Background of the Invention The present invention relates to an inproved -
~ J4egui’d fuel atom zing gun for use in a burner of the type where steamis
"sed as the atom zing fluid. Liquid fuel atworz ng guns enploying steam 3
Ml known in the prior art and typical exanples thereof nayégiﬁfgérgﬁz
reference t'o U. S. Patent Nos. 3,829,015 and 4,152,108. In fAi &hes
prior art patents steamis used as propelling nmediumto assist in

atom zing the liquid fE%\Qﬁgﬂtxﬂis 5 aret\e gy fi p of the

atom zer. The effectiveness - ‘the, iquid fuel as it is sprayed

I nto a conbustion chanber of: =rer will, in part, deter-

m ne the anount ofa £658n8 08BUShie0R n¥len tli st be supplied to the
burner in order f64gg%6WﬁTT§ﬁ‘tﬁﬂﬁTEtE‘tUﬁﬁU3tion of the atom zed fuel.
The higher the efficiency or degree of atom zation acconpli'shed, the | ower
‘the anpunt of excess air thahenigdedene tiavientiwmlreldtes tte dnrhwprobed e

mai nt ai ni ng acce f " herefore, 1f the amunt _of e S
air can be reducggﬁgkgdoéggglggéﬁﬁﬁgf‘ c§u§f%%ﬁétﬁégoépafe 'bﬁ?ﬁércgﬁgéhe
furnace or other fypedhereecstean isnmpsedeasidder ditogliging EXtisd. firing
of liquid fuels, and particularly heavy fuel oils associated with
petrol eumrefinery process furnaces, it is highly desirable to efficiently
and fully atom ze such heavhigHdf Svel ¢ EAmiFiNg cFussec£MP TRl BBoSE eamy
at om zati on i nproyeeewed It hehoway ie ehéepradmidtteghanaggivapvetahples

t her mal efficienqy“of t?e asspociated tired heater sjince |less excess air

will need to be'RERFPTB3Y i RePESP PY ZEESFRNSSH BBnPrefe JOABERS AP

e

the fuel. . 3,829,015 and 4,152,108. 1In each of these prior art
| ' patents steam is used as a propelling medium to assist
\VJ o 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 ac;ompiiéh éomplete

combustion of-the atomized fuel. The higher the

éffi¢iéncy or degree of atomization acéomplished, 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 6f the associated

) burner and furnace or other fired heater will improve.

W Accordingly, in the firing of 1ligquid fuels, and

' o pérticularly heavy fuel oils associated with petroleum

refinery process furnaces, it is highly desirable to

efficiently and fully atomize such heavy fuel oils with

injeéted 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- N one aspect, the present invention provides a liquid fuel.atonizing

gun conprising a liquid fuel tube having a first end and second end; a

eamjt ube concentrically surrounding said fuel tube to define an annul ar ‘,\y,.,;*,.
tﬂé%’ passageway about said fuel tube, and a hollow gun tip whi ch.has "
A'zed fuel ejection orifices and ig gqoperative with the first end of
sai& fuel tube to define therewith a fuel and steam m xi ng chanber; said
fuel tube including fuel spray nozzle neans having at |east one
substantially tangential orifice to spray liquid fuel into said m xing
chanber in a firstins\onél aspect) r €4¢ ipresand ﬁbeheﬁﬁ,t gﬂ@gbgtg Uid lfhel
tangential steamorifice extendin thigu S fuel tube first end to

pl ace sai ﬁt?ﬂ}ﬁgpir T SORPS g’%?gé\/v%y‘ g‘f‘ﬁ}u e having @ (Fireki andi apdg
chanber, sedohdt endgeniai ateat ¢abe wantentr leally ar'reliﬁdi@lgt Saild rael wipRagei nto
said mxi aghe I o] i.te to said t W|rI|ng
directi onagﬁﬁlll HE ﬁd&‘l@fg % wvx%egeg;‘?ﬂ’%gk ﬁ%f“%e‘i"d’f'ofn t%%‘ 1icu
pressuri zgen stipavhick Hasclatouizedrfuel cedecyiom ottificesaand)dss geperatine the
fuel 't ubeyjch RGP eHdl b BAAIARL Qb Yol 'dhrisle EHelelietl W0 £id3TRER WhEN

said steam an quid fuel neet 1In opgom SW Ions, rern said
fuel spra§tens; pleing. ghamhers o 4adAgtuek Subp JORLNARTS el Spray Dorglerineans,

charrber anam.ar ati 18dst YonehSubstiant 140197 Qaﬁm:ml oﬁm@é egn;ag,s 153l f uel
t ube. gﬁt}g‘as $t the i-npventign praovi des -a heavy fuel” oil atomzmg
gun for Eg wixing, c P“F‘ﬁlﬁ’d in, & sk YiﬁinuFE‘Fe"é’#B%sﬂﬁ%cﬁ on
havi ng a leastt onechubstantiaklytdngential cetsanacrifibe @itending ltdifough said
Cross-sec n C [ Je° | said fuel tube to define an,
annul ar s%deeg'm pagstgr}é&/aé%abou S ggfd re;ﬁn?ﬁaffe &5% PRSRATTGN Sﬁ Femmyni=
cooper at | Gatignt Withesaidr sixing mmm.d sadé| tangeatial detfeamecothficewbelbng f uel
and st eanyfiehtBd tBAHIPEect Satéhd Usitd uéﬁd' N 4fb"Ehamber in a swirling \/
direction opposite to said first svirl_ing direction of said 1liquid
fuel, whereby the kinetic energy of the pre'ssurized steam and fuel

streams flowing in the steam passageway and the fuel tube is preserved
until atomization occurs in said mixing chamber whén said steam and
liquid fuel meet in opposite swirl directions, wherein said fuel spray
nozzle means is arranged to discharge fuel into said xhixirig Chambér at
approximately the point where the fuel spray contacts said fuel tube. E

In another aspect, f.he invention provides a héa(ry 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 énnular 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 spfay 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
annﬁlar steam passageway .in communication with said mixing chamber,



fuel‘spray nozzl e neans having at |east two substantially tangenti al
Lfices to spray liquid fuel into said m xing chanber in a first swirling
ection and, at. | east one substantially tangential steamorifice extendir
rough sai d. fuel tube first end to place said annul ar steam passageway .
connunlcatlon wi th said m xi ng chanber, -2a- said tangential steam
orifice being oriented to direct stean1|nt said m xing chanber in a
a
swirling direction opposite to said first Swirling direction of said l'i quid
fuel, whereby said steamand liquid fuel neet in said mxing chamber in
opposite swirl directions, wherein said fuel spray nozzle nmeans' tangenti al
orifices are arranged to dlscharge fuel into said m xing chanber at

approxi mat el JatfFaggential gtean aeifice) beingapriented g déﬁ%‘h‘ {shean ngpj epid
wal | of sai- d;nﬁxﬂlg E:Hhﬁae}rallﬂ a\mﬁhengs aﬂ.ﬁedlliantdﬁbobﬂ@é ttdeSaﬁi Q'Ikgt??ufik'ﬁing
ej ection orifjce means, f.or onj z Y nt o_an
aJssom at ed- brFHEt 8r°ﬁ r?ﬂ?'%\cli]lé'ﬂ é‘grﬁﬁgfl@}f gh% H a'l%my aﬁﬂﬁ?“% H&el ekt |
t he pr es_ent -dnveaitd atxingo chamberailmssppoditof mmndzlra@janh; (uhetteinicdaiai firel
steam prior bgrgy Gobh wehid? (tfiplitla®lofeltel S {13%G08 ) alldIRIEobURle1
tube and a steam tube surroun ng sal e ine “anc anAul ar

st eam passagdby #Hidutnizdng ?WPertabeappmmqeé,mghetmintstv@pge the fuel

substanti al | ¥préy2Niagihded npos perfwuaeeﬂdiuudli Us¥ sallf OpE] QUBe raxm)][wﬁereiél
sal

orifices into m X1 n ha r deflnedb the_gun tip and an end
liquid tube f Bf%stgf%l %s‘ﬁ ’E%“Fﬁ ngtorized; Fuelqfisck PRrifice; fmgans for
di rection i ndsschirging ngtouiaed)eheawndfmbsiianunabl gnt aagaman:aal Purner for

i ntroduci ng §f r%ﬁ@%ﬁnsiﬁgx@ gassagevvay into said m xing chanber in a
swirling diréec i on opposite to Saird first direction at approximtely the

pgi nt where the fuel spray contacts the fuel tube, whereby said steam and
fuels meet in 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

k_/j said mixing chamber in opposite swirl directions.



sald m xi ng chamber in opposite swirl directions. 3 Astill -further
fect of the invention is to provide an inproved heavy fuel oil atom zing
¢hpl oyi ng superheated steam which is giople in design, rugged in 1:\§mﬂ

ongt ruci ton, trouble free in operation and economi cal to manufacture. A
These and ot her objects and advantages of the invention will becone

apparent and the inventiporssyil mzéwékyouﬁadetsb@odhter@ﬁwtemlfo@i liGnigg
description and dra . Brief Degcrjption s.Fi lis a
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sect i onal V|eﬁ¢§P°mh§§$ﬂtq|W?ﬂQ@E¢¢u¥ﬂ-part al ong I|ne 3-3 of Fig. 2
Det ai | ed” Description of the Invention Referring to the dramnngs a fuel
atom zi ng gun shown generals% at_10 is nounted and sup orted %l &L{)

" tube 12 projecting throfifSth 28R QFREE QRISFts BBPnéP antagRy |of,

under st ood t hdnviehe ipres&ll Medomé appapgnguanByLhe nedkd i aASGA X i on

with high Int%nméﬁﬁfyrg%d%rstooéhgrom Lﬂe fo?loa?ggn%e§%§1pt1on 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 R‘/
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 suppozteé by a
guide tube 12 projecting through an end plate 14 of a

- burner. It will be understood that the ptésent 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,



3,476, 494" or 3p74é,499, assigned to the sanme assignee as the preéent 2
appl i cation, whose individual specifica- ti (‘ms are incorporated herein by
'r‘ﬁoence Typi cally, 4 the burner shoWwn®i fi the aforenentioned paten _
unted in a side or bottomwall of a petroleum process furnace (not
shown). The ou peripheral .surfage of, the tom zer S
plurality of ceﬁS&l JTRRF BB Sé’dsui %ﬁegte 5??98 h%‘g q\ﬂthfn
t he gui de tube ﬂ:Bun‘Ehd dtrond 8 ide o bettonl vald bﬁclwm:mletmoprmoeshe
18 which sprays d he o of .t he
bur.ner (not sho&ﬁ“‘qgg §B§35|gr}2§9?3e ??gybgtﬁgg E’%crgi gn eag%Pgé‘s é\/lfH
be seen by ref ethecctmnzl-ig gin sm)vximgladesnlaamgjsdtcloSy xftcentering
atom zing gun t d |
threaded into asgﬁl}?'o Bli@ s%ppor’fzg H gg‘gd??gﬁ %ﬁ‘%}g?*&%ﬁe I nner
di amet er of fuegutldlcetsze %po%h?abmlahagsaﬂma%ﬁ@kmdﬁuélﬂctlmﬁeeez
Is a concentri Cﬁ ﬁ?ﬁ't' uge o%ié’ P?Wﬁ?eﬁ%é?i%%t%%&aﬁweﬂﬁ%3911&”

cooperation wt {eam assageway w be_understood, in

a preferred errbﬂt!i’r&‘hi‘ﬁﬂdt hE°F‘M oR, ¢hamhey yof e&ﬁu‘at bR rOes gfnot

pressure of abogholid)t atlahwddsiPed. fued $P2ay3alnlle, Bes Fynetéeazo(
state fromabout 600 to [ERR] (315.6 to [ERR]) to a pl urallty of tangenti al

steamorifices 32. These steamori.fices extend through the vvaII of the fuel
tube 22 to inject steamin a

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 s'ulj.'rounding the fuel tube 22 is a
concentric steam tube 28 to define an annular steam
.paSsagev&ay 30 in cooperation with the tube 22. The
stean 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
750°F (315. 6 to 398.9° C) 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
o clockwise helical vortex into an extension 33 of the
U : fuel tube 22. The fuel spray nozzle 24 also includes a
pair of tangential fuel ejection orifices 34 which are
effective to discharge 1liquid fuel into the area
downstream of the nozzle 24 in a counterclockwise
directional vortek. 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.



cl gtkv§ se helical vortex into an extension 33 of the fuel tube.-22. The °
ray nozzle 24 also includes a pair of tangential fuel ejection o
ces 34 which are effective to di_scshgrge liquid fuel into the area N
ds¥ream of the nozzle 24 in a countérclockw se directional vortex. Ase
this fuel ejected fromthe orifices 34 expands outwardly in a spray
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I nclude.inclined facet sur roug fuel oritices
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{he combust ! OEraTRen o ok i1 2230703 SRanaNE DY T (GER SEB o, ' D,
seen that the ingludesmagwbe dihrnered atmdzmgagMnﬂi\smiartQE opificess,
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mixture into the combustion chamber of the associated
furnace burher (not shown) . In the assembl_y of the
atomizing gun, as best visualized in Fig. 3, it will be .
seen that the tip 40 may be threaded into engagement KJ
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. 1In 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 me'chanis_m_ and
change and replacement of the gun tip as 'required.

In operation of the fuel atomizing gun and
the practice of the 1liquid fuel atomizing method
according to the present invention, it has been found .
that when the fuel oil which may be typically as heavy .
as 1° API gravity (heavy fuel 0il) 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 750°F (315.6
to 398.9°C) 1is supplied to the orifices 32 at a
pressure (gadge) in the range of about between 130 and
150 psig (896.4 and 1034.3 kPa) that superior atomiza-
tion of the heavy fuel o0il will occur. This is because
of the close proximity between the release of the
kinetic energy of the '



been secured to 28. In any event, however, it should be recognized that
ghe over | appi ng surfaces deS|gnated 46 betmeen the gun tip 40 and the
o8I de surface of the tube extension 33 will permt free rotation to
faeilitate ease of disassenbly of the mecfa® $m and change and repl ace
of the gun tip as required. In operation of the fuel atom zing gun and t
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applicants, @ psea ot HEHELs 3:38R0-Re W1 HHEET2. S i been

relative discha
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 pzessure 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, 1t 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

. kihetic energy of the pressurized steam and fuel
g -+~ '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. '



escape passageway areas as between the total _area of the gun tip di scharge
orifices 44 relative to the total area of the steam discharge orifices 32. .

as, been found that- is preferable to ha m HIIILWH“H orifice ;{**
hayge ar€a in the: range of 25t035t|n*m||II: Il I I ce port *

4flel¥ fPreferably, the optirumratio is about 370 tinesthé sfeamorifice 32
port f/area. In this way a balance is Sty uck between the total two stage
pressure drop between the supply pressures of the fuel oil and the steam
and the conbustion chanber pressure at substantially atnos- pheric pressure
on the discharge side of the tip orifices 44. It .is desirable to have nost
of the ki RehtMs:energy of the pressurized streans released in the oppositely
swirling steamand liquid fuel vortices in the m xing chanber. This is

. acconplished by having relatively | arge discharge orifices 44 fromthe gun
tip. Accordingly, the greater portion of the available kinetic energy of
the pressurized stkam andiquid Stelcatonizingelgenseomprilsiinge & Xiquidz fueld?2
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of the |nvent|on s been shown an escri ed In rate the
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fol Tow oriZices anyB 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 \J
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 directiqn opposite to seid first swirling
direction of said 1liquid 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 ch_amber at approximately the point
where the fuel spray contacts said fuel tube.

2. A heavy fuel oil atomizing gun for a burner comprising a \J
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 passagéway about
said fuel tube, and a hollow gun tip coqpefative with the first end of
said fuel tube to define therewith a fuel and steam mixing chamber;
said fuel i:ube_ 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
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Tube to define an annul ar steam passagevvay‘:\ mﬁ“

1. “Adiquid fuel atom zing gun conprisi n%__adlfi,guid fuel tube having a
first end and second end; a steam tube concentricall unding said fuel
!ﬁtube and a ,

| | ow; gun tip which has atomized fuel eje nd i s cooper
Wi tjh the first end of said fuel tube to defrnettherewith a fuel and st¢
m xi ng chanber; said fuel tube including fuel spray nozzl e neans haviR

| east one substantlally tangenti al oriti®&& to spray liquid fuel into said

m xi ng chanber in a first swrling direction and at | east one substantially
tangential steamorifice extending through said fuel tube first end to
pl ace said apmuhasaﬁ AANLIAS 886MY\PasbagevATTTEN | Colinunitation ﬂ&.hdsiid(iming

chanber, sai |, st rifice i,ent e re st ea into
sai d m xi ng %ﬁ%‘ﬁglgr | ngataé1 %ﬁf’lﬁ g th}egg‘_ge %p&g?t q'tegggg %F‘F ?’f‘l ng
di recti on ofintei said mixihof gumbemhm @bgwiridngi die?-cei@nepmsibé ttchsaid first
pressurized ﬁi@@ﬂ@'ﬂr&éﬁonsbfeﬂﬁ &i&iﬂcﬂn%éi‘ tJ?n%r ye%ﬁlﬁa&%ﬂeﬂﬁcg i& he

fuel tube is preserved unt.il atom zation occurs in said m xi 1g nber when

sai d st eam el PeRE dnf fatd pixing ghamhersin PRPRAite SWikk dizpctionse Wiaredn; d
fuel spray. nsaaal aruaraapra;e RoZz100 @dais> Otfnyentin fordlricél Caredi skr@nged Jto

hanb t t t he f uel tact d, fuel
fube. 2. AREBges el oineal B HigTaR Habeh "t REPRBHY: igea 1otHh o
fuel tube ofvherectheafuek spsay dopingeshupemdhe intesiormalliod aa.'eiact‘uali tabd; a
steam tube ofy o ighGHlsRr &i@?ﬁeam SEf 1051 fdeBC ﬁ&&'éu&ls # F&Q'uc[)lﬁfié‘é gneLHE'

tube to define an annu assagewa out said

hol | ow gun tf9¥ ééﬁ?)@("&ﬂqlétmﬁ#‘f heayy rfue eiah“sl1 dgmteany ﬁsﬁéFiﬁtGSebF@%'efPhe
therew th a fuibvéd ¢oibd bl thebog£hanber; said fuel tube including fuel
spray nozzl. e nmeans having at |east two substantially tangential orifices to
@y liquid fuel into said mxing chanber in a first swirling direction

and” at | east one subgtantThal gun bangfan.ml:alorscmim ercdmpe £singt eirckadgd tduldagh

said fuel typg L ée%turw ¢a®a 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 600°F (315.6°C) to 750°F (398.9°C) 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 § 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.



. pl ace sai d annul ar steam passageway i n comrunicat i ] 1 d=m xi nb
chanbg said tangential steamorifice being oriented to direct ‘steaminto .

S QRS ST o Tuel whoreby a0 SN MR 7 " ™

" sai ing chamber in opposite swirl| directiohs,® wlerd&i n®sald fuel spray
nozzI™® neans' tangential orifices aregatranged to di scharge fuel into said
m Xi ng chanber at approximately the point where the fuel spray inpinges

upon the interior wall of said fuel tube, and wherein said gun tip includes

atom zed fuel ejection,ord] S Lsch I n om,zed uel -
oil into an assjocicéa’t ed_hbullfir?('le‘(risf g&ﬁm?@%"&?f@in@%& i g‘r"]ﬁ{r‘r}er%(jf‘i@gw% gun
of cl ai m dceardahaé withcanypeneiafy clatnsadetd Jornd supstant 18ty @sndessaiibiedyun

. tip to a Lhgide %gﬂs&tntaaiﬁ e BskrR5ed Yrith ThEreteRc® |t MheO AR cOlpany #Ad'S 1

to 3 wherein sai-d steam passageway I njects or 1s adapted for injecting

super heat 8¥P"g8m at from 130 psig (896.4 kPa gauge) to 150 psig (1034. 25
kPa gauge) in a tenperature range of [ERR] [ERR] to [ERR] [ERR] through
said steamorifices in said m xi o r..5. The gun. of . any one of
claime 1o 4 i n v cnbHERPS FRSvaPel AR A, 1edke pne HpoAToRALRE e Bt | on
orifice(spnofoft bdaimsnlito Bhe steamorifice(s) is in the range of from2.5 .
to 3.5. 6. The gun of any one of clains 1 to 5 in which the fuel spray
nozzl e means conprises at |least two substantially tangential .orifices
arranged to di schal®ye Aurathed eof afonizing aniiquidnfuel Nithisteaw priorbee . 7.
The gun OE?ééBioﬁn?r&f thedh P df LD FfuedNQLRI KuviiAG &AM EineeNeudf dubR Anelat ube

conprises Tour subtantially tangential _steamorif.ices di sposed downstream
of nPhe fué?eaénpr%‘?%o?ﬂrguﬁ%’é‘ﬁs_sgai& fuel tube to det‘fne an pannular steam
passageway about said fuel tube, comprising the steps of; d

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 \J
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 600°F to 750°F (315.6 and 398.9°C).

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).



- 9: 8 “A liquid fuel atomzing gun which is either in accordance
ith any one of clains 1 to 7 and substantially as described and/or

s.ubstantl ally as described with reference t m drawi ngs.
ASbur ner praovi ded with at | east one gun accﬂlﬂﬂﬂjﬂﬂlmmu Pof clains 1
8>1{10. A'method of .atonmi zi ng a liquid fuel with®téantprior*to ejection
fromthe tip of a fuel gun having an |961er fuel tube and a steam tube
surroundi ng said fuel tube to define an annul ar steam passageway about
said fuel tube, comprising the steps of ; substantially tangentially

spraying l'iquid fuelyg hreidhherisy Ql’f Hﬂfeongr b?' %imh”i@ € r‘.ﬂsx'i lg%@xm%ﬁé

defined by the gun t| and an end sai d be to esta

swirling of Fata]of 'éflﬁ @TPD(Of| ﬁheaaFP‘F’sqeddf‘PécFﬂ%ﬁ?iPﬁ erifdceis) ﬁﬁ EheagHB
and subst antd alley st epifiviel ¥) 18t IORHE | Pafige tera Y @TBSES G.81 eam passageway
into said mxing chanber in a swirling direction opposite to said first
direction at approximtely the point where the fuel spray contacts the fuel
t ube, whereby said s:tSeanl avethédialif aewtizing saldquidifnel ofishbstreamnpoinrosot e
swirl direcf The rggp f t

%&%{:}8 fueclm agg & fn%h.gab&ﬂ Js%&f!ﬂ%ﬁhﬂﬂ‘%s G ?é:tisgd Oénd/or

ej ecting ato Id mXxin er through orifices in said
gun tip, me%ntﬁﬂ-lﬂué? Qfﬁl‘ ibed yith: FefergneRdp Bhe ARKORRIAY INS Sravingger gy
which is rel eased when atom zati on occurs in said mX| ng chanber. 12. The
met hod of claim10 or_claim 11 130 to0,150 i g 964to 10343
kPa gauge) super heat¥t sfeg]ﬁ?fieﬁ e%@g% uPERRrAA oTt Eé&ﬁ

(315.6 and a&tdriding kb claim get hod of any one of clains 10 to 12 |n V\/m ch
the heavy fuel oil has an APl gravity of about 1 (specific gravity of

9.
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abeyt 1.0679). -10- 14. The nmethod of any one

the ratio of the areas of the atom zed fueI ﬂ" Im}l s) of
t

4

gun to the steamorifice(s) is indhg range of 15. A ';.;m\
od of atomzing a liquid fuel with steam prior to ejectlon fromthe tlpf

of .d fuel gun substantitally as deschéhed rarsk Ofu&%b’ﬁ@”&b&'drﬁ@ﬁnéesﬁr' bed .
Wi t referengg?gg tgh% %cc an | ognf.ravm n s heater or furnace . -

conprising a east ‘one burr{er - 11- 18.
A heater or furnace conprising at |east one bur ner accor ding to cI aim 17.




