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57) ABSTRACT 
The present invention relates to an improved fuel 
burner apparatus which includes a hollow outer shell 
having a hollow inner liner supported therein so that 
an air passageway is formed between the inner liner 
and the outer shell and the interior of the inner liner 
forms a fuel-air combustion chamber. One or more 
openings are disposed in the inner liner so that a por 
tion of combustion air flowing through the air passage 
way is admitted as secondary air directly into the inte 
rior of the inner liner. 

9 Claims, 5 Drawing Figures 
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3,846,066 
FUEL BURNER APPARATUS 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
This invention relates generally to an improved fuel 

burner apparatus, and more particularly, but not by 
way of limitation, to an improved fuel burner apparatus 
of the type wherein combustion of the fuel takes place 
substantially within the burner structure. 

2. Description of the Prior Art 
A variety of types and designs of fuel burner appara 

tus have been developed and used in industrial applica 
tions. Fuel burner apparatus generally referred to as 
"high intensity burners' are particularly suitable for 
generating high velocity streams of hot combustion 
gases. This type of burner is characterized in that sub 
stantially all of the combustion process takes place and 
is confined within the burner apparatus. One such high 
intensity burner apparatus which does not require ex 
pensive refractory materials and which is particularly 
suitable for many industrial applications is described in 
detail in U.S. Pat. No. 3,265,113 assigned to the as 
signee of this present invention. 
A problem common to all fuel burner apparatus uti 

lized in industry is the formation of atmosphere pollut 
ing compounds in the combustion gases produced. For 
example, when a hydrocarbon fuel is burned with air, 
carbon monoxide and nitric oxide compounds are often 
formed in the combustion gases in quantities such that 
when the combustion gases are released to the atmo 
sphere by way of stacks, etc., air pollution results. It has 
heretofore been recognized that the formation of car 
bon monoxide in the combustion gases produced when 
a hydrocarbon fuel is burned can be controlled within 
acceptable limits by controlling the combustion pro 
cess. That is, in a fuel burner apparatus such as a high 
intensity burner wherein the fuel burns very quickly to 
produce a mixture of combustion products rich on car 
bon monoxide, the slow burning carbon monoxide can 
be eliminated by providing a secondary combustion 
zone in which the carbon monoxide is consumed, i.e., 
oxidized further to carbon dioxide. 
The formation of nitric oxide compounds occurs 

after the burning of hydrocarbon fuel with air is com 
pleted. That is, nitrogen brought into the combustion 
process with the air combines with oxygen at the high 
temperatures at which the combustion gases exist after 
the primary combustion reaction of the hydrocarbon 
fuel is completed. 
By the present invention an improved fuel burner ap 

paratus is provided for burning a hydrocarbon fuel with 
air wherein carbon moxoxide formed in the primary 
combustion reaction is consumed in a secondary com 
bustion reaction but the formation of nitric oxide com 
pounds in the secondary combustion reaction is mini 
mized. 

SUMMARY OF THE INVENTION 
The present invention relates to an improved gas 

burner apparatus comprised of a closed outer shell hav 
ing a hollow inner liner supported therein so that an air 
passageway is formed between the inner liner and the 
outer shell. The interior of the inner liner forms a com 
bustion chamber and the open rearward end thereof 
forms a fuel-air mixing and ignition area within the 
rearward end of the outer shell. A combustion air inlet 
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is formed in the outer shell for admitting combustion 
air to the air passageway and to the fuel-air mixing and 
ignition area, and a fuel inlet is attached to the outer 
shell for admitting fuel to the fuel-air mixing and igni 
tion area. The inner liner includes one or more open 
ings positioned intermediate to the ends thereof so that 
a portion of combustion airflowing through the air pas 
sageway is caused to bypass the fuel-air mixing and ig 
nition area and flow through the openings directly into 
the interior of the inner liner. 

It is, therefore, a general object of the present inven 
tion to provide an improved fuel burner apparatus. 
A further object of the present invention is the provi 

sion of an improved hydrocarbon fuel-air burner appa 
ratus wherein the formation of nitric oxide compounds 
in the products of combustion is minimized. 
Yet a further object of the present invention is the 
provision of an improved fuel burner apparatus 

wherein a hydrocarbon fuel can be combusted with air 
to produce a high velocity stream of hot combustion 
gases containing minimum quantities of carbon monox 
ide and nitric oxide compounds. 
Other and further objects, features and advantages of 

the present invention will be evident from the following 
description of presently preferred embodiments when 
read in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a partially diagrammatic view of a heater 

system which includes a fuel burner apparatus of the 
present invention, , 
FIG. 2 is an enlarged side elevational view of the fuel 

burner apparatus of FIG. 1 shown in cross-section, 
FIG. 3 is a cross-sectional view of the burner appara 

tus of FIG. 2 taken along line 3-3, 
FIG. 4 is a cross-sectional view of the burner appara 

tus of FIG. 2 taken along line 4-4, and 
FIG. 5 is a partly sectional view of an alternate form 

of inner liner which can be used in the fuel burner ap 
paratus of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring now to the drawings, and particularly to 
FIG. 1, a heater system generally designated by the nu 
meral 10 is shown which includes a fuel burner appara 
tus 12 of the present invention. The heater system 10 
is conventional and includes a cabin type heat ex 
changer 14 arranged so that heat is exchanged between 
the high velocity stream of hot combustion gases pro 
duced by the fuel burner 12 and a process stream being 
heated. That is, the heat exchanger 14 includes an en 
closure 16 having a conventional heating coil disposed 
therein (not shown) through which the process stream 
being heated is passed. Combustion gases produced by 
the burner 12 pass in heat exchange relationship with 
the heating coil and exit the heat exchanger enclosure 
16 by way of a stack 18. The heating coil is connected 
through the enclosure 16 to inlet and outlet connec 
tions 20 and 22 respectively. 
Referring now to FIGS. 2 theough 4, the improved 

burner apparatus 12 of the present invention is illus 
65 trated in detail. The apparatus 12 basically comprises a hollow outer shell 24 having a forward end 26 and a 

rearward end 28. A front wall 30 is secured to the for 
ward end 26 of the outer shell 24, and a rear wall 32 
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is secured to the rearward end 28 thereof. A hollow 
inner liner 34 is supported within the outer shell 24 
with the forward end 36 thereof passing through and 
being attached to the forward wall 30, thereby forming 
an outlet for products of combustion exiting the burner 
apparatus 12. As will be understood, the interior of the 
inner liner 34 forms a combustion chamber within the 
apparatus 2. The open rearward end 38 of the inner 
liner 34 is spaced a distance from the rear wall 32 of the 
outer shell 24 so that a fuel-air mixing and ignition area 
40 is provided within the rearward portion of the outer 
shell 24. 
As best shown in FIG. 2, in order to promote recircu 

lation of combustion gases within the burner 12, the 
inner liner 34 is preferably formed in a manner such 
that it includes a frusto-conically shaped rearward end 
portion 42 converging toward the rearward end 38 
thereof, and a frusto-conically shaped forward portion 
44 converging toward the forward end 36 thereof. The 
outer shell 24 is also preferably formed of a generally 
frusto-conical shape converging toward the rear end 28 
thereof. 
The inner liner 34 is positioned within the hollow 

outer shell 24 in a manner such that an air passageway 
46 is formed between the inner liner and the outer 
shell. An air inlet 48 for admitting air to the air passage 
way 46 is formed in the outer shell 24 adjacent to the 
forward end 26 thereof. As shown in FGS. 2 and 3, the 
air inlet 48 is comprised of a conduit having a conven 
tional flange connection 50 at the outer end thereof 
and having the inner end passed through and sealingly 
attached such as by welding to the outer shell 24. Pref. 
erably, the air inlet 48 is arranged with respect to the 
outer shell 24 so that a volute shape results, i.e., the 
inlet 48 is positioned with respect to the shell 24 so that 
air passing through the inlet 48 enters the shell 24 ten 
gentially and is caused to follow a generally helical path 
as it passes through the air passageway 46 to the fuel 
air mixing and ignition area 40. As will be described 
further, this helical flow of air through the passageway 
46 during the operation of the burner 12 keeps the 
inner liner 34 cool so that expensive refractory materi 
als are not required and brings about mixing of the air 
with the fuel to be burned in the fuel-air mixing area 
40. 
A fuel inlet 52 is provided attached through the rear 

wall 32 of the outer shell 24 for injecting fuel into the 
fuel-air mixing and ignition area 40. The fuel inlet 52 
is comprised of a conduit sealingly attached through 
the wall 32, having a conventional flange connection 
54 at the outer end thereof and terminating open ended 
at a position between the rearward end 38 of the inner 
liner 34 and the rear wall 32. 
The inner liner 34 includes a plurality of openings 56 

formed therein. As shown in FIGS. 2 and 4, the open 
ings are vertical slots which are positioned intermediate 
the ends 36 and 38 of the inner liner. It is to be under 
stood, however, that the openings 56 may take a variety 
of shapes. For example, referring to FIG. 5, an alter 
nate form of inner liner designated by the numeral 58 
is illustrated. The liner 58 is identical to the liner 34 ex 
cept that the openings 60 positioned therein are ori 
fices of substantially circular shape. Other shaped 
openings in the inner liner may be utilized such as hori 
zontal slots, slits, holes, etc. 
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4. 

Operation 
Referring specifically to FIG. 1, the combustion gas 

outlet of the fuel burner apparatus 12, i.e., the open 
forward end 36 of the inner liner 34, is connected to 
the heat exchanger 14 of the heater system 10. The 
flange connection 50 of the air inlet 48 of the burner 
2 is connected by a conduit 62 to a conventional air 

blower 64 and a conventional air flow control valve 66 
is disposed in the conduit 62. The flange connection 54 
of the fuel inlet 52 is connected by a conduit 68 to a 
source of fuel and a conventional fuel flow control 
valve 70 is disposed in the conduit 68. 
The process stream being heated is conducted to the 

heater system 10 by way of a conduit 72 which is con 
nected to the inlet connection 20 of the heating coil 
disposed in the heater enclosure 16, and the heated 
process stream is removed from the heating coil by way 
of a conduit 74 connected to the outlet connection 22. 
A conventional temperature transmitter 76 is disposed 
in the conduit 74 for sensing the temperature of the 
heated process stream, and a conventional flow ratio 
controller 78 is operably connected to the temperature 
transmitter 76. The flow ratio controller 78 is in turn 
operably connected to the air and fuel control valves 
66 and 70 respectively, 

in operation of the fuel burner 12 in conjunction with 
the system 10, air and fuel provided to the burner 12 
by way of the conduits 62 and 68 respectively are 
mixed and burned within the burner as will be dis 
cussed further hereinbelow to produce a stream of hot 
combustion gases. The combustion gases are dis. 
charged within the heater enclosure 16 wherein they 
circulate around the heating coil disposed therein and 
then pass by way of the stack 18 into the atmosphere. 
The process fluid stream being heated flows through 
the heating coil disposed within the heater enclosure 16 
in heat exchange relationship with the hot combustion 
gases flowing therein. 
The flow ratio controller 78 senses the temperature 

(by way of the transmitter 76) of the process stream 
flowing through the conduit 74 and controls the flow 
rates of air and fuel to the burner apparatus 2 accord 
ingly. That is, the flow ratio controller 78 controls the 
rate of air and fuel flowing to the burner 12 by operat 
ing the control valves 66 and 70 respectively in prede 
termined relationship to the temperature of the process 
stream exiting the heater system 10. In addition, the 
flow ratio controller 78 maintains the ratio of air to fuel 
flowing into the burner 12 at a preset level. 
The foregoing description of the heater system 10 is 

given herein to illustrate a typical application in which 
the burner apparatus of the present invention can be 
utilized. It is to be understood, however, that the 
burner apparatus 12 can be utilized in any of a great va 
riety of other applications and is not to be limited to the 
system described. 
Referring now particularly to FIGS. 2 through 4, the 

combustion air entering the burner apparatus 12 by 
way of the air inlet connection 48 passes in a generally 
helical path through the air passageway 46 to the fuel 
air mixing and ignition area 40 at the rearward end of 
the inner liner 34. Fuel flowing to the burner 12 by way 
of the fuel inlet connection 52 also enters the fuel-air 
mixing and ignition area 40. As the helical flow of com 
bustion air reaches the mixing and ignition area 40, i.e., 
the end 38 of the inner liner 34, it changes directions 



S 
and extends into the internal portion of the inner liner. 
This change of direction generates an air vortex in the 
area 40 which brings about intimate mixing of the fuel 
and air. The resultant fuel-air mixing is ignited while in 
the area 40 and rapid burning of the fuel is completed 
within the interior of the inner liner 34 adjacent the 
rearward end 38 thereof. The rapid burnout of the fuel 
brings about the formation of carbon monoxide. How 
ever, the carbon monoxide formed is burned in a sec 
ondary combustion reaction which takes place as the 
products of combustion flow through and recirculate 
within the interior of the inner liner 34 prior to exiting 
the inner liner by way of the open forward end 36 
thereof. 
The openings 56 in the inner liner 34 cause a portion 

of the relatively cool combustion air passing through 
the air passageway 46 to bypass the fuel-air mixing and 
ignition area 40 and flow directly into the interior of 
the inner liner 34 as secondary air. This secondary air 
entering the combustion chamber portion of the burner 
12 quenches the products of combustion to a tempera 
ture level below about 2,800F but above a tempera 
ture of about 1,500F so that the secondary burning of 
the carbon monoxide is completed but the formation of 
nitric oxide compounds is retarded. That is, since nitric 
oxide compounds do not form below a temperature 
level of about 2,800F and since the carbon monoxide 
compounds formed are combusted to carbon dioxide at 
temperatures above about 1,500°F, by controlling the 
temperature of the combustion gases within the interior 
of the inner liner 34 at a level between about 1,500F 
and 2,800F the existence of both the compounds in 
the products of combustion is minimized. Stated an 
other way, the burner apparatus 12 brings about pri 
mary combustion with excess fuel being present and 
controlled temperature secondary combustion by the 
addition of secondary combustion air to the interior of 
the inner liner 34 via the openings 56thereby maintain 
ing the formation of undesirable pollutants in the hot 
products of combustion produced at minimum levels, 

As will be understood by those skilled in the art, the 
number, size and configuration of the openings 56 re 
quired in the inner liner 34 for a particular application 
can be determied by applying conventional engineering 
techniques. The rate of secondary combustion air 
which flows through the openings 56 depends on a 
number of factors such as the particular flow rate and 
pressure of the combustion air supplied to the burner 
2 and the fuel-air ratio utilized as well as the number, 

size and shape of the openings 56. 
As will be further understood by those skilled in the 

art, numerous changes can be made in the configura 
tion and construction of the various parts of the appa 
ratus 12 described herein. For example, the openings 
provided in the inner liner for causing secondary air to 
enter the combustion chamber of the burner 2 can 
take a variety of forms such as slots, slits, holes, etc. 
without departing from the spirit of the invention or the 
scope of the appended claims. 
What is claimed is: 
1. In a fuel burner apparatus having a closed outer 

shell; a hollow inner liner supported within the outer 
shell so that an air passageway is formed between the 
inner liner and the outer shell, the interior of the inner 
liner forming a fuel-air combustion chamber and the 
open rearward end thereof forming a fuel-air mixing 
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6 
and ignition area within the rearward end of the outer 
shell; a combustion air inlet formed in the outer shell 
for admitting combustion air to said passageway and to 
said air-fuel mixing and ignition area; and a fuel inlet 
attached to the outer shell for admitting fuel to the fuel 
air mixing area therewithin, the improvement which 
comprises: 

said fuel inlet including a conduit positioned coaxi 
ally with said inner liner extending through the 
rearward end of said outer shell and terminating 
open-ended at a position between the rearward end 
of said inner liner and the rearward end of said 
outer shell; and 

said inner liner including one or more openings posi 
tioned intermediate to the ends thereof so that a 
portion of combustion air flowing through said air 
passageway is caused by bypass said air-fuel mixing 
and ignition area and flow through said openings 
directly into the interior of said inner liner. 

2. The burner apparatus of claim 1 wherein: 
said inner liner is positioned coaxially with said outer 

shell and includes a frusto-conical section converg 
ing toward the rearward end thereof and a frusto 
conical section converging toward the forward end 
thereof, and 

said combustion air inlet forming a volute shape with 
the outer shell whereby the combustion air is 
caused to flow in a helical path within said air pas 
sageway, 

3. An improved fuel burner apparatus which com 
prises: 
a hollow outer shell having a forward end and a rear 
ward end; 

a front wall secured to the forward end of the outer 
shell thereby closing the forward end; 

a rear wall secured to the rearward end of the outer 
shell thereby closing the rearward end; 

a hollow inner liner having a forward end and a rear 
ward end supported within the outer shell so that 
an air passageway is formed between the outer 
shell and the inner liner, the forward end of the 
inner liner extending through the front wall and the 
rearward end of the inner liner being spaced a pre 
determined distance from the rear wall, the inner 
liner including one or more openings therein posi 
tioned intermediate to the ends thereof so that a 
portion of combustion air flowing through said air 
passageway is caused to flow through said openings 
into the interior of the inner liner; 

an air inlet formed in the outer shell adjacent the for 
ward end thereof for admitting combustion air into 
said air passageway; and 

a fuel inlet attached through said rear wall for inject 
ing fuel into the outer shell at a position between 
the rear wall and the rearward end of the inner 
liner. 

4. The burner apparatus of claim 3 wherein the inner 
liner includes a frusto-conical section converging to 
ward the rearward end thereof and a frusto-conical sec 
tion converging toward the forward end thereof. 

5. The burner apparatus of claim 4 wherein said one 
or more openings in said inner liner are defined further 
as being elongated slots. 

6. The burner apparatus of claim 4 wherein said one 
or more openings in said inner liner are defined further 
as being substantially circular shaped orifices. 
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7. The apparatus of claim 4 wherein the outer shell 
is positioned coaxially with said inner liner and includes 
a frusto-conical section converging toward the rear 
ward end thereof. 

8. The burner apparatus of claim 7 wherein the air 
inlet formed in the outer shell forms a volute shape with 
the outer shell so that combustion air is caused to flow 
in a helical path within said air passageway. 
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8 
9. The apparatus of claim 8 wherein the fuel gas inlet 

attached through said rear wall is a conduit positioned 
coaxially with the inner liner extending through the 
rear wall and terminating open-ended at a position be 
tween the rearward end of the inner liner and the rear 
wall. 


