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2 Claims,

My invention relates to burner constructions
for use generally in the firing of furnsces and
varticularly high temperature furnaces, as for
example and more especially open-hearth fur-
naces used for the production of steel and in-
volving the heating of the furnaces to temperg-
tures of or about 3000° ¥., with actual flame
temperature in excess of 3000° F., though certain

features of my improved burner construction may

- be incorporated in burner constructions for fur-
naces heated to both lower and higher tempera-
tures. . '

In open hearth and other high temperature
furnaces, a large variety of fuel burners have
been and are currently being applied. There are
a number of problems and certain inherent diffi-
culties connected with the introduction and ap-~

" plication of fuel to such furnaces. Because of the
basic design of an open hearth furnace a con-
siderable distance exists between the:exterior end
wall of the furnace and the “hearth,” or com-
bustion chamber, in which the actual melting and
refining processes- of steel manufacture take
place. It is desirable that the actual ignition or
combustion point of the fuel shall be near the

" end of the hearth section. This in turn means

that the fuel must not be introduced to the com-

bustion supporting air or gases until it reaches

a point adjacent to the desired area, and there-

fore, it is necessary that fuel ports or burners

be used to conduct the fuel to tne desired point
within the furnace proper before it is discharged.

To attain the end described above the com-
mon practice has been to construct so-called
doghouses, and in other cases fuel ports, com-
prising temperature resisting brick built about
a water cooled box, such constructions existing
within the areas between the end walls and the
hearth and acting as a housing and protection
for the fuel passage or fuel burner. Due to the
temperatures that exist these brick construc-
tions melt and wash away making ‘frequent re-
pairs necessary, causing consequent accumula-
tion of material within the furnace system and
alterations to the contours of the-interior sur-
faces of the furnace construction.

Because of the many disadvantages connected
with the so-called.doghouse constructions, at-
tempts have been made in the past to eliminate
them and to substitute furnace burners of liquid
cooled construction which would be able to with-
stand the high temperatures without other pro-
tection. These attempts have not hitherto been
commercially successful. In each and every in-

stance these previous water cooled burners have

10

had to be given brickwork (or other refractory
material) protection or else they have had to
be withdrawn from the furnace chamber to such.
an extent that the desirable point for the fuel
discharge has had to be relinquished, An addi-
tional problem of importance, but which has
been overshadowed by the failure to cool the
burners adequately, has been the matter of keep-
ing the burners clean. With the removal of all
auxiliary protection the temperature load, espe-
cially upon the fuel discharge sections or noz-

- Zles, has increased with consequent increasing of

15

combustion product deposits. Likewise, in their
entirely exposed position, the burner noses have
been subject to greater accumulations from fur-

" nace atmosphere and furnace internal tempera-~
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ture reactions.. Previous liquid cooled burner
designs have failed to provide good practical
means by which necessary cleaning could be
accomplished, -

In accordance with one aspect of the present
invention, the improved method of liquid cooling
a burner construction extending into the in-
terior of a furnace to be heated to at least sub- .
stantially 3000° F. having passages for fuel and
& cooling liquid, comprises supplying the cooling
liquid to the cooling liquid passage in such vol-
ume per second that the ratio between the vol- .
ume of cooling liquid located in that portion of
the burner construction which is subjected to

- the heat within the furnace and the volume of

356

cooling liquid supplied to the burner construc-
tion per second is not greater than substantially
5tol.. : . .

In one form of the present invention the im-
proved method of liquid cooling a burner con-

- struction extending into the interior of a furnace
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and having passages for fuel and a cooling liquid,
comprises maintaining the cooling liquid in the
cooling liquid passage in the form of a hollow

‘body of substantially uniform: radial cross-sec--

tion at any cross-section thereof.

The present . invention also contemplates a
burner construction adapted to carry out . the
method of liquid cooling a burner construction
as hereinbefore set forth. ‘ ol

From the above description it is obviously a
primary object of the present. invention to pro-
vide a method of liquid cooling which is of such
efficiency that otherwise unprotected furnace -
burners may be continuously exposed to tem-

-peratures of 3000° F. and in excess thereof..

A secondary object is to provide a construc-
tion in which the burner pipes and nozzles can
be readily cleaned with a minimum of time and |




2

labor without interference with furnace opera-
tion or with previously established burner posi-
tionings. i e

I accomplish the primary object by making
certain improvements in the method by which
the water cooling is applied, these said improve-
ments advancing the art to such a degree that
the causes of previous failures are eliminated.

* In accordance with one phase of my invention,

I provide a liquid cooled burner construction for
use under high temperature conditions of about
3000° F'. or even exceeding 3000° F.,, which will not
require for maintaining it unimpaired over long
periods of operation, any protective means other
than its self-contained liquid cooling arrange-
ment, thereby avoiding the necessity of provid-
ing protective means such as have been needed
for burner constructions as hitherto provided,
with the manifest advantages.

I have discovered that, to accomplish this re-
sult, it is necessary where water is used as the
cooling medium, that the ratic between the
total volume of cooling liquid contained within
that portion of the burner construction which is
exposed to the heat within the furnace, includ-
ing that portion of the feed-in pipe which is ex-
posed to said heat, and the volume of cooling

liquid fed per second to such exposed portions

of the burner construction (viz., the replacement
‘volume), must not be greater than substantially
5 to 1 in the case of working furnace tempera-
tures of approximately 3000° F.

"Such ratio is provided for by suitably propor-
.tloning the size of the lead-in pipe to the size of
the liquid cooling space within the portion of the
burner construction exposed to the heat of the
furnace including the portion of the lead-in pipe
exposed to the heat of the furnace, and the pres-
sure at which the cooling liquid is supplied to the
lead-in pipe; it being understood that for any
given burner construction the less the burner
proper, in adjusting it, extends into the furnace
interior, the lower the cooling liquid pressure at
which the cooling liguid need be forced to the
burner construction to establish the ratio re-
ferred to, and the farther the burner proper ex-
tends into the furnace interior, the greater must
be the pressure at which the cooling liquid is
supplied to the burner construction.

PFurther objects are as follows:

To provide for the prolongation of the life of
the fuel nozzles of the burner construction.

To provide a burner construction the burner
proper of which may be readily cleaned of ac-
cumulations and especially the fuel burner prop-
er and nozzles in which accumulations result by
deposition from.furnace atmosphere and from
the passage of fuels of a character tending to re-
sult in accumulations, such as for example, 0il
and coke oven gas, in which cases the portion
of the structure surrounding such fuel burner
proper and nozzles may remain in fixed position,
and furthermore cause no interference with the
functioning of the cooling liquid nor the impair-
ment of any of the joints of the liquid cooling
course. :

To provide a burner construction in which the
desired discharge point relationship between the
liquid and gaseous fuels, when employed, may be
obtained, and preferably readily varied to ac-
commodate the burner for use regardless of vari-
ations in density of either one of the fuels em-
ployed and so fixed as desired, to the end of
producing an inspirating effect of the liquid on
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the gas and a more effective application of
gaseous fuel.

'To provide & burner construction in which the
distance of fuel discharge point, inside the fur-
nace may be easily controlled by adjustment of
the burner proper relative to its mounting mech-
anism, as conditions may require and preferably
without-changing the angle at which the burner
proper is set thus avoiding disturbance of the
angle of flame impingement.

To provide a burner construction in which
the nozzle parts or sections of the fuel burner
proper are readily accessible for repair or re-
placement without the necessity of interfering
with the mounting and operating position of the
burner proper. . :

To provide a liquid-cooled burner construction
for use in firing high temperature furnaces and
employing preheated liquid fuel, whereby objec-
tionable cooling of the oil by the cooling liquid
will be avoided.

To provide & liquid-cooled burner construction
which shall be of compact form, not only making
for ease and flexibility of adjustment when pro-
vided as an adjustable structure, but also mini-
mizing the cost of the construction.

To provide a liquid-cooled burner construction
which may be used over long periods of opera-

- tion in high temperature furnaces, such as for
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example open-hearth furnaces for producing
steel, without requiring the use of protective
means for the burner construction (such as for
example masses of brick work: (dog houses) usu-
ally associated with burners in accordance with
common practice, to protect them, or liquid-
cooled brick work coolers extending into the fur-
nace at the burners with their tendency to hid-
den leaks) to prevent injury to the burner con-
struction by the intense heat at the discharge end
of the burner construction and within or adjacent
to the combustion chamber of the furnace.

I have chosen to.illustrate my novel burner
construction and my novel method of liquid~
cooling a burner construction as applied to a
liquid-cooled type of burner construction em-
ploying, by way of example, both a liquid fuel,
such, as for example, any one of the liquid fuels
as commonly used in burner constructions of
open hearth furnaces as for instance heavy oil as
commonly used in such constructions, and a gase-
ous fuel such as, for example, any one of the
gaseous fuels commonly used in burners for such
open-hearth furnaces, the burner construction
shown being incorporated in one of the end walls
of an open-hearth furnace for producing steel.

Referring to the accompanying drawings:

Figure 11is a view in longitudinal sectional ele-
vation of one of the similar end portions of an
open-hearth regenerative furnace for producing
steel, the general features of which are of well
known construction, showing incorporated there-
in a burner construction embodying my inven-
tion and suitable for the burning of two kinds of
fuel simultaneously, or either kind independently
of the other, and by which my improved method
may be practiced, the section being taken at the
line | on Fig. 3 and viewed in the direction of
the arrow. : .

Figure 2 is & plan sectional view of the portion
of the furnace shown in Fig. 1, the section being
taken at the line 2 on Fig. 1 and viewed in the
direction of the arrow.

Figure 3 is a view like Fig. 2, but enlarged, of
the burner-equipped portion of the furnace.
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Figure 4 is a view in longitudinal sectional ele-
vation
tion. -
Figure 5 is a similar view ‘of the intermediate
Portion of the burner construction. !

Figure 6 is a similar view of the front, or noz-
zle, end of the burner construction; Figures 4,5
and 6 considered together illustrating the full
length of the burner construction shown; and

Figure 7, an enlarged section taken at the line 1

T on Fig. 5 and viewed in the direction of the
arrow. ]

In the arrangement shown the open-hearth
furnace of well known construction as to
eral features is represented at {1 and comprises,
generally stated, a furnace combustion zone {2
into which the materials to be melted for the
making of steel are charged in dccordance with
common practice; similar zZones, or passages, at
ODposite ends of the combustion zone and in com-
munication, respectively, with such ends, the zone
or passage at the furnace-end shown being indi-
cated at 13; pairs of up-take Dassages at oppo-
site ends of the furnace opening upwardly into
the zones 13, respectively, the up-takes at oppo-
site ends of the furnace opening downwardly into
Cross passages, respectively, at opposite ends of
the furnace, the pair of up-takes and the cross
bassage at the furnace end shown being repre-
sented at 14 and 15, respectively; the cross pas-
sages 18 at opposite énds of the furnace com-

municating with ends of two checker chambers

(not shown), respectively. )
The furnace shown is fired, in accordance with
common practice, from its opposite ends alter-

nately by burners hereinafter described, the hot -

products of combustion, when one of the burners
is operating, discharging through one of the
checker chambers and when the other burner is
operating, through the other checker chamber, to
heat these chambers to high temperature, and
hot combustion supporting air is supplied to the
operating burner through the adjacent up-takes
14 from the checker chamber heated as stated
in the operation of the other burner. '
The burner construction at the furnace end
shown is represented at 186, it ‘being understood
that the burner construction at the opposite end
of the furnace would be of the same construc-
tion. ' i ‘

The burner construction 16. comprises two ma- .

Jor mechanical sections, one of which is the burn-

of the back end of the burner construe- .

©

3

opening 27 therein:in which the back, threaded,
end of the pipe-section 21 is screwed. The pipe
section 21 which forms & liquid fuel passage ex-
tends rearwardly beyond the plug 26 and is pro-~
vided with a T 28 connected, by a pipe 28a at-
tached to the T, with g flexible hose line 28 which

" would lead from any suitable source of liquid .

its gen- -

15

" bular partition-forming
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- 19 1s an outlet pipe 42
. liquid discharges from

60

er proper 17T which in the applied position for -

use extends into the zone 18 through an opening
I8 in an end wall of the furnace, and the other
of which is mounting mechanism for the burner

65

proper and is-located exteriorly of the furnace. -

The burner proper {7-in. the particular con-
struction shown comprises three cylindrical tele-
scoped sections 19, 20 and 21 arranged concen-
trically with relation to each other and in spaced
relation. B -

The section 19, which forms an outer shell or

barrel section, is telescoped at its back end with

one end of a T 22 having an internal screw
thread 23 at which it is screwed upon the back
‘end of the pipe section 20 which forms with the
pipe section 2| an annular passage for any suit-
able gaseous fuel supplied to its back end through
a. pipe 24 connected at one end with, and opening
into, .the: T 22 and at its opposite end with a
flexible hose line 25 leading from the source .of
gas supply. )

The T 22 at its back end is provided with s
screw plug 26 having an internally threaded

80
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‘under side of, the barrel Section
. thereto in any desirable way,

fuel. - :
The pipe section 21 is shown as formed of two
alined pipes 30 and 3! connected together by a
coupler 32 having radial fins 33 which insure
the concentric spacing of the pipe sections 20
and 2i. ’ i - )

The pipe section 21 also comprises a nozzie 34
at its front end secured to the pipe 21 by & spac-
ing coupler 35 like the coupler 32.

The burner proper also comprises a hollow nose
or end member 36 at its front end, having a tu-
portion 87 open at its op-
posite ends and spaced throughout its circum-
ference from the wall 38 of the ‘member 36 and
having an internal left-hand thread 39 upon
which the front end of the pipe-section - 20 is
screwed, the liquid-fuel nozzle 34 extending into
the tubular partition 87 and being concentrically
spaced therefrom, . . )

The wall 38 of the member 36 connects with
the tubular partition 37 throughout the circum-
ference of the latter at its front end and forms
therewith a space 38z which entirely surrounds -

the partition 37 and opens throughout its cir-

cumference into the annular space between the
pipe sections 19 and 20, the wall 38 of the mem-
ber 36 at its underside being expanded as shown
at 40 for a purpose hereinafter set forth. ‘
The space 38a and the annular space between
the pipe sections 19 and 20 are provided for the
circulation therethrough of any suitable cooling

“liquid, such as for example water, supplied there-

to from any suitable source, through a pipe 41
shown as extending lengthwise of, and along the
19 and secured
the pipe 41 being
connected at its front end with the expanded
portion 40 of the member 36 and opening into the .
space 38a. At the back end of the barrel-section

through which the cooling

the burner,

The cooling liquid passage Is of substantially
the same cross-sectional ares throughout sub-
stantially the entire extent of said passage. Thus
the cooling liquid passage may be of substantially .
uniform radial cross section, at any cross section
thereof, for example in the form of an annulus
of substantially uniform radial cross section at
any cross section thereof, S

The mounting mechanism for the burner-
broper i1 comprises a substantially horizontal
angle plate 43 located in the space between those
of the metal vertical buck stays shown at 4¢ and
forming the exterior binding and framework por-
tion of the furnace construction in accordance
with common practice, which are disposed at
opposite sides of the burner-receiving: opening 18§
in the furnace end wall. The angle plate 43 is
connected at its opposite ends with  vertical

- flanged-plates 45 secured to the buck stays 44 at

opposite sides of the burner-receiving opening 18,

' the connections shown comprising bolis 46 which

extend through elongated. openings . in the ends
of the plate 43 and into horizontally elongated
equidistantly spaced openings in the plates. 45
brovided in vertical series, to adapt the plate 43
to be secured in place at different elevdtions as
desired, and to allow variation in dimensional
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relationship between the longitudinal center lines
of hearth and burners, respectively.

Secured to the plate 43 are upwardly extending
spaced-apart channels 48 carrying trunnion
blocks 50. The upper edges of the channels-49
and the blocks 50 have trunnion-receiving grooves
49a and 51, respectively, in which trunnions 32
on the burner proper {1 are mounted, the trun-
nions 52 being provided on a collar 53 surround-
ing the burner proper and in which the burner
proper is longitudinally slidably adjustable, the
burner proper being clamped to the collar 53 by
a set screw 54 thereon.

A strap-hanger 68 surrounds the burner proper
1T in which the latter is longitudinally slidably
adjustable, a clamping bolt on the hanger 68
adapting the hanger to be clamped to the burner
proper 1T in the various positions of adjustment
of the burner proper in the hanger.

Other desired or known -adjustments for the
burner construction can also be provided, such
as adjustment of the burner proper into different
angular positions in a vertical plane and swinging
adjustment of the burner proper in a horizontal
plane. However, these adjustments form no part
of the present invention and accordingly need
not be described herein in detail. -

The operation of the burner construction is as
follows: : o

Liquid and gaseous fuels are supplied under
pressure to the liquid fuel pipe and gaseous fuel
pipe 21 and 20, respectively, and at the same time
cooling liquid is supplied through the pipe 41 for
passage through the member 36 and the cooling

“passage between the pipe sections {9 and 20, from
which passage the cooling liquid discharges
through the outlet 42, combustion-supporting air
being simultaneously supplied from the checker
chamber through the heated-air uptakes, to the
zone of the furnace into which the burner proper
AT projects. . :

The distance (depth) to which the burner
proper projects into the furnace may be regu-
lated as desired by reason of the lengthwise ad-
justability of the burner proper 17 in the collar

53 and strap 68 and without disturbing the ad-
justments of the plate 43 and the adjusting screw.

63. This feature of adjustment is desirable par-
ticularly as thereby the adjustment and variation
of the fuel discharge point in relation to incom-
ing air supplied through the uptakes, to hearth,
to furnace port design and dimensions, as well
as other conditions which may vary in different
furnaces as built, or develop during the operation
of the furnaces, may be made.

Furthermore, the burner proper may be bodily
removed from its mounting mechanism, as for
example for repair or substitution of a new burner
proper.

Removal of the liquid fuel pipe 21, together
with its nozzle 34, as for example for cleaning
the same, may be readily effected, as these parts
may be drawn out of the burner construction at
its back end upon unscrewing the plug 26 from
the T 22. This also renders the gas burner pipe
20 readily accessible for cleaning, or replacement
of any special nozzle inserts should any such be
provided, without removing it from ,the burner
proper construction, all of these being accom-
plished while the major structure of the burner
proper remains mounted and in operating posi-
tion within the furnace.

The telescopic arrangement of the liquid fuel
and gaseous fuel pipes, the gaseous fuel pipe sur-
rounding the liquid fuel pipe, and with the liquid
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supplied under pressure, causes the liquid to exert
an inspirating effect on the gas thereby holding
the gas against its natural tendency to rise as it
travels away from the burner construction, and
producing such directional effects on the gas as
to prevent objectional spreading of the gas stream
after leaving the burner-proper, the construction

shown permitting of the varying of the relation-

ship of the nozzle 34 to the point of outlet of the
gas from the burner construction to suit different
conditions by rotating the pipe 2, with its nozzle,
at its screw threaded connection with the plug
26, the flexible pipe 29 having been previously dis-
connected from the pipe.28a. Thus the confining,
siphoning or directional effects of fuel, or steam
or air which may be used for directional or atom-
izing purposes, introduced through the pipe 21
may be varied in accordance with the densities
of the fuel whether it be liquid, gaseous, Or POW-
dered, supplied through the pipe 20.

This feature has proved to be of particularly
great value in a burner construction for-firing an
open hearth furnace for steel production as it
permits of the use of liquid and gaseous fuels si-
multaneously throughout the firing cycle includ-
ing the refining stages of the heat process when
gaseous fuel application has heretofore been in-
effective.

The feattre of the telescopic arrangement of
pipes as shown and described presents, among
many advantages, those of compactness of struc-
ture and the production of such highly effective
insulation between the cooling liquid passage in

- the burner construction and the liquid fuel pipe
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21 as to avoid objectionable cooling of the liquid
fuel supplied in the desired prehcated condition
to the burner construction, even should the struc-
ture be operated without gas flow through the
pipe section 20.

A factor required to be given consideration in
the designing of a satisfactory liquid-cooled
burner construction for high temperature is the
low capacity of water to conduct heat through
its own body. This means that a minimum de-
pendency must be placed upon the conduction of
heat away from the shell to less exposed poriions
of the cooling water body. In previous liquid-
cooled burner constructions neglect of this factor
has resulted in the temperature overloading of
the water adjacent to the shell and the temper-
ature unloading of other parts of the cooling
liquid.

It has been demonstrated that under any given
conditions the effective cooling being supplied to
the shell is more dependent upon the amount of
hot surface contact per unit volume of the cooling
liquid than it is upon the total volume of cooling
liquid contained in the shell at any time.

In devising my burner construction I have pro-
vided for a more direct and greater amount of hot
surface contact per unit volume of cooling liquid
than hitherto provided. This is accomplished by
the provision within the barrel and in substan-
tially concentrically spaced relation thereto of a
cylindrical member, in the particular construc-
tion shown this member being the gas-pipe sec-
tion 20, which serves as a core thereby displacing
cooling liquid from its least effective to a more uni-
formly effective cooling position, resulting in the
increasing of the amount of hoet surface contact
per unit volume of cooling liquid and maintaining
a uniformly depreased distance through which
heat must travel to be distributed through the
cooling liquid. As a result convection currents in

L



the body of cooling liquid with consequent non-

uniform temperature conditions are minimized, -

The feed-in pipe 41 preferably opens into the
front end or nose of the burner proper as shown
and described inasmuch as preferably this pipe
would be of relatively small diameter and the
cooling-liquid-flow therein would be very rapid
under such conditions, whereby the cooling liquid
enters the hottest part of the.burner proper at a
much lower temperature than it would if it
opened into the back end of the burner proper.

It has been found that a liquid cooled burner
construction in accordance with my invention for
satisfactory use in-high temperature furnaces
may be provided of very compact form—as for
example for a 150 tone capacity open hearth fur-
nace for producing steel such as commonly pro-
vided, one such burner being used at each end
of the furnace and the burners being fired alter-
nately, even when using a gas and Hquid fuel
simultaneously, the outside diameter of the bar-
rel 19 may be as small as approximately four
inches—resulting in not only economy of con-
struction, but also in ease of installation, adjust-
ment to meet the various conditions presented,
and removal of its several parts or bodily for
repair and replacement, or substitution. v

The permissible ratio between the total volume
of cooling liquid contained within that portion of
the burner .construction which is exposed to the
heat within the furnace and the volume of cooling

liquid fed per second to such exposed portions

* of the burner when the working furnace temper-
atures are substantially 3000° F. is substantially
5 to 1 as & maximum and 1 to 1 as & minimum,
the particular ratio being applied being depend-
ent upon local conditions, as for example where
the water supply is limited the higher ratio
would be used even though the total life of the
barrel section would be lessened but final costs
more favorable, ]

For furnace temperatures greater than sub-
stantially 3000° F. the maximum ratio referred to
would be reduced depending on the increase in
the furnace temperature, but regardless of the
temperature -to which the furnase is fired such
ratio would not be less than 1 to 1.

It will be noted that the space for cooling liquid
between tubes 19-and 20 is free of obstructions

. of any kind such as would result if spacing spiders
were employed or if the supply pipe 41 was housed
in this space. This freedom from obstruction
provides & shell of cooling liquid which is unim-
paired by anything that would set up differentials
In resistance or section or cause eéddies which
would interfere with the uniform flow of the
lquid body. Eddies tend to cause “gaps” or stag-
nant points, while differences in resistances or
section lead {o delayed flow or locally inadequate
-volumes, all of which conditions have been found

-to inaugurate temperature overloading and the
generation of steam with prompt burning of the

. outer tube and failure of the burner.

Another advantage due to the compactness of
the burner construction is that it permits instal-
lations to be made on furnaces where clearances
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ab the outside of the steel work of the furnace
at its ends are at a minimum,

While I have made more specific reference to
the use of both liquid and gaseous fuel simul-

5 taneously, it will be understood that various fea-

tures of the invention may also be utilized in a
burner construction in which only s single fuel
bassage for liquid fuel only or gaseous fuel only,
is employed. ‘

10 While I have illustrated and described a par-

ticular construction embodying my invention and
have shown a particular construction by which
my novel method may be practiced, I do not wish
to be understood as intending to limit the inven-

15 tlon thereto, as the construction shown may be

variously modified and altered and the invention
embodied in other forms of structure and my
novel method practiced by the use of other con-
structions without departing from the spirit of

00 MY invention.

What I claim as new and desire to secure by
Letters Patent is:

1. A liquid cooled burner comprising, in com-
bination: coaxial fuel delivery tubeg opening at
a burner nozzle; an outer tube coaxial with and ]
substantially uniformly spaced from the outer-
most fuel tube and free from connection there-~
with from said nozzle to a point adjacent the
rear end of the burner, providing an unimpaired
cooling liquid receiving annular space through-
-out the exposed-to-heat portion of the burner; a
nozzle connecting a cylindrical end portion of
said outermost fuel tube and the end of said outer
tube at a nozzle wall curving outwardly and rear-
wardly fromn sald cylindrical fue] tube portion to
.the end of said outer tube whereby to close the
end of sald annular space while providing for
open and direct flow of cooling liquid in contact
, with said nozzle wall; a cooling liquid supply con-

40 dult exterior of said outer tube communicating

with said nozzle at & passageway forming a for-
wardly and inwardly curving extension of the
conduit; the forward wall of said passageway con-
stituting a smooth curve with the space closing -

43 nozzle wall; and said outer tube adjacent the rear

end of the burner formed with a discharge port.

2. A liquid cooled burner having at least one
fuel delivery tube formed with a fuel discharge
opening at the forward extremity of the burner;

59 said burner also formed with a cooling-liquid pas-

sage Internally iree of structure, of substantially
uniform cross section, and providing an- unim-
balred uniformly free liquid -passage from said
fuel discharge opening to the rear of the burner;

- 65 the outer wall of the cooling-liquid passage con-

" stituting the outer wall of the burner; a univer-
sally curved forward end wall which closes sald
liquid passage and serves to curve the lquid rear-
wardly; a cooling-liquid supply conduit entirely

oo external of sald passage and opening thereinto

substantially coincident with said curved wall to |
provide direct and open flow of cooling lquid
- across sald wall and about said discharge open-

; sald passage having a cooling-liquid dis-

65 charge port adjacent the rear of the burner.
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