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The present invention relates to apparatus for burning 
either gaseous or atomized liquid or both of such fuels 
and the invention pertains to improvements of such fuel 
burning equipment to provide for combustion of the fuel 
within a relatively small area closely adjacent the down 
stream end of the burner assembly and to provide struc 
ture which insures stable operation throughout a wide 
range of heat release and provide apparatus which serves 
to burn heavy fuels having low ratio weight percentages 
of hydrogen to carbon. 

It is an object of the invention to provide improvements 
in apparatus for the combustion of liquid and gaseous 
fuels and to provide ceramic structure in association with 
the fuel burner heads to retain more heat in the presence 
of the burner tips for the gaseous fuel and to direct the 
air generally transversely of the burning liquid fuel to 
promote penetration of the air deep into the mass of the 
burning fuel and thereby accelerate the rate at which the 
fuel burns to complete combustion within a small cubical 
volume immediately downstream of the burner assembly. 
A further object of the invention is to provide a ceramic 

member in association with the burners so shaped and 
disposed as to prevent heat from rapidly escaping from 
the presence of the burner heads for the gaseous fuel 
thereby providing higher temperatures in the vicinity of 
the gaseous fuel burners to promote stable operation 
throughout a wide range of flow of both types of fuels 
where the burner assembly functions safely and stably 
over a large range of heat release. 
A still further object of the invention is to provide a 

surface on the ceramic structure associated with the burner 
which serves to intercept movement of air and to cause 
it to flow generally in the direction of a movement of the 
gaseous fuel to accelerate the rate of burning and thereby 
provide apparatus for the combustion of heavy fuels de 
livered at relatively low pressures. 

Other objects and features of the invention will be ap 
preciated and become apparent to those skilled in the art 
to which the invention pertains as the present disclosure 
proceeds and upon consideration of the accompanying 
drawing taken in conjunction with the following detailed 
description wherein an embodiment of the invention is 
disclosed. 

In the drawing: 
FIG. 1 is an axial sectional view of a burner assembly 

exhibiting the invention and taken on the line - of 
FIG. 2. 
FIG. 2 is a plan view on a smaller scale. 
FIG. 3 is an enlarged fragmentary sectional view taken 

on the line 3-3 of FIG. 1 with one of the burner heads 
for the gaseous fuel shown in plan. 

FIG. 4 is a sectional view taken on the line 4-4 of 
FG. 3. 
FIG. 5 is a fragmentary section taken on the line 5-5 

of FIG. 3. 
The invention is directed to apparatus for the combus 

tion of fuel and is designed to be mounted in the floor 
i0 of a furnace to be fired. The wall 10 is provided with 
an opening 1 for accommodating a ceramic member 2 
which substantially fills the opening in the furnace wall. 
The outer face of the wall 10 may be covered with sheet 
material 16 which also overlies the outer end of the 
ceramic member 12, 
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The ceramic member 12 is provided with a frusto 

conical surface 17 which flares outwardly in proceeding 
downstream of the assembly and thus diverges from the 
axis 18 of the assembly. A distinct annular recess 19 is 
provided within the body of the ceramic member 2 which 
forms an important feature of the structure. An annular 
flange 2 on the ceramic member 2 provides a con 
tinuous ledge having a downstream face 22 which defines 
the bottom wall of the annular recess 19. The face 22 
preferably lies in a plane substantially at right angles to 
the axis 18 of the burner assembly and which also repre 
sents the axis of the ceramic member 12. A continuous 
frusto-conical upstream facing surface 23 forms the top 
wall of the recess 19. The surface 23 is continuous and lies 
in a plane which is generally normal to the axis 18 and 
joins the frusto-conical surface 17 at an acute angle to 
provide a sharp corner 24 which extends around the in 
terior of the ceramic member 12. The corner edge 24 
or the juncture between the frusto-conical surface 17 and 
the frusto-conical surface 23 is made as sharp as pos 
sible with the available ceramic materials. This sharp 
annular lip and the recess 19 provide important structural 
characteristics and the functions thereof will be appre 
ciated as the present disclosure proceeds. 

Elements for supporting the fuel burner head in opera 
tive association with the ceramic member 12 and for sup 
plying controlled quantities of air to the combustion zone 
are carried by a ring 26 which may be anchored to the 
wall 0. An annular member 27 is supported in spaced 
relationship from the ring 26 by means of a plurality of 
circumferentially spaced bolts 28. An air register stator 
29 and an air register rotor 3; are provided between the 
ring member 26 and the annular member 27. The air 
register rotor 31 may be rotated by means of a handle 33 
to control the volume of air admitted into the assembly 
for movement into the combustion zone. 
A second ceramic member 36 encased in a metal sheath 

34 is mounted within the air register and supported by 
the annular member 27. The downstream end portion 
of the ceramic member 36 extends into the open up 
stream end of the ceramic member 2. The ceramic 
member 36 is of such diameter as to provide an annular 
passage 35 between the exterior of the ceramic member 
36 and the inner edge surface of the flange 2. The 
ceramic member 36 is provided with an inner frusto-con 
ical Surface 37 which flares outwardly from the axis 18 
in proceeding downstream of the assembly. The frusto 
conical surface 37 may be parallel to the frusto-conical 
Surface 7 but a more important structural relationship 
is that the frusto-conical surfaces 37 and 17 provide a 
progressively larger cross sectional area around the axis 
8 in proceeding downstream of the burner assembly. 
The refractory member 36 has a passage therethrough 
and the smallest diameter is indicated at the plane D. 
The annular surface forming the passage within the 
ceramic member 36 upstream of the plane D is desirably 
of arcuate shape to promote entry of air for movement 
furnaceward through the ceramic member 36. 
A liquid fuel burner nozzle may be supported in opera 

tive relationship with other elements of the assembly by 
means of a yoke 4 having a collar 42 through which a 
guide tube 43 for the conduit supplying liquid fuel to a 
nozzle 44 extends. A disc 46 is mounted for sliding 
movement on the guide tube 43 and serves to control 
the volume of air admitted through an opening 47 in 
the annular member 27 for movement through the cen 
tral open area of the ceramic member 36. The nozzle 
44 for discharging atomized liquid fuel is mounted in a 
position upstream of the plane D or that portion of the 
opening in the ceramic member 36 which has the smallest 
diameter. The nozzle 44 is thereby located upstream 
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of the zone of the greatest velocity of air moving furnace 
ward through the ceramic member 36 and created by the 
pressure drop across the narrow neck of the opening. 
An annular manifold 51 is supported by the member 

27 into which a gaseous fuel mixture is supplied under 
pressure through a conduit fitting 52. A plurality of 
pipes 53 are connected to and are in open communication 
with the manifold 5, and extend therefrom. The pipes 
53 are desirably equally spaced circumferentially of the 
burner assembly and each pipe carries a burner tip 56 
for the gaseous fuel. Each burner tip 56 is connected 
to the upper end of its supply pipe 53. Each burner tip 
is desirably provided with flat faces one of which is 
adapted to lie along the inner circumference 57 of the 
annular flange 21 as best shown in FIG. 3. The down 
stream end portion of each nozzle 56 is frusto-conical 
shape and a discharge port 65 is provided in each burner 
tip 56. The axis of the discharge port 61 is at an acute 
angle A with respect to a radial plane 60 of the burner 
assembly as shown in FIG. 3 and which may be about 
thirty degrees. The discharge port 63 in each gaseous 
fuel burner tip 56 provides for the discharge of a portion 
of the gaseous fuel generally radially outward and towards 
the annular surface 63 defining the perimeter of the 
recess 19. The discharge of the gaseous fuel from each 
port 61 is also downstream of the surface 22 as will be 
appreciated from a consideration of FIG. 5. 

Each burner tip 56 for the gaseous fuel is provided 
with two additional discharge ports 66 and 67. The axis 
of the discharge port 66 is in alignment with the radial 
plane 60 and the axis of the discharge port 67 diverges 
at an acute angle F from the axis of the port 66 in pro 
ceeding radially inwardly of the assembly. The axes of 
the discharge ports 66 and 67 are inclined and provide 
for the discharge of the gaseous fuel in directions which 
converge towards the axis 18 of the burner assembly. 

In operation and when the liquid fuel is ignited by 
any suitable type of pilot (not shown) a generally con 
ical flame is developed with diagrammatically is depicted 
in FIG. 1. In proceeding downstream from the smallest 
diameter D of the passage through the ceramic member 
36 there is a continuous and progressive increase in the 
area downstream of the burner nozzle which accom 
modates rapid expansion of the burning fuel. Air flows 
through the yoke 41 and through the opening 47 to the 
narrowest portion D of the internal passage in the ceramic 
member 36. The velocity is the greatest in the vicinity 
of the plane D because of the pressure drop throughout. 
this narrow neck. The nozzle 44 for the liquid fuel is 
located upstream with respect to the greatest air velocity 
and such disposition of the nozzle 44 represents an im 
portant feature of the assembly and contributes to the 
result of burning heavy fuels having a low ratio weight 
percentage of hydrogen to carbon. 
The air entering through the openings in the air regis 

ter elements 29 and 31 moves furnaceward exteriorly of 
the ceramic member 36 and through the annular passage 
35. This air impacts against the frusto-conical surface 
23. The frusto-conical surface 23 directs the air radially 
inwardly and in directions which are substantially at right 
angles to the movement of the burning fuel. The air 
moves substantially in the direction of the arrows 55. 
The angle at which the air enters the burning fuel assist 
in the rapid burning because the direction of movement 
of the air drives oxygen deep into the mass of burning 
fuel. 
The heat developed by the burning of gaseous fuel 

escaping through the tips 56 does not move freely to 
wards the furnace chamber but is intercepted by the sur 
face 23 and held in close proximity to the gaseous fuel 
which escapes through the discharge ports 66 and 67. 
Heat is thus retained in the annular recess 19 and such 
characteristics contribute to extremely stable operation 
which is maintained throughout a wide range of the vol 
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4. 
ume of fuel discharged from the burner tips 56. The 
improvements in the stable operation resulting from the 
development of a higher temperature level within the 
recess 9 accelerates burning of the fuel. The surface 
23 directs the air flow to closely follow the flow of the 
gaseous fuel for further acceleration or burning by pre 
senting more oxygen in the presence of the burning fuel 
to provide a burner assembly which provides for combus 
tion of heavy fuels having low ratio weight percentages 
of hydrogen to carbon at readily attainable pressures. 
The surface 23 provides for guiding air generally radi 
ally inwardly into the mass of burning fuel to further 
promote rapid burning. 

While the invention has been described with reference 
to particular organization of elements and with regard 
to the particular shape of the ceramic members and in 
relation to particular types of fuel burner heads it will 
be appreciated that changes may be made in the overall 
assembly as well as in the various elements. Such modi 
fications and others may be made without departing from 
the Spirit and scope of the invention as set forth in the 
appended claims. 
What we claim and desire to secure by Letters Patent is: 
1. In a fuel burner assembly, a first ceramic member 

having a first frusto-conical inner surface diverging in 
proceeding downstream of the burner assembly, said 
ceramic member having an annular recess therein at the 
upstream end of said frusto-conical Surface, an annular 
face on said ceramic member defining the upstream wall 
of said recess, a plurality of circumferentially spaced 
burner tips within said ceramic member adjacent said 
recess, means for supplying gaseous fuel to said burner 
tips, each of said burner tips having a discharge port 
disposed to direct gaseous fuel into said recess down 
stream of said annular face and said port having its axis 
disposed at an acute angle with respect to a radial plane 
of the burner assembly which intercepts the longitudinal 
axis of the associated burner tip, a second frusto-conical 
Surface on said ceramic member forming the downstream 
wall of said recess and joining the first frusto-conical 
Surface at an acute angle and providing an annular lip 
sharp in section radially inwardly of said burner tips, 
a second ceramic member projecting into the first ceramic 
member providing an annular passage between the ex 
terior of the second ceramic member and the first ceramic 
member, said second ceramic member having a passage 
therethrough with one portion of smaller diameter than 
other portions of said passage, a nozzle for liquid fuel 
Supported within said passage upstream of said small 
diameter portion, a third frusto-conical surface within 
the Second ceramic member flaring from the axis of the 
burner assembly in proceeding downstream from said small 
diameter portion of said passage, and means admitting 
air for movement through said annular passage into im 
pact engagement with the second frusto-conical wall 
where it is diverted radially inwardly substantially at 
right angles to the axis of the burner assembly. 

2. In a fuel burner assembly according to claim 
wherein the second frusto-conical surface is disposed 
generally normal to the axis of the burner assembly. 

3. In a fuel burner assembly according to claim a 
wherein the third frusto-conical surface is in substantial 
alignment with the first frusto-conical surface. 
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