in fuel injection in a substantially upward direction.

24. The water heater of Claim 14, further comprising a flame arrestor including a metal

mesh disposed adjacent to the bottom of the housing.
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