
Background of the Invention The present invention relates to an improved
liquid fuel atomizing gun for use in a burner of the type where steam is
used as the atomizing fluid. Liquid fuel atomizing guns employing steam are
well known in the prior art and typical examples thereof may be seen by
reference to U. S. Patent Nos. 3,829,015 and 4,152,108.  In each of these
prior art patents steam is used as a propelling medium to assist in
atomizing the liquid fuel as it is sprayed from the gun tip of the
atomizer. The effectiveness in atomiz- ing the liquid fuel as it is sprayed
into a combustion chamber of an associated burner will, in part, deter-
mine the amount of excess combustion air that must be supplied to the
burner in order to accomplish complete combustion  of the atomized  fuel.
The higher the efficiency or degree of atomization accomplished, the lower
the amount of excess air that will have to be supplied to the burner while
maintaining acceptable flame shapes.  Therefore, if the amount of excess
air can be reduced the overall efficiency of the associated burner and
furnace or other fired heater will improve. Accordingly,  in the  firing
of  liquid  fuels,  and particularly heavy fuel oils associated with
petroleum refinery process furnaces, it is highly desirable to efficiently
and fully atomize such heavy fuel oils with injected steam. Therefore, any
atomization improvements that may be effected will enhance the overall
thermal efficiency of the associated fired heater since less excess  air
will  need  to be supplied  in order to accomplish complete combustion of
the fuel. 



-2- In one aspect, the present invention provides a liquid fuel atomizing
gun comprising a liquid fuel tube having a first end and second end; a
steam tube concentrically surrounding said fuel tube to define an annular
steam passageway about said fuel tube, and a hollow gun tip which has
atomized fuel ejection orifices and is cooperative with the first end of
said fuel tube to define therewith a fuel and steam mixing chamber; said
fuel tube including fuel spray nozzle means having at least one
substantially tangential orifice to spray liquid fuel into said mixing
chamber in a first swirling direction and at least one substantially
tangential steam orifice extending through said fuel tube first end to
place said annular steam passageway in communi- cation with said mixing
chamber, said tangential steam orifice being oriented to direct steam into
said mixing chamber in a swirling direction opposite to said first swirling
direction of said liquid fuel, whereby the kinetic energy of the
pressurized steam and fuel streams flowing in the steam passageway and the
fuel tube is preserved until atomization occurs in said mixing chamber when
said steam and liquid fuel meet in opposite swirl directions, wherein said
fuel spray nozzle means is arranged to discharge fuel into said mixing
chamber at approximately the point where the fuel spray contacts said fuel
tube. In another aspect, the invention provides a heavy fuel oil atomizing
gun for a burner comprising a liquid fuel tube of circular cross-section
having a first end and a second end;  a steam tube of circular
cross-section concentrically surrounding said fuel tube to define an
annular steam passageway about said fuel tube, and a hollow gun tip
cooperative with the first end of said fuel tube to define therewith a fuel
and steam mixing chamber; said fuel tube including 



fuel spray nozzle means having at least two substantially tangential
orifices to spray liquid fuel into said mixing chamber in a first swirling
direction and at least one substantially tangential steam orifice extending
through said fuel tube first end to place said annular steam passageway in
communication with said mixing chamber,    -2a- said tangential steam
orifice being oriented to direct steam into said mixing chamber in a
swirling direction opposite to said first swirling direction of said liquid
fuel, whereby said steam and liquid fuel meet in said mixing chamber in
opposite swirl directions, wherein said fuel spray nozzle means' tangential
orifices are arranged to discharge fuel into said mixing chamber at
approximately the point where the fuel spray impinges upon the interior
wall of said fuel tube, and wherein said gun tip includes atomized fuel
ejection orifice means for discharging atomized heavy fuel oil into an
associated burner for improved combustion thereon. In yet a further aspect,
the present invention provides a method of atomizing a liquid fuel with
steam prior to ejection from the tip of a fuel gun having an inner fuel
tube and a steam tube surround- ing said fuel tube to define an annular
steam passageway about said fuel  tube,  comprising  the  steps  of:
substantially  tangentially spraying liquid fuel through one or more
orifices into a mixing chamber defined by the gun tip and an end of said
liquid tube to establish a swirling of said liquid fuel in a first
direction in said mixing chamber, and substantially tangentially
introducing steam from said steam passageway into said mixing chamber in a
swirling direction opposite to said first direction at approximately the
point where the fuel spray contacts the fuel tube, whereby said steam and
fuel meet in 



said mixing chamber in opposite swirl directions.    3 A still further
object of the invention is to provide an improved heavy fuel oil atomizing
gun employing superheated steam which is simple in design, rugged in
construciton, trouble free in operation and economical to manufacture.
These and other objects and advantages of the invention will become
apparent and the invention will be fully understood from the following
description and drawings. Brief Description of the Drawings Fig. 1 is a
side elevation view showing the atomizing gun of the invention as it would
be mounted in a fragmentarily shown portion of a typical burner in a
furnace wall or floor. Fig. 2 is a cross sectional view of the atomizer gun
tip taken along line 2-2 of Fig. 3; and Fig. 3 is a fragmentary cross
sectional view of the gun tip taken, in part, along line 3-3 of Fig. 2.
Detailed Description of the Invention Referring to the drawings, a fuel
atomizing gun shown generally at 10 is mounted and supported by a guide
tube 12 projecting through an end plate 14 of a burner.  It will be
understood that the present fuel atomizing gun may be used in association
with high intensity burners,  as shown  in U. S. Patent Nos. 



3,476,494 or 3,746,499, assigned to the same assignee as the present
application, whose individual specifica- tions are incorporated herein by
reference. Typically,    4 the burner shown in the aforementioned patents
is mounted in a side or bottom wall of a petroleum process furnace (not
shown).  The outer peripheral surface of the atomizer gun 10 includes a
plurality of centering and support pads 16 which stabilize the gun within
the guide tube 12. The atomizing gun assembly 10 includes a tip or nozzle
18 which sprays atomized fuel into the associated combustion chamber of the
burner (not shown) at any desired fuel spray angle, designated 20. As will
be seen by reference to Fig. 3, showing an enlarged cross section of the
atomizing gun tip 18, a fuel tube 22 includes a fuel spray nozzle 24
threaded into a surrounding support collar 26 suitably affixed to the inner
diameter of fuel tube 22. Disposed about and surrounding the fuel tube 22
is a concentric steam tube 28 to define an annular steam passageway 30 in
cooperation with the tube 22.  The steam passageway will be understood, in
a preferred embodiment of the invention, to supply steam at a (gauge)
pressure of about 130 to 150 psig (896.4 to 1034.3 kPa) in a superheated
state from about 600 to [ERR] (315.6 to [ERR]) to a plurality of tangential
steam orifices 32. These steam orifices extend through the wall of the fuel
tube 22 to inject steam in a 



clockwise helical vortex into an extension 33 of the fuel tube 22.  The
fuel spray nozzle 24 also includes a pair of tangential fuel ejection
orifices 34 which are effective to discharge liquid fuel into the area
downstream of the nozzle 24 in a counterclockwise directional vortex.   As
this  fuel  ejected  from the orifices 34 expands outwardly in a spray
angle of approximately 90 it approaches the inner wall of the tube
extension 33 in the approximate vicinity of the inwardly injected
superheated steam emitting from the four orifices 32.    The end of the
steam tube  28  includes  a threaded portion engaging threaded collar 38
which, in turn, secures the gun tip 40 to the end of the fuel tube
extension 33.  The inner cavity of the gun tip 40 in cooperation with the
fuel tube extension 33 forms a steam and liquid fuel mixing chamber 42
immediately downstream of the fuel spray nozzle 24. The nozzle 24 may
include inclined facet surfaces 36 through which the  fuel  orifices  34
penetrate.   The  gun  tip  40 includes two or more atomized fuel discharge
orifices 44 which release the mixed and atomized steam/fuel mixture into
the combustion chamber of the associated furnace burner  (not shown).   In
the assembly of the atomizing gun, as best visualized in Fig. 3, it will be
seen that the tip 40 may be threaded into engagement with the collar 38,
either before attachment of the collar 38 to the steam tube 28 or after the
latter has 



been secured to 28.  In any event, however, it should be recognized that
the overlapping surfaces designated 46 between the gun tip 40 and the
outside surface of the tube extension 33 will permit free rotation to
facilitate ease of disassembly of the mechanism and change and replacement
of the gun tip as required. In operation of the fuel atomizing gun and the
practice of the liquid fuel atomizing method according to the present
invention, it has been found that when the fuel oil which may be typically
as heavy as [ERR] API gravity (heavy fuel oil) is supplied to orifices 34
at fuel pressure (gauge) range of about 170 to 250 psig (1172.2 to 1723.8
kPa) and when the super- heated steam in the range of about 600 to [ERR]
(315.6 to [ERR]) is supplied to the orifices 32 at a pressure (gauge) in
the range of about between 130 and 150 psig (896.4 and 1034.3 kPa) that
superior atomiza- tion of the heavy fuel oil will occur. This is because of
the close proximity between the  release of the kinetic energy of the
-6- expanding superheated steam through the orifices 32 to the release of
the kinetic energy of the fuel being sprayed from orifices 34.  Enhanced
atomization is particularly obtained because of the opposite direction of
rotation of the fuel and steam streams, as aforesaid described. Further,
applicants'          arrangement is such as to judicially select the
relative discharge or 



escape passageway areas as between the total area of the gun tip discharge
orifices 44 relative to the total area of the steam discharge orifices 32.
It has been found that it is preferable to have the gun tip 40 orifice
discharge area in the range of 2.5 to 3.5 times the steam orifice port
area. Preferably, the optimum ratio is about 3.0 times the steam orifice 32
port area. In this way a balance is struck between the total two stage
pressure drop between the supply pressures of the fuel oil and the steam
and the combustion chamber pressure at substantially atmos- pheric pressure
on the discharge side of the tip orifices 44. It is desirable to have most
of the kinetic energy of the pressurized streams released in the oppositely
swirling steam and liquid fuel vortices in the mixing chamber.   This is
accomplished by having relatively large discharge orifices 44 from the gun
tip. Accordingly, the greater portion of the available kinetic energy of
the pressurized steam and fuel streams is released in the mixing zone 42
immediately downstream of the spray nozzle 34. While a specific embodiment
of the invention has been shown and described in detail to illustrate the
application of the inventive principles, it will be understood that the
invention may be embodied otherwise within the scope of the claims which
follow.    -7- CLAIMS: 



1.  A liquid fuel atomizing gun comprising a liquid fuel tube having a
first end and second end; a steam tube concentrically surrounding said fuel
tube to define an annular steam passageway about said fuel tube, and a
hollow gun tip which has atomized fuel ejection orifices and is cooperative
with the first end of said fuel tube to define therewith a fuel and steam
mixing chamber;  said fuel tube including fuel spray nozzle means having at
least one substantially tangential orifice to spray liquid fuel into said
mixing chamber in a first swirling direction and at least one substantially
tangential steam orifice extending through said fuel tube first end to
place said annular steam passageway in communication with said mixing
chamber, said tangential steam orifice being oriented to direct steam into
said mixing chamber in a swirling direction opposite to said first swirling
direction of said liquid fuel, whereby the kinetic energy of the
pressurized steam and fuel streams flowing in the steam passageway and the
fuel tube is preserved until atomization occurs in said mixing chamber when
said steam and liquid fuel meet in opposite swirl directions, wherein said
fuel spray nozzle means is arranged to discharge fuel into said mixing
chamber at approximately the point where the fuel spray contacts said fuel
tube. 2.   A heavy fuel oil atomizing gun for a burner comprising a liquid
fuel tube of circular cross-section having a first end and a second end;  a
steam tube of circular cross-section concentrically surrounding said fuel
tube to define an annular steam passageway about said fuel tube, and a
hollow gun tip cooperative with the first end of said fuel tube to define
therewith a fuel and steam mixing chamber; said fuel tube including fuel
spray nozzle means having at least two substantially tangential orifices to
spray liquid fuel into said mixing chamber in a first swirling direction
and at least one substantially tangential steam orifice extending through
said fuel tube first end to  



place said annular steam passageway in communication with said mixing
chamber, said tangential steam orifice being oriented to direct steam into
said mixing chamber in a swirling direction opposite to said first swirling
direction of said liquid fuel, whereby said steam and liquid fuel meet in
said mixing chamber in opposite swirl directions, wherein said fuel spray
nozzle means' tangential orifices are arranged to discharge fuel into said
mixing chamber at approximately the point where the fuel spray impinges
upon the interior wall of said fuel tube, and wherein said gun tip includes
atomized fuel ejection orifice means for discharging atomized heavy fuel
oil into an associated burner for improved combustion thereof. 3.  The gun
of claim 1 or claim 2 comprising threaded collar means securing said gun
tip to a first end of said steam tube. 4.  The gun of any one of claims 1
to 3 wherein said steam passageway injects or is adapted for injecting
superheated steam at from 130 psig (896.4 kPa gauge) to 150 psig (1034.25
kPa gauge) in a temperature range of [ERR] [ERR] to [ERR] [ERR] through
said steam orifices into said mixing chamber. 5.   The gun of any one of
claims 1 to 4 in which the ratio of the areas of the atomized fuel ejection
orifice(s) of the gun to the steam orifice(s) is in the range of from 2.5
to 3.5. 6.   The gun of any one of claims 1 to 5 in which the fuel spray
nozzle means comprises at least two substantially tangential orifices
arranged to discharge fuel at a 90 spray angle into the mixing chamber. 7.
The gun of any one of claims 1 to 6 wherein the first end of the fuel tube
comprises four subtantially tangential steam orifices disposed downstream
of the fuel spray nozzle means.  



- 9 - 8.  A  liquid  fuel  atomizing  gun  which  is  either  in accordance
with any one of claims 1 to 7 and substantially as described and/or
substantially as described with reference to the accompanying drawings. 9.
A burner provided with at least one gun according to any one of claims 1 to
8. 10. A method of atomizing a liquid fuel with steam prior to ejection
from the tip of a fuel gun having an inner fuel tube and a steam tube
surrounding said fuel tube to define an annular steam passageway  about
said  fuel  tube,  comprising  the  steps  of ; substantially tangentially
spraying liquid fuel through one or more orifices into a mixing chamber
defined by the gun tip and an end of said liquid tube to establish a
swirling of said liquid fuel in a first direction in said mixing chamber,
and substantially tangentially introducing steam from said steam passageway
into said mixing chamber in a swirling direction opposite to said first
direction at approximately the point where the fuel spray contacts the fuel
tube, whereby said steam and fuel meet in said mixing chamber in opposite
swirl directions. 11. The method of claim 10 comprising the step of
ejecting atomized fuel from said mixing chamber through orifices in said
gun tip, whereby the fuel and steam streams meet at maximum kinetic energy
which is released when atomization occurs in said mixing chamber. 12. The
method of claim 10 or claim 11 employing 130 to 150 psig (896.4 to 1034.3
kPa gauge) superheated steam in a temperature range of [ERR] to [ERR]
(315.6 and [ERR]). 13. The method of any one of claims 10 to 12 in which
the heavy fuel oil has an API gravity of about 1 (specific gravity of 



about 1.0679).    -10- 14. The method of any one of claims 10 to 13 in
which the ratio of the areas of the atomized fuel ejection orifice(s) of
the gun to the steam orifice(s) is in the range of from 2.5 to 3.5. 15. A
method of atomizing a liquid fuel with steam prior to ejection from the tip
of a fuel gun substantially as described and/or substantially as described
with reference to the accompanying drawings. 16. A heater or furnace
comprising at least one burner according to claim 9.    - 1 1 - 18.
A heater or furnace comprising at least one burner according to claim 17.


