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This invention relates to fuel burners and' more par 
ticularly to an improved multi-fuel burner capable of 
burning a plurality of fuels, such as gas, oil and pulver 
ized coal, which may be fired separately and/or i . com 
bination as `desired or `as determined by the amount of 
the particular fuel available. 

ln multi-fuel burners of the Spud type wherein a plu 
rality of elongated, circumferentially spaced, gas burner 
tubes )are arranged around a pulverized coal burner as 
sembly, the burner unit is relatively large and cumber 
some. ln addition, such burners fail to provide optimum 
combustion of the gas as weil as stable ignition due Ito 
the incomplete and non-uniform mixing of the gas and 
combustion air. ln an attempt to provide a Spud type 
burner capable of more eflicient combustion of gas, it has 
been proposed to position a supplemental »air impeller 
member adjacent the gas burner tips. However, such 
construction has increased the complexity of the burner 
structure, particularly with respect to the provision for 
burning pulverized coal. 
A further disadvantage of the heretofore known spud 

type multi-fuel burners is the flow of combustion «gases 
from the furnace chamber into the gas manifold through 
the gas burner tubes and the gas burner tube support 
ing sleeves upon the shut down of the burner, ‘and the 
attendant danger to an yoperator upon removal of one or 
more of the gas tubes for inspection and/for repair. 

Accordingly, it is an object of the present invention to 
provide an improved multi-fuel burner of Athe ispud type 
of la more compact construction than heretofore known 
multi-fuel burners and wherein optimum combustion of 
all the fuels is achieved. 

Another object of the invention is la multi-fuel burner 
havin-g a gas fuel burner assembly which provides eili 
cient and stable operation over a wide range of secondary 
air and fuel pressure 'and under sudden liuctuations of 
secondary air and/ or fuel flow. A further object of this 
invention is to provide a ispud type multi-fuel burner 
wherein optimum combustion of gas fuel is achieved with 
out the need for supplemental combustion air control 
means, such as impeilers, in addition to the main second 
ary air register assembly. 
A still further object of the present invention is to 

provide a spud type multi-fuel burner wherein the gas 
burner tubes may be readily disconnected and removed 
and replaced without danger to an openator. 
More specifically the instant invention contemplates an 

improved multi-fuel burner which comprises a pulverized 
coal burner ‘assembly disposed with the nozzle thereof 
extending through a windbox and terminating adjacent 
the outside of a burner port in the wall of a furnace 
chamber. A plurality of elongated gas burner tubes are 
arranged in circumferen-tial spaced relationship to each 
other and 'are disposed to extend through the central por 
tion of the pulverized coal burner nozzle. Each of the 
gas burner tubes is connected at one end to a gas mani 
fold and terminates at the ̀ opposite end adjacent the outlet 
end of the coal burner nozzle. Each of the gas burner 
tubes is supported in a sleeve which extends from a point 
inwardly spaced from Äthe gas burner tube tips to and 
through the involute section of the pulverized coal burner 
assembly. An oil burner assembly is disposed and suit 
ably supported to extend through the involute section of 
the pulverized coal burner section and coaxia-lly through 

10 

20 

30 

40 

45 

55 

60 

65 

70 

2 
the coal burner nozzle. The oil burner assembly termi 
na-tes adjacent the outlet end of the coal burner nozzle 
and is provided with a suitable fuel atomizing nozzle at 
the end thereof. This novel arrangement of various fuel 
burning means effects a conservation of space without 
detriment to .the efûcient function of the pulverized coal 
burner assembly and results in a multi-fuel burner char 
aoterized by its simplicity and compractness. 
The invention further provides «a novel arrangement of 

the gas burner nozzles disposed at the tips of the gas 
burner tubes whereby optimum combustion of the gas is 
achieved. The gas burner nozzles are disposed Xat equi 
distant points along the periphery of an imaginary circular 
plane which extends parallel to the plane of the burner 
port. Each of the gas bur-ner nozzles are so constructed 
and arranged so as to direct a stream of gas extending 
from the nozzle toward the next adjacent gas burner noz 
zle at an angle of ‘about 601° to 90° from the radius of the 
imaginary circular plane and outwardly of the latter to 
ward the burner port. The stream of gas from each 
burner is directed toward the burner port so as to pass im 
mediately adjacent the peripheral surface of the burner 
port. The gas nozzles are constructed and arnanged to 
direct the streams of gas with respect to the center of the 
imaginary circular plane in the same direction which di 
rection is the same las the direction of rotation imparted 
»to the secondary air by the air register. While improved 
results lare achieved with gas burner nozzles constructed 
and arranged to direct gas streams between about 60° to 
90° ‘of the radius of the imaginary circular plane, it has 
been found that optimum gas combustion and stable fuel 
turning is achieved with the gas` streams directed toward 
the next adjacent nozzle at an angle of 66° from the nadius 
of the imaginary circular plane and `outwardly toward 
the burner port. With gas burner nozzles arranged to 
emit g-ß streams extending toward the next adjacent noz 
zie at an angle between 60° and less than 90° and out 
wardly tofward the burner port, Áthe gas «llow pattern is 
one of convergence and divergence (in the nature of an 
hour glass configuration), with maximum convergence 
Aoccurring before the streams of gas enter .the burner port. 
The aforedescribcd novel gas burner nozzle arrangement 
provides for improved gas combustion and llame stability 
without the need for supplemental `air control moans or 
appanatus. 
The multi~fuel burner according to this invention is 

also provided with means for flowing air under pressure 
through the gas burner tube supporting sleeves to prevent 
combustion gas flow from the furnace chamber, through 
the burner port, .and into the supporting sieeves when 
the burner is shut down and a gas burner tube is to be 
removed for inspection ‘or repair. ln addition, each gas 
burner tube is provided at its connection with the gas 
manifold with a check valve which allows flow of gas 
from the manifold into the gas burner tubes, but prevents 
flow of combustion gas from Athe furnace chamber, through 
the burner pont, into and through the gas burner -tubes to 
the manifold when the burner is taken out of service. 
The invention will be more fully understood from the 

following description thereof when considered in connec 
tion with the accompanying drawings in which: 

FIG. 1 is a view in cross-:section taken substantially 
along line l-l of FIG. 2 of the multi-fuel burner accord 
ing to this invention; 

FIG. 2 is `an end View in elevation fof the multi~fuel 
burner shown in FIG. 1; 

FIG. 3 is a partial sectional view taken along line 3--3 
of FlG. 1, somewhat enlarged; 
HG. 4 is an end view in elevation of the gas fuel dis 

charge end of the multi~fuel burner, somewhat enlarged; 
FIG. 5 is an enlarged fragmentary view, partly in sec 

tion, showing the means for supplying gas to the gas 
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burner tubes and the means for supplying air to the sleeve 
air sealing chamber; 

FIG. 6 is a fragmentary View on an enlarged scale 
showing the distal end of one of the sleeves; 

FIG. 7 is a transverse section taken along line ’7_7 of 
FÍG. 6; 

FlG. 8 is a fragmentary view showing the orifices for 
admitting air from the air sealing chamber into the gas 
burner tube supporting sleeves; 

FIG. 9 is an enlarged fragmentary View, in section, of 
the means for connecting the gas burner tubes to the 
manifold and the check valve disposed therein for con 
troiling ñow of fluid between the tube and manifold; 
FiG. 10 is a plan View of the check Valve seal plate; 

and 
FIG. ll is a sectional View taken substantially along 

line îl-ll of FIG. 9; 
FlG. 12 is a diagrammatic View showing the gas burner 

nozzle arrangement according to this invention. 
Referring now to the drawings, and more particularly 

to FIGS. l, 2 and 3, the reference numeral il@ designates 
the novel multi-fuel burner, according to this invention, 
which is suitably supported by a Wall lil which Wall 
extends in spaced parallel relationship with a furnace 
Wall l2 of a furnace chamber. Wall 1l defines With wall 
12 a windbox or plenum chamber 13 which is connected 
to receive combustion air from a suitable source thereof 
(not shown) to supply combustion air to a burner port 
or throat i4 in furnace wall 12. 
The multi-fuel burner lt) comprises a pulverized fuel  

burner 15 which has a volute section i6 and a slightly 
tapered burner nozzle 17. Burner nozzle 17 is connected 
at one end to volute section le by means of a plurality of 
bolts i8 which extend through flanges provided on the 
volute section i6 and burner nozzle 17. The pulverized 
fuel burner 15 is disposed with the burner nozzle 17 ex 
tending through an opening 19 in Wall 11 toward the 
burner port 14 with the longitudinal axis of the nozzle 
in coextensive relationship to the longitudinal axis of 
burner port M». The pulverized fuel burner 15 is sup 
ported in opening 19 by a ring 2b having at one end an 
annular flange 21. Ring 2i) is secured, as by Welding, at 
one end to Wall il, adjacent the periphery of opening 19 
and to pulverized fuel burner i5 by means of above men~ 
tioned bolts 18 which pass through annular flange 21. 
Burner nozzle 17 is dimensioned so that the discharge 
end thereof is disposed in close spaced relationship with 
burner port i4. The distal or discharge end portion of 
burner 17 is supported by an air register assembly 22. 

Air register assembly 22 is of any suitable design as 
is Well known to those skilled in the art and, for illustra 
tion purposes, is shown as comprising a wall 25 having 
a plurality of radially extending fingers 26 and a ring mem 
ber 27 spaced from wall 2S to define therebetween an 
annular, peripheral inlet opening 28 communicating with 
an outlet opening 29 deñned by ring member 27. A 
plurality of vanes or doors 3i? (only two of which are 
shown in FIG. l) are pivotally supported circumferen 
tially Within said inlet opening 2?» between the distal ends 
of fingers 26 of wall 25 and ring member 2'7. The assem 
bly is supported by Wall 12 With outlet opening 29 dis 
posed in coaxial relation to burner port M by means of 
a plurality of brackets 31 which extend from Wall 25. 
Brackets 31 are suitably secured to a cylindrical bathe 
32 which is secured, as by Welding, to wall i2 to project 
normal to Wall 12 in super-imposed spaced relationship 
to inlet opening 2S. Wall 25 is provided with an axial 
opening 33 to receive burner nozzle 17 of the pulverized 
fuel burner to support the latter. ' 

Disposed Within the volute section 16 and burner nozzle 
17 is a frusto-conical shaped baíile or tubular member 
34 which extends in coaxial relationship to the axis of 
burner nozzle 17. Baffie or tubular member 34 has a 
taper corresponding to the taper of burner nozzle 17 
and is of smaller cross-sectional dimensions so that an 
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annular pulverized fuel passageway 35 is defined between 
the outer surface of baffle or tubular member 34 and the 
inner surface of burner nozzle i7. The outer end of 
baiiie or tubular member 34 is provided with an annular 
outwardly extending flange 36 which is secured between 
side wall 37 and the flange of end Wall 33 of volute 
section 16 by means of bolts 39. 
A cup shaped member lit) is secured, by means of bolts 

23 (FIG. 2), to the exterior surface of end wall 37 of 
volute section 16 to form With end Wall 37 an air Seal-ing 
chamber 4i. The function and purpose of chamber 4l 
will be described fully hereinafter. 
An annular or ring shaped gas manifold 42, having a 

diameter somewhat larger than the diameter of volute 
section 16 is secured to the cup shaped member 40 by 
means of a plurality of bolts 43 which pass through holes 
in radial lugs 44 extending inwardly from the inner cir 
cumference of manifold ¿i2 (see FIG. 2). Gas manifold 
¿112, as shown in FIGS. 2 and 5, is provided with an inlet 
connection 42A to which is connected a pipe (not shown) 
for delivery of a gaseous fuel under pressure to the mani 
fold. 
To provide for conducting the gaseous fuel from mani 

fold 42 to the burner port 14, a plurality of elongated gas 
burner tubes 45 are disposed in circumferential spaced 
relationship to each other within baffle or tubular mem 
ber 3d. Each of the elongated burner tubes 4,5 is shown 
as provided at the outer end with an integral U shaped 
end portion ¿t6 While a fuel nozzle 6i) is disposed at 
opposite end of the burner tube. Each of the gas burner 
tubes ¿i5 is supported and dimensioned to extend from 
manifold 42 through baille or tubular member 34 with 
nozzles dil of each gas burner tube lying slightly beyond 
the discharge outlet end of pulverized fuel burner nozzle 
17. The baliie or tubular member 34, as shown, is an 
unbroken member providing a continuous surface around 
the gas burner tubes. By “continuous”, it is meant free 
of apertures or perforations for the passage of air, so 
that there is no way for air or pulverized fuel to ñow 
within the baffle or tubular member and directly around 
the burner tubes. The novel disposition and arrange 
ment of nozzles 60 will be hereinafter described in full. 
An enlarged mounting head 47 is secured in a suitable 

manner, as by Welding or threading, to the end of U 
shaped end portion 46 of each gas burner tube Each 
mounting head 47 is provided with a bore 47A which 
communicates with the interior of the gas burner tube to 
which it is secured. Manifold 42 is provided in its outer 
Wall with a plurality of circumferentially spaced openings 
42B (corresponding in number to the number of gas 
burner tubes 45, see FIGS. 1, 5 and 9). Each mounting 
head 47 is secured by means of bolts 4d (FiG. 2) to 
manifold 42 over an opening 42B in manifold 42 to corn 
municate the interior of the manifold with the interior 
of the gas burner tubes through bore 47A in the mount 
ing head e7. To provide a fluid-tight seal between the 
face of mounting head 47 and manifold 6.2, a gasket 49 
of the 0 ring type is provided in the face of each of the 
mounting heads (see FIG. 9). Each of the mounting 
heads is also provided with a check valve 59. 
As best shown in FIGS. 9, l0 and ll, each check valve 

comprises a circular plate 51which is disposed across the 
flow area of bore 47A of mounting head 47 and is seated 
against an annular shoulder 52 spaced slif’htly inwardly 
of the face of the mounting head. Plate 5l is secured to 
shoulder 52 by tack Welding or in any other suitable man 
ner. Plate Si, as best shown in FlG. 1l, is provided with 
two sets of concentrically arranged segmental slots or 
orifices 53 for passage of gas from the manifold into the 
bore of mounting head 47. A pin 55' is secured at one 
end td the center of plate 5l and extends normal to the 
surface thereof. A sealing disc 54 is slidably mounted on 
pin 55 for movement relative to plate Sli. Pin 5S is pro 
vided at its distal end with an enlarged head 55A which 
serves as a stop to limit the movement of disc 54 away 
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hot combustion gas flowing from the furnace chamber 
through sleeves 6i and/or lgas burner tubes @i5 of the 
multi-fuel burner which is shut down. When one or 
more gas burner tubes d5 is to be removed for inspection 
and/or repair, valves e9 are opened to allow flow of air 
under pressure to flow through pipes ed into air sealing 
chamber fili, The air from sealing chamber 41 iiows into 
the passageways 66, between each gas burner tube dä and 
the sleeve 6l in which it is supported, through openings 
67 in sleeves 61 (HG. 8). This flow of air into passage 
ways 65 removes any combustion gas which may have 
accumulated therein and prevents further combustion 
gas from iiowing into sleeve `dit. `Flow of combustion 
gas, through gas burner tubes 45', into manifold is pre 
vented by check valves Sti. With the flow of gaseous 
fuel into manifold 42, shut-off, the combustion gas which 
may dow into the gas burner tubes acts against discs 54 
of check valves 5€? causing the discs to move against 
plates 5l. With the discs Sd against plates Si, as shown 
by the broken lline in HG. 9, oriñces 53 are seated closed 
to prevent Íiow of combustion gas into manifold 42,. 
Thus, when the mounting bolts ¿i3 are removed from an 
enlarged mounting head 47 of a gas burner «tube d5 pre 
paratory to the lattcr’s removal, combustion gas will not 
flow `from the manifold through opening 42B. The gas 
burner tube which has been disconnected from manifold 
42 may now be withdrawn through its supporting sleeve 
6i. With the flow of air through sleeve 6i from sealing 
chamber 4i, combustion gas is prevented from i‘iowing out 
of the open end of sleeve 6l, 4at pipe cap 67A, when the 
gas burner tube is fully Withdrawn. 
From the foregoing description, it can be readily seen 

that an improved multi-fuel burner has been provided 
which is relatively simple and compact in construction, 
yand which provides for efficient combustion of gaseous 
fuel in conjunction with or separately from the combus 
tion of pulverized fuel and/ or liquid fuel. The multi-fuel 
burner in addition, may be taken out of service without 
shut down of other burners, and gas burner tubes re 
moved for inspection and/or repair without danger to 
the operating personnel from hot combustion gas flow 
through the gas burner tubes and their supporting sleeves. 

Although, but one embodiment of the invention has 
been illustrated and described in detail, it is -to be under 
stood that the invention is not limited thereto. Various 
changes can be made in the arrangement of parts without 
departing from the scope and spirit of the invention, as 
the same will now be understood by those skilled in the 
art. 
What is claimed is: 
1. A multi-fuel burner `for providing combustion fuel 

to a furnace chamber having a wall and a burner port 
therein comprising, an air register means for the flow of 
combustion air into the furnace, said air register means 
having an air inlet opening, ian outlet opening, and means 
to impart to the combustion air a rotating helical flow 
through said outlet opening; a pulverized fuel burner hav 
ing a tubular nozzle section including a first end adapted 
to receive a stream of pulverized fuel and yair and a dis 
charge end disposed substantially concentricaily within 
said outlet opening of said air register means and in axial 
alignment therewith; a gas manifold disposed exteriorly 
of said pulverized fuel burner and connected to a source 
of gas under pressure; a plurality of circumferentiaily 
spaced elongated gas burner tubes connected at one end 
to said manifold and extending into and through said 
nozzle section of the puiverized fuel burner in spaced 
relationship to the inner surface of said nozzle section and 
terminating rat the opposite end thereof adjacent to the 
discharge end of the nozzle section, each of said gas 
burner tubes having a gas nozzle disposed at said oppo 
site end for the discharge of gas; bañ’le means disposed 
around said »tubes in spaced relation with said nozzle 
section to provide with said nozzle section an annular 
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8 
passageway for said pulverized fuei and air, said nozzles 
being arranged approximately at the periphery of an imag 
inary circular plane transverse to said nozzle section and 
disposed obliquely with respect to said plane to direct 
streams of gas in outwardly diverging paths from said 
outlet opening towards the next adjacent air nozzle at 
an angle between about 63° and labout 90° with a radius 
of said circular plane, said nozzles further being dispose 
to discharge gas in substantially the same direction as 
the direction of rotation of said combustion air. 

2. ln a furnace assembly having :a furnace chamber, a 
wall, and a lburner port therein, a burner assembly for 
providing combustion fuel to the furnace chamber com 
prising, an air register for the ilow of combustion air into 
the furnace including an air inlet opening and an outlet 
opening the latter adjacent the burner port; an array of 
circumferentially spaced elongated gas burner »tubes ex 
tending into said air register in spaced relation thereto 
having nozzle means disposed adjacent said outlet opening 
for the discharge of gas, said nozzle means being ar 
ranged approximateiy at the periphery of an imaginary 
circular plane transverse to said outlet opening; said 
burner assembly comprising means, including an unbroken 
tubular member coaxial with the array of gas burner 
tubes providing a continuous surface extending into said 
air register in spaced relation «thereto and encompassing 
said Aburner tubes, means arranged to provide `an annular 
whirling motion to the combustion air flowing through 
said outlet opening and around said tubular member, said 
tubular member at one end thereof being disposed suffi 
ciently close to the nozzle means to provide a quiescent 
area adjacent said nozzle means; said nozzle means being 
disposed obliquely with respect to said circular plane to 
direct streams of gas towards the next adjacent gas nozzle 
and to a point adjacent the inner periphery of said burner 
port, said gas streams further being directed at an angle 
between about 60° and about 90° with respect to a radius 
of said plane and in the general direction of rotation of 
the combustion air. j 

3. In a furnace assembly having a furnace chamber, a 
wall, and a burner port therein, a multi-fuel burner for 
providing combustion fuel to the furnace chamber com 
prising, an air register means in communication with said 
burner port through which combustion air flows, said air 
register means having an air inlet opening, an outlet 
opening, and means to impart to the combustion air an 
annular rotating helical ñow pattern through said burner 
port; a pulverized fuel burner having `a tubular nozzle 
section extending into said air register means including a 
ñrst end adapted to receive a stream of pulverized fuel 
and air and a discharge end disposed substantially concen 
tricaliy within said outlet opening of said air register 
means and in axial alignment with the axis of said burner 
por-t; a gas manifold disposed exteriorly of said pulver 
ized fuel `burner and connected to a source of gas under 
pressure; a plurality of circumferentially spaced elon 
gated gas burner tubes connected at one end to said mani 
fold and extendin" into and through said nozzle section 
of the pulverized fuel burner in spaced relationship to 
the inner surface of said nozzle section and terminating 
at the opposite end thereof adjacent to the discharge end 
of the nozzle section but spaced from either burner port; 
and baffle means disposed around said tubes in spaced 
relation with said nozzle section to provide with said 
nozzle section 1an annular passageway for said pulvcrized 
fuel and air, each of said gas burner tubes having a gas 
nozzle disposed at said opposite end for the discharge of 
gas, said nozzles being arranged approximately at the pe 
riphery of an imaginary circular plane transverse to the 
axis of said pulverized fuel burner nozzle and disposed 
obliquely with respect to said plane to direct streams of 
gas towards the next adjacent gas nozzle and to a point 
adjacent the inner periphery of sai burner port, said 
nozzles further being disposed to direct said streams of 
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gas at an ‘angle between about 60° and about 90° with 
respect to a radius of said circular pl-ane and in substan 
tially the same direction as the direction of rotation of the 
combustion air through said burner port. 

4. A multi-fuel burner according to claim 3 and in 
cluding check-valve means in said gas burner tubes -for 
preventing the flow of combustion gases from the fur 
nace chamber into said gas manifold when the gas burner 
tubes are not in service. 

5. A multi-fuel burner `according to claim 4 and in 
cluding elongated sleeves supporting said gas burner tubes 
and means for supplying air under pressure to the interior 
of said sleeves greater than the combustion gas pressure 
in said yfurnace to prevent the ñow of combustion gases 
from the furnace when said tubes are removed from said 
sleeves. ` 

6. In a furnace assembly having a furnace chamber, a 
wall, and a burner port therein, a multi-fuel burner for 
providing combustion fuel to the furnace chamber com 
prising, an air register means in communication with said 
burner port through which combustion -air flows, said air 
register means having an `air inlet opening, an outlet 
opening, and means to impart to the combustion air an 
annular rotating helical flow pattern through said burner 
port; a pulverized ̀ fuel burner having a tubular nozzle sec 
tion extending into said air register means including a 
ñrst end adapted to receive a stream of pulverized fuel 
and air and a discharge end disposed substantially con 
centrically within said ou-tlet opening of said a-ir register 
means and in axial alignment with the axis of said burner 
port; a gas manifold disposed ex-teriorly of said pulver 
ized fuel burner and connected to a source of gas under 
pressure; a plurality of circumferentially spaced elongated 
gas burner tubes connected at one end to said manifold 
and extending into and through said nozzle section of 
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10 
the pulverized fuel burner in spaced relationship to the 
inner surface of said nozzle section and terminating at 
the opposite end thereof adjacent to the discharge end of 
the nozzle section but spaced from said burner port, each 
of said gas burner tubes having a gas nozzle disposed at 
s-aid opposite end for the discharge of gas, said nozzles 
being arranged approximately at the periphery of an 
imaginary circular plane transverse to the -axis of said 
pulverized fuel burner nozzle and disposed obliquely with 
respect to said plane-to `direct a stream of gas tow-ards 
the next adjacent gas nozzle rand to »a point adjacent the 
inner periphery of said burner port, said nozzles fur-ther 
being disposed to direct said streams of gas at an angle 
between about 60° and about 90° with respect -to a radius 
of said circular plane land in substantially the same direc 
tion as the direction of rotation of the combustion air 
through said burner port, and bafñe means disposed an 
nularly about said gas burner tubes and within said burner 
nozzle and concentric therewith arranged to separate said 
burner tubes from the ñow of pulverized fuel and air in 
said burner nozzle. 
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