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FILED
IN THE UNITED STATES DISTRICT COURT R
FOR THE NORTHERN DISTRICT OF OKLAHOMA MAR 3 2000

Phil Lombardi, Clerk

) u.s.
JOHN ZINK COMPANY, LLC ) DISTRICT COURT
)
Plaintiff, ) ‘ o .
 90CV0199C “(E
V8. ) ‘
)
ZEECO, INC., )
)
Defendant. )

COMPLAINT AND DEMAND FOR JURY TRIAL
INJUNCTIVE RELIEF REQUESTED

Plaintiff JOHN ZINK COMPANY, LLC, for its complaint against Defendant ZEECO,
INC., alleges as follows:

1. Plaintiff is a Delaware Limited Liability Company having a place of business at
11920 East Apache, Tulsa, Okiahoma.

2. Defendant is a corporation duly organized and existing under the laws of the State
of Oklahoma, with a place of business at 22151 East 91st Street, Broken Arrow, Oklahoma.

3. This is an action for patent infringement brought under the patent laws of the
United States, including 35 U.S.C. §§ 271 and 281-285. Subject matter jurisdiction is provided
under 28 U.S.C. §1338(a). Venue is proper under 28 U.S.C. §§ 1391(b), 1391(c) and/or 1400(b).

4. On March 19, 1985, United States Letters Patent No. 4,505,666 was granted to
Richard R. Martin and Kurt S. Jaeger for an invention entitled "Staged Fuel and Air for Low
NO, Burner" (the ™666 patent-in-suit"). A copy of the '666 patent-in-suit is attached as Exhibit 1.

5. On October 27, 1987, UnitedlStates Letters Patent No. 4,702,691 was granted to
Richard Ogden for an invention entitled "Even Flow Radial Burner Tip” (the ™691 patent-in-

suit"). A copy of the '691 patent-in-suit is attached as Exhibit 2.
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6. On March 24, 1992, United States Letters Patent No. 5,098,282 was granted to
Robert E. Schwartz, Richard T. Waibel, Paul M. Rodden and Samuel O. Napier for an invention
entitled "Methods and Apparatus for Burning Fuel with Low NOyx Formation” (the "282 patent-
in-suit). A copy of the 282 patent-in-suit is attached as Exhibit 3.

7. On October 13, 1992, United States Letters Patent No. 5,154,596 was granted to
Robert E. Schwartz, Richard T. Waibel, Paul M. Rodden and Samuel O. Napier for an invention
entitled "Methods and Apparatus for Burning Fuel with Low NOy Formation” (the "'596 patent-
in-suit"). A copy of the '596 patent-in-suit is attached as Exhibit 4.

8. On December 14, 1993, United States Letters Patent No. 5,269,678 was granted
to Robert E. Schwartz, Richard T. Waibel, Paul M. Rodden and Samuel O. Napier for an
invention entitled "Methods and Apparatus for Burning Fuel with Low NOx Formation" (the
"678 patent-in-suit"). A copy of the '678 patent-in-suit is attached as Exhibit 5.

9. On September 6, 1994, United States Letters Patent No. 5,344,307 was granted to
Robert E. Schwartz, Richard T. Waibel, Paul M. Rodden and Samuel O. Napier for an invention
entitled "Methods and Apparatus for Burning Fuel with Low NOy Formation” (hereinafter the
m307 patent-in-suit"). A true copy of the '307 patent-in-suit is attached as Exhibit 6.

10. Plaintiff is the owner of all right and title to the '666, ‘691, ‘282, ‘596, ‘678 and
'307 patents-in-suit by virtue of respective assignments recorded in the records of the United
States Patent and Trademark Office.

11.  On information and belief, Defendant has infringed and is infringing each of the
1666, 691, ‘282, ‘596, ‘678 and '307 patents-in-suit by making, using, selling and/or offering to
sell, in the Northern District of Oklahoma, and elsewhere, burner devices which infringe each of
the '666, ‘691, 282, ‘596, ‘678 and 307 patents-in-suit, and Defendant will continue to do so

unless enjoined by this Court.
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12.

Defendant infringement of the '666, ‘691, ‘282, ‘596, ‘678 and '307 patents-in-suit

is willful and deliberate and in flagrant disregard of Plaintiff’s rights.

WHEREFORE, Plaintiff prays for judgment as follows:

(A)

(B)

©

D)

(E)

(F)

that the '666, ‘691, ‘282, °596, ‘678 and 307 patents-in-suit are valid and

enforceable;

that Defendant ZEECO, INC. has infringed the '666, ‘691, ‘282, 596, ‘678 and
'307 patents-in-suit;

that Defendant ZEECO, INC. and all parties contemplated by Rule 65(d)
F.R.Civ.P., be preliminarily and permanently enjoined from further infringement
of the '666, <691, <282, *596, ‘678 and '307 patents-in-suit;

that Defendant ZEECO, INC. be ordered to account for and pay to Plaintiff JOHN
ZINK COMPANY, LLC the damages, including lost profits and reasonable
royalties, to which Plaintiff JOHN ZINK COMPANY, LLC is entitled as a
consequence of Defendant ZEECO, INC.'s infringement, and that in view of
Defendant ZEECO, INC.'s acts of willful, deliberate, and intentional
infringement, such damages should be trebled;

that Plaintiff JOHN ZINK COMPANY, LLC be awarded its costs, interest on the

damages awarded, and reasonable attorney fees; and

such other and further relief as the Court deems just and equitable.

Respectfully submitted,

AT

Réndall G. Vaughan, OBA 1554

PRAY, WALKER, JACKMAN,
WILLIAMSON & MARLAR

900 Oneok Plaza

100 West 5th Street

Tulsa, Oklahoma 74103-4218

Telephone (918) 581-5500

Facsimile (918) 581-5599

ATTORNEYS FOR PLAINTIFF

JOHN ZINK COMPANY, LLC
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OF COUNSEL

J. David Whatton

James H. Marsh, Jr.

SHOOK, HARDY & BACON
One Kansas City Place

1200 Main Street

Kansas City, Missouri 64105
Telephone: (816) 474-6550

Bradley Haddock

Koch Industries, Inc.

4111 E. 37th Street North
Wichita, Kansas 67201
Telephone: (316) 828-5946
Facsimile (316) 828-4780
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United States Patent [19]
Martin et al.

(111 Patent Number: 4,505,666
[45] Date of Patent: Mar, 19, 1985

STAGED FUEL AND AIR FOR LOW NO,

(54)
BURNER
[75] Inventors: Richard R, Marting Kt 8. Jaeger,
bath of Tulse, Okln,
(73] Assignes: John Zink Company, Tulsa, Okla.
[21] Appl. No.: 542,098
[22] Fled: Sep. 28, 1983
: Related U.S. Application Data
[63)  Continuation of Ser. No, 306,412, Sep. 28, 1981, zbun-. -
doned. -
(51 Int Cla...... F23C 5/28
[52] ©s. q, 431/175; 431/10;
431/285
[58] Field of Search i 431710, 12, 174, 175,
431/181, 187, 188, 278, 284, 285, 351, 352, -
60/732, 733
[56) References Cited
US. PATENT DOCUMENTS i
2,263,170 11/194) Haediks ....... w 431/278
2355216 271946 Jordan 4317174
2,851,093 971938 Zink et a), - 431/174
3.033273 5/1962 Zink ar al, - 4317174
3,376,098 4/1968 Fryor 431712
3,873,671 3/1975 Recd et al. nesssinne $23/235
3,911,083 1071975 Reed et al. wonssernes 4237235
3,923,002 12/1975 Verdoyw e $31/10
4004875  1/1977 Zink et al S—
4,033,925 7/1977 Reed L N -
4,089,639 5/1978 Reed 4317211

6/1978
6/1979
71979
17198}
17198}

4,095,929
4,157,890
4,162,140
4,244,325
4,245,980
4,257,763 37198 - - 4317188
4395223 /1963 Okigami v tl. ... 431710

FOREIGN PATENT DOCUMENTS
74828 641977 Japan .

OTHER PUBLICATIONS

Low NO; Burner Two Stape Fuel Sl:pply\ System,
Hitachi, Zosen, Yul. 1978, No. D-14B, 6 pages, 345 Park
Ave,, New York, N.Y. 10022, U.S.A,, Jul, 1978

Primary Examiner—Caryoll B. Deority, Jr.
Attorney, Agent, or Firm—¥ead, Johnson & Stevenson

[57 ABSTRACY

A Jow NO; burner for a formace and a methed of oper-
ating the burper involving a Primary and secondary
combustion rone wherain staged fuel and air to both
combustion zones is provided. By injection of from
about 40 10 60% of the liquid or gaseous hydracarbon
fuel along with about 909 of the votal sir requited 1o 5
first resction zone and injection of the remaining fuel
with the remaining 10% of the air 1o a secondary reac-
tion zone the formation of NOy is significantly sup-
presied. Such a burner is useful i minimizing NO.

s e 4317182

_emissions for 8 variety of furnace types including both

natural draft and forced diaft famnaces.,
4 Claims, 19 Drawing Flguves

Exhibit |
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|
STAGED FUEL AND AIR FOR LOW NO, BURNER

This is a eontinuation application of Ser. No, 306,412,
filed Sep. 28, 193], now abandoned. .

BACKGROUND OF THE INVENTION

1. Field of the Invention )

This invention relates to a method and apparatus for
burning fuel resulting in Jow NOQ. formation. Mors
specifically, this invention relates to 3 staged firc] and air
injection burner, :

2. Description of the Prior Art

With the advent of contemporary cnvirunmenra)
emission standards being imposed by various govern-
memal authorities and
regulations, methods and apparatis to suppress the for-
mation of oxides of mitrogen during combustion with air
are becoming increasingly pumerous. Various tech.
niques have been suggested and employed in the design
and aperation of burners and furpaces 10 meet those
regulations, Thus it is known that to bun a hydrocar-

bon fuel in less than s stoiehiometric concentration of . -

oxygen intentionally produces a reducing envitonment
of CO and H,, This concept is uhilized in a staged air
type low NO. burner wherein the fael js first burned in
a deficicncy of air in one zone producing a reduced
environment that suppresses NO, formation and then
the remaining porstion of the air i added i a subsequent
zone. Staged fuel has also been suggested wherein all of
the air and some of the fuel is bomed in the first, zone
and then the remaining fuel is added jn the second zone.
The presence of an over abundance of air in the first
reaction zone nets a3 a diluant thus lowering the temper-
dture and suppressing formation of NO,. 1t has also
been proposed to recirenlate fule £as t0 accomplish the
lowering of the flame temperature,

However, each of the prior art processes have certain
inherent deficiencies and associnted problems which
have led to limited commercial Bcceptance. For exam-
Ple, when burning fuel in a substoichiometric oxygen
environment the tendency for soot formation is im-
creased. The presence of even small amounts of soot
will alter the hear transfer properties of the farnace and
heat exchanger suefaces downstream from the burner,
Also, flame stability can become a exitical factor when
operating & burper at significantly sub-staichiometric
conditions.

SUMMARY OF THE INVENTION

In view of the problems associated with previowsly
proposed low NO, bumners, wa have dissovered a
method for burning & gaseous or liqnid hydrocarbon
fuel in air resulting in jow NO; formation <omprising
the seeps of:

{a) buming a portion of the fuel with
of the air in 2 primary
the formation of NOy

(b} directing the effiuent from the primary reaction
zone into a second reastion 20mne; and .

(<) burning the xemaining portion of the fuel with the
remaining minor portion of the air in the second rene-
tion zope. :

Thus, the low NO,
invention comprises;

(2) a primary reaction zone;

(b a secondary fenction zone sequentially following
the primary reaction zone; )

a major portion
reaction zone such as to reduce

forming burner of the present
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{c} a means for proportiening the fuel between the
primary and secondary reaction zones; and

(d) 2 means for supplying a major portion of the air
for burning the fuel 10 the PIinary reaction zome and
supplying the remaining minor portion of the air to the
secondary reaction zone.

The present mvention further provides for the fuel to
be proportioned from about 40 to 60% to the primary
reaction zone and then from about 60 to 40% to the
second reaction zone while the air i proportioned from
about 80 to 95% to the primary zone (preferably 90%)
and from about 20 to 5% to the secondary zone (prefer-
ably 10%). .

The invention farther provides for the primary reac-
tion zone to involve at least one injection nozzle within
a centrally Jocated chamber and a secondary reaction
zone to involve at least one-nozzle and preferably a
plorelity of noxzzlss surrounding the outlet of the pri-
mary reaction zone. Accordingly, the foel ig supplied ro
the injecrion nozzles from a single source with the orj-
fices of the nozzles being sized 1o proportion the fuel
between the primary and secondaty reaction zones,

It is an object of the present invention to provide a
method and apparatus for burning a hydrocarbon fuel
resulting in reduced emission of nitrogen oxides gener-
ated by the combustion. It is a further object that a two
stage fuel and air system be employed in a manner that
maintaing furnace efficiency withont significant soot
formation. And, it is an additional object that the
methed and apparatus be consistent with a variety of
burner designs inclading, for example, flat flame design, |
round or conical flame burmers, high. intensity burnes
and the like. Fulfillment of thew: ubjects and the pres.
ence and fulfillment of other objects wil! be apparent
upon complete reading of the apecification and claims
taken in conjunction with the artacked drawing.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 is 3 cross-sectional view of one embodiment of
the invention illustrating 2 T-bar primary nozele sand o
pair of secondary nozzles.

FIG. 2 i a crossssectional side view of the T-bar
primary nozzle of FIG. 1. :

FIG. 3 is an end view of the burner of FIG. 1.

FIG, ¢ iflusirates the orfice configuration of the
secondary nozzles for the burner illustrated in RIG. 1.

FIG. ¥ is a cross-sectional view of an eltermate em-
bodiment of this invention illustrating a domed nozzle,

FIGS. 6, 7 and 8 Mlustrate an alternate secondery
nozzle and orifice configuration for bumner of FIG. 5.

FIG. 9 is another embodiment illustrating a pair of
flat flame design primary nozzles,

FIG. 10 iv a graphic iflustration of NO; lsvels
achicved for a variety of secondury tips and various fuel
split ratios,

DESCRIPTION OF THE PFREFERRED
EMBODIMENTS

Referring now to the drawimg and, in particalar, 1o
FIGS., 1, 2 and 3 there is shown one embodiment of the
present invention wherein the burner i indicated gener-
ally by the nomeral 10. This particvlar embodiment
involves o primary burner tube 12 leading to a T-bar
primary nozzle 14 along with a pair of secondary burmer
tubes 16 and secondary bumer nazzles 18 all being
supplied hydrocarbon fuel from a common source
through tube 20, The fusl exiting primaty noazls 14
enters the primary combustion zone 22 whereln it is
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-buened in the presence of a significant stoichiometric
excess of air flowing through the interior 24 of the
burner and entering the primary reaction zome 22
through an annular space 26 surrounding the primary
nozzle 14, 2s indicated by the presence of arrows.

The effluent from the primary reaction zone 22 emers
a larger secondary reaction zone 28, Simultaneously,
the fuel exiting the secondary nozzle 18 is mixed with
air from the interior 24 of the burner 10 pasging through
annuler conduits 30 surrounding burner tubes 16 and is
-then burned in the cecondary reaction zone 28 In the
presence of the effluent fcom the fictt reaction zone 22,

The orifices of the respective T-bar nozzle 14 and
secondary nozzies 18
proportioned between the ptimary reaction zone and
the secondary reaction zone. Prefcrably from about 40
to about 609 of the fuel is directed through the primary
nozzle 14 and the remaining fucl is directed to the sec-
ondary nozzies 18. Similarly, the erozs~zectional area of
the annular space 26 end the annular condvits 30 for
conducting air to primary and secondary rcaction zones
are selected such as to deliver-about 80 to 95% of the
total air 0 the primary reaction zone 22 and the remain-
ing 20 to 5% of the total air to the secondary reaction
zone 28.

FIG, 4 illustrates the directional characteristics of the
erifices of each secondary nozzle 18. As {llustrated, the
five fuel ports 32 will issue a fan like sheet of fuel di-
rected towards the effluent of the primaty combustion

4,505,666

zone.

In FIG. 5 an alternate forced draft bumer 10 is illus-
trated involving a single gas nozzle 34 that directs the
fuel deliversd through conduit 36 into the primary com-
bustion zone 38 defined by the refractory walls 40 of the
burner. Riser pipes 42 fitted with orifice tips 44 extend
through this refractory wall 40 such as to deliver the
gecondary fuel to the secondary combustion zone 46.
Similar to FI(. 1, combustion air flows through the
interior 48 of burner 10 into the primary zone 33 by way
of apnular conduit 49 and into secondary combustion
zono 46 through annular apenings 50. FIGS. 6, 7and 8
illustrate the basic orifice or port configuration 52 of the
secondary nozzles 44 including alternatc angles of incli-
nation (see FIG. 7) towards the axial direction of the
flow in the primary reaction zons 38.

FIG. 9 illustrates another alternate embodiment ofa
staged fuel and air burner M) of the present inventon
whercin the particular buguer is a flat flame design in-
volving a pair of primary nozzles 54 and 56 each essen-
tially edjacent to the refractory walls forming the pri-
mary reaction zone 58. Similar to the pravicus embodi-
raents, secondary fuel conduits 60 and 62 pass through
the refractory material such as to deliver fuel 1o the

‘secondary reaction zone &4

EXAMPLE

[n order to evaluate the principle of sepsrating the
gaseous fuel into two essentially equal but sequential
burning stages wherein a significant stoichiometric ex-
cess or major portion of the air i employed in the first
stage with the remaining minor portion of the air in the
second atage, a series of tests were conducted using a
burner coenfiguration as illugtrated in FIG. 5. The
burner was of a forced draft design using natural gas. A
center moutted gas gitn Was mountcd t0 fire inside a
refractory chamber. Four riser pipes fitted with orifice
tips were installed through the refracrory wall of the
combustion chamber parallel to the center line of the

are sized such that the fuel is
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burner. Three sets of tips were tested, each having ovi-
fices discharging at different angles to the tip centexline.
The bucner was tested by firing vertically upward into
a furnace.
Three series of tests were conducted; one series for
each set of secondary riser tip drillings. The tip drillings
included three orifices, and were oriented in the first
series discharging vertically upward (patallel to the
centerline of the burner), in the second series discharg-
ing at a small angle, e.g. 15° off vertical {towards the
rrmer centerline) zud in the third series discharging 30°
off vertical (towards the burmer centerline), Each test
series of each set of tips included variations of primary/-
secondary fuel ratio and turned down tests. '
FIG. 10 filusirates the NO; levels achieved for cach
set of tips au various fuel gplit ratos, The burner was
also fired on center gas only to establish the base point
for non-graged operation of 80 ppm NOx. The lowest
NOy levels were obrained wich secondary orifices dis~ -
charging paralle] to the bumer axis, but this set of vips
also produces the highest level of combustibles, Turn
down on 30" tips was about 3:1 on a fifty/fifty fuel split,
and turn down on 15* tips was about 2:1 on a forty/sixty
split. Flame appearance was generally good on all ar-
rangements. ‘
From the data and test results it is readily apparent
that the basic concept of staged air and fuel combustion
is capable of producing NOx levels significantly lower
than conventional combustion, The test results have
also cstablished thav these fow NOy levels are achieved
jn the absence of significant soot formation or flame -
instability, Additional advantages of the present inven-
tion inciuds the fact that the NO. levels achieved are
lower than those associated with staged ir combustion
and the face that the basic concept of staged aix and fuel
is compatible with & wide variety of types of buriess.
Having thus described the invention with a certain
degree of particularity, it is manifest that many changes
can be made in the details of construction and arrange~
ment of components without departing from the spirit
and scope of this disclosure. Therefore, it is to be uader-
stood that the invention is not fimited to the embodi-
ment set forth here for pucposes of exemplification, but
{3 to be limited only by the scope of the attached claims,
including & full range of equivalents t0 which each
element thereof is entitled. .
We claim: .
1. A low NO;x emission fuel-air bumer for 2 flrnace
chamber comprising: .
an air-fuel mixing snd injection bumer attached to the
wall of said furnace such that the downstream face
of said burner terminates substantislly adjacent an
inner wall of said furnace chamber; A

means to supply to said burner, 8t & given instant of
burning, a given total amount of fuel under pres-
sure and a given total amount of air, seid total
amount of air being at least substentiaily stoichio-
merrically sufficient to burn said total amount of
fuel supplied to said burner; :

means to create a primary reaction buraing zone that
begins in an enclosed space upsiream of snid inner
wall and extends downstresm of said inner wall
into said furnace chamber and means to supply 10
snid burning zone a first portion of said roral fuel
and a portion of said rotal air which exceeds the
stoichiometric requicements for burning said first
portion of fuel thereto;
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a plurality of conduits in said burner located adjacent
said enclosed space, said conduits providing com-
munication between said total air supply and said
furnace chamber;

fuel injection nozzle means positioned within cach of 5

- said conduits such that there js passage of sajd air
thereabout, seid nozzle means terminating adjacent
said downstream face of said burner; :

means to supply the remaining portion of said total
fuel to said nozzle means, and means to sapply the
remsining portion of said total ajr through said
conduits surrounding said nozzle meays, said re-
maining portion of said 1ata) air being less than the
stoichiometric requirements to burn said remaining
portion of said total fuel;

said nozzle means directing said remaining portion of
said total fuel as 3 fan shaped sheet which along
with said remaining portion of said total air con-
tributes to the formation of an unconfined second-

. .20

15

30

s

40

6

ary reaction burning zone substantially surround-

ing and reacting with a substantial portion of the
unconfined effluent of saig primary reaction zone
within said furnace chamber, and ro causeg the inspi-
ration of products of combustion that substantially
surround said sccondary reaction zone into said
s¢condary reaction zaone,

2. A burner of clalm 2 including means 10 supply
within the tange of about 40 1o about 60% of said total
fuel to said primary reaction zone and sbout 60 to about
40% of said fue) being supplied to said secondary reac.
tion zone.

3. A burner of ¢laim 2 including means to supply. in
the range from about 0 10 about 95% of the said tota]
air 1o said primary resction zone,

4. A burner of claim 1 including means to
the range from about 20 to abont 959
air to said primary reaction zone,

- L]

L Ed -

sapply in
of the said total

. 45

55

- 65



Case 4:00-cv-00199-CVE -PJC Document 1 Filed in USDC ND/OK on 03/03/00

Page 14 of 60

R (N
. .
United States Patent 9 1)  Patent Number: 4,702,691
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3,311, 967 Hewmheyetal
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1
EVEN FLOW RADIAL BURNER TIP

This i a continuation of copending application Ser.
No. 592,013, filed on May. 19, 1984, abandoned.

BACKGROUND OF THE INVENTION

This invention is an improvement wpon yadiant wall -

burniug appacatus such a5 thet which has becn herato.
fore developed and patented aod typically shown in the
fallowing U.S. Pat. Nos.: - .

3,416,735 : .

3,684,424

4,257,762

The invention & dirested to n burner which mspirates
or eduacts gir with g2s 10 bum beyond openings at the
end of a burrcr tubie. Tu addition, the invention is appli-
cable to a bumner that vecs forced air or forced air and
gas for burning gutside apenings at the end of a bumer
tube. The outlet slots or openings must allow maximum
emission of the gas-air mixture at sufficient velocity to
prevent flashback into the bumer tube.

SUMMARY OF THE INVENTION

10

15

an

Tt is An object of this invention to maintain efficicnt 25

bomiing of radiant wall burper apparatas  despite
chaoges in velocity of the combustitie gaser and/or
changes in types of fuel

It is another object of this imvention, to provide, at the
outlet of a radiant fignace wall burner tube, apparatus
to mnke the ovtward flowing velaciiy substantially
oniform through the openings at the tip. A further ob-
Jject is to provide improved distcbution of air OF EAR-ALT
wmixtures through the openings or sloty provided pi the
end of the burmer tube adjecent a furnace wall,

11 iz 10 be understood that the inveation is for use with
a variety of gas-air, or air-gas mixing burncrs. For ex-
ample, the invegtion inclodes burners uging forced air
pre-mixed with gas or alones such as found in U.S. Pat.
Na. 4,257,762, the invention
sion of fluid flow at the downstycam Bip. :

A particular description of the invention provides a
gas bumer assembly for. fituaces in which a stream of
high velocity fuel gas issues from an odfice to ipspirate
combanstion supporting gir into and

surface. The down-
dtream end of the burner pipe s closed. A pluralicy of
opeuings such ax slots or holes are provided in the
burner pipe adjscent the downatream end to profect
£ag-air mixtures issvning thercfrom, outwardly along the
mdiant fursace wall surfaes for butajug, A flow divider
comprised of an nodersized cylindrieal member is cen-
tralty located permanently or Iemporarily inside the
bumer tube adjacent the. downstream end. The down-
Strcam end of the flow divider i3 oriented in close Prox-
imity to the inside periphery of the burner tube at said
opruings to effectively divide the openings into what is
defined herein-as a downstream: flowing portion and ag
vpstream flowing paction. The cylindsical flow-divider
<auges that portion of the
through the mside of the How divider to be directed
through the downstream portion of the openings. The
remaining portion of the fuel-air mixture which passcs

2
through the annulsr space located botween the flow
divider ard the burner tube flows through the apstream
portion of the openings.
BRIEF DESCRIPTION OF THE DRAWING
FIG. 1is a paxtial sectiong! view describing the appa-
raina of this invention as it can be located in a furnacs

wall, -
FIG. 2 is un enlarged sectional view of the tip of FIG.
1 :

) ‘FI.GS. 3 and 4 depict other embodiments of the in-

vention. -
FIGS. 5, 6 and 7 depict other forms of fow divider
baifles within the scope of the invention. .

DETAILED DESCRIPTION OF THE,
PREFERRED EMBODIMENT

Before explaining the present invention in detail, iv ip
to be understood that the Invention is not limited in its
application to the dewails of the construction and ar-
rangement of parts illustrated in the accompany draw-
ings. The mvention is capable of other embodiments
and of being practiced or carried cut i a variety of
ways. It g o be understood that the phrasoology and
terminalogy employed hegeiu is for the purpose of de-

. acription and not of imitation.

being directed to the divi- 40

mix with the sirin 8 45 .

the furnace opening 50
-. along the furnace wall and

fuel-air mixturc which passes 65

The burner assembly of FIGS. 1 and 2 i RKenerally
designated Yy the numeral 10 is inzerted throvgl an
opening 12 formed as a part of a bumner block 14 located
through furnace wall 16, ‘The basic gas-sic mixing
bumer assembly shown here is merely typical, ag the
ipvention is not to be limited to that type shown, The
bumer assembly is supported by a moonting plate 18 as
by welding or bolting to plates 20 and/or 22. The
moupting plats cenirally supports the burner tube 30 -
and includes openings which may be regulated for the
flow ofsmdarydrushomu%tqh;giugsszmy
be provided in the annular space between the burner
tube and the moonting thimble or plate 20. By supplying
gas into the aspirator gection 3§, primery air, from a
muffler 40, iy caugsed to be inspirated at 38 inte the
burner tube 30 where it is mixed. with the gas and thence
caused to issuc from the downstrocam end 40.

As gtated, thie invention in directed to improvements
in the flow of the gas-air mixtare from the downstzcam
end. A conical shaped plug 42 typicafly closes the
downatrcam end. A plurality of spaced openings or slots
44 axe provided around the circumference of the down-
stream end of the bamer tube 30, These openings 44
project gae and air ewentially outwardly for burning
tile surface 46 which iy capa-~
ble of providing additional radiant heat enexgy to the
interior of the furmace o5 s known in the art, The inven-
tion is particularly directed to a flow divider 50 which
is provided in the interior of the burmer tube, adjacent
the downstrean end. The flow divider is comprised of
a cylinder which includes owtwardly projecting lugs or
feet 52 which centrulize the flow divider jn the position
as shown. Other fonms of centralizer means sich as
protrusions from, the body of the evlinder and the like
are inclusive of the invention. The flow divider can be
permancatly installed as by welding in & centralized
posttion. The downstream end of the How divider js
eaused to be oriented in dlose proximity to the inside
pesiphery of the bumner tube at said openings, thug di-
viding the openings into a downstream flow 58 and an
upstream Oow 56. )
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FIGS. 3 and 4 are directed towards other embodi-
ments which are inclusive of the invention. In FIG.3a
straight burner tube 60 is depicted having an end clo-
are 62 and a plurality of slots 64 disposed inside the tip.
In this cmbodiment the flow divider 66 dispozed about
the tip, In this embodiment the flaw divider 66 with its’
cenixalizing members 69 ia shown, Likewise, in FIG. 4
the primary distinction is the use of a bumer tabe 70.
which may be straight or curved as shown, having an
end closure 72 and a plurality of holes 74 abrrounding
the tip. The flow dividor 76 with it ceutraliziog mem-
bers 78 is showa positioned with respect to that embodi-
menf. :

FIGSE. 5, 6 and 7 depict different forms of flow divid-
ers, such As an angularly ineclined member 84 dividing
slots 82 of FIG. 5, a right angle divider 86 dividing sio=
gorme. 7 and a beveled flaw divider 90 dividing slots

What is cIsimed ia: ‘ :

L A gag burner assembly for furnaces in which a fluid
sitceam of pre-mixed frcl and agpirated combustion snp-
porting air flows through a burner pipe, said burner

10

15

F.

pipe inserted into an oversized opening through the

wall of said furnace forming an annulus for the passage

of secondary air therethrough, a downstreamy end of 25

zaid burner pipe closed, a plurality of circumferentially
spaced opealngs in said buraer pipe adjacent said down,.-
stream end to project seid fluid strcam issuing therefrom
outwardly to intersect aud said secandary air for bumn-
ing along nmdinntfumnocwaﬂmrfnccsurmunding
said bumer pipe; a flow divider means centrally poai-
tioned inside of said burner pipe at the said downstream

30

as

43

55

65

cnd, anid flow divider means comprising a thin walled
metallic cylindrical member of length substantially Jess
than the leagth of said bumer tube, the upsiream end of
s2id flow divider means being of lesser diameter than
aaid bnmcrpipeﬂ‘onningasubstanﬁa)ly undjvided snnn-
lar flow space between sajd cylindrical membes and the
inside diameter of said bumer pipe and an wodivided
inzide central space, the cross-sectional area of said
snmular flow space being less than the crosy-gectional
area of sald inside central space, the downstrenm end of
s3id flow divider flaring outwardly 10 86 to be contigu-
ous with the inner periphery of said bumer pipe appo-
site mid openings to divide xaid opemings into down-~
stxeam openings and upatream openings, said flow di-
vider diving aaid fluld stream into an undivided down-
Stream portion which passcs through said inside central
space of said Row divider thence outwardly through
said downstream openings and a subztantially undivided
upstream porticn of smid Auid stream which passes
through eaid asmular flow space thence through said
upstreamn opeaings.

z.‘l'hcbumc:ofelaimlwheminthcdnwmtream
flaring cutward portion of sajd flow divider contiguous
with sxid openings has a curved surface, :

3 The buvaer of claim 1 whegein the downstream
flaring outward portion of said flow divider contignous
with 3aid openings has a tapered or beveled snrfrce.

4. The burner of claim 1 whierein the downstream
flaring outward portion of aaid flow divider contiguous
with said openiugs iz approximately perpendicalar to
said openings.,

. * v w @
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1

METHODS AND APPARATUS FOR BURNING
FUEL WITH LOW NO, FORMATION

BACKGROUND OF_ THE INVENTION
1. Field of the Invention

5

¢ present invention relates to methods and appora~

tus for buming fuel-air mixtures whereby flue gases
baving Jow NO; conteny are produced. :
- Description of the Prior Art

Asaresult of the adoption of stringent environmentsa]
emission standards by government authoritics and agen-
cies, methods and apparatus to suppress the formation
of oxides of nitrogen (NO;) in fve Bascs produced by
the combustion of fus)-air mixtures have been devel.
oped and used heretofore. For example, methods and
pparatus wherein-fue! is burned in lass than a stoichio-
MElTic concentration of OXygen to intentionally pro.
duce a reducing environment to CO and H; have been
proposed. This concept has been utilized in Staged air
burner apparatus wherain the fuel is bumed in a defi-
ciency of air in a firgt zone producing a reducing envi-

10

15

20

. Wherein it combines

Ffonment that suppresses NOy formation, and then the -

remaining portion of air s
zone. Methods und apparatns have ajeo developed
wherein all of the air and some of the fuel is burned in
a first zone with the remaining fue) being introdoced
into a second zome, In this staged fuel approach, an
excess of air in the first zone acts as a dilutent which
lowers the temperature of the buming gaset ang
thereby reduces the formation of NO,. Other methods
and apparatus have been developed wherein flue

Are combincd with fusl-air mixtures 0 dilute the mix-
" tures and thereby lower their combustion tempceratures
#nd formation of NO;,

While the prior art methods and bumer apparavys for
producing flue gases having low NO, content have
achieved varying degrees of success, there stil) remains
4 need for improvement in such methods and burper
apparatut whereby low NO. content flue guses are
pr?dnoed and simple economical bumer apparatus is
utilized,

SUMMARY OF THE INVENTION

By the present inveution, the above mentioned needs
for improved methods of burning fuel-air mixtures and
improved bumer apparatus for carrying out the meth-
ods are met. That is, the present invention provides
improved methods and byrner apparatus for discharg-
ing mixtures of fuel and air into furmace spaces whevein
the mixtures are bumed and flue gases having low NO,
content are formed therefrom. The methods each basi.
cally comprise the steps of mixing a portion of the tatal

‘ is discharged
into the furnace space whcreby it combines with g por-
tion of the towl air required for forming an at least
substantially stoichiometric total fuel-tatal air mixture,
and the resultant fuel-fipe gases-air mixture is burned in

of fuel is discharged inro 3 secondary reaction zone in
the furnace space wherein it mixes with cogled flue
£as¢s contained in the fyrnace Space and air remaining
therein to form a second fuel mixcure. The second fus]

Tatroduced into a second.

25
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mixtare zleo bumns ay a relatively lowr temperature and
Nue gases having low NO, content contain a portign of
the air mixed simultaneously with the fuc) and flue
Bases, and a portion of the air can optionally be sepa.
rately conducted to apd discharged into the secondary
reaction zone with the remaining portion of the fuel.

The improved burner apparatus of the present imven-
tion which is relarivel y simple and economical utilizes 2
primary fuel jet mixer-nozzle asscmbly for mixing a
portion of the fuel and inspirated (lue geses drawn from
the furnace space and discharging the resultant first fuel
mixture into a primary reaction zZone in the furnace
Space. A portion of the ajr ean optionally be inspirated
into the primary mizer-nozzle assembly and simulia-
ficously mixed with the first fyel mixture,

The remaining portion of the fuel is discharged into

‘the furnace space by way of one or more secondary fue]

4

the primary reaction zone. A por-
into the primary reaction Zone

with the first fuel mixture dis-
charged from the primary mixer-nozzle assembly, and
optionally,

quentially following
tion of the air fows

into the secondary reaction Zone.

It is, therefore, a general object of the present inven-
tion to provide an improved method and burner appars-
tus lor discharging a mixture of fire} #nd air into a fur-
nace space wherein the mixture of fue and air into a
furnace space wherein the mixture is burned and flne
8ases having a Jow NO, content ate formed therefrom.

A forther object of the Present invention is the pProvi-
sion of an improved low NOxburner apparatus whicl is
of simple and economical constfuction. °

Other and further objects, features and advamages of
the present invention will be readily apparent to those
skilled in the art upon a reading of the description of
preferced embodiments which follows.

_BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is 4 side cross-sectional view of a burner appa-
ratus of the present invention attached 10 8 furpace wall,

FIG. 2 is a top plan view of the burmer and furnace
wiall of FIG. 1.

FIG. 3 is a side cross-sections] view of an alicrnare
embodiment of the burner apparatus of the presant in-
Vention attached to a furnace wall.

FIG. 4 is 2 tap plan view of the burner and furnace
wall of FIG. 3.

FIG. 5isa top plan view of znother alternate embodi.
ment of the bumer of the present invention.

FIG. 6 is a top plan view of yet another alternate
cmbodiment of the burner of the present invention.

DESCRIPTION OF PREFERRED
EMBODIMENTS

a presently preferred
of the presen¢ inven-
tion is illustrated and generally designated by the nu.
meral 1. The bumner 10 includes A cylindrical housing
12 which is connected at an open end 14 therenf over a
complimentary opening 16 in a furnace wall 18. As will
be understood by those skilled in the an, the furnace
wall 18 gencrally includes an internal layer of insylation
18 and insulation material 20
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together with a portion of the interior of s burner tile 48
which will be deseribed further herzinbelow define a.
furnace space 21 within which fuel and Air are burned 10
form hot flue gases.

As illusirated in FIG. 1, the bumer housing 12 in-
cludes an annular flange 22 at the apen end 14 thercof.
The fange 22 iz bolted to the furnace wall 19 by a plu-
rality of bolts 24. The opposite end of (he housing 12 is
closed by an end wall 26, apd a plurality of air intet
openings 29 are disposed in spaced reiationship around
the cylindrical side of the housing 12, A eylindrical
damper 30 is rotatably positioned over the cylindrical
side of the housing 12 having a handle 32 attached
thereto. The damper 30 inclvdes ajr openings 32 which
are complimentary 1o the air openings 28 whereby the
damper 30 can be rotated, using the handle 32, between
a closed position whereby the opznings 28 are covered
by solid portions of the damper 30, a partially open
position and a fully open position whereby the openings
28 are in registration with the oponings 32 as shown in
FIG. 1.

Positioned co-axially within the housing 12 is a pri-
mary fuel jot mixcr-discharge nozzle asscmbly desig-
nated by the numeral 34. The assembly 39 is comprised
of an elongated fuel jet mixer 36 connccted 10 a dis-
charge nozzle 38, The mixer 36 attached to the end
Plate 26 of the housing 12 ineludes pressurized fuel
inlet connection (not shown) ro which a conduit 40 (via
&0 Gpening in the end plate 26) is connected. The con-
duit 40 is in turn connected

- which conduets pressurized
to the burner 20. The mixer 36 also includes four flue
gases inlet connections 46 which aré pasitioned in
equally spaced relationship around the base thereof,

At the aopen end 14 of the housing 12 is an anpular
burmer tile 48 formed of flame and heat resiseant mate-
rial. As shown in FIGS. 1 and 2, the bumner tile 49
includes four passageways 50 which extend from the
cnd 49 thereof adjacent the open cud 14 of the housing
12 to the exterior side 51 thereof within the furnace 21,
Connected 1o cach of the fye gases inlet connections 46
of the mixer 36 are the ends of four conduits which are
disposed within the housing 12, the other ends of which
extend into the passageways 50 formed in the burner tile
48. Thus, the four conduits 52 connect the four flue
gases inlet connections 46 of the primary mixer-nozzle
assembly M o the passageways 50 in the burner tile 45,
As best shown in FIG, 2, the passageways S0 with the
conduits 52 extending therein are Ppositioned in equally
Spaced relationship around the primary mixer-nozzle
assembly 34. As will be understond, more or less than
four conduits 52 and jnlet connections 46 may be uii-
Yized in the borner apparatus 10 depending upen various
design considerations known to those skilled in the art.

3 of the prunary mixer-nozzle asgemnbly

fael from a source thereof

a primary reaction 20ne iy the furnace space 21,

Four additional passageways 56 are disposed in the
bumner tile 48 exteading (rom the end 4% thersof to the
other end 53 thereof, As begt shown in FIG. 2, the
apening $6 are positioned in spaced relationship around
the burner tile

fuel discharge nozzles 60, The discharge nozzlcs 60
each include one or more discharge orifices 62 in the
external ends thereof, and are each snugly fitted within

&)

20

4 passageway $6. The internal ends of the nozzles 60 gre
connccied to conduits 64 which extend through the
passageways 56 of the burner tile 48, through the inte-
rior of the housing 12 and through complimencary
openings S8 in the enid wall 26 of the housing 12. The

- conduits 64 zre connected to a pressutized fuel source

by way of the conduje 42 As will be described further
hercinbelow, the fuel nozzles 60 discharge fuel into the
furnace space 21 whercin the fus) mixes with cool flue
gases contained in the furnace space 21 and air remain- -
ing therein, The resy] ting minwure is burned is a second-
ary reaction zone in the furpace space 21 adjacent o
and downstream from jhe primary reaction zone. More
or less than four el nozzles 60 can also be urilized in
the apparatus 10 based on kngwn design considerations.
In the operation of the furnace of which the bumer
upparttuz 10 is a part, fue) and ajr are discharped into
the furnace space 21 and burned therein to form hot fue
gases. The hot flue gases are cooled as they circulate
through the fumace tpace 21 and lose heat prior to

. being vented to the atmosphere, In order 10 meet cnvi-

25

to a header or condwit 42 30

s

- flue gases having low

40

45

50

55

gases is discharged into

&0

ronmental emission standards, the flye gascs must have
tow NO; content, ’ o

- The required flue gases fow NO; content 35 accom-.
plished in accordance with the present invention by: (a)
discharging into the fumace space 21 the air required
for producing at least a gubstanrially stoichiometric
mixture of fuel and air thercin by way of the opening 14
in the housing 12; (b} mixing, within the primary mixer-
nozzle assembly 34, a portion of the total fuel needed for
the required hear release within the furnace space 21
and {lue gases from the furnace space 21 to thereby
form a first fuel mixture, 1., fuel diluted with flne gases;
(¢) discharging the first fuel mixture into the furnace
space 21 by way of the orifices' 54 of rhe nozzle 38
whercby the mixture combines with air discharged into
the lemacc space 21, the resulting fuel-flue gases.ajr
mixture is burned in a primary reaction zone therein and
NO; content are formed there-
from; and (d) discharging the remaining portion of the
fuel by way of the nozzles 60 into a secondary reaction
zone which sequentially follows the pRmary reaction
2one in the furnace space 21 whercby the fuel combines
with cooled flue gases from the furnace space 21, with
the products of combustion from the proimary reaction
zone and with air in the fornuce space 21 to form a

- second fuel mixture which is burned in the secondary

reaction zone and additional fluc gases having low NO.
content are formed therefrom. :
Referring to FIGS. 1 and 2, atmospheric air is intro-
duced into the housing 12 of the burner apparatus 10 by
way of the openings 28 therein and is discharged, in
sccordance with step (a) described above, through the
open end 14 of the housing 12, through the open interior
of the butner tile 48 and into the furnace space 21. As is
well understood, the damper 30 is utilized to control the
rate of total air introduced into the housing 12 at a level
whereby at least a substantially stoichiometric mixture
of 1otal air and total fuel results in the furnace space 21
In zecordance with step (b), preswurized fuel flows by
way of the conduit 40 into the prunary mixer-nozzle
assembly 34, The pressurized fuel, which can be fuel gas
or vaporized liquid fue), is formed into a high velocity
Jetas it enters the mixer 36 which causes a suction to be

Eases contained within the furnace space 21 to be drawp
into the passageways 50 from the fuenace space 21 and
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5
1o flow by way of the conduils 5216 the mixer 36
wherein the flue pases are inspirated into and mixed
with the fue to form a firsc fuel mixture,
In accordance with step (c) deseribed above, the firsy
fue) mixture is discharged through the arifices 84 of the
discharge nozzle 38 of the primary mixer-nozzle assem-

bly 34 into a primary reaction zonc adjacent thereto. -

mixture eombines with ajr flowing imo the furnace
Space 21 by way of the open end 14 of the housing 12
and the intcrior of the byrner tile 45 (ag shown by the
arrows 44), angd the resyleant flue gases-fucl-air mixfure
is butned in the Primary reaction zane, Hecause the
burning of the mixture takes Place at a relatively low
temperature due, at lenst in pary, to the presence of the
flue gases therein, the flue gases formed have a Jow
NOy content, The ¢ “relatively low temperature” is
Used herein to mean a temperature that is lower than the
temperature at which the same fuel-air mixture, but
undiluted with fue] geses, would bum,

Generally, the portion of fuel introduced into the
primary mixer-nozzle assembly 34 and contained in the

first fuel mixture discharged into the primary reaction -

Zonc is an amount in the range of from about 1095 to
about 50% by volume of the total fue) required. The
flue gases which are drawn into and mixed with the fuel
in the primary mizer-nozzle assembly 34 are preferably
Present it an amount in the range of from about 30%; 1o

about 400% by volume of the fuel depending on the -

¢omposition of the fuel and other factors. As will be
understood, the fue) utilized in a burner or fumnace ap-

pATatus is normally expressed as a rate, e, o valume of

fuel per unit time. The 18 "% by voluma™ sg ueed
hescin means the statcd % of the rate of fual referred 10,
While the rate of the air discharged into the fusnace
space 21 can be veried, the rate of aiy utilized preferably
results in at least substantially stoichiometrie fuel-air
nlixture. The term “stoichiometric fuel-air mixtore™ js
used herein 1o mean a mixture in which the relative
portions of fuel and air are such that when the mixture
is burnad to completion, no excess oxygen or fisl ra-
mains.

TUNATY reaction zone to form g
second fue) mixture. Like rhe first fuel mixture, the
second fuel mixture, at Jeast in part as a resylt of the
dilution thereof with flye gases, is burned in the second-
ary reactdon zone at g- relatively low temperature
whereby the flue gases formed have 5 low NOx content,

o

20

55

60

65

mentary epening 116 in a furmace wall 118. An internal
layer of insulation material 120 i provided adjacent the
wall 118; and the wall 118, the insujarion material 120
and a portion of the interior of a bumner tile 148 define
A fumace space 121 wicthin which fuel and air are
burmed to farm hot fNlue gas¢s. The bumey housing 112
includes an annular flange 122 ut the open end 114

tiched thereto, . ) .
A primary fue] jot mixer-discharge nozzle assembly

" generally designated by the numeral 14 is positioned

co-axially within the bowsing 112, The assembly 134 is

conduit 140 is connected, The conduit 140 is in tum
connccted 1o a source of pressurized fued by a conduit
142, The primary mixcr-nozzile assembly 134 also ip-
cludes an air inlet 144, and four Nlue pases inler connec-
tions 146 which are positioned in equally spaced rela.
tionship around the miver 126,

In the embodiment illustrated in FIGS. 3 and 4, a
conical shield 141 is attached to the nozzle 138 1g en.
hance flame stability therets. The shielding conc 141 j5
dish-shaped and includes a Plurality of openings 143
formed cherein for allowing the Passage of a limited
amount of ajr therethrough. The shiedding cone 141
functions 1o create 4 protected arca adjacent the nozzle
139 wherchy air flowing in the diraction indicated by
the *rows 145 is deflectad and instability of flame adja-
cent the nozzle 134 is reduced, The shielding cone 141
further includes tabs 147 extending therafrom towards
and adjacent the sccondary fuel nozzles 160 1o be de-
scribed further hereinbelow. The shielding tabs 147
function to enhance flame stability to the secondary fue)
nozzles 160 by dellecting the flow of air ip areas adja-
cent thereto. C
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Four eniargeq passageways 156 arc disposed in the
burner tile 148 extending from the inuer end 149 chereof
10 the exterior end 153 thereof. The passageways 156
are positioned in spaced relarionship around the burper
tile 348 between the passageways 150 thercin. Disposed
within the passageways 156 are four sccondary fye)
discharge nozzles 160, each including one or more dis-
charge orifices 162 in the eAteraal eads thereof. The
nozzles 160 ace connected by conduits 164 10 the pres-
surized fuel conducting conduit 142. The diameters of
the passageways 156 are sized with respect to the exter-
nal sizés of the secondary fuel nozzles 160 such that
Annular air conducting conduyits 161 aye provided be-
Tween the external surfaces
intetiors of the ,
the arrows 157 in ¥1G. 3, air from within the housing 12
flows by way of the anpular conduits 161 provided
between the passageways 156 and the nozzles 160 into
the secondary reactian zane above and adjacent to the

trolled by the sizes of the annular condaits 161,

The fuel nozzles 160 discharge fuel into the fornace
Space 121 wherein the fuel mixes with the air enrering
the furnace space 121 by way of the annylar conduits
161, As describad above in connection with the burner
#pparatus 10, the fuel-air mixture combincs with cool
flue gases contained in the furnace space 121, produces
of combustion from the primary reaction zone and with
any air remaining in the furnace space 121, and the
resulting mixture is burned in o s¢condary reaction zone
within the furnace space 121.

In order to further lower the

the housing 112, Alternatively the steam can be intro-
duced into the Primary mixer nozzle assembly 134 by
way of a conduit 174 connccted thereto. The steam
-injection contributes to Jow NOx production as is we]]
known by those skilted in the art, '
The operation of the apparatas 100 is similar to the
operation of the spparatus 10 deseribed above, except
that a portion of the ajr which flows inio the housing
112 by way of the Openings 128 iz dyawp into the pA-
i assembly 134, mixed with the fuel
and flue gases thercin and the resulting flue gases-fizal-
air mixture is di fged into the furnace space 121 by
way of the nozzle 138, In addition, a portion of the air
within the housing 112 fows by
conduits 16]1 directly into the secondary reacrion zone
in the furnace space 121. More

Generally, the portion of the total fuel which is tintro-
duced into the Primaty mixer-nozzle 134 and econtained
‘in the first fuel-air mixture diluted with flue gases dis-
charged into the primary reaction zane |

by volume of the fuel in the firel-air mixture depending
on the composition of the fya| and other factors, The
portion of the rotal air which is drawn inlo the mixar

10

15

ir 20
* shielding cone

s

30

s
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- is discharged into

136 by way of the air inlet 144 and which js contained in

the first fuel-ajr mixture difuted with fue gases djs-

charged into the furnace space 121 is an amount in the

range of from about 509 to about 5009 by volpme of
the fuel in the first fuel-ajr mixture depending on the

composition of the fuel and other factors. As wil] be -
understood, the amounts of fluc gases and air drawn

into the mixer 136 are substantially sar when tha design

of the bumner apparatus ' :
and sizes of the varjous inlets, passageways, conduits,
elC, are selecied. Howcver, some adjustments are por-
mally possible, ‘

The first fuel-air mixture diluted with flue gases is
discharged into the furnace space 121 by way of the
orifices 154 of the nozzle 138 whereby the mixture
combines with a further portion of the total air which is
discharged from the housing 112 into the furnace space
121 by way of the open end 114 of the housing 112 as
illustrated by the arrows 145. The flow of air is de.
Nected and stowed down adjacent the nozzle 138 by the
181 to insure stability of the flasne adju-
prHmary reaction 2one. The
diluted with flue £gases is

cent the butner 139 in the
resulting fuel-air mixeyre

the burning to take place
ire,

The remaining pertion of the fuel jz discharged by
way of the fuel nozzles 160 into a secondary reaction
zone which Sequentially follows the pritnary reaction

Generally, the portion OF the aj flows by way -
of the annular condujes 161 directly 10 the secondary
Feaction zone is an amount of air in the range of from
about 10% to about 1009, by volume of the fue] which
the secondary reaction zone by way
of the nozzles 166,

Referring now to FIGS. 5 and 6, alterngte forms of
burner apparatus of the present invention are ifluserated,
Referring 1o FIG. §, a rectangutar shaped burner appa-
ratus 200, often refetred to

between the passageways
sageways 214 and 220 are dispoted in a

FIG, & illustrates another alternate form of burner
Apparatus of the present invention generally designated
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by the numeral 300, The apparatus 300 is similar 10 the
#pparatus 10 and includes 3 eylindrical burper tite 310
atiached to a cylindrical burner housing (not shown),
Instead of a eircular burner nozzle with or withour S
Name siabilicy shie)d the apparatus 300 includes a pri-
mary mixer-nozzle assembly wherein the nozzic 312
thereof includes a plurality of radially extending fingers
314, The configuration of the nozzle 312 is commonly
referred to as a “spider™ configuration, The apparatus
300 includes a Plusality of flue gas intake &
316 and conduits 318 as well as a pluratity of secondary
fuel nozzlas 320 disposed jp passageways 322 .
The burner apparatus 200 and 300 can include the
Structure and can be opcrated as described mbove |

described above in connection with the bumer 100, or
i of the structure apnd Operation
steps ¢an be atilized depending upon the particular
applications in which the burners arc used, That &, for
a parricular application, a burner apparatus of the pres-
eut invention may be rectangular, cylindrical or other

20

shape, may or may not include a nozzle flame stabilizing -

shicld, may or may not inspirate
mixer-nozzle assembly, may or may not separately con-
duct air directly to the secondary reaction zoue or may
OFr may not inject steam. Also, the

natural air drafi or foreed ajr drafl. The term “air is
used herein to mean atmospheric ajr, Oxygen enriched
atmospheric air or air which otherwise includes more or
less oxygen therein than aunaspheric air. The selection
of a particular embadiment of the burner apparatus of
this invention and its operation depends on the particu-
lar application in which the bumer apparatus fs used

In order ¢ facilitate g Clear understanding of the
mcthods and apparatus of the preven, invention, the
following cxamples are given, :

EXAMPLE 1

A burner apparatys 10 desipned for a heat release of
10,000,000 BTU/hour by burning naturaj £as having a
caloric value of 1, BTU/SCF is fired into the fur.
tiace Space 2], ]

Pressurized fuel gas is supplied to the burner 10 a1 a
pressure of about 30 PSIG ang at a rate of 10,000
SCF/hour, A 309 by volume portion of the fuel (3,000
SCF/hour) flows into and through the Primary mixer-
nozzle assembly 34 wherein jt is mixed with about 7,500
SCF/hovur of fue gases (about 2509 by valume of the
fuel gas present in the mixwre), The Femaining portion
of the fuel gas ie, 7,000 SCF/hour flows from the
conduit 42 to the four
where the fuel gas s
21. The rate of air introduced into the housimg 12 5

mixture therain, .
the open end 14 of the housing
21 by way of the interior of the

mctric tora) fusltota) ajr

The sir flows through
“12 ioto the furnace Space
burner tle 48,

(Aue gases) from the primary
tively cool flue 8ases in the furnace space 21 ¢o form a
. second combustion producys and flue gases dilured fue)-

air into the primary-

Apparatus may utilize

25

Jo

i- 35

40

45

. out the objects and attain

35

air mixture which is bumed in a secondary reaction
zone adjacent to and surrounding the Primary reaciion
zone in the furnace space 21. ’

Because of the ditwtion of the first and second fuel
mixtuees with flue gases, such mixtuses bumn at g rela-
tively low temperture whercby the additional flue

EXAMPLE 11

A burner apparatns 100 designed for a heat release of
10,000,000 BTU/bour by buming natyra) gas having a
caloric value of 1,000 BTU/SCF is fired into the far.
nace space 121. ,

Pressurized fucl-gas is supplied 1o the burner 100 at &
Presture of abouwt 30 PSIG and at a rate of 10,000
SCFrhour. A 309 by.volume portion of the fuel (3,000
SCF/hour) flows into and through the primary mixcr-
nozzle sssembly 34 wherein it mixes with 3,000

charged there(rom
air mixture.

The first flue gages diluted fuelair mixture dis-
charged from the nozzle 138 mixes with additional air
flowing into the firenace space 121 by way of the open
cad 114 of the housing 112, The resulting mixture is
burned in the primary reaction zone, and becausze, gt
Jeast in pant of the presence of flue gases, the additional
flue gases produced have a Jow NOx cantent,

The temaining portion of fuel, i.e, 2,000 SCF/howr,
the fuel gag is
the
A 1,000 SCF/hour amount of air is
: the secondary reaction zonc by
way of the annular conduits 161. The air flows from the
annutar conduits 161, mixes with the fuel dischargcd
from the nozzles 160, mixes with produets of combus.
tion (flue pases) from the primary veaction zope and
mixes with relatively cool flue &es and any air containegd
in the furnace space 121 10 form a second products of
combustion and flye gases diluted fuel-air mixigre
which is burned in the secondary reaction zone at s
relatively low temperature.

_The mixture of flue gases formed in the fumnace space
121 and withdrawn therefrom Ias a NO content of Jass
than about 25 ppm_ -

Thus, the present invention is well adapted to carry
the advantages mentjioned ac
those inherent thercip, While presently pre-
fesred embodiments of tha invention have been de-

What is clatmed iy
1. An improved bumer apparatus for discharging a
mixtore of fucl and air into a furnace space wherein said
mixture is burned and fluc gases having low NOy con-
tent are farmed therefram comprising:
& housing having an @pen cnd attached to said furnace
space; - .
means for introducing a contrelled quantity of air
into said housing and into sajd furnacc space at-
tached to said housing; ’
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primary mixer-nozzle means for mixing fuel with flye
gases from said furnace spaec and discharging the
resulling mixiure into said furnace space disposed
within said housing, said primary mixer-nozzle
means including a pressurized fuel inlet for connec-
Lion o a source of pressurized fue) and at Jepst ope
(lue gauses inbet eonnection; .

flue gases conduit means connected at one¢ end to aid
Aue pases inlet connection of said primary miser-
nozzle means, the other end extending into said
furnace space whereby fluc gases from within gaid
furnace space arc drawn into said conduit and con.
ducted 0 snid prmary wmixer-nozzle means
thereby; and - :

ar least one secondary fuel nozzle means attached to

said housing having & pressurized fuel inlet for
connection to a source of pressurired fuel for inro-
ducing additional fuel into said furngce space
which mixes. with flue gases and air therein, said
secondary luc) nozzle means being pasitianed adja-
ent 0 said primary mixet-nozzle means,
2. The spparatus of claim 1 Wherein said primary
mixer-nozzle means is further characterized to include
AN Air inlet connection whereby air frdM within sajd

15

housing is mixed with said firel and Hue gases in sajd 25

mixer-nozzle means and the resulting fuel-flue gases and
air mixture 7s discharged therefrom into said furnace

space,
3. The apparatus of claim 1 which is further charac-

tenized 1o include at least one ajr condvit-means con- 30

necred to said housing for separately conducting air
from within said housing to a location adjacent said
secondary fuel nozzie means,

4. The apparatus of claim 1 wherein said primary

mixer-nozzle means includes a Plurality of flue gases 35

inlet connections spaced therearound and sajd flue gases

conduir means are comprised of a plurality of flue Bases

conduits connected at the ends thereof to aid fluc gases
mlet cornections and positioned whereby the ather

cnds thercol are located in spaced relationship argund 40

said primary mixer-nozzje miedns and connect to safd
[umace ypace.

mary mixer-nozzlc means,
6. The apparatus of claim 5 which is further charac-
terized o include a plurality of air conduiss attached to
said housing for conducting air from within saig hous-
ing to locations adjacent each of said secoudary fue]
nozzle means. ' .
7. The apparatus of claim 6 wherein gaid primary

tioned arcund the periphery of said housing.
8. An improved burner apparatys for discherging a
mixture of fuel and air into a furnace space wherein said

mixture is burned and flye gases having low NO; con- &0

tent are formed therefrom comprising: -
a housing having an 9pcn end attached to said furnace
space; ’
means for introducing a controlled quantity of air

into said housing apd into said furnace space at- 65

tached 10 said housing; ,
‘primary mixer-nozzjs means for mining a mixture of
fuel, air and fue Bases and discharging said mixturs

12
into said furnace Space attached centrally within
said housing, said primary mixer-nozzle mcans
including a pressurized fuel jnjet for connection 1o
A source of préssurized fuel, at leas: one ajr inlet -
. and 2 plurelity of flue gases iniet conneciions;

& plurality of fluc gases conduits connected at the
ends thereof 1o said flue gases indet eonnections and
being positioned whereby the other ends thereof
ar¢ located in spaced relationship around said pri-
mary mixer-nozzle means and connect to said fur-
nace space whereby flue gases from within said

- furnace space are drawn into said. flue gases con-
duits and are condacted 10 said primary mixer-noz.
2le mcans thereby: and :

a plurality of stcondary fuel nozzle means attached to
said housing and having pressurized fuel inlets for
connection to a source of pressurized fuel for intro-
ducing additional fuel jnto said furnace space posi-
tioned in spaced relationship around the periphery
of said housing whereby fuel introduced into said
furnace space thereby mixes with ajr and flue gases

. ¢ontained within said furnace space.

"9, The apparatus of claim 8 wherein sajd housing is
eylindrical and includes a burner tile attached to the
open cnd thercol and extending into said furnace space.,

10. The apparatus of claim 8 Wherein said flue gases
conduits extend intg said futnace space by way of pas-
Sageways disposzed in saiil bumner tile, ,

'I1. The appacatus of claim § wherein secondary fuel
nozzle means extend into gaid furnace space by way of
passageways disposed in said bumner rjle,

12. The apparatus of claim 11 wherein zaid passage.
ways disposed in said bumner tile through which sald
secondary fuel nozzles extend are enlarged with respect
to sald nozzles therchy providing annular conduits for
conducting controlled amounts of air from within sajd
housing to Jocatjons adjacent each of ssig secondary
fuel nozzles,

13. A mathod of discharging an at leas substantially
stoichiometric mixture of fue) and air into a furnace
space wherein said mixtire is burned and flue gases
baving low NO, content arc formed therefrom compris-
ing the steps of:

discharging said air into said furnace space;

fixing a portion of said fuel with flue gases from sajd
fumnace space to form a first fue) mixture;

discharging said first fuel tixture intw said furnace
space whereby said mixure combines with air apd
15 burned in a primary reaction zone thercin and
e gases havieg low NO. content are formed
therefrom; and

discharging the remaining portion of said fuef into a
$econdary rcaction zone in said
whereby said fue! mixes with Mue gases and air
contained in snid furnace space to form a second
fuel mixture which i burned in xaid socon
reaction zone and additional flue gasex having low
NO; content are formed therefrom.

14. The mcthod of claim 13 wherein a portion of said
Air is mixed with said first fyet mixture priorto discharg.
ing said flest fucl mixture into said furnace spage,

15, The method of claim I3 wherein said secondary
reaction zone sequeatially follows said Primary reaction
zone in said fumace space,

6. The method of claim 13 wherein a portion of said
8ir is separately conducted to said secondary reaction
zone.
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17. The method of claim 13 wherein said first fue)
mixture is formed in a fue) Jet mixer and discharged into
said primary reaction
attached to said mixer,

18, The meihod of claim 17 whercin saig remaining
porttion of fyel is discharged into said secondary com-
i of at Jeast one secondary fual noz-
Zle positioned adjacent to said primary nozzis,

19, The method of claim 17 wherein zaid remaining
portion of fyel is-discharged into said secondary com-
bustion zone by way of a plurality of secondary fye)
nozzles positioned in spaced relationship around said
primary nozzle, . .

20. The method of claim 13 wherein said portion of
said fuel contsined in said firs fue) mixture is an amayne
in the range of from about 109 1o abow 304 by vol.

zone through a Primary nozzle

5

10

ume of the total fuel discharged into said furnace space, -

and said fluc gascs in said first fue) mixture are present

therein in the range of about 30% to abour 4009 by

volume of said fuel in zajd mixture.

21. A method of discharging an at least substantia]ly
stoichiomevwric mixture of fuel aud air into a farnace
spuce wherein said mixture ig burned and flue gases
having low NO, content are Rirmed therefrom compris-

ing the steps of:

" mixing a Pportion of said fuel with g portion of said air
and flue gases from suid furnace space to form a
first fuel-air mixiyre dilured with fue gases;

discharging the femaining portion of said air into said
furnace space;

discharging said diluted firer fue)-ajr mixture into said
fumnace space whereby saig mixture is burned in a
primary reaction zone therein and flue gases hav-
ing lew NO, content are formed therefrom;

discharging the remaining portion of said fue] into
said secondary reaction zone wherein said remajn.
ing portion of fuel mixes with air remaining in said
furnace space, with products of combustion from
5aid primary reaction zone and with flue gases
contained in said furnace Space ta form a second
fuel-air mixture diluted with products of combus-

20

25

)

s

" said ajr separately conducted 10

40
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tion and Nue gases whereby said mixture is burned
in said secondary reaction zpne and additional flues
gases having low NO, comtent are formed there-
from,

22, 'The method of claim 21 wherein a portian of said
air is separately conducted 10 $3id secondary reaction
zone.

23. The method of claim 21 wherein said fisst fuel-air
mixture diluted with flys gases is formed in a fuel Jet

2le positionad adjacent 1o saiq primary nozzje,

25. The method of claim 24 wherein 5aid remuining
portion of fuel is discharged into =aid secondary com-
bustion zonc by way of a plurality of sccondary nozzles
positioned in spaced refationship around sajd ‘pritnary
nozzle - o

26. The method of elaim 21 wherein sajd portion of
fuel contained in said firse fuel-air mixture diluted with
flue gases is an amount in the range of from about 104,
volume of the towal fue] discharged

30% to abow $00% by volume of
said fuel in sajd mixture.
28. The method of claim
air is separately conducted
I0ne.
29. The method of claim 28

27 wherein a portion of said
1o said secondery reaction

wherein said portion of
s2id secondary reacuon
Zonhe Is an amount in the range of from about 10% o
about 100% by velume of said fuel discharged into said

secondary reaction zone.
. * » a ¥ g
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METHODS AND APPARATUS FOR BURNING
FUEL WITH LOW NO; FORMATION _

This is a continnation of copending application Ser.
No. 07/578,953 filed on Scp. 7. 1990, now: U.S. Pac. No.
5,098,282 '

BACKGROUND OF THE INVENTION

1. Field of the Invention.

The present invention relates to methods and appara-
tus for burning fuel-air mixtures whereby flue gases
having low NQO, conteni are produced.

2 Description of the Prior Ant

As a result of the adoption of siringent environmental
emission standards by government authorities and agen-
cies, methods and apparatus to suppress the formavion
of axides of nitrogen (NO:) in flue gases produced by
the combination of fuel-air mixtures have been devel-
oped and vsed heratofore. For example, methods and
apparatns wherein fue) is burned in less than a stoichio.
meiric eoncentration of oxygen to intentionally pro-
duce a reducing environment of CO and H» have been
proposed. This concept.has been utilized in staged air
‘burner apparatus wherein the fuel is bufned in a defj-
cieney of air in a first zone producing a reducing envi-
ronment that suppresses NO, formation, and then the
remaining portion of air is introduced ino a second
zone. Methods and apparatus have also been developed
wherein all of the air and some of the fuel is burned in
& first zone with the remaining fuel being introduced
inic a second zome, In this staged fuel approach, an
excess of air in the first zone acrs as a diluent which
lowers the temperature of the butning gases and
thereby reduces the formation of NOjx. Other methods
and apparatus have been developed wharsin flye gases
are combined with fucl-air mixtures 10 dilute the min-
tures and thereby lower their combustion lemperatures
and the formation of NQ,,

While the prior art methods and burner apparatus for
producing flue gases having Jow NOy conient have
achicved varying degrees of suceess. there stil) remains
4 need for improvement in sueh methods and burner
apparams whereby
produced and simple economical burner apparatus is
utilized. ~

SUMMARY OF THE INVENTION

By the present invention, tha above mentioned needs
for improved methods of burning fuel-air mixtures and
improved burner apparatus for carrying out the meth-
ods are met. That is, the: present invention provides
improved methods and burner apparatus for discharg-
ing mixtures of fue) and gir into furnace spaces wherein
the mixtures are burned and flue gases having low NO,
content are formed therefrom. The methods ¢ach basi-
cally comprise the steps of mixing a portion of the tota)
fuel needed for the required heat release in the furnace
space and flue gases from the fumace space o form a
first fuel mixture. The first fuel mixture is discharged
into the furnace space whereby it combines with a por-

-ton of the total air required for forming an at least
substantially stolchiometric 1otal fuel-total air mixture,
and the resultant fuel-flus ga5es-gir mixture is buened in
aprimary reaction zone therein, Because the fuel and ajr
in the mixture are diluted with flue Bases and, as a result,
burm a1 a relatively low temperatire., low NQ, contemt
flue gases are formed therefrom. The remaining portion
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reaction zone in
wilh cooled flue
and air remaining

of fuel is discharged into a sccondary
the furnace space wherein it mixes
gases contained in the furnace space
therein to form a second fue) mixture. The second fuel
mixture also burns at a relatively low temperature and
fue gases having low NO; content are formed thers.
from. The first fuel mixture can optionally contain g
portion of the air mixed simultaneously with the fual
and flue gases, and a portion of the air can optionally be
separately condueted to and discharged into the sec.
ondary reaction zone with the remaining portion of the
fuel. '

The improved burper apparatys of the present inven-
tion which is relativety simple and economicat utilizes a
primary fuel jet mixersnozzle assembly for mixing »
portion of the fuel and inspirated flye gases drawn from
the furnace space snd discharging the resultant first fue
mixture into a primary reaction zone in the furnace
Space. A portion of the air can optionalty be inspirated
into the primary mixer-nozzle assembly and simulta-
neously mixed with the first fuel mixture.

The remaining portion of the fus is discharged into
the furnace space by way of one or more secondary fue!
nozzles positioned adjacent to the Primary nozzle
whereby the fuel enters a Secondary reaction zone sa-
quentially following the primary reaction zone. A por-
tion_of the air flows into the Prmary reaction rone
wherein il combines with the first fuel mixiure dis.
charged from the primary mixer-nozzle assembly, and
optionally, a portion of the air €an ba scparately con-
ducted to the location of each sccondary fuel nozzle
utilized wheraby air js discharged along with the fiel
into the secondary reaction zone.

It is, therefore, a general object of the present inven-
tion 1o provide an improved method and bumner appars-
tus for discharging a mixvure of fue| and air inlo a fur-
mixture is burned and flue gases
having a low NO, content are formed \herefrom,

A further object of the present invention is the provi-
sion of an improved low NO; burner spparatus which js
of simple.and economical cansiruction.

Other and further objects, features and advantages of
the present invention will be readily apparent o those
skilled in the art upon a reading of the description of

preferred embadiments which follows,
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 s a side cross-sectional view of a burner appa-
ratus of the present invention attached to a furnace wall.

FIG. 2 is a top plan view of the burner and the fur-
nace wall of FIG. 1. :

FIG. 3 is a side cross-sectional view of an allernate
embodiment of the burner apparatus of the preseny in-
vention attached 10 a furnace wall,

FIG. 4 i¢ a top plan view of the burner and furnace
wall of FIG. 3.

FIG. Sis a top plan view of another alternate embodi-
ment of the bumner of the present invention,

FIG. 6 is a vop plan view of yet another alternare
embodiment of the burner of the present invenrion,

DESCRIPTION OF PREFERRED
EMBODIMENTS

Referring now to the drawings. a presently preferred
smbodiment of burper apparatus of the present inven-
tion is illustrated and generally designated by the ny.
mera] 10. The burner 10 includes a cylindrical housing
12 which is connected at an open end 14 thereof gver g
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complimentary opening 16 in » furnace wall 18. As wil)
be vnderstood by those skilled in the art, the furnace
wall I8 generally includes an internal layer of insulation
material 20, and the wall 18 and insulation material 20
together with a portian of the interior of 5 burner tilc 48
which will be described further hereinbeiow define a
furnace space 21 within which fuel and air are burned to
form hot Aue gases,

As illusirated in FIG. .1. the burner housing 12 jn.

cludes an-annujar Range 22 at the open end 14 thereof.
The flange 22 is bodted 1o the furnace wail 18 by a ply.
rality of bolis 24. The opposite end of the housing 12 is
closed by an end wall 26, and a plurality of air inlet
openings 26 are disposed in spaced relationship around
the cylindrical side of the housing 12. A cylindrica)
damper 30 is roratably positioned over the eylindricat
side of the -housing 12 having a handle 32 attached
thereto. The damper 30 includes ajr openings 32 which
are complimentary 1o the air openings 28 whereby the
damper 30 can be rotated, using the handle 32, between

"8 closed position whereby the openings 28 are covered

by solid portions of the damper 30, a partia)ly open
position and a fully open position whersby the openings
28 are in registration with the openimgs 32 as shown in
FIG. 1.

Pasitioned co-axially within the housing 12 is a pri-
mary fuel jet mixer-discharge nozzls assembly generally
designated by the numeral 34. The assembly 34 is com-
prised of an elongated fua) Jet mixer 36 connected to 2
discharge nozzie 38, The mixer 36 artached to the end
plate 26 of the housing 12 includes a pressurized fuel
inlct connection (not shown) vo which a conduit 40 (via
an opening in the end plate 26) is connected. The con-
duit 40 is in turn connected 10 a header or condujt 42
which conducts pressurized fuel from s source thereof
1o the burner 10. The mixer 36 also includes four flue
gases inlet connections 46 which are positioned in
equally spaced relarionship around the base theraof.

Al the open end 14 of the housing 12 is ap annular
burner tile 48 formed of flame and heat resistant mate-

rial. As shown in FIGS, 1 and 2, the burner iile 48

includes four passageways 50 which extend from the
end 49 thereof adiacent the Open end 14 of the housing
12 to the execrior side 51 thereof within the furnace
space 21. Connected 1o each of the flue Eases inlet con.-
neations 46 of the mixer 36 are the ends of four conduits
52 which are disposed within the housing 12. the other
ends of which extend into the passageways 50 lormed ia
the burner tile 48. Thus, the four conduits 52 conneet
the four fluc gases intet connectjons 46 of the primary
mixer-nozzle assembly 34 1o the passageways 50 in the
burner tile 48. As best shown in F1G. 2, the passage-
ways 50 with the conduits 52 extending thersin are
positioned in equally spaced relationship around the
primary mixer-nozzle assembly 34. As will be under-
stood, more or less Lhan four conduits 52 and injet con-
nections 46 may be uiilized ip the burner appararus 10
depending upon various design considerations known
to thase skilted in the art. :

The nozzle 38 of the pritary mixer-nozzle assembly
34 includes one or more orifices 54 formed therein
through which, as will be described further hereinbe.
Jow, 2 mixture of fire! and Ny gases is discharged imo
a primary reaction zone in the furnace spaee 21.

Four additionat passageways 56 are disposed in the
burner tile 48 extending from the end 49 thereof 10 the
other end 53 thercol As best shown in FIG. 2. the
openings 56 are positioned in spaced refationship

0

4
around the burner tile 48 between the passageways 50
therein, Dispased within the Passageways 56 are four
secondary fue) discharge nozzlcs 60, The discharge
nozzles 60 each include ane or more discharge orifices
62 in the external ends thereof. and are cach shugly
fitted wirhin a passagewsy 56, ‘The internal ends of the
hozzies 60 are connected to conduits 64 which extend
through the passageways 56 of the burner iile 48,
through the interier of the heusing 12 and through
complimentary openings 58 in the end wall 26 of the
housing 12. The ¢conduits 64 are connected 1o a pressur-

_ ized fuel source by way of the candvir 42. As will be
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described further hereinbelow, the fuel nozzles 60 dis-
charge fuel into the furnace space 21 wherein the fucl
mixes with cool flue gases contained in the furnace
space 21 and air remaining therein. The resulting mix-
ture is burned in a secondary reaction zone in the fur-
nece space 21 adjacent to'and downstream from the
primary reaction zone. More or Jess than four fuel noz-
zles 60 can also be wtilized in the apparatus 10 based on
known design considerations. .

In the operation of the furnace of which the burner
apparatus 10 is a part, fuel and air are discharged into
the furnace space 21 and burned therein to form hot flue
gases. The hot flue gases are cooled as they cirevlute
through the furpace space 21 and lose heat prior to
being vented to the atmosphere. In order to meet envi-
ronmental emission standards, the flue gases must have
Jow NO, content,

The required Nue gases low NOx content is accom. -
plished in accordance with the prescnt invention by: (a)
discharging into the furnace spacc 21 the air required
for producing at least a substaatially stoichiometrio
mixture of fuel and air therain by way of the opening 14
in the housing 12; (b) mixing, within the primary mixer-
nozzle assembly 34, a portion of the total fuel needed for
the required heat release within the furnace space 21
and flue gascs from the furnace space 21 10 thereby
form a first fuel mixture, i.e., fuel diluted with flue gases;
(c) discharging the first fuel mixture into the furnace
space 21 by way of the orifices 54 of the nozzle 28

- whereby the mixture combines with air discharged into

45
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the furnace space 21, tha resulting fuel-flue gases-air
mixwure is burned in a Primary reaction zone therein and -
flue gases having low NOy content are formed there-
from; and (d) discharging the remaining poriicn of the
fual by way of the nozzles €0 inwo a sccondary reaction
zone which sequentially folows the primary reaction
zone in the furnace space 21 whereby the fuél combines
with cooled flue gases from the furnace space 21, with
the products of combustion from the primary reactjon
zone and with air in the furnace space 21 to form a
seconqd fuel mixture which is burned in the secondary
reaction zone and additional figs gases having low NO,
content are formed therefrom.

Referring to FIGS. 1 and 2, atmospheric air is intro-
duced into the housing 12 of the burner apparatus 1 by
way of the openings 28 therein and is discharged, in
accordance with step (a) deseribed above, through the
opea end 14 of the housing 12, through the open interior
of the burner tile 48 and into the furnace space 21. Asjs
well understood, the damper 30 is urilized to control the
rate of toval air introduced into the housing 12 at a leve]
whereby at Teasr substantially stoichiomerrie mixture
of 1012} air and total fuel results jn the furnace space 21.

In aceordanca with step (b). pressurized fyel flows by
way of the conduit 40 into the Primary mixer-nozzle
assembly 34. The pressurized fuel, which can be fuel gas
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or vaporized liquid fuel, is formed into » high velocity

Jevas it enters the mixer 36 whieh €auses a suction to be
created at the flue gases inlet connections 46, the con-
duits 52 and 1he passagewavs §0. This in lurn causes flue
Eases contained within the furnace Space 211o be drawn
into the passageways 50 from the furnace space 21 and
to flow by way of the conduits 52 to the mixer 36
wherein the flue gases are inspirated into and mixed
with the fuel to form 2 first fuel mHAture,

In accordanee with step (c) described above, the first

. fuel mixture is discharged through the orifices 54 of the

scharge nozzla 38 of the primary mixer-nozzle assem-
bly 34 into a primary reaction zone adjacen: thereto.
Upon being discharged from the nozzle I8, the first fual
mixture combines with air flowing ime the furnace

space 21 by way of the open end 14 of the housing 12

10

and the interior of the burner tilc 48 {(as shown by the -

arrows 44), and the resuttant fQue gases-fuel-air mixture
is burned in the primary reaction zone, Because the
bumning of the mixturs rakes place at a retatively Jow
temperature due, st least in par, to the presence of the
flue gases therein, the flye gases formed have a Jow
NO; content. The rerm “relatively low temperature® is
used herein 10 mean a temperature that is Jower than the
temperarure ‘at which the same fuel-air mixture, buy
undilured with fue) gases, wouid burn. .
Generally, the portion of fuel introduced into the
ptimary mixer-nozzle assembly 4 and contained in the
first fuel mixtore discharged into the primary reaction
ZOne is an amount in the range of from abau 10% o
gbout 509 by volume of the 1otal fuel required. The
flue gases which are drawn inmig and mixed with the fuel
in the primary mixer-nozzle assembly 34 are preferably
Present in an amount in the range of from abows 30% to
sbout 400% by volume of the fue) depending on the
composition of the fuel and other factors. As will be
understood, the fued utilized in g burner or fornace ap-
paratus is normally expressed as a rate, i.e., a volume of
fuel per unit time. The term "% by volume™ as used
herein means the stated % of the rate of fuel referred (o,
While the rate of the air discharged into the furnace
tpace 21 can be variad, the rate of alr utilized preferably
resohis in an at deast substantially stoichiometric fuel-air
mixture, The term “stoichiometric fuel-air mixture™ is
used herein 10 mean a mixture in which the relative
portions of fue) and air are such thar when tha mixture
is bumed to campletion, no execss oxygen or fue) re-
mains. . :
In‘accordance with step (d), the remaining portion of
the fuel flows 1o the secondary nozzles 60 by way of the
conduits 64 connected thercto and 0 the conduit 42,
The fuel is discharged by way of the orilices 62 in the
secondary nozzies 60 into the furnace space 21. Thar is,
the portion of the fue] discharged by the secondary fuel
nozzles 60 into the farnace space 21 mixes with air
therein, with cooled flue Eases contained within the
furnace space 21 ang with produsts of combustion, i.e.,
flue goses. from the Primary reaction zone to form a
second fuel mixture. Like the Brst fuel mixture, the
gecond fuel wmixrare, at least in part as a result of the
dilution thercof with flue 8nses, is burned in the second-
ATy reaclion 2one at g relatively low temperature
whereby the flue gases formed have a low NO, content.
Because the secondary fuel nozzies 60 are located
adjacent to and downstream from the nozzle 38 of the
primary mixer-nozzle assembly 34, the secondary reac-
tion zone in which the second fuel mixiure js burned
sequentially follows the primary reaction zone in which
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the first fuel mixture is burned. Stated another way, the -
primary reaction zone extends from the primary nozzle
38 into the fumnace Space 21 and the sccondary reaction
Zone substantially surrounds and cxends outwardly
from the primary reaction zone.

Referring now to FIGS. 3 and 4, an alternate embodi-
ment of the burner apparatus of the present invenvon is
shown and generally designarad by the numeral 100,
The burner 160 includes a cylindrical housing 112
which is connected at an open end 114 over a compli-
mentary opening 116 in a furnace wall 118, An intemnal
layer of inswlation material 120 is provided adjacent the
wall 118; and the wal) 118, the insulation material 120
and a portion of the interior of a burner tile 148 define
a furnace space 121 within which fue! and air gre
burned 10 form hot fue gases, The bumner housing 112
includes an annular flange 122 ar the open end 114
thereof which is bolted to the furnace wali 118 by a

burner apparatus 10, the Bpparatus 104 includes a cylin.
drica) damper 130 romizbly positioned aver the cylin-
drical side of the housing 112 having a handle 132 at
tached thereto,

A primary fuel jot mixer-discharge nozzie assembly
generally designated by the numeral 134 js positioned
co-axially within the housing 122, The assembly 134 is
comprised of an elongated fuel Jjet mixture 136-con.
nected to a discharge nozzle 138, The mixer 136 in-
cludes » pressurized fuel inler conmection to which a
conduit 140 is connected. The conduit 140 is in wn
connected 10 a source of pressurized fuel by a condujt

" 142. The primary mixer-nozzle assembly 134 alsg in-

cludes an air inlet 144, and four flue gases inlet connec-
tions 146 which are positioned in equally spaced rela-
tionship around the mixer 136,

In the embodiment illustrared in FIGS. 3 and 4, a
conical shi¢eld 141 is attached 1o the nozzle 138 1o on-
hance flame stability thereto. The shielding cone 141 s
dish-shaped and includes a plurality of openings 143
formed therein for Allowing the passage of a limited
amount of ajr therethrough. The shielding cone 141
functions 1o credte a protected area adjacent the nozzle
138 whereby air flowing in the direcrion indicared by
the arrows 145 is deflected and instability of flame adja-
cem the nozzle 138 is reduced. The shielding cone 141
further includas tabs 147 extending therefrom lowards
and adjacent the secondary fuel nozzles 160 10 be de-
scribed further hereinbelow. The shielding tabs 149

. Tunction to enhance flame stabiliry to the secondary fuel

35

~nozzles 160 by deflecting the flow of Bit in areas adja-

cent therelo.

An annular bumer tile 148 is connected a1 the open
end 114 of the housing 112, Like the burner tile 48 of the
apparatus 19, the burner tile 148 includes foor passage-
ways 150 which extend from the inner cnd 149 thereof

- 1o the exterior side 151 within the fumnace space 121,

60

65

Connected 1o each of the flye gases inler connections
146 of the mixer 136 are the ends of four conduits 152,
the other ends of which cxtend into the passageways -
150 formed in the burner tile 148. The four conduits 152
connect the four flue gases injar connections 144 of the
mixer 136 to the passageways 150 in the burner tife 148,
The passageways 180 with the conduits 152 extending
therein are positioned jn ¢qually spaced relaionstiip
around the primary mixer-nozze assembly 134, The
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nozzle 138 of the Primary mixer-nozzie assembly 134

“includes one or more orifices 154 formed therein
through which 2 fuel-air mixtyre diluted with flue gases
isdischarged into a Primary reaction zone in the furnace
Space 121, ‘

Four enlarged passageways 156 are disposed in the
burner tle 143 extending from Lhe inner end 149 thercof
to the exterior end 153 thereof. The passageways 186
are positioned in spaced relationship around the burner
tile 148 batwesn the Passageways 150 therein. Disposed
within the passageways 156 are four secondary fuel
discharge nozzles 160, each including onc or more dis-
charge orifices 162 in the external ends thereof, The
nozzles 160 are connected by conduits 164 1o the pres-
surized fual conducting conduit 142. The diameters of
the passageways 156 are sized with respect to the exter-
nal sizes of the secondary fuel nozzies 160 such thar
annular air conducting conduits 161 are provided be-
Iween the external surfaces of the nozzles 160 and the
interiors of the Passapeways 156, Thus, as indicated by
the arrows 157 in FIG. 3, air from within the housing 12
flows by way of the annular conduits 161 provided
between the passagewsys 156 and the nozzles 160 into
the secondary reaction zone aboveand sdjacent 1o the
gecondary fuel nozzlcs 160, The particular rate of air
which flows through the annutar conduits 161 js con-
wolled by the sizes of the annular conduits 161,

The fuel nozzles 160 discharge fue) into the furpace

fuel ‘mixes with the ajr entering

- 161. As described above in connzction with the burner
opparatus 10, the fuel-air mixture combines with <o),
fine gases contained iy the furnace space 121, products
of combustion from the Primary reaction 20ne and with
any air remaining in the furnace space 121, and the
resulting mixture is burned in a secondary reaction zone
within the furnace space 121,

In order to further lower the production of NO,
within the furnace Space 121, 2 steam injection norzle
170 connected 10 g steam conduit 172 is disposed within
the housing 112 Alternatively the steam can be intro-
duced into the primary
way of 2 conduiy 174 cannecled thereio. The steam

mjection contributes to lgw: NO, production as is wel)

koown by those skilled in the arr, .

The operation of the Bpparatus 100 is similar vo the
operation of the appardine 10 deseribed above, except
that a portion of the gjp which flows into the housing
112 by way of the openings 128 is drawn inta
MATY mixer-nozzle assembly 134, mixed with the fuel
and flue gases therein and the resulting flue gases-fyel-
A7 mixture is discharged into the f) urnace space 121 by
way of the nozzle 138 In addivion, a portion of the air
within the housing 112 flows by way of the annujar
conduits 161 diracy into the secondary reaction zone

and with flue gases from the furnace space 21 1o thereby
form a first fuel-air mixture diluted with flue gases,
the portion of the tota)

mixeure diluted with flye gascs dis.
charged into the primary reaction 20ne is an amount in
the range of from about 0% to abour 509 by volume
of the total fuel. The Nlue gases which dilute the firg

i0

20

25

35

40

mixcr nozzle assemnbly 134 by

45

50

55

&0

fuel which is intro.

65

8

fuel-air mixture are breferabiy present therein in an
amount in the range of from abouy 30% to abowut 4009
by volume of the fuel in the fuel-air mixture depending
on the compasitian of the fyal and other factors. The
portion of the total air which is drawn into the mixer
136 by way of the air inler 144 and which is contained in

Tange of from about $0% to about 5009 by volume of
the fuel in the first fuel-gir mixture depending on the
composition of the fuel and othey factors. As wil) be
understood, the amounts of flue gases and air drawn
into the mixer 136 are substantially set when the design
of the burner apparatus 100 is finalized and the number
and sizes of the various inlets, passageways, conduirs,
etc. are selécred. However, some adjusements ure nor-
mally possible, :

The first fuel-air mixture diluted with flue gases is ‘
discharged ino the farnace Space 121 by way of the
orifices

by the arrows 145, The flow of air is de-

ected and slowed down adjacent the nozzle 138 by the
shielding cone 141 10 jnsure stability of the flame adja-
cent the burner 136 iy the primary reaction zone. The
resulting fusl-air mixiure diluted with flue gases is
bumed in the primary reaction zone and flue gases are
formed therein having Jow NO, content as a result at
least in part-of the presence of the diluting flue gascs
causing the burning to take place ar & relatively Jow
temperature. ’

The remaining
way of the fucl
zone which sequentially follows the
zone. The discharged fyel combines with the air which
is separately conducted 10 the secondary reaction zone
by way of the annylar conduits 161 formed within the
passageways 156 around the nozzies 160, The air mixes
with the fuel, with the products of combustion from the
primary reaction zone and with cooled fiye gases angd -
any air contained in the furnace space to form a second
fuel-air mixture diluted wirth flue gascs. The second
dituted fuel-air minture js burned in the secondary reag-
tion zone at a relatively Jow temperature thercby form.-
ing additional flue gases having a low NO, content,

Generally, the portion of the air which Nows by way
of the annular conduits 161 direatty to the secondary
Teaction zonc is an amount of air in the range of from
about 10% to abour 10045 by volume of the fuel which
is discharged into the secondary reaction zone by way
of the nozzles 160,

illustrated,
same dexign as the burner apparatus 100 described
above except that it includes an ¢longated rectangular
primary nozzle 210 with a rectangular

drawing flue gases into
bly, and » plurality of secondery fuel nozzles 218 are
disposed in passageways 220. Air is discharged around .
the nozzles 218 by way of annvlar conduiis 219 formed
between the passageways 220 and nozzles 218, The
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passageways 214 and 220 ape disposed in a tectangular

burner lile 222 anached 10 the burner housing (not
shown), ‘
FIG. 6 illusirates another alternate form of burper

apparatus of the present invention gcnerally designated &

by the numeral 300, The apparatus 300 is similar (0 the
apparawus 10 and includes a cylindrical burner tle 310
attached to a eylindrical burner housing (not shown),
Instead of a circular burner nozzle with or withau a
flame stability shield the apparatus 300 includes a pri-
mMary mixer-nozzle assembly whérein the nozzle 312
thereof includes a plurality of radially extending fingers
314, The configuration of the nozzle 312 is commonly
referred to as a “spider” configuration. The apparatys
300 includes a plurality of fluc gas intake passageways
316 and conduits 318 as well as 2 plurality of secondary
fuel nozzles 320 disposed in passageways 322,

The burner apparatus 200 apd 300 can include the
struciure and can be operated as deseribed gbove in
connection with the burner apparatus 10, or the burners
200 and 300 can include the structyre 2nd be operated as
described above in conncction with the bumner 100, or
various combinavions of the Structure and operation
steps can be utilized depending upon ths particular
applications in which the burners are used. That is. for
a particular application, a byrner appatalus of the pres-
ent invention may be rectangular, ¢ylindrical or other
shape. may or may not include a nozzle [lame stabilizing
shield, may or may not inspirate air into the primary
mixer-nozzle assembly, may or may not separately cog-
duct air directly 1o the secondary reaction zane or may
Or may not inject stearm, Also, the apparatis may utilize
natwiral air draft or forced air grafy, The werm “air” js
used herein 1o mean atmaspheric air, oxygen enriched
atmospheric air or air which otherwise includes more or
less oxygen thercin than armaspheric air. The sefection
of a particular embodiment of the burner apparatus of
this invention and its Operation depends on the particu.
lar application in which the burner apparatus is ysad
and various design considerations relating 1o that appli-
cation which are well known 1o those skilled in the art,

In order to facilitate 2
methods and apparatus of the present invention, the
following examples are given.

EXAMPLET . .

A burner apparatus 10 designed for 2 heat release of
10,000,000 BTU/hour by burning natura) gas having a
caloric value of 1,000 BTU/SCE is fired into the fur-
nace space 21. ' :

Pressurized fuel gas is supplied to the burner 10 ay a
pressure of about 30 PSIG and & a rale of 10,000
SCF/hour. A 30% by volume portion of the jue) (3,000
SCF/bour) flows into and through the primary mixer.
nozzle assembly 34 wherain it is mixed with zbout 7,500
SCF/hour of flue gases (abour 250% by votume of the
fuel gas present in the mixture), The remaining portion
of the fucl gas i.c., 7,000 SCF/hour flows from the
canduit 42 10 the four secondary fuel nozzles 60 from
where the fuel gas is discharged into (he furnace space
21. The rate of air introduced into the housing 12 js
<ontrolled by means of the damper 30 such that the 1otal
rate of air introduced into the furnace space 21 is an
amount which results in at Jeast a substantially stojehle-
metric total fuel-total air mixture therein.

The air [lows through the open end 14 of the housing
12 in10 the furnace space 21 by way of the interior of the
burner rile 48.

clear understanding of the.
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‘caloric value of 1,000 BTU/SCF

"SCF/hour) flaws into and

- mixture of fuel and airinio a

The fue) discharged from the secondary fuel nozzles
60 mixes with the Temaining air, products of combustion
(flue gases) from the primary reaction zone and rela.
tively cool flue gases in the furnaee space 21 to form a
second combustion products and flue gases diluled fuel-
air mixture which i burned in a sccondary reaction
zone adjacent 10 and surrounding the primary reaction
zone in the furnace space 21,

Because of the dilution of the first and second fuel
mixtures with flue gases, such mixtures bum at 4 rela-
tively low temperature whereby the additional flue
gases formed have g low NO: contenr. Tha is, the
mixture of flue gases withdrawn from the furnace space
21 has a NO. content of less than about 25 ppm,

EXAMPLE 11

A burner apparatus 300 designed for a heat release of
10,000,000 BTU /hour by burning natura) gas having a
is fired jnto the Fur-
hace space 121,

Pressurized fuel-gas is supplied to the burner 100 at 2
pressure of about 30 PSIG and ac a rate -of 10,000
SCF/hour. A 30% by volume portion of the fue) (3,000
through the primary mixer-
nozzle assembly 34 wherein it mixes with 3,000
SCF/hour of air and. abeut 7.500 SCF/hour of flue
Bases. The portion of the total ajr tixed with the fae}
825 in the primary mixer-nozzle assembly and dis-
charged therefrom resulis in 2 sub-stoichiometric fipal-
air mixture.

The first flue gases diluted fuel-air mixeore dis-
charged from the nozzle 138 mixes with additional air
flowing into the furnace space 121 by way of the open
end 114 of the housing 3112, The resulting mixture is
burned in the primary reaction zone, and because, at
least in part of the presence of flue gases, the additionaf
flue gases produced have a Jow NOy content.

The remaining porion of fuel, i.e,, 7,000 SCF/hour,
flows 1o the nozzles 160 from where the fyel &as is
discharged into a secondary reaction zone within the
furnace space 121. A 1,000 SCF/hour amount of air is
condeeted directly to the secondary reaction rone by
way of the annular condvits 161 Tha air flows from the
annuwlar conduits 161, mixes with the fuel discharged
from the nozzles 160, mixcs with products of combus.
tioh (flue gases) from the primary reaction zone and
mixes with relatively cool flpe £as and any air contained
in the furnace space 121 1o form a second products of
combustion and flue gages diluted fuel-air mixtyse
which is burned in the secondary reaction zone ai o
relatively low temperature.

‘The mixture of flue gases formed in the furnace space
121 and withdrawh therefrom has a NQ; content of Jess
than about 25 ppm,

Thus, the present invention is well adapted 10 carry
out the objects and aliain the advantages mentioned as
well as those inherent therein, While presently pre-
ferred embodiments of the invention have been de-
senbed for purposes of this disclosure, numerous
changes in construction and in the arrangement of parts
and steps will suggest themselves 1o those skilled in the
art which ace encompassed within the spirit of rhis
invention as defined by the appended claims, )

What is claimad is;

L An improved burner apparaws for discharging a
furnace space wherein said
miXture is burned and flye gases having low NOQ, con.-
tent are formed therefrom comprising:

[Vhe TNV
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ahousing having an open end attached to said furnace 4. The apparatus of clajm 3 wherein said flue gases

space; _

means for introducing a eonrroljed quanvity of air
into said housing and inco said furnace space at-
tached 1o said housing:

Primary mizer-nozzle means for mizing fuel with flue
gases from said fumace space and discharging the
resulting mixrore into the open end of ssid housing
and into sajd furnace space disposed within said
housing, said primary mixer-nozzle means mclud-
ing a pressurized fuel inler for connection to a
source of pressurized fuel;

flue gases passageway means disposed in sid housing
extending into said furnace space whereby flue
Eases from within gaid furnace Space are drawn
into said passageway means and conducted to said

, primary mixer-nozzle meang thereby; and

at least one secondary fuel nozzie means attached to
said housing having a pressurized fuel inlet for
connection 10 a source of pressusized fuel for intro.
ducing- additional fue! into sajd forpace space
which mixes with flue gasas and air therein.

2. An improved burner apparatus for discharging a
mixture of fuel and air into a furnace space wherein said
mixture is burned and flus gases having Jow NQy con-
tent ore formed therefrom comprising:

a housing having an open end attached 1o said fornace

space; ,

means for introdicing a controlled quantity of air
into said housing and into said furnace space;

fuef jet mixer means for mixing fuse] with flue gases
from said furnace space and discharging the rasplt
ing mixture into the Open end of said housing and
into a primary reaction zone in said furmnace space
adjacent thereto. said fue) Jj&t mixer means being
atlached to said housing and including a conduit
for connection to a source of pressurized fuel-hgve
ing  fuel gas jet forming end, and a1 least onc flue
gases passageway communicating said [yel jet
forming end of said conduir with

whereby flue gases from within 2aid furnace space
are drawn into said passageway, mixed with fuel
and discharged invo said housing: and

a1 least one secondary fuel nozzle means anached to
said housing for connection 1o a source of pressur-
ized fuel and for introducing additional fuel into
said furnace space.

23

40

flue gases in said ‘
furnace space and with the intesior of said housing -

435

3. The apparatys of claim 2 wherein the open end of $

said housing iz an anqular burner tile formed of Aame
and heat resistant material.

55
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passageway is at least partially comprised of a passage-
way disposed in said burner (ijs.
5. The apparatus of claim 4 wherein said secondary
luel nozzle means extends into another passageway
disposed in said burner tjle.
6. The apparatus of claim 5 wherein a flame srability
shield having a plurality of Openings therein is disposed
within the interior of said annular burner tile,
7. The apparatus of claim 6 wherein said flame stabil-
ity shield is dish-shaped, ‘
8. A method of discharging an at Jeast substantially
stoichiometric mixture of fuel and air into a farnace
space wherein said mixwre is burned and flue gases
having low NO,content are formed therefrom compris-
ing the steps of:
discharging smd air into said furnace space;
mixing a portion of said fuel with flue gases from said
fumace space to form a fued and flue gases mixture;

discharging said fuel and flue gases mixture into said
furnace space whereby said mixture combines with
air and is burnad in a primary reaction zone therein
end flue gases having low NO, content are formed
therefrom; and

discharging the femaining ponion of said fuel jnto a

secondsry reaction zone in said . furnace space
whereby said fuel mixes with flue gases and air
contained in said furnace space and i burned in
said secondary reaction zone.

9. The method of claimy 8 wherein said secondary
feaction zone sequentialty follows said primary reaction

- ZOne in said furnace space,

10. The method of claim 8 wherein said foel and fue
gases mixture discharged and burmed in said primary
reaction zone is formed by a fuel Jet mixer,

11, The method of claim 9 whercin said remaining
portion of fuel is discharged into said secondary com-
bustion zone by way of at Jeast one secondary fuel noz.
zle.

12. The method of claim 11 wherein said remaining
portion of fual is discharged into said secondary com-
bustion zone by way of a Plurality of secondary fuel
nozzles, ‘

13. The method of claim 8 wherein said portion of
said fuel conwained in said fael and flue gases mixture
discharged and burned in said primary reaction zone is
anamount in the range of from about 10% to about 509
by volume of the 1otal fuel discharged into said furnace
Space, and said five gases in said fuel mixrure are present
therein in the range of from abont 30% to about 400%%

by volume of said fuel i saig mixture.
' L I
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57 ABSTRACT

Improved methods and burner spparatuz are provided
for discharging mixtures of fuel and air into furnace
spaces wherein said mixtures are burned and flue gases
having low NO, content are (ormed therefrom. The

" methods basically comprise discharging a firss fuel mix-

]

ture containing a portion of the fuel and flue gases from

the fumace space into the furnage space whereby the
mixture is burned in » primary reaction zone thersin and
flue gases having low NO. content age formed thera-
from, and then discharging the remaining portion of the
fuel into a secondary reaction zone wherein the remain.
ing portion of fuel mixes with air and fue gaces to form
a second fuel mixture which is burped in the secondary

reaction zone and additional flue gases having Jow NO,.

content are formed therefrom,

12 Qlaims, 3 Drawing Sheeats
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METHODS AND APPARATUS FOR BURNING
‘FUEL WITH LOW NO, FORMATION

This is a continuation of copending application Ser.
No. 07/836,779 filed on Fab, 13, 1992 (now U.S. Par.
No. 5,154,596) which is a continuation of application
Ser.No. 07/578,953 filed on Sep. 7, 1990 (now U.S. Pat,
No. 5,098,262). .

BACKGROUND OF THE INVENTION

1. Field of the Invention
The present invention relates to methods and appara-
-tus for burning fuel-air mixtmres whereby flue gases
having low NO, content ars produced,
2. Deseription of the Prior Art

As a result of the adoptios of stringent environunental.

emission standards by government authoritias and agen-
cies, methods and apparatus to suppress the formation
of oxides of nitrogen (NOx) in fine gases produced by

5,269,678
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10

20

the combustion of fuel-air mixtires have besn devel- ‘

oped and used heretofore. For example, methods and
apparatus wherein fuel is burned in less than a stoichio-

metric concentration of Oxygen 1o intentionally pro- -

duce a yeducing envirenment of CO and H; have been
proposcd. This concept has been atitized in staged air
burner apparatus wherein the fue] is burned In a defi-
ciency of ajr in a first zone producing a reducing envi-
ronment that suppresses NO, formarion, and then the
remaining portion of air is introduced into a second
zone. Methods and apparats have also been developed
wherein all of the air and some of the fuel is bumned in
2 first zone with the remaining fuel being introduced
into a second zone. In this staged fuel approach, an
excess of air in the first 2one acrs as 5 diluent which
lowers the temperature of the bumning gases and
thereby reduces the formation of NQy. Other methods
and apparatus have bean developed wherein flue gases
are combined with fuel-air mixtures to dijare the mix-
tures and thereby lower their combustien temperatures
and the formation of NQy,

While the prior art methods and burner apparatus for
producing flue gases having low NO; coment have
achieved varying degrees of success, there still remains
? need for improvement in such merbods and butner
apparatus whereby Jow NOy content flue gases are
produced and simple economical burner apparatus is
utilized, ’

SUMMARY OF THE INVENTION

By the present inventiop,
for impreved methods of burning fuel-ait mixtures and
itnproved burner apparatus for earrying out the meth-
ods are met. That is, the present invention provides
improved methods and burper apparatus for discharg-
ing mixtures of fuel and air inco furnace spaces wherein
the mixturcs are burned and flue gases having low NO,
content are fonmed therefrom. The methads each basj.
cally comprisc the steps of mixing a portion of the wota}
fucl needed for the required heat telease in the furnace
space and flue gases from the furnace space {o formn a
first fuel mixture. The first fue] mixture is discharged
into the furnace space whereby it combines with a por-
tion of the total air
substantially stoichiometric total fucl-towl air mixturs,
and the resultant fuel-flue gases-air mixture is burned in
8 primary reaction 20ne therein. Because the fuel and air
in the mixture are diluted with fiue gases and. as a result,

75
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bum a¢ a relatively Jow temperature, low NOQ:x content
flue gases are formed therefrom. The remaining portion
of fuel is discharged into a secondary reaction zone in
the furnace space wherein it mixes with cooled flue
gases contained in the furnace space and air remaining
therein to form a second fucl mixture. The second fuel
mixture also bums at a relatively low temperatyre and
flue gascs having low NO; content are formed there-
from. The first fuel mixwure can optionally contain a
portion of the air minad simuitanequsly with the fuel
and flue gases, and a portion of the air can cplionally be
separatcly conducted 10 and discharged into the sec;
?ndary reaction zone with the remaining portion of the
uel. :

The improved burner apparatus of the present jnvep-
tion which is relatively simple and economica] utilizes 3
primary fuel jet mixer-nozzle assembly for mixing a
portion of the fuel and inspirated flue gases drawn from
the furnace spuce and discharging the resultane first fisel
mizfure info a primary reaction zone in the furmace
Space. A portion of the air can optionally be inspirated
into the primary mixer-nozzle assembly and simuits-
neously mixed with the first fuel mixture.

" The remaining portion of the fuel js discharged into
the furnace space by way of one or more secondary foul
nazzles positioned adjacent to the primary nozzle
whereby the fuel enters a sacondary reaction 20me g~
quentially following the primary reaction zons. A por-
tion of the air flows into the primery reaction zona
wherein it combines with the first fuel mixture dis-
charged from the primary mixer-nozzle assembly, and
optionally, a portion of the air can be separately con-
ducted to the location of each secondary fuel nozzle
wilized whereby air is discharged along with the fue]
into the secondary reaction zonc. -

It is, therefore, a general object of the present inven-
tion to provide an improved method and burner appara-
tus for discharging a mixtare of fuel and air into a far.
nace space wherein the mixture js bured and fig= Bascs
having a low NO; content arc formed therefrom.

A further object of the present invention is the provi-
sion of an improved fow NO, burner apparatus which is
of simple and economical constryction. '

Other and further objects, features and advantages of
the present invention will be readily apparent to those
skilled in the art upon a reading of the description of
preferred embodiments which follows.

BRIEF DESCRIPTION OF THE DRAWINGS .

FIG. 1 is 2 side cross-sectional view of a burner appa-
Tatus of the present invention artached 1o 1 furnace wali.

FIG. 25 a top plan view of the burner and the for-
nace wall of FIG. 1. -

FIG. 3 is a side cross-sectional view of an alternate
embadiment of the bumer apparatus of the present ip-
vention attached to a furnace wall.

FIG. 4 is a top plan view of the burner and furnace
wall of FIG. 3,

FIG. 5 is a tap plan view of another alternatc embodi-
ment of the bumner of the present invention.

FIG. 6 is a top plan view of yel another alternate
embadiment of the bumer of the present invention.

DESCRIPTION OF PREFERRED
EMBODIMENTS

Referring now 1o the drawings, a presently prefarred
embodiment of bumer apparatus of the present inven-
tion is iMustrated and Benerally designated by the nu.
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meral 10. The burner 10 includes a cylindrical housing other end 53 thereof. As best shown in FIG. 2 the
12 which is connected ar an open end 14 thereof over a openings 56 arc positioned in spaced relationship
complimentary opening 16 in a furnace wall 18. As will around the burner tile 48 between the passageways S¢
be understood by thoss skilled in the art, the fuynaca . therein. Disposed within the passapeways %6 are four
wall 18 generally includes an internal layer of insulation 5 secondary fuel discharge nozzles 60, The discharge
materia] 20, and the wall 18 and insulation material 20 - nozzles 60 cach include one or more discharge orifices
together with a porion of the interior of a burner tile 48 62 in the extcrnal ends thercof. and are each snugly
which will be described furher hereinbelow define 2 fipreg within a passageway 56. The internal ends of the
furnace tpace 21 within which fuc andairarebumed 0 nozzles 6 are connected to conduits 64 which extend
fOT:ls 1;3! fluc gases. FIG. 1. the ... 10 throngh the jpassageways 5§ of the burner tle 48,
clodes an ot flange 23 ot g ooy OLSDg 12 i corpmtary wpy b bowing 12 and througy

- omplimentary openin, in wall t

The Qange 22 iz bolted to the furnace wall 18 by a plua : -?,, 12 Tl:. " d - 64 o 1ed by
falicy of bolts 24. The opposite end of the housing 1278 1008, soutce by way of the conduit 42 As e
gmsbsymaz rce"d~ wall :ﬁi;‘ :np:c:ﬂp::{:tl;;i s;ifpa;rmxﬂl;é 15 described further hereinbelow, the fuel nozzles 60 dis-
the cylimdrical side of the housing 12. A cylindrical :,]}:2’,{,‘;’3 l:;zgt%z:u;:z: ﬁﬁfw"’; the lfﬁ:nl:‘cee:
damper 30 is rotatably positioned over the cylindrical space 21 and air remaining thercin. The resulting mix.
gide of the housing 12 having a handle 32 artached ture is burned in a a ction zone in the fy
thereto. The damper 30 includes air openings 32 which 20 ¥ i8 bumcd in 2 secondary reaction ey o fur
are complimentary 1o the air openin 28 whereby the nage space 2; adjacent to and downs from the
ot go o b:yrotat od, usin Pl.;:e l;‘asn e 92, b t\{rccn ‘PHimary reaction zone. More or less than four fuel noz-
. clor;e d pmil'i'on whereby the gpcnings 2; e c:v ereq  Zes 60 can also be utilized in the apparatus 10 based op
by solid portions of the damper 30, a partially open hl?nw:;lf Zﬂg:a:i‘;fl:mof:imcc of which the burnar
pasition and a fully open positon whereby the openings 25 peral : " l
28 are in regisiration with the openings 32 as shown in Sy prarus 10 s a part, fuel and air are discharged into
FIG. 1. the furnace space 21 and burned therein to form hot flue

Posic: . L s e j-  B4ses. The hot flue gases are copled as they circulate
m"!om'f ::;?;dmﬂgh::;tlgo';ﬁ:ﬁ:‘;%,;i;;ﬁy thl"ough the fumnace space 21 and lose heat prior 10
designated by the numeral 34. The assembly 34 is com- 30 DPSiNg vented ‘o .th‘." atmosphere, I ordet to meet envi-
prised of an elongated fuel Jet mixer 36 conmected toa  FORmental emission standards, the flue gases must have
discharge nozzle 36. The mizer 36 attached 1o the end low NOxconment. .
plate 26 of the housing 12 includes a pressurized fuel _The required flus gases low NOy contenz )5 accom-
inlet connccrion (aot shown) to which & condui: 49 (via  Plished in accordance with the present Inveation by: (a)
En Opening in the end plate 26) is conpected, The con- '35 d'sch"gmg, Into the furnace space 21 the air required
duit 40 is in turn connected to a header or condnit 42 fo_r producing at least a s:ubstannnlly x:onchmn:nmc
Which eonducts pressurized fuel from 2 source thereof  mixture of fuef and air therein by way of the opening 14

in the housing 12; (b) mixing, within the primary mixer-

to the bumer 10, The mixer 36 also includes four fluc .
gases inler connections 46 which are positioned in  mo2zle assembly 34, a portion of the tota) fuel needed for

equally spaced relationship arcund the base rhereof. 40 the required heat relesse within the farnace space 21

At the open end 14 of the housing 12 iz an snaular  3nd flue gases from the furnace space 21 to thereby
burner tile 48 formed of Aame and hest resistant mate-  form a first fuel mixure, 1.e., fuel diluted with flue gases;
vial. As shown in FIGS. 1 and 2, the bumner tle 48 () discharging the first fue} mixtwre into the fuznace
includes four passageways 50 which extend from the  Space 21 by way of the orifices 54 of the nozzle 38
end 49 thereof adjacent the open end 14 of the housing 45 Whereby the mixture sombines with air discharged into
12 to the exrerior side 51 thereof within the furnace  the furnace space 21, the resulting fuel-Nve gases-air
space 21. Connected o each of the fluc gases inlet com.  mixture-is burncd in # primary reaction zone therein and
nectiohs 46 of the mixer 36 are the ends of four conduits flue gages having Jow NO, content are formed thore-
§2 which are disposed within the housing 12, the other from; and (d) discharging the remaining portion of the
ends of which extend into the passageways 50 formed in 50 fuel by way of the nozzles 60 into a secondary reaction
the bumer tile 48, Thus, the four conduits 52 connect zone which scquentially follows the primary treaction
the four Nue gases inlet conncetions 46 of the primary 2one in the furnace space 21 whereby the fuel combines
mixer-nozzle assembly 34 10 the passageways S0 in the - with cooled Mue gases from the furpace space 21, with
bumner tile 48. As best shown in FIG, 2, the passage.  the products of combustion from the primary reaction
ways 50 with the conduits 52 extending therein are 5§ zone and with air ip the farnace space 21 to form a
positioned in cqually spaced relztionship around the second fuel mixture which is burged in the secondary
primary mixer-nozzie asszmnbly 34, As will be under- reaction zone and addidanal flue gascs having low NO,
stood,-more or Jess than four conduits 52 and'inlet con- content are formed therefrom,

nections 46 may be utilized in the burner apparatus 10 Referring to FIGS, 1 and 2, atmospheric air is ingro-
depending upon various design considerations known & duced into the housing 12 of the burner apparatus 10 by
to those skilled in the an. way of the openings 28 therein and is discharged, in

* < The nozzle 38 of the primary mixer-nozzle assembly  accordance with step (a) deseribed above, through the
34 includes one or more orifices 54 formed therein open end 14 of the housing 12, through the open interior
through which, 25 will be described further hereinbe.  of the burner tilc 48 and into the furnace space 21, As s
fow, a mixture of fuel and flue Zases is discharged into 65 well understood, the damper 30 is ytilized to control the
4 primary reaction zone in the furhace space 21, - rate of total air introduced into the housing 12 at a level

Four additional Passageways 56 are disposed in the whereby a1 Jeast stibstantially stoichiometric mixture
burner tile 48 extending from the end 49 thereof 10 the  af total air and total fuel resulss in the furnace space 21,
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In accordance with step (b). pressurized. fuel flows by
way of the conduil 40 into the primary mixer-nozzle
assembly 34, The pressurized fuel. which can be fuel gas
or vaporized liquid fuel, is formed into a high velocity
Jet a8 it enters the mixer 38 which cayses a suction 1o be
created at the flue
duits 52 and the passageways 50. This in turn eauses flue
gases contgined within the furnace space 21 10 be drawn
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gases inlet connections 46, the con. .

into the passageways 50 from the furnace space 31 and

1o flow by way of the conduits 52 to the mizer 36
whercin the flue gases are inspirated into and mixed
with the fuel 10 form z first fuel mizmyra,

In aceordance with step (c) deseribed above, the first
fuel mixture is discharged through the orifices 54 of the
discharge nozzle 38 of the primary mixer-nozzle assem-
bly 34 into a primary reaction zone adjacent thereto.
Upan being discharged from the nozzle 38, the first fuel
mixture combines with ajr flowing into the furnace
space 21 by way of the open eud 14 of the housing 12
and the interior of the burner tile 48 (az shown by the
arfows 44), and the resultant flue gases-fuel-air mixture
is burned in the primary reaction zone, Because the
burning of the mixture 1akes place at a relarively low
tempcrature due, at least in pac, toThe presence of the
flue gases therein, the flue gases formed have a low
NOy content. The term “relatively low temperature™ is
used herein to mean & lemperature that is lower than the
remperature at which the same fusl-air mixturs, but
undiluted with fuel gases, would burn,

Generally, the portion of fuel introduced into the
primary mixer-nozzle Assembly 34 and contained in the
first fucl mixrwre discharged into the primary reaction
zome is an amount in the range of from aboat 109% to
about 509 by volume of the total fuel required. The
flue gases which are drawn into and mixed with the fus]
in the primary mixer-nozzle assembly 34 are preferably
present in an amount in the range of from abour 302 to
about 400% by volume of the fue) depending on the
<omposition of tha fuel and other factors. As will be
understood, the fuel utilized in a burner or fernace ap-
paratus is normally expressed as a rate, i.e,, a volume of
foel per unir time. The 1arm “% by volume™ as uged
herein means the staved % of the rate of fuel referred to.
While the rate of the air discharged into the furnace
space 21 can be varied, the rate of air utilized preferably
results in an at least substantially stoichiomertic fuel-air
mixture. The term
vsed herein 1o mean a
portions of fuel and air are such thai when the mixture
is bumed o completion, no excess oxygen or fue) re-
mans, i :

In accordance with sIep (d),
the fuel Aows 10 the secondary nozzles 60 by way of the
conduits 64 connected thereto and to the conduit 42,
The fuel js discharged by way af the orifices 62 in the
secondary no22)es 60 imto the furnace space 21. That is,
the partion of the fuc) discharged by the s¢condary fuel
nozZlcs 60 into the fucnace space 21 mixes with air
therein, with cooled flue gases contained within the
furnace space 21 and with products of combustion, ie.,
Mue gases, from the primary reaction zone to form a
second fucl mixture. Like the first fuel mixture, the
second fuel mixwure, at least in parl as a result of the
dilution thereof with flue gases, is burned in the seeond-
ary reaction zone at a relatively low temperature
whereby the flue gases formed have a low NOy convent.

Because the sccondary fuel nozzjes 60 are located
adjacent 10 and downstresm from the nozzle 38 of tha

“stoichiometric fuel-air mixture” js°
mixiure in which the relative
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primary mixer-nozzle agsembly 34, the sacandsry: reac-
tion zone in which the second fue! mixeare is burned
sequentially follows the primary reaction zone in which
the first fuel mixture is burned. Stated another way, the
primary reaction zone cxtends from the primary nozzle
248 into the furnace space 21 and the secondary rescrion
Zone substantially surcounds and extends “ourwerdly
from the primary reaction zona.

Referring now to FIGS, 3 and 4, an ajternate smbodi-
ment of the burncr apparatus of the present invention is
shown and generally designated by the numeral 100,
The bumer 100 includes 3 cylindrical housing 112
which is'connected at an open end 114 over a complj-
meulary opening 116 in a furnace wal 116. An internal
layer of insuiation materin| 120 is provided adjacent the
wall 118; and the wall 118, the msulation material 120
und a portion of the interior of a burner tile 148 define
a fumace space 121 within which foel and air are
burned to form hot floe gases. The bumner housing 112
inclodes an amnular flange 122 ar the open end 134
thereof’ which is bolted to-the furnace wall 118 by 2
plurality of bolts 124. The opposite end of the hovsing
112 iz closed by an end wall 126, and plurality of air
inlet openings 128 are disposed in spaced refationship
around a eylindrical side of the housing 112, Like the
bumer apparatus 10, the apparatus 100 includes a cylin-
drical damper 130 rotatably positioned over the cylin-
drical sids of the housipg 112 having a handle 132 at-
tached thereto.

A, primary fuel jet mixer-discharge nozzle assembly
generally designated by the numera) 134 3 positionad
co-axially within the housing 112. The assembly 134 is
compfised of an elongated fuel jet mixture 136 con-
neeted to a discharge nozzle 138. The mixer 136 -
cludes a pressurized fuel indet connection to which a
conduit 140 is connccted. The conduit 140 Is in twrn
connected 1o a source of pressurized fyel by & conduit
142. The primary mixer-pozzic azsembly 134 alsa in.
cludes an air inlet 144, and four flue grses inlet connec-
tions 146 which are positioned in equally spaced rela-
tionzhip around the mixer 136, .

In the embodiment illustrated in FIGS, 3 and*4, g
conical shield 141 is attached 1o the nozzle 138 to en-
hauce flame stability thereto. The shielding cone 141 is
dish-shaped and includes a plurality of openings 143
formed therein for allowing the passage of a limjted
amount of air therethrough. The shielding cone 142
functions to create a protected area adiacent thé nozzle
138 whereby air lowing in the direction indicated by -
the atrows 145 is deflected and instability of flame adja-
cent the nozzle 138 is reduced, The shielding cone 141
further includes tbs 147 extending therefrom towards
and adjacent the secondary fuel nozzies 160 to be de-
scribed further hercinbelow. The shiclding tabs 147
function to enhance flame stability to the secondary fuel
noz2zles 160 by deflecting the flow of air in areas adja-
cent thereto, ‘

An snnular burner tile 149 is connected at the open
end 114 of the housing 112, Like the bumner tile 45 of the
apparatus 10, the burner tile 148 includes four passage-
ways 150 which extend from the inner end 149 thereof
19 the exterior side 151 within the furnace space 121.
Connected vo each of the flue gases inlet connections
146 of the mixer 136 are the ends of four conduits 152,
the other ends of which sxtend inio the passageways
150 formed in the burner tile 148, The four eonduits 152
connect the four flue gazes inlet conneations 146 of the
mixer 136 16 the passageways 150 in the burner rile 148,
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The passageways 150 with the conduits 152 extending
therein arc positioned in =qually spaced relationship
around the primary mixer.nozzle
nozzle 138 of the primary mixer-nozzle assembly 134
includes one or more orifices 154 formed therein
through which a fuel-air mixture diluted with flue gases
is discharged into a primary reaction zone in the furnace
space 121,

Four enlarged pasaageways 156 are disposed in the

burner tile 148 extending from the inner end 149 thercof
to the exterior end 153 thereof, The
are positioned in spaced relationship around the burner
tile 148 between the passageways 150 thetein. Disposcd
within the passageways 156 are four secondary fuel
discharge nozzles 160, each inciuding one oc mare dis-
charge orifices
nozzles 168 are connected by conduits 164 10 the pres-
surized fuel conducting conduit 142, The dismeters of
the passageways 156 are sized with respect to the exter-

nal sizes of the secondary fyal nozzles 160 such that

" annular air conducting conduits 161 are provided be-
Tween the exrernal surfaces of the nozzles 160 and the
interiors of the passageways 156. Thus, as indjcated by
the arrows 157 in FIG. 3, air from within the housing 12
flows by way of the annular conduits 161 provided
between the passagewnys 186 and the noz2les 160 into
the secondary reaction zone above and adjacent to the
secondary fuel nozzies 160. The particular rate of air
which flows through the annular conduits 161 is con-
trollcd by the sizes of the annular conduits 161,

The fuel nozzles 160 discharge fuel into the furnace
space 121 wherein the fael mixes with the air entering
the furnace space 121 by way of the annular conduits
161. As described sbove in connsction with the burner
apparatus 10, the fusl-air mixture combines with cool
flue gases contained in the furtiace space 121, products
of combustion from the primary reaction zone and with
fpy alr remaining in the furnace space 121, and the
resulting mixture is burned in a secondary reaction zone
within the furnace space 121,

In order two further lower the production of NO,
within the furnace space 121, a steam injection nozzle
170 connected 10 a steam conduiz 172 is disposed within
the housing 112, Alrernatively the steam can be intro-
duced into the primary mizer nozzle assembly 134 by
way of a conduil 174 connected thercto. The steam
injection conrribures to low NOx production s is wall
known by those skilled in the arr,

The operation of the apparatus 108 is similar 1o the
operation of the apparatus 10 described above, except
that a portion of the air which flows into the housing
12 by way of the openings 128 is drawn into the pri-
Mmary-nozzle assembly 134, mixed with the fuel and fine
gases therein and the resulting flne gases-fuel-air mix-
ture is discharged into the furnace space 121 by way of
the nozzle 138. In addivion, » portion of the air within
the housing 112 flows by way of the annular conduits
161 direetly into the secondary reaction zone in the
furmace space 121. More specifically, a portion of the
total fucl needed for the required heat release is mixed
within the primary mixer-nozzle assembly 134 with a
portion of the total air required for at least the substan-
tial stoichiometric combustion of the total fuel and with
flue gases from the fuenace space 21 to thereby form a
first fuel-air mixwure diluted with Mue gases.

Generally, the portion of the total fuel which is intro-
duced into the
in the first fuel-air mixture diluted with flue gases dis-
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charged into the primary reaction zone is an amount in’
the range of from about 10% 10 aboyt 509% by volume
of the total fuel. The flus gases which ditue the first
fucl-air misture are preferably present therein in an
amount in the range of from about 30% 10 about 4009
by volume of the fue! in the fuel-air mixiure depending
on the composition of the fiel and ather factors, The
portion of the total air which is drawn into the mixer
136 by way of the air inlet 144 and which is cantained in
the first fucl-sit mixture diluted with fAue gases dis-
charged into the furnace space 121 is an argount in the
range of from about 50% 1o about 300% by volume of
the fuel in the first fuel-air mixture depending on the
corapotition of the fzel and other factors. As will be
understood, the amounts of flue gases-and air drawn
into the mixer 136 are substantially set when the design
of the burncr apparatus 100 is finslized snd the number
and sizes of the various inlets, passageways, conduirs,
etc. are selected. However, some adjusyments ave nor-
mally possible. '

The first fuel-air mixture diluted with fue gases is
discharged into the fitrnace space 121 by wey of the
orifices 154 of the nozzle 138 whereby the mixture
combines with a further portion of the total gir which is
discharged from the housing 112 into the furnace space
121 by way of the open end 114 of the housing 112 a5
ilustrated by the arrows 145. The flow of air i de-
flected and slowed down adjacent the nozzle 13§ by the
shielding cone 141 10 insure stability of the Aame adja-
cent the burner 138 in the primary reaction zone. The
resulting foel-nir mixmure dilated with flue gases s
buracd in the primary reaction zone and floe gases are
formed therein having low NOz comtent gs o rasult ar
least in part of the presence of the diluting flue gases
causing the burning to take placs at a relatively jow
temperature. .

The tempining ponion of the fuel is discharged by
way of the fuel nozzles 260 into a secondury ceaction

-zone which sequentially follows the primary. reaction

zone. The discharged fuel combines with the air which
is separately conducted to the secondary reaction zone
by way of the annular conduirs 161 formed within the
passageways 156 around the nozzles 160: The air mixes
with the fucl, with the produets of combustion from the
primary rcaction zone and with cooled flue gases and
any air contained in the furnace space to form a second
fuclk-air mixwure diluted with flue gases. The second.
diluted fuel-air mixture is burned in the secondary reac-
ton zone at 2 relatively Jow temperamre thereby form-
ing additional flue gases having a low NO, content,

Cenerally, the portion of the air which flows by way
of the annular conduits 161 directly ta the secondary
reaction zone is an amount of air in the range of from
about 10% to about 1009 by volume of the fuel which
is discharged into the secondary reaction zone by way
of the nozzles 160, -

Referring now to FIGS. 5 and 6, alternate forms of
burner apparatus of the present invention are illustrared,
Referring 10 F1G_ S, a rectangular shaped burmer appa.
racs 200, often referred to as a flat fame birner, is
fllustrated. The bumer apparatus 200 s generally the
same design as the bumer apparatus 100 described
above except that it includes an elongated rectangular
primary nozzle 210 with 3 rectangulsy shisld 12 for
stability attached therets. Fiye gusas
passagewnys 214 and conduits 216 are provided for
drawing flue gases into the primary mixer-nozze assem-
bly, and a plurality of secondary fuel nozzies 218 are
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disposed in passageways 220. Air is discharged around
the nozzles 218 by way of annular conduits 219 formea
between the passageways 220 and nozzles 218, The
passagcways 214 and 220 are disposed in a rectangular
burner tife 222 grtached to the bumner housing (not 5
shown).

FIG. 6 illustrates another aliemate form of burner
apparatus of the present invention generally designated
by the numeral 300. The apparatus 300 is similar to the

apparetus 10 and includes a cylindrica) bugner tile 310 10

attached to 2 cylindrical burner housing (not shown).
Instead of a circolar burner nozzle with or without a

flame seability shield the apparatus 300 includes a pri-

mary mixer-nozzle assembly wherein the nozzle 312

theseof includes z plurality of radially extending fingars 15

314. The configuration of the nozzle 312 is commonly
referred to as a “spider™ configuration. The apparatus
300 includes a plurality of flue gas intake pAssageways
316 and conduits 318 a3 well a5 g plurality of sccondary

field nozzles 320 disposed in passagewnys 322, . 1))

- The bumer apparatus 200 and 300 can include the
structure and can be operated as described above in
connection with the burner apparatus 10, or the burners
200 and 300 can inclnde the structure and be operated as

" described sbove in connection with the burner 100, or 25

various combinations of the structurc and operation
steps can be utilized depending upon the partioular
applications in which the burners are usad. That is, for
a particular application, a burner apparatus of the pres-
ent invenrion may be rectangular, ¢ylindrical or ather 30
shape, may or may-not include a nozzle flame stabjlizing
shield, may or may not intpirate air into the primary
mixer-nozzle assembly, may or may not separately con-
duct air directly to the secondary reaction zone or may
Or may not inject $tcam. Also. the appararus may utilize 35
natural air draft or foreed air drafl. The term “air” is
used herein to mean atmospheric air, oxygen enriched
atmospheric air or air which otherwise inclides more or
less oxygen therein thap atmospheric air. The selection

of a particular embodiment of the burner apparatus of 40

this invention and jts operation depends on the particu.
lar application in which the bumer apparatus is used
and various design censiderarions relating to that appli-
cation which are well known to those skifled in the ar.

In order to facilitate a clear understanding of the 45
methods and apparams af the present. invention, the
following examples are given.

EXAMPLE 1

A burner apparatus 10 designed for a heat release of 50

10,000,000 BTU/hour by burning narura) gas having a
caloric valie of 1,000 BTU/SCF is fired into the fur.
nace space 21. :
Pressurized fue) gas is supplied to the bumer 10 at a
pressure of about 30 PSIG and at a rate of 10,000 55
SCF/hour. A 30% by volome portion of the fuel {3,000 -
SCF/hour) flows into and through the primary mixer-
nozzle assembly 34 wherein it is mixed with about 7,500
SCF/hour of flue gases (about 2509 by volume of the

fue) gas present in the mixture). The Temzining portion 60

of the fuel gas Le, 7,000 SCF/hour flows from the
conduit 42 (o the four secondary fue) nozzles 60 from
where the fuel gas is discharged into the furnace space

~ 21. The rate of air introduced into the housing 12 is
controlled by means of the damper 30 such that the total 65

rate of air introduced into the furmnace space 23 is an
amovnt which results in at tensz a substantially stoichio-
metric 1olal fuel-total air mixture therein.

10

The air flows through the open end 14 of the housing
12 into the furnace space 21 by way of the interior of the
burner tilc 48.

The fue} discharged from the secondary fuel nozzles
60 mixes with the rem aining air, products of combustion.
(lue gascs) from the primary reaction zone and rela-
tively cool flue gases in the famace space 21 ro form a
second combustion products and flue gases diluted fue)-
&ir mixture which it burned in a secondary reaction
zone adjacent to angd surrounding the primary reaction

. zone in the furnace space 21.

Because of the dilution of the first and second fuel
mixtures with flue gases, such mixtures burn a1 3 rela-
tively low temperacure whereby the additional flue
grses formed have a low NO; content. That is, the -
mixture of flue gases withdrawn from the furnace space

21 kas a NO; content of less than about 25 ppm.

EXAMPLE II

A burmner apparatus 108 designed for a heat release of
10.000,000 BTU/hour by burning natural £as having a
caloric value of 1,000 BTU/SCF is fired into the fur-
nace space 121. ' .

Pressurized fuel-gas is supplied to the burner 100 ata
pressure of about 30 PSIG and a1 a rawe of 10,000
SCF/hour. A 30% by volume portion of the fuel (3,000
SCF/hour) Rows into and through the primary mixer-
nozzle assembly 34 wherein it mixes with 3,000
SCF/hour of air aad about 7,500 SCF/hour of flue
gases, The portion of the votal air mixed with the fuel
gas in the primary mixer-nozzle assembly and dis-
charged therefrom results in a sub-sioichiometric fuel-
air mixture,

The first flue gases diluted fuel-air mixture dis-
charged from the nozzle 138 mixes with additional air
flowing into the fumace space 121 by way of the open
end 114 of the bousing 112, The resuiting mixture is
burned in the primary renction zone, and because, at
least in part of the presence of flue gases, the additional
flue pases prodnced have a low NO, content. )

The remaining portion of fuel, L.s., 7,000 SCF/hour,
flows to the nozzles 160 from where the fuel gas is
discharged into a secondary reaction zone within the
furtiace space 121. A 1,000 SCF/hour amovnt of air is
conducted directly to the secondary reacdon zone by
way of the annular conduite 161. The air flows from the
apnular conduits 161, mixes with the fuel discharged
from the nozzles 160, mixas with products of combus-
tion (fiue gases) from the primary resction 20me and
mixes with relatively cool flue gas and any air contained
in the furmece space 121 to form a second products of
combustion and flue gases diluted fuel-air mixmre
which is burned in the secondary reaction zone ata
relatively low temperature, ’

The mixture of flue gases Formed in the furnsce shace
121 and withdrawn therefrom has 2 NOy content of lass
than about 25 ppm. :

Thus, the present invention is well adapted to carry
out the ahjects and attaip the advantages mentioned as
well as those inherent therein. While presently pre-
ferred embodiments of the invention have besn de-

_seribed for purposes of this disclosure, mymerous

changes in ¢onstruction and in the arrangement of parts
and steps will suggest themselves to those skiiled in the
art which are encompassed within the spirit of this
invention as defined by the appended claims,

What is claimed is;
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'1. An improved fumace wherein fuet and air are

burned and effluent flue £ases having a low NO, cop-
tent are formed therefrom comprising:

a furnace space within which said fuel and air ars
burned to form hot flue 8ases, within which a por-
tion of said flue gases are tecireulated and cooled
and from which said flue gases are vented 10 the
atmosphere, said furnace space being comprised of
& wall having an opening thexcin;

a burner housing having Ap open end attached o said
furnace spacs;

Reans for introducing a econtrofled quantity of air
into sajd housing and into said farnace space:;

fuel jet mixer means for mixing fue) with said recircu-
lated and cooled flue gases from said furnace space
and discharging the resulting mixture into the opent
end of said housing and into a primary reaction
Zone in said furnace space adjacent thereto, said
fue] jet mixer means being attached to said housing
and wcluding a conduit for connection to a source
of pressurized fuei baving a fuel gas jet forming
end, and at least one flue Bases passageway cowm-
municating said fuel jet foaming end of zaid conduit
with flue gases in snid furnace space and with the
interior of aaig housing whereby fge gases from
within said furnace Space are drawn into said pas.
sageway, mixcd with fucl and discharged into said
housing; and ‘ :

at least one secondary fuel nozzle means atiached 1o
said housing for connection to a source of pressur-
ized fuel and for introdueing additional fuel inio

+ &aid furnace space. .

2. The apparatus of claim 1 wherein the open end.of
said housing comprises an annular burner tile formed of
flame and hear resisiant material.

3. The apparatus of claim 2 wherein s4id flue gases
passageway is comprised of a passageway disposed in
said burner tile, '

4. The spparartus of claim 3 Wherein said secondary
fuel nozzle means extends into another passagewsy
disposed in said burner tle.

5, The apparauts of claim 4 wherein a flame stability
shield having a plurality of openings therein is disposed
within the intenor of said annular burner tjla.

6. The apparatus of claim § wherein said Mame stabil-
ity shield is dish-zshaped.
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7 A method’ of buming substantially sioichiometric
airiounts of fuel and air in & furnace whereby the effiu-
ent flue gases produced by said furnyce have a low
NOy content comprising the steps of:

discharging said air into a furnace space in said Tur-

nace within which said fuel and aiy mixture is
burned 10 form hot Nlue gases, within which a por-
tion of said flue gases are recir¢ulated and cooled
and from which said flue gases are withdrawn and
vented;

mixing a portion of said fuel with fecirculated mnd

.caoled Aue gases from said fumnace zpace to form 3
fuel and flue gases mixture; '
discharging said fue! and fue gases mixture into said
furnace space whereby said mixture combines with
air and is burned ina primary reaction zone therein
- and flue guses hyving low NO, content are formed
therafrom; and

discharging the remaining portion of said fuel into a

© secondary reaction zone in said furnace space
whereby said fuel mixes with flue gases and air
contamed in mid furnace space and is burned in
said secondary reaction zong,

8. The method of claim 7 whercin said secondary
reaction zone sequentally follows said primary reaction
Zone in said furnace space.

9. The method of elaim 7 whersin 53id fue) and flue
gases mixture discharged and bumed in suid primary
reaction 2one is formed by a fue) Jjet miner,

10. The method of claim 8 wherein said remaining
portion of fue] is discharged into said secondary com-
bustion zone by way of at Jeast one secondary fuel noz-
zle,

11. The method of claim 10 wherein said remaining
portion of fuel is discharged into said secondary dom-
bustion zone by way of a plutality of secondary fuel
nozzles. :

12. The method of claim 7 wherein said portion of
said fuel and flue gases mixtyrs
discharged and burned in said primary reacrion Zone is
an amount in the range of from about 109 1o abour 505
by volume of the tote) fue] discharged imo said furnace
space, and said flee gases in said fuel mixture are present
therein in the range of From about 30%% to abour 4005

by volume of said fuel in 2aid mixtura,
» . L ] ] L
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e coataining a portion of the fel and Que gascs from
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reaction zone and additional flue gases having low NOy
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1
METHODS AND APPARATUS FOR BURNING
FUEL WITH LOW NOx FORMATION

Continuation of Ser. No. 07/921,064 filed on Jul. 29,
15892 (mow U.S. Par, No. §,269,678) which iz a continua-
tion of Ser. No. 07/836,779 filed on Feb, 13, 1992 (now
U.S. Pat. Na. 3,154,596) ‘which is a continuation of Ser.
No. 07/578,953 filed on Sep. 7, 1990 (mow U.S. Pat. No.

2) )

BACKGROUND OF THE INVENTION
.. Field of the Invention

5

iv

The present inveation relates 1o methods and appaca-

s for buming fuelair mixtures whereby flue
having low NOy conteys are produced.

2. Description of the Prior Art

Asa result of the adoption of stringent environmenta}
qnimion standards by go iti

gases

¢ieucy of gir in 2 first zone producing a reducing envi-
ronment that suppresses NO, formation, and then the
remaiving portian of air js introduced into a secound
zone. Methods and apparatus have algo been dewv
whereinallnftheairandsomeoftheﬁlelisbmdh
a first zone with the remainin g fuel being inrroduced
into 2 second zoné. In this staged fael approach, an
excasofairinthcﬂ:stmeacrsasadﬂumtwhich
lowers the temperature of the ing gases .and
thereby: reduces the formation of NQy, Other methods
and apparatas have been developed wherein flue pages
are combined with fuel-air mixtyres to dilute tha mix.
fures and- thereby lower their combustion temperatures
and the formarion of NO,.

‘While the prior art methads and bumner appavatus for
producing flue gases baving low NO, content have
achieved varying degrees of success, there sull remaing
a8 need for improvement in such toethods and burer
apparatus whereby low NO. coutent flue £Ases are
produced and simpie economical bumer apparatus is

utilzed.
' SUMMARY OF THE INVENTION

cally comprise the steps of mixjng 2 porton of the tacal
fuel needed for the fequired heat releass in the furnace

13

20

25

ki)

35

45

35

60

Space and flue gases from the furmace space 1o form a

first fuel mizture. The firse fuel mixrre is discharged
into the furnace spece whereby it combines with 3 por-
ton of the rotal air required. for forming an ar feast
substantially stoichiometrie tota] fuel-total ajy mixturrs,
and the resultant fuel-flue gases-air mixture is bumed in
aprimary reaction zone therein. Becausa the fue] and ajr

65
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in the mixture are diluted withﬂuegnsesmd.asaresult,
burn at a ralatively low emperature, low NO. contenr
flue gases are formed therefeom. The remaining partion
of fuel is discharged into a seconduty reaction zone in
the furnace space wherein it mixes with cooled flue
gnmcontainadinmeﬁxmacespaccandairmaﬁﬁng
i second fuel mixmyge, The second fuel
mixture also burns at a relatively low temperature and
flue gases having low NOQx content are
ﬁm'i‘heﬁ:stﬁ:duﬁxmreeauupﬁmlly contain, 3
portion of the aie mizxed sim

The improved burne apparatus of the present inven.
tion which is refatively simple and économical atifizes a
primary fuel jet mirerqozyle assembly for wmixing a
portion of the ﬁ:elandinspimtedﬂuegassdrawnfmm
the famace space and discharging the resultant first fuel

i i i reaction zoue in the furnacs
gir can optionally be inspirated
into the primary mixer-nozsde assembly and simuolea.
neously mixed with the fignt fie] mixrara, .

The remaining portion of the fuel is discharged into
the furnaca spaca by way of one or more secondary fuel
nozzles positioned adjacent to the primary nozzle
whereby the fuel enterg a secondary reaction zone se-
quentially following the Pprituary reaction zoge. A Por-
ﬁnnofthoai:ﬂuwsintothep' reaction zone
wherein it combines with the first fuel mixture dis.
charged from the primary mixer-nozzle assembly, and
optionally, a portion of the air can be separately con-
ducted 1o the location of each sccondary fuel norzle
utilized whereby air is discharged along with the fuel
into the secondary resction zone. ’

It is, thesefore, a general object of the' present inven-
tion to provide an improved method aad bugger appara.
DACE hucs wherein the mizrave is bumed and flus gases
baving a low NO- content are formed therefrom,

A, further object of thé present invention is the provi-
sion of an fmpraved low NQ: burner apparaws which is
of sinple and econornicat constryction.

Other and further objects, features and advantages of
the present invention will be readily apparent to those
skilled in the art upen 2 reading of the description of
preferred embodiments which follows. .

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a side cross-secticnal view ofa burner appa-
1atus of the present invention attached 10 a farnace wall.

FIG. 2 i a top plan view of the burner and the for-
nace wall of FIG. 1. |,

FIG. 3 ig a side cross-sectional view of an alternate
embodiment of the burner appararys of the present in-
vention aitached o a fixnacs wall, -

FIG, 4 is a top plan view of the burner aud {arnace
wall of FIG. 3, : .

FIG. §is u top plan view of anothey alternata embodi-
ment of the burner of the Dresent invention.

FiG. 6isa top plan view of yet another alternage
- embodiment of the bumer of the Present inveation,
DESCRIPTION OF PREFERRED
EMBODIMENTS

"Referring 10w to the drawings, a presently preferred
embodiment of bumer apparatus of the present inven.
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tion Is Mustrated and generally designated by the pu-
meral 10. The burner 10 includes a eylindrical housing
12 which is connacted at an open end 14 thereof over a
complimeatary opening 16 in 2 farnace wall 18. Az will
be umderstood by those skilled in the arr, the farnace
wall 18 generally inciudes an internal layer of insularion
matesial 20, and the wall 18 and ingularion marezial 20
wgether with a portion of the interior of a burner tile 48
which will be described further hereinbelow define a
furnace space 21 within which fuel and air are burned to
form hot flue

Ag lustrated in FIG. 1, the bumer housing 12 in-
cludes an annular flange 22 at the open end 14 theceof.
The flange 22 is bolted 1o the furnace wall 18 by a pln-
rality of bolts 24, The opposite end of the housing 12 is
dmadbyanzndwaﬂzs,andaplmﬂtyofairinlet
openings 28 are disposed in spaced relationship around
the cylindrical side of the housing 12, A cyiindrical
damper 30 is rotatably positioned over the eylindtical
side of the bousing 12 having a bandle 32 attzched
thereto. The damper 30 includes fir openings 3% which

a closed position whereby the openings 28 are covered
by solid portions of the damper 30, a partally open
position and a fully open position whereby the openings
28 are in registration with the openings 32 as shown in
FIG. 1.

Positioned co-axially within the hounsing 12 is a pri-

* discharge nozzls 38. The mixer 36 attached to the ead

plate 26 of the housing 12 includes g presserized foel
fulet counecdon (not shown) to which a condnit 40 (via
an gpening in the end plate #6) is connected, The con-

duit 40 is in varn connecrsd 1o & header or conduit 42

which conducts pressurized fiel from a sowurce thereof
to the burner 10, The mixer 36 also includes four flue
gases inlet conaecdons 46 which are positionsd in
equally spacad relationship arouad the base thereof.
At the apen end 14 of the housing 12 is an asaular

' . burper tile 48 formed of flame and heat resigtant mace.

mial As shown in FIGS, 1 3nd 2, the bogrer e 48
includes four bassageways 50 which extend from the
end 49 thereof adjacent the open end 14 of the housing
12 to the caterior side 51 thereof within the farnace
space 21. Counectad to each of the flue gases inler con.

nections 46 of the mixer 36 are the ends of four conduits g

the burner tile 48. Thus, the four conduits 52 connect

the four flue geses inler connections 46 of the primary

mixer-nozzle assembly 34 to the passageways 50 in the
bumner dle 48. As hest shown in FIG. 2, the passage-
ways 50 with the conduirts 52 extending therein are
pesitioned in equally spaced relationship around the
primary wixee nozzie assembly 34, As will be under-
stood, more or less than four conduits 82 and inlei con-
nections 46 may be utilized in the burner apparams 10
depending ypon vadoys design considerations known
to those skilled in the art,

The nozzle 38 of the Primary mixer-nozzie assembly
34 includes one or more crifices 54 formed thersin

- through which, as will be described further hersinbe-

low, 2 mixture of fuel and flue gaces is discharged inte
a primary reaction zone in the furnace space 21,

55

40

65

. 4 : !

Four additicnal passageways 56 are disposed i the
burner tile 48 extending from the end 49 thereof to the
ocher end 53 thermof. As best shown in FIG. 2, e
opeuings 56 arc positioned in spaced relationship
around the bumer tile 48 between the passagewsnys 50
therein. Disposed within the passageways 56 are four
secotidary fuel discharge noszles 6. The discharge
nozzles 60 each include one or more discharge orifices
62.in the externsl ends thereof, and are cach snugly
fitted within a passageway 36. The internal ends of the
nozzles 60 are connected to conduits 64 which extend
through the paszagewnys 56 of the bumer 4l 48, .
through the interior of the housing 12 sud through
complimentary openings 58 in the end wall 26 of the
housing 12 The conduits 64 are connected t0 A pressur-
ized fuel source by way of the conduit 42. As will pe
described further hereinbelow, the facl nozzles 60 dis-
charge fuel into the farngce space 21 wherein the fuel
mixawithaoolmxegaseseonuﬁnedin:heﬁnnmc
space 21 and air remaining therein. The resulting roix-
ire i3 burned in 2 secondary reaction zone in the fur-
namSpaceZIadjacm:toanddowmmfmmthe_
primary reaction zone. More or Jess than four fuel noz-
2les 60 can also be utilized in the apparams 10 baged on
known design considerations, :

In the operstion of the furnacs of which the burner
Apparatus IOEapmt.melandairaradischargedinm
the furnace space 21 and buznad therein to form hot flve
£92cs. The kot flue gascs are cooled as they circulare
throvgh the furnace Space 21 and lose hesat prioy w
being vented to the atmosphere. In order o0 meet envi-
rongmental emission standards, the flne gases must have
low NO. content. . ) .

_The required flue gases low NO; conteat is accdm-

. plished in accordancs with the present invention by: (a)

discharging into the furnace Space 21 the air requirad
for producing at laast a substantially stoichiomettic
mixture of fuel and air therein by way of the opening 14
in the housing 12; (b) mixing, within the primary mixer-
nozzle assembly 34, a portion of the total fuel needed for
the required heat release within the furpace space 21
and flue gases from the furnace Space 21 ta’thereby
form a first fucl mixture, i.e., fael diluted with flye gases;
(c) discharging the first foel mixture into the furnace
space 21 by way of the orifices 54 of the nozzle 38
whereby the mixturs combines with air discharged into
the fornace space 21, the resulting fuel-flue gasec-air
mixture i burned in a pei reacrion zone therein and
flue gases having low NOx coatent age formed theye-
from; and (d) discharging the remaining portion of the
fuel by way of the nozzles 60 into a secondary reaction
Zone which sequentinlly follaws the primary reaction
zone in the furnace space 231 whereby the fiel combines
with cooled flue gases from the furnace space 21, with
the products of combustion fram the primary teacton
zone and with air in the fumace space 21 o form a
second fuel mixture which is burped in the sécondary
reaction zone and additional flue gases having low NO;,
contexnt are formed therefrom. '

Referring to FIGS. 1 and 2, atmospheric air is intro-
duced into the housing 12 of the bumey apparatys 10 by

well understood, the damper 30 is utitized to control the
rate of total air introduced into the housing 12 at 3 Ievel
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whereby at least a substantially stoichiometric minture
of towal atr and total fuel results in the furnace space 21.

Ir accordance with step (b), pressurized fuel Hows by
way of the conduit 40 into the primiry mixer-nozzie
assembly 34. The pressurized fel, which can be fual gas
or vaporized liquid fuel, is Formed into a high velocity

Jet as it caters the mixer 36 which canses a suction, 1o be

created at the flue gases injer connections 46, the con-
duits 52 and the passageways 50. This in turn capses flue
gases contained within the farnace space 21 1o be drawn
igro the passageways 50 from the firrnars space 21 and
o flow by way of the copduits 52 to the mixer 36
wherehltheﬂucgascsminspimt:d into and mixed
with the fuel to form a first fuel mixrore. _

In accordance with step (c) described above, the first
fuel mixture: is discharged through the orifices 54 of the
discharge nozzle 38 of the primaty mixer-nozzle agpem-
bly 4 into a primary reaction zone adjacent therero,
Upon being discharged from the nozzis 38, the first fuel
mixrure combines with air flowing into the furpace
space 21 by way of the open end_ 14 of the howging 12
and the intedior of the bumer tile 48 (as shown by the
arrows 44), and the rasultany flue gages-fuel-air mixture
is burtied in the primery reaction zone. Because the
burning of the mirture takes place at a relatively low
temperature due, at least in part, 1o the presence of the
flue gases therein, the fue gases formed have a2 low
NQz contznt. The tarm “relatively low temperature” is
used heretm to mean a temperature that is lower than the
temperature at which the same foel-air mixture, but
undiluted with foel gases, would burn.,

Generally, the portion of fuel introduced into the
primary mixer-nozzle assembly 34 and contained in the
first foel mixmre di ged into the primary reaction
Zome is an awount in the range of from about 10% to
about 50% by volume of the total fize) requiredt. The
flue gases which are drawn into and mixed with the fuat
in the primacy mirer-nozzle assensbly 34 are preferably
preseat in ay amount in the range of from about 30% 1o

. 6

Because the secondary fuel nozzles 60 are located
adjacent to and downstream from the nozzie 38 of the
primary wixer-nozzie assembly 34, the secondary reac.
tion zone in which the second fuel mixtuve is burned
scquentally follows the primary reaction zone in which
the first fuel mixture is burued, Stated another way, the
primacy reaction zone éxtends from the primary nozzle
38 into the furnace spaca 21 and the secondary reaction
zone. substantially surrounds and extends outwardly
from the primary reaction zone, -

Referring now 1o FIGS. 3 and 4, an altsrnate embodi-
ment of the burner apparatus of the present invention is
shown and generally designated by the numeral 100.
The burner 100 includes a cylindrical housing 112
which is connected at an apen-end 114 over a compli-
mentary opening 116 in a furmnace wall 178. An internal
layer of inmnlation maverial 120 is provided adjacent rhe
wall 118; and the wall 118, the insulation watedal 120
and a portion of the interior of 3 burner tile 148 define
a futnaca space 12X within which fuel and air are

. butned to form hot flue gases. The burper housing 112

25

- inlet openings 128 are disposed in

20

about 400% by voclume of the fuel depending on the 40

composition of the fuel and other factors. As will be
understood, the mcluﬁ]izedinabnmerori’omaoeap-
pacatus is normally exprassed as a tate, L., a volume of
fuel per unit time. The term g by volume™ as used

herein means the stated 95 of the rate of fuel referred to, 45
" hance flaxne srability thereto. The shielding cone 141 is

While the rate of the air discharged into the fuacs
space 21 can be vagied, the rate of air utilized, preferably
results in an at Jeast substantially stoichiometric foel-air
mixture. The term “stoichiometric fuel-air mixtare™ iy

used herein to mean a mixtuge in which the relative 50

portions of fitel and air are such that when the: mixtnre
is burned to completion, no excess oxygen or foel re-

mains,

In accordance with step (d), the remaining portion of .
the fuel flows to the secondary nozzles 60 by way of the
conduits 64 connected thereto apd to the conduir 42,
The fuel is discharged by way of the orifices 62 in the
secondary nozzies 60 into the fumace space 21. That is,
the portion of the fiel discharged by the secon fuel
nozzles 60 into the furnace space 21 mixes with air
therein, with cooled fluc gases contgined within the
fornace space 21 and with products of combustion, i.e.,
flue gases, from the primary- xézction zone to form a
second fuel mixture Like the fist fuel mixture, the
second fuel mixtura, at least in POrt as 3 resuit of the
dilution thereof with fine gases, is buryed in the seeond-
ary reaction zome at a rolatively low tamperature
whereby the flue gases formed have a lgw NOQycontent,

35

60

€5

includes an anpular flange 122 2t the open end 114
thereof which is bolted to the fornace wall 118 by a
pivgality of boles 124, The opposite end of the housing
lnisclosedbyancndwaﬂm,andaplumhty' of air
_ spaced relaticnship
around 3 cylindrical sids of the hovsing 112. Like the
burner apparztus 10, the apparatus 100 includes a cylin-
drical damper 130 rotatably positioned over the cylin.
drical side of the housing 112 having a hapdle 132 at-
tached theceto,

A primaxy fuel jet mixer~tischarge nozzte assembily
geneally deignated by the pumeral 134 is positioged
co-axially within the housing 112, The assembly 134 ig
comprised of an elongated fuel jer mixture 136 con-
oected o a discharge nozzle 138. The mixer 136 in-
¢ludes a pressurized fuel inlet comneetion to which a
conduit 140 is connected. The cooduit 140 is in tam
connected 10 a source of pressurized fuel by a conduit
142, The primary mixesnozzle assembly 134 also in-
cludes an air inlet 144, and four fine gases inlet connec-
tions 146 which ave positioned in equally spaced rela-
tionship arommd the mixer 136,

In the embodiment fllustrated jn FIGS. 3 and 4 a
conical shield 141 is attached 1o the nozzle 138 to en-

dish-shaped and includes a plurality of openingy J43
formed thersin for allowing the passage of a limited
amatut of air therethrough. The shielding cone 141
functions to create a protected area adjacent the nozzle
138 whereby air flowing in the direction. indicated by
the sxrows 145 is deflected and instability of flame adja-

‘cent the gozzle 139 is reduced, The shielding cone 141

further includes tabs 147 extending therefrom towards
and adjacens the secondary fuel nozzles 16 to ba de-
scribed further hereinbelow. The shielding rabs 147
function to enhance flama stability to the secondary fuel
nozzles 168 by deflecting the flow of air jn aress adja-
cent thereto. ‘

An annnlar burner tile 149 is connected at the open
end 114 of the housing 112. Like the burner tile 43 of the
appatatus 10, the burner tile 148 includes four PRSSAge-
ways 150 which extend from the iuner end 149 thereos
to the exterior side 151 within the furnace space L21.
Connected to each of the flue gases inlet connections

-146 of the mixer 136 ace the ends of four conduits 152,

the other ends of which extand into the passageways
150 formed in the burner tile 148. The foue conduits 152
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connect the four flue gases inlet cannections 146 of the
mwixer 136 to the passageways 150 in the burner tile 143,
The passageways 150 with the conduirs 152 extending
therein are positioned in equally spaced relatonship
around the primary mixer-nozzle assembly 134, The
nozzle 138 of the primary mirer-nozzle assembly 234
mcludes one or more orifices 154 formed thersin
through which a foel-air mixture diluted with flue gases
is discharged into a primary reaction zone in the furnace
space 121,

Four enlarged passageways 156 are disposen in the
burner tile 148 extending from the inner end 149 thegeof
to the exterior end 253 thereof. The passageways 196
are positioned in spaced telationship around the burner
tile 149 between the passagewnys 150 therein. Disposed
within, the passageways 136 are four secondary fuel

i ¢ nozzles 160, cach including one or more dis-
charge crifices 162 in the external ends thereof. The
sozzles 160 are connected by conduits 164 to the pres-
surized fuel conducting condnit 142. The diameters of
the passageways 156 are sized with espect to the exter-
nal sizes of the secondary fuel nozzies 160 soch that
annalar air condycting corduits 161 are provided be-
tween the external surfaces of the nozzles 160 and the
interiors of the passageways 136, Thus, as indicated by
the arxows 157 in FIG. 3, air from within the hkousing 12
flows by way of the annular conduits 161 provided
between thie passageways 156 and the nozzjes 160 into
the secondary reacrion zone abave apd adjacent to the
secondary fuel nozzies 160, The particular rate of air
which flows through the annular conduits 161 is con-
trolled by the sizes of the annular condyits 16).

The fuel nozzles 160 discharge fuel into the furnacs
space 121 wherein the foel mixes with the air entering
the furnace space 121 by way of the annujar condvirs
161. As described above in connection with the burner
apparatus 16; the fucl-aic ntixture combines with cool
flue gases contained in the furnaie space 121, products
of combustion from the primary reacrion zone and with
snyairmmaininginthcfumaaespm]zLandthe
resulting mixtice is burged ina secondary reaction zons
within the fumace space 121,

In order to further lower the production of NO.
within the fiunace space 121, a steam injection nogzzle
170 chnnected to a steam conduit 172 is disposed within
the housing 112, Alternatively the steam can be Intro-
duced inco the primary mixer nozzle assembly 134 by
way of a conduit 174 connected thereto. The Steam
injection contributes to low NOy production as is well
known by thase skilled in the axt.

The operation of the apparatus 200 is similar to the
operation of the appararus 10 described above, except
that 3 portion of the air which flows inte the housing
112 by way of the openings 128 is druwn into the pri-
mary mixer-nozzle assembly 134, mixed with the fual
and flue gases thersin apd the resulting flue gases-fuel-
air mixtare is discharged into the farnace space 121 by
way of the nozzle 138. In addition, a porton of che air
within the houting 112 fiows by way of the annular
conduits 161 directly into the secondary reaction zone

. o the furnace space 121. Moze specifically, a portion of
beat relaase iv -

the total fuel needed for the required
mized within the primary miver-nozzle assembly 134
for at least the
substantial stoichiometric combustion of the toral foel
and with flue gases from the farnace space 21 to thereby
form a first fuel-air mixture diluted with flue gases,

)

10

13

Generally, the portion of the tota! fuel which is intro-
duced into the primary mizer-nozzle 134 and contzined
in the first fuel-air mixture dilured with flus 2ages dis-
charged into the primary reaction zone is an amousnt in
the range of from about 109 to abous 50% by volume
of the total fuel. The flue gases which dilute the first
fael-air mixture are preferably present therein in an
amount in the range of from abovt 309 to about 400%
by. volume of the fuel in the fuclair mixture depending
on the composition of the fuel and other facrors. The
pertion of the total air which is drawn into the mixer
136 by way of the air inlet 344 and which is contained in
the first fuel-air mixture diluted with flue guses dis.
charged into the furnace space 121 is an amount in the
range of from about 50% to about 500% by volume of
themelinthcﬂmtfuc}-airmixnmdependinganthe
composition of the fuel and other factors. As will be

. understood, the amounts of flus gages and air drawn

20
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into the mirer 136 are substantially set when the design -
of the burner apparams 100 i finalized and the number
and sizes of the various inlets, passageways, conduits,
etc. are gmlacted. However, some adfustments are nor-
mally possible

The Orst fuel-air mixouce diluted with fue gases i
discharged into the furnace spacs 121 by way of ths
atifices 154 of the nozzle 138 whereby the mixmyre
combines with a farther portion of the total air which is
discharged from the housing 112 into the farnace space
mbywayoftheopcnend114ot‘fhchm15ingllzas
illustrated by the agows 145. The flow of air is de-
flected and slowed dowa adjacent the nozzle 138 by the
shiskding cone 14Y to insuge stability of the flame adja-
cent the burner 138 in the primary reacrion zone, The
resulting fuel-air mixcure diluted with fue zases iy
bumedinﬂlepﬁmaxymcdqnzonca.nd flue gases arc
formed therein having low NOy content as a result ac
least im part of the presence of the diluting flue gases
cavsing the burning to take place at a reiatively low .

Temperatare. .

henmninmsporﬁonofthefuelisdischugedby
way of the fuel nozzles 160 o a secondary reaction
2one which sequendally follows thre primary reaction
zone. The discharged fuel combines with the air which
is separately conducted o the sscondary reaction zone
by way of the annular condnits 161 formed within the
passageways 156 around the nozzies 160. The air mixes
with the fuel, with the products of combustion from the
primary reaction zone and with cooled flue gases and
any air contained in the furnace space to form a second
fuelair mixture dfluted with flne gaces. The second
diluted fuel-air mixiure i burned in the secondasy rezc-
sion Zone ax 3 relatively low temperature theraby form-

‘ing additional flue gases having a low NO conteat.

. Generally, the pertion of the air which flows by way
of the anpular conduits 161 direetly to the secondary
reaction. zone is an amowmt of gir in the range of from
about 10% to sbout 100% by volume of the fuel which
fs discharged into the seco reaction zone by way
of the nozzles 160. N

Referring now to FIGS. § and 6, slternate forms of
burner apparatus of the present invention are illustrated.
Referting 1o FIG. 5, a rectangnlar shaped burner appa-
ratys 200, ‘often teferred to as a flac Hame burner, is
Mlustrated. The burner apparatus 200 is genegally the
same design as the bummer apparatus 100 described
above except that it ineludes an clongated recrangular
primary nozzle 210 with a rzctangufar shield 212 for
providing flame stability attached thersto, Flue gases
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passageways 214 and conduite 216 ars provided for
drawing flue gases into the primary mixer-nozzie assem-
bly, and a plugality of secondary fuel nozzles 238 are
disposed in passageways 220. Air is dischacged around
the nazzles 218 by way of atinular conduits 219 formeq
batween the passageways 220 and nozzles 219, The
passageways 214 and 220 are disposed in a rectapgular
bumner dle 222 arached to the burner housing (ot
shown). :

FIG. 6 iilustrates another alternate form of burger 10

apparatus of the present invention geaerally designated

Inucadofadrcnlarbumunozzlewithorwithmta 15

flame: stability shield the apparatas 300 includes a pri-
mary mixer-nozzle sssembly wherein the nozzle 313
thereof includes a pluraliry of radially extending fingars
314. The configuration of the nozzic 312 18 commanly
refetred 10 a¢ a “spider”
3 incledes 2 plurality of flue gas intake passageways
316 and conduirs 318 as well as a plurality of secondary
fael nozzles 320 disposed i passageways 322, )
ThebmcrapparamsmandSNmincludethe

Structure and can ‘be operated g8 deseribed above in 25

connection with the burner apparams 10, or the burnars
200 and 300 can tuciude the structpes and be operated as
described above in connection with the burner 100, or
vazious combinations of the Structure and Operation

snpscanbenﬁlizeddependingupunmcmcnluau

applications in which the burners ars used, Thar {5, for
a particuiar application, a burner apparatus of the pres.
enr invention may be » cylindrical or other
shape, may or may notﬁwludcanozﬂgﬂamembﬂizing

shield, may or may not inspirate air into the primary 35

WXT-n0zzle assembly, may o may not separately con-
duct air directly to che secondary reaction zone o may
OF AY Dot inject steam. Also, the apparatus may utilize
natumlairdmt’c.orfnrccdairdmﬁ.‘rhc term “air” ig

used herein to mean atmospheric air, oxygen entiched 40

aunospheric air or air which atherwiss includes more or
less oxygen in than atmospheric air. The selection
of a particular embodipent of the bumer apparatas of
this invention and jts operaton dependy op the partici-

lar application in which the bumer apparatns is uged 45

EXAMPLE )\

A burner apparatas 10 designed for a heat rejesse of
10,000,000 BTU /hout by burning nacurs] 8as having a
caloric value of 1,
nace space Z1. ‘

Pressucizad fuel gus is yupplied to the bumner 10 ar 4 |
pressure of about 30 PSIG and at 3 mate of 10,000
SCF/hout. A 309 by volume portion of the fuc) (3,000

SCF/hont) Aows into ang through the primary mizer- 60

nozzle assembly 34 wherein it is mixed with zbout 7,500
SCF/hour of flye gases (abour 250% by volume of the
fued gas present in the mixture). The femzining portion
of the fe] £as ie, 7,000 SCF/hour Rows from the

conduit 42 to the four secandary fuel nozzles 60 from &5

where the fuel gas is discharged into the fumngca space
21 The gate of air introduaad into the housing 12 js
controlled by means of the damper30 such that the total

configuration. The apparatus 20

. bumed in the pri

BTU/SCE is fired into the fur- 55
‘which is burned i the secondary reaction zone at a

Page 59 of 60
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mte of air introduced into the furnace space 21 is an
amount which resuits in ar least a substantially sroichio-
meitic total fiel-tors] air mixture thersin,.

The air Aows throngh the open end 14 of the housing
12 into the furnace space 21 by way of the intetior of the
bureer tla 48,

The fuel discharged from the secondary fuel nozzliey
60 mixes with the remaining air, products of combuystion
(Rué gases) from the primary reaction zone and refa-
ﬁvelycmlﬂuegaminthefhmaccspacentofoma
$econd sombustion, prodocts and flue gases diluted fuel-
airmixrurewhichiabu:udinascconduyreacﬁon
zone adjacent to and surrounding the primary resctian
Zone in the furnace space 21

Becauze of the dilution of the first and second fue)
mﬁ:m:sxﬁthﬂuegass,suchnﬁxmbumatareh~
tively low tem ¢ whereby the additonal flue
gases formed have a low NO, content. That iz, the
mixtere of flue gases wi wnﬁ‘omtheﬁunuespacc
21 has a NO content of less than about 25 ppm.

EXAMPLE It

A burnes apparatus 100 designed far g hear release of
10,000,000 BTU/hour by burning namural gas having a

caloric value of 1,000 BTU/SCF is fred into the fur-

nace space 121,

Pressurized fuel-gas is supplied to the bumer 100 ata
presswre of about 30 PSIG and at a rate of 10,000
SCF/hour. A 30% by volume portion of the fuel (3.000
SCF/houc) flows no and throngh the primary mixer-
nozzle asceqbly 34 wherein it wixes with 3,000
SC¥/hour of air and aboyt 7,500 SCF/hour of fue
gases. The portion of the toral air mixed with the fuyel
g2s in the primary mixer-nazzie assembly and dis.
chatged thersfrom results in 2 sub-stoichiomerric fuel-
2ir mixrure. .

The fast flue gases diluted fuel-air mixtuzre dis-

‘charged from the nozzie 138 mixes with additional air

fowing into the fampace space 121 by way of the open
end 114 of the housing 112 The resuiting mixture is
reaction zone, and because, ar
Ieast in past of the presence of flue #nses, the additional
flue gases produced have a low NOx contegr,

‘Fhe remaining portion of fuel, Le., 7,000 SCF/hou,
fows to the nozzles 160 from where the fuel gas is

i into a secondary reaction zone within the
furnace space 121. A 1,000 SCF/hour amonat of air i
i reqction zone by
way of the annular conduits 161. The air flows from the

* annular conduits 161, mixes with the fuel discharged

from the nozzles 160, mixes with products of combus-
tion (flue gases) from the primary reaction zone and
mixes with relatively cool flue gas and any air contained ‘

reladvely low temperature.

The mixture of Bue gases formed in the fumsce space
121 and withdrawn therafiom has a NO; content of less
than about 25 ppm. _

Thus, the present invention i well adapred to carry
out the objects and attaig the advantages mentioned as
well as those inherent thersin. While prasently pre-
ferred embodiments of the invention have been de-
scribed for purposes of this disclosure, numeroys
changes in construction and in the arrangement of parrs
and steps will suggest themselves 1o thase skilled in the .
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art which are encompassed within the spirit of this
invention as defined by the appended claims,

What i3 claimed ig: ‘

1 A methed of discharging an at least substantially
stoichiomerric mixmze of fyel ang dir from 2 burner into 5
a furmace space wherein said mixrure iz bapned sud flue
gases having low NOy content are formed therefrom
conprising the steps of: ) :

(2) discharging said air from sald burner into said

space; 10

(b) discharging 2 portion of 2aid fire} in the form of a

fudjuhapaasagcwayinmidbmcdmuui-

cated with said space whereby flue gases in
sald furnace space are drawn into said passageway

with said fival; 5 -

'(c)dischargingsaiglﬁmlandﬂuegucs&mmid
passagewny into said firnace space whereby said
ﬁlclaudﬂue-sassmixwiﬂuirandthemixmis
bmned-ingp:ﬁnaryreacﬁon zope in said -furnace

Space; S
{d) discharging the remxining portion of said fyel into
space

2. The method of ¢laim 1 wherein said secondary
reaction zone sequentially follows said primary reaction
zone in said fornace space,

3. The meathod ofdﬁmlwhuﬁnmidmmaining
portion of fue] is discharged fnto said secondary com- 30
busticn zone by way of at least one secondary fusl pox-

1N

4. The method of claim 2 wherein said remaining
portion of firel ix dischazged e said secondary com-
bustion zone by way of a plurality of secondary -fuel 35
nozzles. -

5. The method of claim 1 wherein said portion of said
ﬁmldiachugedi:paccord.ance“rﬁhsmp(b)isdis-
charged i the form of a pluralicy of fuef jets in sajd

‘ primarypass:iscwaysinsaid burner, 40

6. The method of claim 1 wherein said portion of said
fuel discharged in accordance with step (¢) and burned
in said primary reaction zone is 2o amount in the range
of i'ro:_n about 10% to about 50% by volume of the total

gases discharged with said fire] js an amount in the mmge
of from about 30% to about 400% by volume of said
fuel, '

7. An improved bugnar apparatus for discharging a
mixmreoffhelandairin:oaﬁunacuphcc wherein said 5o
mixture is burned and flye Bases having low NO; con-
tentt are formed therefrom comprising:

t housing having an apen end attached to said furpacs

space;

means for introducing 2 conrolled quantity of air 58

into said housing and inro said furnace space at-
tached to sajd housing;

primary foel nozzie means disposed within said hons-

ing for dischargipg Primary fuel inrg the open cnd
: 60

63

apparanig
stability shield is dish-ghaped,
! - L -
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of szid housing aud into said fornace space and for

deawing cooled flue gases from said furnace space

and discharging said flue gases into said open end

of said housing aud into said furnace spacs aloug

with said primary fusl, gaid Primary fuel nozyie

means inclnding a pressurized fiel inlet for connec-

tion to a soures of pressurized fuel;

flue gnsgpamgewaymmnsdispomdinsaidhousing
eneudingfrOmsaidﬁ:rnacespaceiutomidhouSMg -
throngh which said cooled flue gases from within
saidﬁ:macespaceaxedrnwnandmducted to said
primary fuel nozzle means; and -

at least ope secondary fuel nozzle means attached 1o

- zajd housing having a presmurized fuel inler for
connecﬁonwasoumeofpmnrizedﬁmlfurhu-n-
ducing additional fuel into sqid fumace space
which mixes with flue gases and air therein,

8. An improved bumer apparatus for discharping a -

'wmofﬁ.dmai:inmaﬁnmspacewhudnm‘id

mixtare is bucned and flne gases having Jow NO.. con-
tent are formed thersfrom comprising:

a howging having an opex end attached to =aid furnace
Space; : .

means for introducing a cantcolled quagrity of air
into said honsing and into said farmace space

foel jet means for drawing flue gases from said foo-
mace spacs and dj ing fuel and flue gases into
the open mdofsaidhousingandintoaprimary
reaction zone in said furnace space adjacent
thereto, said fuel jet means being attached to said
housing and including a conduit for connection to
8 source of pressurized fuel baving a foel gas jet
forming end and at least one Passagewny communi-
cating said fuel Jet forming end of s3id condnit with
ﬂuegasainsajdﬁlma:ecpaceand with the inte-
rior of xaid housing whereby flue gases from within
said famace space are drawn into said passageway
and discharged aloag with fuel into sajd housiag;
and ‘

at least one secondary fuel nozzle mcans attached to
said housing for connection to a squrce of pressur-
ized fnel and for Introducing additional fuel into
said furnace gpace. o ‘

3. The apparatus of claim 8 wherein the open end of
said housing is am arnular burner tile formed of flame
and’ heat resistant maverind,

10. The apparatus of claim 9 wherein said passageway
is at Jeast partially comprised of 2 paseapeway disposed
in said burner tile. '

11. The apparatus of claim 10 wherein said secondary
fitel nozzie means extends into another passageway
disposed in said burner tile.

12. The apparatus of elaim 11 wherein a flame stabi-
ity shield having 2 plarality of openings therein is dig-
posed within the interior of saigt armuiar burner tile.

13. The of claim 12 wherein mid flame

* a



