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of course well known for use in connection with heating, welding, cutting, melting, annealing, and

the like. _
It is also known in connection with plasma arc torches of the foregoing character to impart

a swirling motion to the plésma gas upstream of the gas chamber for cooling purposes and in an
20 effort to keep the emitted plasma jet focused on line with the axis of the electrode. Such swirling
is helpful in producing a good quality plasma arc, improving cutting speed and in promoting
economy and efficiency with respect to the work performed and operation of a torch. It is also
known to direct swirling gas inwardly across the end surface of the electrode in a fixed electrode to
nozzle arrangement for removing products of erosion from the nozzle to increase the life thereof.
25 Other efforts with respect to controlling gas flow have included the swirling of gas about the plasma
jet as it exits the outlet opening through the nozzle for stabilizing the plasma jet against lateral
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2 . -Jfor stabilizing the plasma jet against |ateral -wandering, and

reduci ng the anmount of swirling and the velocity of the plasma gas
entering the gas chanber and prior to the exiting of the plasma jet
therefromso as to achieve a snooth flow of the plasma gas and to

maintain stability of the arc jet in the torch. Swirling of the gas gé'ltaé
to 5 entrance thereof into the gas chanber between the el ectrode an 1420
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also contributes to degeneration of the swirling flow pattern.

20 Summary of the Invention
In accordance with the present invention, an improved nozzle and electrode arrangement is
provided for a plasma arc torch by which the foregoing and other disadvantages attendant to the
control of gas flow therethrough are minimized or overcome. In particular, in this respect, the end
wall of the nozzle component which includes the outlet opening through w‘hich the plasma jet exits
25 the nozzle is provided with a structure which provides for the plasma gas entering the periphery of
the gas chamber to be radially guided across the end wall to the outlet opening in a swirling pattern,
whereby the gas is swirled right to the entra.nce end of the plasma jet outlet to radially squeeze or
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3 *+‘radially squeeze or constrict the gas into a jet having inproved

I"'i nearity and stability agai nst lateral deflection. At the sane tine,
the swirling gas flowis downstream from t he nose end of the el ectrode
and, therefore, does not have an erosive effect thereon and does not

reduce the electrode life. Preferably, the swirling notion is inparted to 5
the gas by providing the inner side of the end wall of the nozzle w o
plurality of circunferentially spaced apart _arcuate ribs which provide
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i nvention e nozzl e conponent structured and nounted on a torch
body by when deedaitér eapsnes ¢theaibisdo ¢ gmmae thetaivailable forceagmiristithe electmde fidranoving theng
cavity therebetween for flow of portion of the_plasma,gas 25 to, provide
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nozzl e 'efectrode engages a smooth inner surface of a nozzle.

()

In accordance with another aspect of the invention, the nozzle component is structured and

20 mounted on a torch body by a coaxial sleeve arrangement which provides an annular cooling cavity
therebetween for flow of a portion of the plasma gas to provide a conical shield of gas about the

plasma jet exiting the gas chamber within the nozzle. Preferably, the coaxial sleeve components

axially capture a flange arrangement on the outer periphery of the nozzle member adjacent one end

. thereof, and the flange and corresponding end of the nozzle are in communication with swiriing gas

25 flowing through the torch body, whereby a portion of the gas flows outwardly and across the flange
arrangement while another portion flows inwardly of the nozzle and about the electrode toward the

gas c}tamber. The outer periphery of the nozzle is provided with an axially extending recess

3 _ = .-
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4 - . ‘provided with an axially extending recess downstream of the flange

darrangenment and by which gas flowing across thé latter is deflected
radially outwardly and axially forwardly of the nozzle to forma
shi el ding gas cone about the plasma jet exiting the gas chanber. The

fl ange arrangenent is in conmunication with the annular cooling 5 cavity -
and, together with the recess downstreamtherefrom provides a strudid420Iy

si npl e nozzl e conponent by which the flow of a portion of the plasma gas is
cont r cloadtream afithe flange atranggnent] and by fwhicha gao flowinghaarossi thallatiexsis slefledted
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in connection with the flow of plasma gas relative to electrode and

nozz| swiding arrangesnest upstisamafthenezzieand, whikhe structure of hegiorde fotgbdainingshe he
i 1 et o i8¢ Gty dor oo 308 B0 Pt St B e foroBeg sgeal
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furth s the provi asnma arc torc

nozz| geriphery afithegdas chanalste teathe dutiétiopening/therbfréh optinhanadednade io vealiged when
controlled to optimze cooling, 25 maintaining linearity wth respect to

the pithgletter ewirdng motion ispeied in eonjunstion Nethpreducing thetplasmajey of the | et.
naving s SRRt b e SRR AL orhoPlich dppaiti
19 spl apRARKSn With tRONGWOF pﬁ@ﬁfa as relaHVB 36 Elbtfille afld RERIS EmhidRenidiof B pfars&t%:ggglg a

pilot arc with 1 nproved gas ow control by 30 which gas biasing of

conponerhs both into and out of engagenent with one another s

optim zed. Another object is the provision of the nozzle of a plasma arc torch with an arrangement for
swirling the plasma gas as it flows to and through the outlet opening from the gas chamber between
the electrode and nozzle.

20 A ﬁxtther object is the provision of a plasma arc torch with an improved nozzle and eleétrode
assembly in which the plasma gas flow is controlled to optimize cooling, maintaining linearity with
respect to the plasma jet emitted therefrom and plasma gas shielding of the jet.

Yet a further object is the provision of a plasma torch of the character having nozzle and
electrode components which are relatively displaceable for contact and separation in conjunction

25 with creating a pilot arc with improved gas flow control by which gas biasing of the components

both into and out of engagement with one another is optimized.
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Yet ariot’her object is the provision of a plasma torch having a nozzle and
el ectrode assenbly which provides inproved flow control characteristics
with regard to the plasma gas and by which the quality of the arc

pl asma colum or jet, the quality of work perfornmed and the efficiency
and cost of operation of the torch are optimzed. 5 '

Bri ef Description of the Draw ngs The foregoing objects dnd420
others will in part be obvious and in part pointed out nore fully .
her ei naft er [¥eteuothennbj¢chis the provision ofraplasens tarch havipg amozalé apd déctradedssembly

i o Which provialS npRele 8% consie cfrsidn o Bt Y o Ly £ ud B which
vent | e dtaltyotthe doPlaghialin G bgLiti B FOR U RRREL Y e MBI B ost

assenbl efloparatiernefthe porch aredptimized.t he torch; FIGURE 3 is a plan

view of the nozzle of the torch; L. FIGURE 4 is a side elevation
viéw, partially in section, driefRespxiptipe of tlg Drawings F| GURE 5 is a detail ed

D e oot bl SR e AEPER 46530 nd i Sk ety
det ai | : . o : ) ) ’
ngzgi ee? aken al (E)}ﬁgm?i ne GI‘%S;ml1 Eieﬁ?%ﬁ%ne&gﬁgé]tgdn&fﬁ fﬁ%’?@fﬁﬁg‘?‘%ﬁﬂmﬁ? %vre]rexﬁ&?

prof i | eilbdstrated in thesadcotnpagying drawingcimovidelnce with the preferred enbodi nent.
20 Description of Preferred Enbodi nents

Ref erring noWIPHRE bisanexploded pemspective vigivofithgeompansnipastsiaf@ plasow arg torah in
f t se of ill.ustrating preferred enbodi nents of the invention
ogpy anaccg?&aq%%%ﬁ&tﬁepm%%ﬁiergpn” mting the invention, Figures 1 and 2 of

the draw ng FIGURE 2ia SeclbAsBevation vRW o tRE GberBldaabhipnaht gai‘tk of theaBilh;
5 a suppor

conprising a body portion 12 coaxial with axis A 2 t1ng

coaxi al |y ar FAGURE hiwaplan vidve of theawzziadf tedoschpde di spl aci ng

conponents a scribed in greater, detail hereinafter. Wth regard to the
verti cal %Igﬁlé‘h@&%# $ifle ngﬂﬁfbﬁe‘mpgﬁé%lﬁ sectipmy of thenozlgily portion 12

has a | ower t.ded. - | ' (o] r [ .16 —
respectivel y;ﬁgng aﬁqss\%l1 r mx}eﬁﬁéﬂaé%g%‘%vgﬁlg% dﬁc’%ﬁ%? %Iriﬁg%gg@%éiggf;&g?na for the
i nsul t i p@irling eibk ahd ¢BanRBl} on thHOHOEF1&Gnd) eeve 20 are received in 30 the

| ower end of body portion 12 and nounted thereon by external threads 22 on

sl eeve - F3GURTe6 énydefailed sdctitndlieleyation viehr efadmortién oftheedd watlrdfithendzzle
For hetakggl a(igng line 6-6 in Figure 5 and showing, in projection, the profile of a swirling rib in
accordance with the preferred embodiment.
Description of Preferred Embodiments
20 Referring now in greater detail to the drawings, wherein the showings are for the puxposé of
iliust;‘ating preferred embodiments of the invention only and not the purpose of limiting the
invention, Figures 1 and 2 of the drawing illustrate a plasma arc torch 10 having an axis A and
comprising a body portion 12 coaxial with axis A and supporting doaxially arranged nozzle,
electrode and electrode displacing components as described in greater detail hereinafter. With regard
25 to the vertical orientation of torch 10 shown in Figure 2, body portion 12 has a lower end provided
with outer and inner threads 14 and 16, respectively, and a swirl ring assembly comprising a sleeve

of insulting material 18 and a mounting sleeve 20 are received in the lower end of body portion 12

5 : F—— . - -
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6. «.w |l be described or which will beconme apparent hereinafter, the
iI'nnet end of insulating sleeve 18 is provided with a plurality of

ports 24 opening radially therethrough and an Oring seal 26 in a
recess extendi ng about the periphery thereof, and the | ower end of

mounting sleeve 20 is provided with an end face 28 transverse to axis A, a -

conical wall 5 30 diverging relative to end face 28, and an outer Isd42@ce
extending axially upwardly fromconical wall 30 and defined by a

pl ur al igh¥ nRfunédthaeait} bRBmALthesePPbR SedROLY interengakih@ vAdH intiRAlNhiRhds Ion

nmounting sl eeve. A shoul der, not designated nunerical 'y extends
r adi al lbpdy rpextich 12 r Sor theepunppsss whish will bé dssciibedod varighgall bagainesappatent

| ower end, fage of hoqy portion 12 to posjtion . the swrling rj ]
assenb/bgreipafies; the ager end ogmfx?avag e@vea%ﬁw@mdteémbsaalacﬂﬁ“%af BOrts 24 Opesing

4 .
4 of : . T .
Cht er nAfiey kehigieh &ndn &ring sedl 28 % & I Gherting Shofh theHeto Gy itedand |,

or5 bodyhdmemieend 3f mbaRtigeleewee is pidvidedrivith aiiehd fade 28 transvdfsead iaRiB A, iaconical
greater detail hereinafter, includes a nounting flange 40 extendin

t her le?wmn 30 diverginglirelatéve weemleagx f& Wdrscouter winfase sﬁsmféag a&lﬂﬂymwegﬂly grom
i t 15 t . 8 ting.. 20

5ot RSP S5k ol ok Lt S s o

ower %Fkgm?é §f§g@‘% Aﬁh'cgﬂa@; nﬁ%eglglngte{ﬁrﬁ?%d&ﬂf bRt rédially inwdd§ iR %{dee@p@ie

of shie ncl udes 3a coni ce 44 diverging from shoul
41 to ientdeoffihs 3D ambelgagss againstthedbwesendofiicadf hodypactich 12 torpositivndhé swialihg 30
and fins 32 of pounting sleeve 20 to provide a cavity 46 therewith for
tie puringassanahlythsrem®. 20 hereinafter. Torch 10 further

i nel ud | . . .
o al i s i Asant CEronC A pRpted ARSI BTG IRMD BEHIORT2 by o IS bt O
50 recqiriRidld Sup'9¢ Biving thtarndl thasads 98 3n GishipPell dnd@ngith @ withixicfal thiRhdd NPéA NY
at its | ower end Tn a nose end surface 52. The | ower end of nose

por t i oiboB mienthen ii2:sNerzle meaber 34, vifich will bedescrihedyin greateo detaikhereinafied, incjudes .
the nosanemiineeag: 60 Sxpndiss Torebot ARG 6wy PRasis Sadsoise! EvAich

i ho. . . . ) i g -

8% oot ALY LBl bt Bl UL flde 38 pPimotindidl Qe B2 Plnd PR ho Bl epthditly
swirli %Hoﬂ&éﬁl%ﬁ(;ﬁed 99%@6‘4% at the l6Wwér! 8 68 sHiBlduptIse AvBest sdeh MUFRRESTthy

for grooves 56 to define swirl passageways 30 therewith. The inner nost end
of el edtmeydedesdf shield copiddcdcindeda aoticaldutiBee 44 divierging from shoslider 411 to internal

D e o iredds ¥ and Which 18 facially sBaced Hhomm Sonical wall 56 2d iss 356 mbilifg sfotve 20 to
provide a cavity 46 therewith for the purpose set forth hereinafter.
20 Torch 10 further includes an electrode 48 coaxially therewith and supported therein for axial

displacement relative to nozzle 34. Electrode 48 includes a nose end 50 received in nozzle 34 and

having a cylindrical outer surface terminating at its lower end in a nose end surface 52. The lower
end of nose portion 50 includes an insert 54 of hafnium, zirconium, tungsten, or the like and which,
as is well known, functions in conjunction with the nozzle to create a plasma arc in connection with
25 operation of the torch. Electrode 48 is provided axially inwardly of nose portion 50 with a gas
swirling portion defined by helical swirling grooves 56 and which swirling portion is received in

sleeve 18 of the swirl ring assembly for grooves 56 to define swirl passageways therewith. The inner
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T - ‘axially inwardly of head 58 and adjacent ports 24 through sleeve 18
and outl et ends spaced axially inwardly from nose portion 50 and

adj acent the axially spaced apart ends of nozzle 34 and sl eeve 18.
Torch 10 further includes a piston and cylinder arrangenent by which
electrode 5 48 is axially displaceable relative to torch body 12 and t hus
nozzl e 34. More particularly in this respect, the upper end of Let4Zh
body 12 receives and supports a cyl i nder conponent 60 including a.head

por t i omosbenddif glestrede 4%is pppadedanith ahe and the helicalipassagewaystetwenn swirlirpd
extendi ng axial ly.do rdly,therefrom and, having a_.lo ...end axially
over | aﬁrpﬂ%?{ﬁs #é}l@%&egwé\%ﬁ‘é"' %‘}ett §?§e§?@°¥8"’%ﬁbf W@’%‘%V PFL?% apdadiaoent pos24 10
portio ' | ' |
ComponDiPHeiiIBARTS 4t SReF irdiAloc xR Bilardly SR b pofilon, 50 o Wi iF ey
For t haxiplly pmeced apdrt eldswifinbzzle 34 ahdsleswe BEpar ent ~hereinafter, the outer
side of sleeve portion 64 of cylinder conponent 60 is provided with a

pPural ity offorchi1g futherincludes apistenanskaylinder astangemens by mhichl dlgctrode 48 i axially
t L ' t f d [ it f ts,.72 t endi
0o S A0 RIS APl BTl bt 5012 20 e
of theedE6L&IPbody 17 REVed ind"ér}fgb(o)r%ts a lc?lﬁxgt*e?? Qlfél‘ﬁﬁhé}ﬁ%@ iﬁélﬁ&ing Q‘h&@é& 8}1%?[]25

coul d extend through the botto recesse

pur posadjacent thie uppérienti of body Hhami esi¢evib portionads extendirpankiliyrdowatvardly thé&efrein
the cylipnder conponent is provided with radially extending vent passages 74
openi nffd kaving,a lsysr sad axially oxerlappingthe puler salevafislasve 48 oEtheswinl singrassempiinr e

30 o1 Heft ot inghled b GRS 12 adbtnes 3 hobidR? B o BRRG iy o0 s
r eces sgfiallitahed in torohltRd9UR Yy Axplit HRE6R. For BRArposes WKW beRdmb 3pparent

sealing interengagenment wth the inner surface of torch body 12 whe
t he cyhdreinsftercieputeesitde pEsleevspodivn Gesfeylinder component 60 isfirovided tvith aghatality
.of torch_10, fur . l,hcl udes a pjston nepber

ﬁﬁlv: 233 a@iﬁ%' ding Fr6RseH 4 aﬁmaﬂf%erﬁ«nhuaweﬁgﬂpm ﬁéogél}eaw q%rgsnof,%é.a.
A : . | 1 S
ool ARty of porR2Blefliink rAHAR e slbek foriBh B Hor B LOHMAAY o MMt ©

69 andof therdchsses, althquphtit wilkishppfecited that the lattePpéitsduidextaidahioagh the boBase
portion 64 of the cylinder-conponent with inner end 88 engagi ng

axi al | 9f alknfdhe racesse8 Alsodbeibe puthoseswhichovithhecsnie appasentiherginften,iteaé portiont on
30 82.d .d fromthe position.thereof shqoqwn in Figure_2, and piston
32 i 68 SR ERfact colnpghentfs BR¥ider itk ey re-EOtig Yot paseiics 73 opgoipe e
gas UNStephiefa® 98t fasdaBlw ey 6 Yhich is vented to atmosphere through a port 78 in torch body 12,

and these vent passages are axially between a pair of O-rings 80 received in corresponding recesses

20 therefor in the outer periphery of head portion 62 for sealing interengagement with the inner surface
of torch body 12 when the cylinder component is mounted therein.

The piston and cylinder assembly of torch 10 further includes a piston member 82 having a
head 84 supporting an annular sealing ring 86, an axially inner end 88 and an axially outer end in
the form of a stem 90. Piston 82 is received in and is axially reciprocable relative to cylinder

25 component 60 and, in this respect, head 84 of the piston is received in sleeve portion 64 of the
cylinder component with inner end 88 engaging axially inner end 58 of electrode 48. A compression
spring 92 biases piston 82 downwardly from the position thereof shown in Figure 2, and piston 82
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through'inl et passageway 94 and flow ng axially along recesses 70 and-

thence radially I nwardly through parts 24 in sleeve 18 and agai nst the
undersi de of head 58 of the el ectrode. A portion of the gas entering
i nl et passageway 94 flows radially inwardly t hrough ports 72 to ports

96 extending radially into stem 90 and then upwardly through 5 axial -
passageway 98.in the stem The flow of gas into inlet 94 is control letd3 a
sol enoid val ve, not shown, and which may for exanple open in response to

t he toixdisplaced tapthe position deresfshogrnt incFigurech by iplasger gasaindenpiessune introdated
During displ acenent of piston . 82 to the positign shown in Figure 2
air ag&hreugh ﬁleﬁmaﬁ@sswaﬁ 9¢ ang Llopdng gally rrgseéses 70 %&swnmh?f\m\mrdly
passag | 7 , t c :

e ogo P8 tats 2Ain RS 1k antlERiokie BREGAL0TNGH ST TRl i8O8 pbltion of the

Pos L1 B e R e B e T ot A Sonmm e

positi on shown in , thus 8 downwardl y.
Ai5r  be nahially iptossten 90 enditheén upwanliywhysugheaxial passagewah9® tgthe istedi. aThpfow of gés

d axial d this .ad | ' f | i

The ot S8 RIePIA i oRERISAADCR FRIGRAIE TAIG: B SIDHR 85 Wi ey d Gefengie PR 15
' assage 6 18.. |

e, Pt YRS fd: AR QD o PR RTABERNS ik lor Tt Wy Pt

gas i sof pitdn8Di6Sthe pobitieR hown in Fipues! 9 ait Boviedsiston hesly 34 iverdd @edimbiishere

nozzl e and el ectrode conponents for cooling purposes and for
est abl Huhughythe yens passagewaysctd, 76andi78. Weenghe epératoe deleasesrihentorch trigger, the

By 2 sotBaid vilvs lons b e el fapt i) plseerier 9 PRFETE SAieHIaeR S5t ch
bod ; 0f 70 i i .
oyl § natt BoEBaldif from the bR BOMR IR FIES Sdilplauifle SORE MUY, Rir
of t hebeiicath piston’head B4 icalwagsreditedthrough radial ports $hibral axislpassageway 98 andithis

cylindrical wall 100 coaxial w.th access A, the upper end 101 of which .
i s opefdyantagesusly prowides fopeaqling thepistone | Ruing dewarsard maovement efipistoaf?, ais is of

arc. | dasgy BREI YRR B0 Wiian feks S RARVEK Sfar PasBiichioth, P 7 R4 78, iy ™
NBUNt | BPerhtiah € OGS as will I%Ebﬁa'e'aﬁp%ﬁ@ﬁé&&aﬁ@ﬁﬂam&qwmﬁmﬂﬁﬂyl%&w&f‘d

108, respectively, and an out er peri phery ch IS provided w't

r adi al througlt the taitly badyeand\bebieendhl nexziesmd electrode compements foy caglingquirpgses and
circunferentjally thereabout. 'E%Ehouter sur f.ace_ of nozzlg 34 30 between

| over Sorgstablishinga plesipaarcied A8 Wil he aprsesintyd Soniiha frpeing dAaTPLoRy IASARINS e
coax! bng G¥heksts oA in torliPbodi2 Bfligfihter SR04 Witn BHERMaiaHy tHRBEE

surface portl

112, 1k t3RM b9 adfabem ¥s upik Ynds/\6T retessest 7 iR skRes Poition! 4ot icyRidd nikint $00f
fl ange 40 to the | owernost end of the nozzle. Surface portion 116 has
&0di anet er @Refeating novdmparticular to Figures 3-6 of the drawing, nozzle component 34 is a tubular
component having a cylindrical wall 100 coaxial with access A, the upper end 101 of which is open
to receive nose portion 50 of electrode 48 and the lower end of which is closed by an end wall 102

transverse to axis A and having a plasma arc outlet opening 104 therethrough which is coaxial with

axis A. Mounting flange 40 has axially opposite upper and lower sides 106 and 108, respectively,

25 and an outer periphery which is provided with radially outwardly open V-shaped recesses 110
| equally spaced apart circumferentially thereabout. The outer surface of nozzle 34 between lower

side 108 of flange 40 and the lowermost end of end wall 102 comprises coaxial, axially adjacent first
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t hat of- surface portion 112, and conical surface portion 114 accordingly

di verges from the | ower end of surface portion 112 to the upper end
of surface portion 116. For the 5 pur pose which will be described in
greater detail hereinafter, each of the recesses 110 across flange 40

has a radially inner end 118 spaced radially outwardly fromfirst
cylindrical surface portion 112, and the upper end of nozzle 34 bet wigsi420
upper side 106 of flange 40 and upper end 101 of wall 100 is provided
wi th a pylindrcal, gonitaleandasketond cylindﬁcaxmﬁﬁeawnﬁmsq\mlmﬁm 136 paspectivel, which
correspond in nunber with recesses 110 and are 10 radially and

ci rcunf ﬁ@ﬁ?%ﬁlmmilmf@madm%oaﬂ%p A8 s thedowermestenst ofithe nezzde sSurface portiond,

accordi a [ 1N ends 122 Lch e _coplanar with inner
cnds. 1150 has WA Bl Y thar"CY SrsSE POt A, oo mtha ppiona 14
cyl i ndrj it f ' # |.L,. 100
Couard g By st (AP 1A ol RO P (o the upgend BF ot ackBorol
126 whi ¢16. For théipurpodeoshioke mill bé desstibed i Greatirdetaittersihafd} dachoF!tiad de¥@sésO1 10
surface Zﬁpin extending radially inwardly thereof toward outl et

1
openi ng2¥0ss flange 40 has 3 radially dnner end 1 LR spapest radially putwasdly &om first cylindoicalsurfaes
bet ween ' rahl .. arcuat.e. | pner. surfac 26
of end Rautph 385 el te Gt kot bRl S BBl ppper side 106 F pfgee 405 el
equal | yofwalt $00 ipRévided with ﬁfrﬂit}z IS i} S |
ci rcum‘grent lally 201 andgipadi a :ogh’ihﬁl\}varc i/du?%%l%oia?mer .gfpﬁg%ei@z%ngfp% I
100 t owarrthnaher with reqesses i 40 agdiare radiallyl andtchrourafebentialty aligriediwitt 4 edresdporgiing Grech
sl'rl ri 130 arfléﬁi}r{ﬁ\/i ded.and, as hest seen in Figure 5, each of the
ritBs coffPF LEesses e‘?‘@ﬂ%‘%ﬁ? PaK y iy ends 22 sthighyare eoplanag with inner sndse
wal l's 1 pectively having radii of curvature RL and R2 from a
referenggggf;ﬁéﬁ%sg%:i%@ateral |y spaced fromaxis A on a reference |line 137

whi ch i s of f Wil B9 ofinbgsle 34 has 'cylihddicilhAérSithicd 128 exiaRtiMEfBRNHY
line 137. Each rib 130 furtheréﬁc}q icncl udes arcuatex, ra mll?%%ﬁée@%dnlg()f

out er eWal 108govard end watkl)Zcefithy nozzld: Riidwall 402 has an innef surface 426 méhidts imthe .
R4 from axis A e reference |j. 137, and refer e paings 13 . for
radi i o?ﬁﬁﬁmhﬁg’sﬁitegh@vﬁﬁeT S#é]@fyr ’E,eg"r?f"é e 9 iﬂgﬂi %@@?fimg) Hi@albf inwaedly
ripps 1 \ 65 FOU. i B, | lyot

5607 er r Ty g pite BHORLEE RO e dho PRBGREReP R B DS i Y28 K Bienm
i | | ust.raurfages 124 endb2@is preferably aenster Bires smded610f ehd tvall 102 ik Providel with a

130 sho in phantomin Figure 5 woul d be 60[err]- cl ockwi se fromthe
mﬁé@r 102 §W§?§¥h§v\}3q eaually spacadespart einpumfemntinily abowt axis Aeendiextendingm

Figure 5 __the radi . 110 ajure for the e f ribs, 130 .
corresponds to t %@F E%q ’Wgﬂn‘@ﬁﬁrﬂ?’yat‘gmi Segutace £24 St wall ?80 toward outle opemng
104. In the embodiment illustrated, six such switl ribs 130 are provided and, as best seen in Figure
20 5, each of the ribs comprises circumferentially spaced apart arcuately parallel side walls 132 and 134
respectively having radii of curvature R1 and R2 from a reference point 136 laterally spaced from

axis A on a reference line 137 which is offset from axis A on a reference line 139 perpendicular to
Iine 137. Each rib 130 further includes arcuate, radially inner and outer ends 138 and 140
respectively having radii of curvature R3 and R4 from axis A. The reference lines 137 and reference
25 © points 136 for radn of curvature R1 and R2 for circumferentially adjacent ones of the ribs 130 are
circumferentially spaced apart by an angle equal to 360° divided by the number of ribs. Accordingly,
in the embodiment illustrated, reference line 137 and reference point 136 for the rib 130 shown in
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nozzle-wall .100. As will be appreciated fromFigure 6, each of the swrl
ri.bs. 130 has a top surface 142 having a radially outer end which is
axially spaced frominner surface 5 126 of end wall 102 and which

i ncl udes an arcuate portion 144 which blends with i nner surface 124 of
nozzle wall 100. Top surface 142 tapers axially inwardly from the
outer end thereof to the inner end which includes an arcuate portionI"ﬂéé0

whi ch blends with inner surface 126 of end wall 102. Preferably, tQ{)
sur f ac ePhantom in Bigurg$ would be 60%loskavisefsamdha positions shnvn inthe Jatter Figyge.oAs avill

ol ect r qAPReeIass FRERiBRG BRmils o8 FETnits BF e ol ifs SBY B3 Srdporigho
ref er enggt dfonder SWERS 134 ansizwml! SO Nhd aﬂi Ve a?gtke%fa%u ﬁr&ﬁqfigf&é g;%%ﬁ%g’gé swhfl bs

130 provi de gas flow channel s 148 therebétween each S an
ent r ancaibsci360 hms aitopwirface 142 havidgamdialy oufer ambrwhieh wedxiallyOipacenfram imet bwifacend

bet ween_ t he rgdi allk)é i nner, _.ends _of wal || 132 of, one of e adj acent

h
rids antPepfiend wall 198 apgd whigh aeludesan grevataportion,t 44 which hlepds W§th e surgase 424

bt °t he SficEzle %t Xo0° Tob Mle S BRI iSRG ERUEFphd B} e i °
at the Qidwhich includ@h @EudidPortidn 146 whivlBlefddwiR Gihes BarFaRl 126/6Y dndl vaslppe2d

to guide gas flowing into the entrance end thereof along an arcuate
pat h whPreferabdy,dop sunfacet 148 is slightly convechetweer the madially innerandautensnds ther¢dfeso

outl et end.of the channel . Moreover, t channel s are_configured 20 to
G s char 800 EFgeass ieraneh AL SHE FIBRRCTISAtor 4 IRGISPag thespity GRS SRR s torch.
ggmeral ly st ARGt ' igufRRE t..1.0 @uble ' .
cﬁgnnel S coo%veltrhtat Ivel yfﬁgévx\}c?’:“5 B ?ﬁ% adrar "3‘/“%138&2@% gﬁkﬁ%%gg{égsgﬁﬁﬁgg (e)r S

out| et peidepes 16w chiriiels 148 tpetietiveen each of Whichhai 4 eifrahde@drdt inhenksidface 124
respect to the plasma jet exiting the torch. B

y way of
exanpl f rovdlenwvall 108swdan auslet nrd betwsan theradiadly dnmeri ands of wealletB2aofiombof the
described, in.a nozzl erein. the.inn di anet er, .of surface 124 is .abo
0 540 +agivent xibs g 144 SLibs Bities s A5 il pe RpRGGaled 13 padiguish Fiog BIEUE R -
rel ativ o ' | Ega%ﬂ
di anet et?w%?ca ou?ﬁﬂg.I g{jg |%§ﬂ§§ﬁ%t§eﬁg& i‘%lﬁs%.’ g’ﬁsﬁ%&teﬁa, % , gﬁggﬁ%t?or
rids 130an et betwren thewhlys 41.th2outlet ehd ofthe @hanrel, wheel/éach ohimnel 148 issaddpted
0.170 inch, The offset for reference point 136 fromaxis A is 0.076 inch on

a | i ne to@uidggas Sewinginte the enfrance gnd thereof aloag anarauate-pathy whish is gensiricted invthe

el e R A L SV, i R
ribs 13Q dischdrgetrfle igB$ fromthe ddidt-en fhereof in & gglé&ibncﬁﬁ\éﬁtiyééheﬁﬂg trﬁg%e?ﬁ'iraf was

142 of each of the ribs has a radius of 0.1 i erence

I nch from
poi nt | raspectiol optlsiapenihg(04 Wherebytthd channals cooparatively awirh atid radally squéez6 48 gasch

20 as it enters outlet opening 104, thus to optimize maintaining linearity with respect to the plasma jet
exiting the torch.

By way of example, and with respect to the embodiment herein illustrated and described, in

a nozzle wherein the inner diameter of surface 124 is about 0.340 inch and inner side 126 of wall 102

is at an angle of about 15° relative to 2 plane transverse to axis A, outlet opening 104 has a diameter

25 of about 0.042 inch and the dimensions R1, R2, R3, and R4 for ribs 130 are respectively 0.125 inch,

0.100 inch, 0.070 inch, and 0.170 inch. The offset for reference point 136 from axis A is 0.076 inch

on a line spaced 0.004 inch from axis A, and the radius of curvature of each of the arcuate portions
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fromtop side 106 of flange 40. 5 Referring now to Figure 2 in
connection with the foregoing description of Fi gures 3-6, nose portion
50 of electrode 48 is shown in its operating position spaced upwar dl y
fromend wall 102 of nozzle 34. As is well known, the electrode and nozzle
are adapted to be connected across a source of arc current whereby, when

el ectrode 48 i s displaced downwardly fromthe position shown inﬁMIGQQe
2 to contact nozzle 34, 10 in this instance by engaging swirl ribs 130,-
and i s t128n14vanedl 46bekweenvthe dozziesysfases 124and 126 mﬂgvctwdentﬁ@ttmesuzfaaeqﬁnddhe

Oper at | GRS T SR Phr D 6 05T K £ LD i cRERR S o RS 42 of
cur T ace Ggh0f e tbstas AARPAEQ 130 el fim HRElERL Bo IR, bl 001 BtREom,

150 haviggs AlnaRRisli¢spaded 064 indks fodbidp sldeUD6lof glangd 40. peri phery thereof as
defined by the annular space between I nner surface 124 of the nozzle

and t he annul Refeaingaovsiediigure2 in cemneption wish tietforegoing descsiption pbHigungs 3-6yrnase
to creating t i.l ot arec,. lLower. end 52.0f nose portion 5 t he

ol ect r odoriamAgebeiretinge 1 is SRR in £ pctAiRe mRion APt ey Jrpct 54 wallgs2 of
and pl asiiBz | ot 1 a9z ' 2
for flowl net3#°e %ﬁﬁ%grh%’h’og’;g%guﬁg ween Zth{‘}ea?ét %drk?lﬁleﬁ‘gg 57_%3’?%&56?%&%3?%%&
sl eeve &ff @6 Quréhtowhereby,omlgen lectrrle st8746 displaced dowawardly frondthewositiopshowndd
i n sl eeve conponent 18 of the swirl ring assenbly. The gas, t hen

|
flows r dtigare 3 to eomtactngzale\34un thip instanco by spgaging svidgihsd3o, mﬁsmgweback

ol ortoBRL e pREOS Howitiin Pkt 28 ARG sttt HEeltR B orhSerloritn syt
fl ows dg&ﬁ%‘gﬁggh? ﬁgaﬁﬁén bPtheORRin &R enBYdiMtntgl1eaRE hé?fg &e@e@ﬁ&%e&%@ﬁéﬁ end face

passage ower end of sleeve 18 at whic part of the gas
f1 ows i "SZofneselpoptidrt £0 of hovzidW8 amithe axiafiy sweg sutfae\i26 mfiend wrllsi2ffnezzle 34
124 of nozz] e 34 and the outer_ surface of nose porltéip(%g 50 of the e ectrod%

and t herRrevides a plasmag sibrhaying ap apnylarentrance, oxtthg Ruterpspiphery thereof .

D) oo« B defid B thefipila spaliSotween inibd ST AT Ao W kcBlef o A3FCEY
ouj et %Fh%sggo&i?)ﬁ P FUREBASREEPALY 16 ‘dr@iig The ﬁi‘l&t)érd’,\'iléwlberrﬁamcdfno_se porltien she

peripheral edge of outlet opening 104. Thus, the gas flows in a circular
pat h of the electrode engages ribs 130 under the influence of compression spring 922and plasma gasis

S 111 ninaics rough Tl pomge £indorsh i 4 i omiio e rrgb b e Bgresy e torch
swriin : .
contact idy/hnd cytinbBAIANE B ma ity Horl fobsies” A RFVAF Wirl B bl 5048

and noz
component 18 of the swirl ring assembly. The plasma gas then flows radially inwardly through ports

20 24 and acts against the underside of head 58 of electrode 48 to displace the electrode upwardly to

the position shown in Figure 2 against the bias of spring 92. The gas also flows downwardly about
the upper end of electrode 48 along swirl passages 56 to the lower end of sleeve 18 at which a part
of the gas flows in a swirl pattern in the annular passage between inner surface 124 of nozzle 34 and
the outer surface of nose portion 50 of the electrode and thence into gas chamber 150 from peripheral
25 entrance 152. The plasma gas at this point flows circumferentially and radialty inwardly along the
channels between adjacent ribs 130 and flows through the outlet ends of the channels generally
tangentially with respect to the peripheral edge of outlet opening 104. Thus, the gas flows in a

11
Been Re;iaced

i



jet Prexits gas chanber 150 in the swirling pattern generated by ribs 130
and channels 5 148 therebetween. As the plasma gas continues to flow

t hrough chanber 150 pressure is exerted against inner end 52 of the
el ectrode whereby |l ess pressure is required to mai ntain el ectrode 48
to its oOperating position. Further in connection with plasm
gas flowinto and radially across gas chanber 150 to outl et opehrHR0

104, as will be appreciated fromFigures 4 and 6, the gas flow 10 through
ent r anceirdiflar pathi about amp progréssively toséard openihg 108 Gindrthen through epeming 404 s aof
channel s 148 t herebetween, i s_advant ageous]y snoot hed out by the arcuate

surf ac emhai thtemﬁﬁ_a mendioggsl a‘a@mwmlt the sleetrademoyescqut By ot With the negzle, a
e 11 ooty TR iebvied g BRpode ant nB2ag etior telElel P oy R Shofe B0

por ti onjmheQhwitiiy FAtRAt ERILatt @by FiBs 430 GHATLRARELsI 138 thétebetweer. 2AS He a4 gas

along ribs 130 1 nchannéls 148 toward outl et opening 104. In connection
wi 5h sucéontinmes 3o floenthfoughahamber 150 pressure isotxerted bgaihkst anpeviend 52 hoftthe blectrode

direction of the swirling flow about nos artion 50 of, the el ectrode
upst reamhﬁfe&aﬁleqﬁmweistﬁqmg%wmbsﬁe ° f% S QPEERIRE POEHORal directi on

achi evi ng 1 hd SrnEHABReCch iR BIUEE fas 0 intg and sy lodtbef a1 R BTRED
pi | ot apperifig LO£AS inln bégpprediatBd GBaY Figaes 4 And 688 gy f6v6 HRoughenRlahd¥ 152 against’ C

nmode and, is well known, the nozzle can be nmoved into proximty with a
wor kpi etap surfacesfléi2 of inibs 43@ andinkethe entmarices ofxhaniels b4Sotheretietnsen isasdvantagéousty

t hen operate i,n the arc- ransferr de. Further in
chect soaothes ool B8 8 natspurtiies g and 15 Bdiatint cntrmred:S2 tirbaby mimpising or
t her eof eVl VB | %ﬁﬁ% brh oM [ L5

of the ]a olgvﬂlhmu%#% gﬁ%gﬁlonﬁﬁoét ep ggﬁa gasal}’f%é}hggg in%ﬁpurplgggés&a n
this reapécitcuntforentiallflonealong nosepprtioni5atof thefeletrotic @ithesircimfereatisland tadinl Gow
the plasma gas _flowi ng through swirl ports 24 and thence al ong heli cal

swirl palonggibs lg%int@mr&f b%&tpwmﬂpmeemgh Ipﬂohcw@@ioami@ s;]lch transitionat Bov, -

1 s 34 . 1 i t 120 30
T the BUPdD vERIARS i RSB, 87 aTRGion o sRLLh el Sl M KRBT R E
f113n9e gfdobde upstredr SrofiPeiaiber F3U EdiREPOHS to roRchintétefitial dliEctiln St How fitough
fl pwi ng through grooves 120

13 chinmels 148 Hetwteen theuibsd 80 mhidhralso premetes achidvifig the tranditienal flowlveith midael
bet ween surfaces 30 and 44 of mounting rings 20 and 36 and into cavity
46 acr 09ENQ BEbylerce; Qnoe e pilof axs is ereated thepichwperates in # Aen-trnsioreed pilep aisanede

Gas. 11 ofPhaSohell e, b8 plete S b bieved A8 niFinBRLkR d srotuicl B RERR
1 ange #nsaed hefits AT kst nd Aol GGl R0 Btssibcnoe | i | Cal

surface 112 of
20 Further in connection with operation of the torch, the structure of nozzle 34 thereof provides

-

further advantage in connection with directional control of the flow of the portion of the plasma gas
for cooling purposes. In this respect, as will be appreciated from Figures 2-4, a portion of the plasma
gas flowing through swirl ports 24 and thence along helical swirl passages 56 to the exit ends thereof
flows laterally outwardly across upper end 101 of nozzle 34 and thence axially through grooves 120
25 in the outer surface of the nozzle to and across recesses 110 in mounting flange 40 of the nozzle.
Furthermore, a portion of the plasma gas flowing through grooves 120 flows radially outwardly from
recesses 110 into the annular space between surfaces 30 and 44 of mounting rings 20 and 36 and into
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nozzl-e 34 for flow thereal ong toward coni cal surface portion 114. Mre

part.i cul arly in this respect, shoulder 41 on nounting sleeve 36
radially overlies a portion of recesses 110 adj acent | ower side 108 of
fl ange 40, and a conical wall portion 43 ext ends downwardly from

shoul der 41 in converging relationship with nozzle surface 10 portion 112
and thus deflects the gas flowing axially along the bottons 118 of Lrlk28sses
110 radially inwardly toward nozzle surface portion 112. As the gas flows

axi al kavity 46 acedss noplingefins32; thus tnpromote quoling ofithecomponenhparts efithertarcininchis
*her oRrem Sl PRI oEERR bt plasniages Howins EHEh ST 18D HoNR HSHY avssp
e . AN o : N

st r uctgeeses LI Aadg8 850 R feofedRARANT iRabslll SSEQIRHENYafiled 10 of
par t sneizld Hpfop fRwetherealofg Rvtirdedtiical surface pottion 114, Mord partiealarty ¢l tHid\AkpesRnY

embodi ments can be nade and that many changes can be nade in the
fr ef eshaniderdil coh meountingsiledve 36 radiphy overtjes 2 portioh ©f pecesses pH0 adjeéent koswer side

can’ bRV Qs A0cand ApoplsaL Al Rodiap 4 cRRBSS oty oot SEDKBEAL I STNTEELd

s Faaidhahi it Akl RGN fortion, 119 Bhd i uckeMfe BACHORIGAXIROR the
el ect béttens N ofreckssust] 10 radidlly intardly towdrd fodwstkface PAIER T EL., Ak the/gds!fldRa

appreciated that other swirl rib contours on the inner side of the end wall

of t haxialy zllon%the lattqrawfmlp@ém‘ nsiifrnamea' ¢ Upon cepic lellaurfaizmxu’@mbm mjés ﬁeﬂ;dctndr ed
I X ri an, be .used. Sti 2 upther, Lt .wll. .eci at t hat. t.he

10, | PRt sy herffom g Fortie domidah s shield oRBRAGE BT puisihjet £
advant age wWih; : P t Qﬁ’ctﬁx}% I

that the SWF?%“%‘?&@??% gcaﬁn%s o} t%zﬁ%ér?gﬁ%/rvgﬁa@:gé\e Ee ac |ged\€@dg t%;[cﬁgfﬂ

t han imterkdistionships betiwetn the componend partsef tht prefoned enibodintents itefitl bea@preciated
enbodi ment. These and ot her changes In the preferred enbodi nent as

wel | that gasnsr cmhedimentsean be made il that impsnynFirangst cgp bappadeein theoprefissd -
o o E0prltaicls kel e RoRCRTHIE R Bt R BVRITR ot pecishli oF it e

I:S_r‘t er Q?;ﬁ’e@iﬁteﬂ&hﬁ' tite 88221¢ btrifdtkrd ca Be Aed 140a tofHERWHIEh tthdiRle AT electrode are

I mtation.
mounted in axially fixed relationship relative to one another and wherein starting of the torch is

achieved other than by displacing the electrode into and out of contact with the nozzle. Moreover,
it will be appreciated that other swirl rib contours on the inner side of the end wall of the nozzle can
be devised and that more or less than the preferred six ribs can be used. Still further, it will be
20 appreciated that the swirling of gas across the end wall of the nozzle can be used to advantage
without the swirling of the gas upstream of the end wall, and that the swirling of gas upstream of the
end wall can be achieved other than by the swirl passages on the electrode in the preferred
embodiment. These and other changes in the preferred embodiment as well as other embodiments
of the invention will be appareizt to those skilled in the art from the disclosure herein, whereby it is
25 to be distinctly understood that the foregoing descriptive matter is to be interpreted merely as

illustrative of the invention and not as a limitation.
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5 -. F Havi ng t-hus described the invention, ‘it is clained:

1. I.n a plasma torch donprising a tubular nozzle hayj axi s and

axi al | y opposite ends, an end wall at MHM %W an el ectrode
in said nozzle having a nose end faC|nB sai d nose end
and said end wall providing a plasma gas ch aﬁber and said end wal l :
havi ng a gas chanber outlet opening extending axially 5 therethrougil42@ai d
chanber having an entrance spaced radially outwardly of said outlet

openi ng, neElaving Gusfdesoribed tite inverstion, dscluimealigh sai d chanber in the
direction from said entrance toward said outl et opening, and neans for
creating an arc between said nozzl e and el ectrode for a plasma Jet to

means on sad orfh 4R e Hrtfished ipter iRl RATERGin S8 Bid it omedie of

sai d Riyas R el welll R Bhe 8f ShicPeHds A ledndde it Shi@HblnAd b A6ke end fac a1d end 2-

The i nprovenent according to claim 1, wherein said rib neans includes

a pl urwdll,tsgidafose etd amdisaidiend wall pmhdimgmrpiasmlegas rdxambéxyamlpsardeﬂda;mr havérgait
sai d outl et openi ng. The, i nprovement according to

cl ai mseschmwmﬂgfeﬂpamnsm%@ﬁs %ﬂ@&hmgh sidchambgy heing ap entrange spaced

Shout "84LY BBRReS oF A% bl SOARAE dheds 150 Yot Ut il erB REEEEH PG Lhmterin, 1,
cl ai mge ditbRioRIiffbonS Sidl eftiaidd Rvard 818 outlet opefitg A dmeitis Tor Gesling MG BadRe®aCh

having a circunferential dinension, circunferential di mension of
sai d aaidnozzbel ik elegtrodecfor arplashmjet tcaﬂowfthmaghi said mtlemptmng, the improvement 5.

The i nprovepment.according. to c 3,, Wher e channel s_ hav
r adi al YORRSIHNG: TR i et B4y %ﬁ@%ﬁ@ %%f?@aaw@mﬂgﬁ%@ﬁ How of said plasma

gas from said entrance to said outlet opening.

g
-

2. The improvement according to claim 1, wherein said rib means includes a plurality .

of ribs on said end wall circumferentially spaced apart about said outlet opening.

3. The improvement according to claim 1, wherein said rib means provides said end wall
with a plurality of gas directing channels circumferentially spaced apart about said outlet opening.

4. The improvement according to claim 3, wherein said channels have radially outer and
inner ends each having a circumferential dimension, the circamferential dimension of said outer end
being greater than that of said inner end.

5. The improvement aceording to claim 3, wherein said channels have radially outer and

inner ends and are arcuate therebetween.

14
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6. "The inprovenment according to cl ai m 3, wherein said rib nmeans
providing said channels i ncl udes a pl n said end wall
circunferentially spaced apart about “I & ﬂm mng, each sai d channel
bei ng the space between a circunf eren aacen *pair of said ribs.

7. The i nprovement according to cl a| m 6 \/\herel n said ribs have rkd#go
outer and inner ends and are generally uniformin circunferenti al

t her ebet ween. The |rrprove Nt ac ordin ﬁ %acl aim6, &%ereJ n
said ribs hafe rad’hﬁllnipl'@(ﬁl@ntéﬁ‘épf ‘#Hb 3 aWherei s3id g1, megns RRAYIding, gaid,
circunferenti al I ]

apart kel e s TRy °?ﬁ§€°r§%as i B BB ariaal Ao sHR 3G
ones of é{;m hannel beiflg I&%Wﬁmﬁfmﬁﬂlﬁadjaehopafafm&nbs
wher ei n® gdcﬁhg’ salcclicralnlgls has rad| ally outer and inner ends,

circunferentially opposite sides and a top wall between sai d si des and
facing said nose end of said elect rode al dt t I n ] sai
end wall in t7he dmhsdmp@ﬂvqm%haﬁm ‘BEtt‘éF' F’@‘ef%s?‘ﬂﬁ@’%)%@mgﬁﬁga ’e’P?”éi.d
10. The | S@efh channel has a
radi al | mf %ﬁ%&L m"lﬁc&é aﬁgr%(qagm&lg{%tenﬁl ng outer end

surface betvveen Ci rcumc erentially opposed sides of adjacent one of said
ri bs, and an arcuate surface joining said bottom surface and outer end

sur f ace. 8.  Thk. mprammmmémg o ctaimd, avherein said|ribshaye radipily evtar and d
bottom surface, of said c nel ta s x.|aII frromsaid ng n

sai d el dmneroendsi and fae & MG £ M%rafpaﬁé ?rhef?ePfgﬁlg g‘?ﬁ are
said adjc%&%n}'er%%ﬁy %ac%h&x{ 4 &iStance less than that between the outer ends of said adjacent ones

of said ribs.

-9

9. The improvement according to claim 6, wherein each of said ribs has radially outer
" and inner ends, circumferentially opposite sides and a top wall between said sides and facing said
nose end of said electrode, said top wall tapeting toward said end wall in the direction from the outer

toward the inner end of said rib.

10.  The improvement according to claim 9, wherein each .said channel has a radially
extending bottom surface and an axially extending outer end surface between circumferentially
opposed sides of adjacent one of said ribs, and an arcuate surface joining said bottom surface and

outer end surface.

11.  The improvement according to claim 10, wherein said bottom surface of said channel
tapers axially away from said nose end of said electrode in the direction from the outer toward the

inner ends of said adjacent ones of said ribs.
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17 - - . 12. The i-mprovenent according to clalLm 9, wherein said top

wal |, of. said rib had an arcuate portiopn between said-radially outer

and i nner ends, said arcuate portion bB respect to said
nose end of said el ectrode. T * mrent accordi ng
to claim®6, wherein said ribs have radially 6utér an nner ends and -
are arcuate therebetween. 14. The i nprovenent accor did 4290
claim 13, wherein the radially inner ends of circunferentially adj acent
ones of sai dZi bsThe Enprovementaceending toyclaipng ewhensin said top walliof has;an

than th t t t h t. d d t f drib

15 R AU P A ALY qrier g e #has AR T A RATIOR ERE AORT B

r adi al I ?ﬁ&%tﬁrsaﬁ%ségﬁ%f él c}&#({ecum‘ erentiall.y opposite sides and a top
Sl

wal | aci ng said nose end of said el ectrode,
sai d top wal | taperlng tomard sai d end wall in the dlrectlon fromthe
outer toward the inner end of said rib. The i nprovenent

accor di ng t d3e| ai FhelBapravementaceerdingdaiclnioawvkereinseid nbs havegadially puter and
ext endi.ng _bott surfac n axially extending radially outer end
surfacém%r %%"l“gge ﬁ%ﬁ@%&ﬁ?‘g" F¥41 1y opposed sides of adjacent ones of
said ribs, said bottom 'surface tapering axially away from sai d nose end
of said electrode in the direction from5 the outer toward the inner ends
of said adj delent Tieedmpfovement agdosding to claim 13, wheldin the Thadiallypinner erds of
according tao claim 16 wher ei n sai d chanber has a peri pheral wall, said

outer eifgumisrentially adjassntanes ofigpidibp aeegirsupifereptiallyspaced apartAristanoesless thawf
i d nf d f drib
o ovi & ey oevetny B auer FdY S Rl R EoBE b Bidd T Cod of "eai @ channel 5.

first arcuate surfaces joining 5 said bottom surfaces and radially outer
end surfaces, and second arcuate surfaces joining the top walls of said

ri bs and saild. perTheimpadvemsint acsbrdirg o oldimnldle wherein each of said ribs has radially outer
and inner ends, circumferentially opposite sides and a top wall between said sides and facing said _
nose end of said electrode, said top wall tapering toward said end wall in the direction from the outer

toward the inner end of said rib.

16.  The improvement according to claim 15, wherein each said channel has a radially
extending bottom surface and an axially extending radially outer end surface befween
circumferentially opposed sides of adjacent ones of said ribs, said bottom surface tapering axially
away from said nose end of said electrode in the direction from the outer toward the inner ends of

5 said adjacent ones of said ribs.

17.  Theimprovement according to claim 16, wherein said chamber has a peripheral wall,
said outer ends of said ribs merging with said peripheral wall, portions of said peripheral wall
between circumferentially adjacent ones of said ribs providing the axially extending outer end

surfaces of said channels, first arcuate surfaces joining said bottom surfaces and radially outer end

16
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18 - - 18. The i nprovenment according to claim17, wherein said

top wall of said rib has an arcuate portion between-satd-radially outer
and i nner ends, said arcuate portion bimf, ' respect to said
nose end of said el ectrode. 'm’mmﬂﬂm&@ ment accordi ng
to claim1, wherein said rib neans for dui 8i ng seal

sma gas includes -
a plurality of ribs on said end wall of said nozzle, said ribs bbrifg0
circunferentially spaced apart about said outlet opening and having

rafli al | gurf;uesa randlsdcqndmuaéamfamuhmmsdop wialls of said ebsiagbsadd pﬁrtxﬁxetaéwvay of
arcuate said outer and inner ends thereof

The |ﬁﬁ?ﬂ£ accordlng to claim 19, wherein said outlet opening has

an axis, and each said radially outer and inner end of each said ribs is
arcuat e and has a radius of curvature with respect to said axis of said

openi ng. 18.  The impiovemeéhbacdording veokith 1acwherim@id topowvall of 84d ridHieseinn
sai d chanber has a circul ar peripheral wall coaxial wth said axis of

sai d opueuate p@mnrb&w‘mg said radially opter and inngr endsysaid grewate ppripntheing eomvers with
curvature t he rad| t of said rib. 22. The

[ nprovechfté%ﬁadﬁlﬁ?ﬁe %@S@e c?%ag‘vmerel n said outlet opening has a
circul ar peri pheral edge and the radially inner ends of said ribs are
spaced radial ly outwardly of said edge. 23. The

i mprovement  2.cor dhegmpeoveirentradcdrding ¢o elaimsly iwherein Iseid ritp meany fdreguiding said
axis and each said rib has cjrcupnferentially oppgsite sides, each of said

opposi tRlasma &qsdmg lugles vy Phiralifat of aiba emsridgerd vall of said o9zt said mps eing
respect .t Qnfreted ﬁ{lﬁ Sﬁaceé‘)éb%t about s&HBuftd SRR Hab R ARANP LA h84 inlr S

axi s of “sard
with respect thereto, and said ribs being arcuate between said outer and inner ends thereof.

=

20.  The improvement according to claim 19, wherein said outlet opening has an axis, and
each said radially outer and inner end of each said ribs is arcuate and has a radius of curvature with

respect to said axis of said opening.

21.  The improvement according to claim 20, wherein said chamber has a circular
peripheral wall coaxial with said axis of said opening and having a radius of curvature providing the
radius of curvature of the radially outer end of said rib.

22, The improvement according to claim 21, wherein said outlet opening has a circular

peripheral edge and the radially inner ends of said ribs are spaced radially outwardly of said edge.

23.  The improvement according to claim 19, wherein said outlet opening has an axis and
each said rib has circumferentially opposite sides, each of said opposite sides being arcuate and
having a radius of curvature with respect to a reference axis laterally spaced from and parallel to said

axis of said opening.

17
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19. - ¢ . 24. The ,improvement according to claim23, wherein each

said radially outer and i nner end of ea h i S arcuate and has

a radius of curvature with respect to ,l"ﬂ“ml l!ugenl ng.

25. The i nprovenment according to cla|n124 has a

peri pheral wall coaxial with said axis of sald openlng and sai d opening has -
a peri pheral edge, said peripheral wall having a radius of curv
providing the radius of curvature of the radially outer end of said

rib, and the 24di allhgimprovement doesrding taiclainb2heviegein sachesridradialky auteryand i mner
out war dl sai d. ppeni n V nt a din
ol a1 m 2esodtendh sEEETR Scate e 3 coding ofsrvature Wil resPliath S At O gL

said el ectrode and tapering toward said end wall of said nozzle in the
direction fromthe radially outer toward the radially inner end of the rib.

27. A plasngstor mﬁgmvemmWMglm&mmmme&uhmmmm spaiptierdwand
wal | transverse to sai axis, an electrode in the nozzle coaxial therewith

and havicegxiahwith saidewis efiaic epening:and sadmmng 8 ppripharaliedge,saidkperiphenab wall
th t,h tle h d Il
coax! af TVTE adpsas Sy ng’f%??séhom 1§ of giaRre et il et g4 o

chamber Jgithe ?d&xﬁl}f‘h&hézreﬂ'ﬁfrsﬂiﬂc&oﬁé ﬁad%ﬂrdhftwﬁﬁl f said L ode,

nmeans for fl owm ng“a plasma gas |nto S t hrodgh sai d entrance for
flowradially inwardly from said entrance to said outlet opening, neans for

creating an arc between said nozzle and el ectrode for_ a lasrmajﬂaf
flow through %%id &be maprovement gecoriing fo elaim23 Yehermi pachrsaidaitibas g iop avaflforing

o o9 B 5ty LRSHIR 8 eSSt RSB 9 fgtion o

{1 ow of digsadiall abtsptowane ey heflestetin! T om sai d entrance ovar d

sai d outl et openi ng. . The torch according to claim
27, wherein each said gas fl ow channel i ncl udes means for
circum‘erenti | onstricti as . flowng froms ntrance toward

_ f?. y K a torc gcgmpnsmg, a tabular 1oz e av?ng an ax?s and an end wall .

transverse to said axis, an electrode in the nozzle coaxial therethh and having an end adjacent said

end wall and providing a gas chamber therewith, an outlet opening from said chamber through said

end wall coaxial with said axis, said nozzle and electrode providing said gas chamber with an

5 annular entrance about said end of said electrode, means for flowing a plasma gas into said chamber
thr;ugh said entrance for flow radially inwardly from said entrance to said outlet opening, means

. for creating an arc between said nozzle and electrode for a plasma jet to flow through said outlet
opening, said end wall of said nozzle having an axially inner side facing said end of said electrode,

and a plurality of gas flow channels on said inner side for directing the flow of gas radially inwardly

10 of said chamber from said entrance toward said outlet opening.

28.  The torch according to claim 27, wherein each said gas flow channel includes means
for circumferentially constricting gas flowing from said entrance toward said outlet opening.
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satd outl et openi ng. T L
20, . . 29. The torch according to claim27, wherein each said gas

gl ow channel has an exit end for d| rect tangentially
of said outlet opening. ﬂ!ﬂlmﬂ ﬂﬂmmmflng to cI a| m 27,
wherein said outlet opening has a per| pher al ge ahd *said gas f ow
channel s have exit ends for gas flowi ng therefrom to fl ow al ong 0
circular path relative to said edge. 31. The torch according
to claim27, 28her eThe torhtaceardigda clairh @7, whereinedach said gasrglow sharinel hdsau exit endis
al ong an arcuate path from said, ntran e toward, said outl et openi ng.

32. THEr digecting gas general tPBg‘E‘I“& 8%@%%’@& d arcuate path is

progressively constricted in the di rection fromsaid entrance toward said
out| et openi ng. 33. The torch according to claim 27, wherein

sai d inner sigte of TheXofthaitgorditid to claim 2% wheksif lsﬁulouﬂatdpeﬁmgefas Ripefiyhel cgby

aligned with said entrance and 1 ncludes a plurality

ci rcunf andrsaxdagasyﬂ@pamebﬂmc exit padscfer ganitlonyingaherafrom tbrﬂnar doyg pcaulgepath
peri pher ce between circunferentially adjacent ones of said

ri bs pr&g‘aﬂvﬁﬁf BS%as flow 5 channels. 34. The torch
according to claim33, wherein each of said ribs has radially outer and
i nner ends, circunferentially opposite sides and a top wall between said

si des and3f. aci mwﬁdhdceotdu@fto shim 2] whéreincbach sdid gasow eininnell disecs tixoSew
si des of circunferentially dacent ones of said ribs converging

rel atlv@ftg@selmganmﬁepaﬂxfrn@®l mtra@s@tmdsadlopﬂetmnsny outer toward
the radially inner ends of the ribs.

32. The torch according to claim 31, wherein said arcuate path is progressively
constricted in the direction from said entrance toward said outlet opening.

33.  The torch according to claim 27, wherein said inner side of said end wall has a
radially outer periphery axially aligned' with said enfrance and includes a plurality of
circumferentially spaced apart ribs extending radially inwardly from said periphery, the space
between circumferentially adjacent ones of said ribs providing said gas flow channels.

34.  Thetorch according to claim 33, wherein each of said ribs has radially outer and inner
ends, circumferentially opposite sides and a top wall between said sides and facing said end of said
electrode, circumferentially opposed sides of circmnferentially adjacent ones of said ribs converging
relative to one another in the direction from the radially outer toward the radially inner ends of the

5 ribs.

35.  The torch according to claim 34, wherein each said channel has a radially extending
bottom surface and an axially extending radially outer end surface between said circumferentially
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35. - The torch accordi ng--t'o cl aim 34, wherein each said channel has a

radi al l.y extendi ng bottom surface and anaxially extending radially
outer end surface between sai d circunf er i des of

adj acent ones of said ribs, said bottom surf ym”]]“‘!‘[ﬂmmllr

21 tapering axially away from said end gal ectrode in
direction fromthe outer 5 toward the inner ends of said ribs. L-l420
36. The torch according to claim 35, wherein said chanber has a

per i phedpposed sides\wf hdjacentonks@fissid ribsdaidbottont stface tapemgiaxiallydawdy forh daid end
peripheral wall, portions of said peri pheral wall between

ci r cunfafiseis slegtrogle inthedirectiom fromgthe outes toward the isnerrnds of seid ribs.  axj al | y

extending radially outer end surfaces of said channels, first arcuate
surfaces 5 joining said bottomsurfaces and radially outer end surfaces of
said channel g5 _anthe torch BRI 8 e1dth 355WhEREFRId HlaliRg hbd'@ pbifhebval, 8iid
said ribs an:(fl6 salng %eor?phera %\gcf sal d chanver. P .
The t oraiterendoofisaidribometgingrwit, saxdmharai;maﬂ, porfionsd{l saitlf pesiphekal whll Ibemeen

a convex contour, between said radially outer and ionper ends theregof and
with redpsemmi erentxal?x adiagsng opsy of paid Hiks Broviding the axially extending radigily outeriegd

Lor ch aGeae &l iasch Al oAt el B ALl LEWBLENE Bk Yo PPRATY it e

si des of €ach sal dre arcuate re aX|s I n Ny
from saqgif0ed 6f said charin@léPinsll SRLAJ bitiete saPfes dbﬁﬁ@g)ﬁw top walls of said ribs 3fd said
The torch according to claim 38, wherein sai top wall” of each said rib

t aper s peciphetal wallwdsaidshandbemad wal | in the direction fronlsald outer toward
sai d inner end of the rib.

37.  The torch according to claim 36, wherein said.top wall of said rib has a convex
contour between said radially outer and inner ends thereof and with respect to said end of said
electrode.

38.  Thetorchaccording to claim 34, wherein said circumferentially opposite sides of each
said rib are arcuate relative to said axis in the direction from said outer toward said inner ends
thereof.

39.  The torch according to claim 38, wherein said top wall of each said rib tapers axially

toward said end wall in the direction from said outer toward said inner end of the rib.

40, Aplasma torch.comprising a torch body, a tubular nbzzle mounted in said torch body
and having an axis, an axially extending inner surface, axially opposite ends, and an end wall at one
of said opposite ends, an electrode supported in said torch body and including a nose portion in said
nozzle and coaxial therewith, said nose portion of said electrode having a nose end adjacent said end

5 wall and providing a gas chamber therewith, s_aid end wall having an outlet opening extending
axially therethrough from said chamber, said nose portion of said electrode having a radially outer

20 -7 o
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40. ~ -A-plasma torch' conpri-sing a torch body, a tubular nozzle nmounted in
said.torch body and having an axis, an axially extendi ng innéer surface,

axially opposite ends, and an end wal | atl [ site ends,

an el ectrode supported in said torch bodJ mmmmmum-gmrnose portion
in said nozzle and coaxial therewith, said nos¢ 5 Lpottison=*of said :
el ectrode having a nose end adjacent said end wali* and providi ng a gak-1420

chanber therewith, said end wall having an outlet opening extending axially
ther et hr?&iﬂih surfaed exteading bdally fromcbalibcze RAd hlond saitl ifwdrdufhacsf satibndaale and
aradially out er peri pheral

P

efal
22 roviding au smonlae fizst gss prssageway theravath opaning:inte gaid| chagbsniand havisg an
b o AR Aot o BB o8P i RS rld s OBaB2 33 30
t P ! : e 1T Pefites:
othgr o gé@%%%%gﬁﬁégehgsm&fte .%gdsd sRQhité: sﬁé"bfjséi@i%glzﬁe including &6

outer si n sald opposite ends, sa outer side o éal1 Y
nozzl e i adjacedi fugt odindticdl, conicabindseconid agkmirichl sushcepdriiomrextadingsequentihliyfiom
second . cylindrical surface portions extending sequentially fromsaid
first siseaidGrstsideof sedmounting flangs msaps tasaidone of §ﬁa @ppefitesnds of #pid pperde,said

por 1 ons it epl &oicyBddiel 5o TR R st vety bafite P Ao en i Affrs, said
di anet er sdaghd\giathefe? béing ighédfer tirsald fist didhiiER! @ld coidall serPiieGtio divelping from

portion diverglng fromsaid first to said second surface portion,

medfis f osaid fisttonsgidisegarsd sunfaoe pertidn, means farflowing e gasihto faid @ntradderent] of asid first
passageway and to said outer side qof said nqzzle for f]ow 20 ,respectjvely
Do sald SAPReHerves sdin saibionar pidecs sejd neerle 9r aw ssspeciiyely.ia said gas shamber and

portion __-: : WP | ' |

Por ! saly sl A SR AR ol A5RORR Ll bonf FRREBA R, SHeSkeRer
through gRhtinguh lafd beResn Raid wo2klé fSelédtRdeTor a plasmafief e flod! ﬂxrétgg}ﬁéaid outlet
cylindrical surface portion being directed radially outwardly and axially

t owar d sepaning; esaish gas flowdngl alengzdaid fiystseyilindricali suface pottiore bpingt dicstadoradiatiy -
a conical 25 as shield for .said | et . . 41. . Th
tofBh actuw fintly et S, Bpeil SEa Aol by e samieel swefess ogion fo form a
fl ange ”&ﬁﬁ?al%ﬁﬁﬁéih'}&&?&iﬁﬁéﬁﬂjél“t wardly of said outer side internediate

e

said opposi

41.  Thetorch according to claim 40, wherein said'nozzle includes mounting flange means
extending radially outwardly of said outer side intermediate said opposite ends, said flange means
having axially opposite first and second side respectively facing said one and the other of said
opposite ends of said nozzle, and means providing a second gas passageway axially along said outer

5 side 6f said nozzle from said other of said opposite ends toward said one end and including a portion.
extending axially across said mounting flange means, said second gas passageway having inlet and
outlet ends respectively at said other end of said nozzle and said first side of said mounting flange
means, and said means for flowing gas to said outer side of said nozzle including means for flowing

gas into said inlet end of said second gas passageway.
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ends -sai'd flange neans having axially opposite first and second si de
r'es,pectlvel y facing said one and the other of salﬁ §\p})§?s ite ends

of
sai d nozzle, and nmeans providing 5 a seco‘ﬁ“‘“ﬁﬁl“;‘ H axi ally al ong
said outer side of said nozzle fromsaid oth opposi te ends
toward said one end and including a portion extendlng aX|aIIy acr oss
sai d nounting flange neans, said second gas passageway having inlet dxd420
out | et ends respectively at said other end of said nozzle and said
first side of42sai dTltorth according tofdlamgél,nernmeamsninchding neznbs mMonntifig anéang
gas to said outer side of said nozzle 10 I ncl.udi ng nmeans for flow n as
| nt o saichgagingsaid frst side ofsaid mounting Hange meannfos dixprting gas tlowing through said outlet

ozt o hE g econd, g8 el BRlRAAT ek PR el RN R PP,

~nmeans for diverting gas flow ng t hrough said outlet end of said second
gas passageway radially inwardly toward said first cylindrical surface
portion. 43, Thetoﬁ:ﬂaccoraihgtddmnfﬁlaﬁnmedhdgdingnotzlemodnungmemseompnmng
I ncl udi ng nozzl e nmounti n%eg@ ans corrprl sin dgt axial first and second

sl eeve 1@ Usisgon sal bogy gad respestiyelyinstudipg frst

mount | ﬁ%%@@ds@%%%ﬁ%ﬁﬁé@&e%ﬁ sa?%g AL LR GR R oo iiehreupen,

surface,safd fifsislte HRAMITS BLYEteP Mirfate)5Hid Seconld Ridevé ShrrSriNesAa dirst Ideve iafd
an inner surface spaced radially outwardly of said outer surface of

saif i nrincludingendnuerdurfacespdcadradialiy oitwardly ofmmtshrfamﬁsaslwpmslws and

Cormun GRSTidHEAEH: gﬁm%“@ﬁa?@;‘e?w? éegags?%?é‘%r'ﬁ%‘r °1F‘ﬁgg§%§a$qsg\?\%rﬂ‘z’ﬂ?ﬁ%‘iﬁﬂ@' ge
I d

15”a’l.le tor Crﬁ accor (}Ig% ﬁn@W&% efb\glarﬁas ald OU% g%v%%l%)fngcﬂen sa1d on‘aigas

sl eeve ipagsageway b flewiimoaaid caplty.t i on having a plurality of axi aI I y
ext endi ng circunferentially spaced apart cooling fins in said cavity.

45. The torch accordi ng to claim40, wherein said eI ectrode I ncl udes an

e end gg?ﬁ“”&ﬁe 0ot B0Srilg A" it 43, WRErSinYsafd oRft SRR ol s 1876

includes a peripheral portion having a plurality of axially extending circumferentially spaced apart

cooling fins in said cavity.

45.  The torch according to claim 40, wherein said electrode includes an inner end portion
extending axially inwardly of said nose portion, said inner end portion including means for creating
a swirling flow of said gas about said axis and axially in the direction toward said entrance end of

said first gas passageway.

46.  The torch according to claim 40, wherein said end wall of said nozzle includes means
for imparting a swirling motion to gas flowing from said annular first gas passageway to said outlet

opening.
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i nckuding neans for creating a swrling flow of-said gas about said axis

and axially in the direction toward ' ance end of said first gas
passageway. 46.  The torch in@'ﬂﬁ"ﬂﬂlﬂﬂm m 40, wherein
I

said end wall of said nozzle i ncl udes . rting a swrling
notion to gas flowing fromsaid annular first gas passageway to said
outl et opening. 47. The torch according to clai m40,L-I#20ei n
said el ectrode includes an inner end portion extending axially inwardly

of sai d nos#. porThetorchascading teelaiendd, whetdimsaid electrode includes an inner end portion
i ncludi ng nmeans for creating a swrling flow of said gas about

55;1; d ?gxtegdmsmlyanwdmf said n%hﬁéfﬁp%égldi i@ﬁrteaq/aﬁ?wg anclnding meprseiop ﬁ@:_ﬁng
reans AP P STRRA R o R AR Rof SRt st o oD et Endlios Bl o

first W?ﬁﬁ\yg&v&ﬂ aiPéaiid end WAl ofNARINd28le including means for irfighrting 4 SRirkifg CN

accorglng to clarm47,” wherein said nozzle includeS nounting fl ange
means moticanidi gag flosdig o said ammuibr firstfgas pastagawayrto saideutlet apeningi at e sai d
opposite ends, said flange neans having axially opposite first and
second side respectively facing said one and the other of said

opposite en of ' €l 1

passageway @. al T@%ﬁ“&‘%@guﬁg t(gﬂ%éﬂrwg%g&g? yagﬁ%glﬁg%“?zlﬁdeéﬁogir s%glﬁ%n%tr%%?‘s_

of ~saitepRRRThAIRIIP Btwdraly T daidduttr SRR iReAndiste sikalopgbdit MdBRhid Mg HiRS NY
axially across said nounting flange neans, said second gas passageway
havi ndhawvirigeaxiallyl oppeditet first and seednd sids pespectivaly faring sdid oo¢ hed thenother of sdidl

nozzle and sai,d first sjide of said npuntin fl ange neaps,, and ,sai d
Toans aPBPaIa G AL 0B Sl BeaRERTIRES O] Rt ISTRFEY ROALY NoPE SHA GURE ans
tor flomi . A . . '

| R SHATR R BBl el Wn it oRARRA ARl AR BORNEIE  porticn
nMeans ex@ibingShdtdlyeReosh adid hidusfingflshgedfeansl saideeyehd B PassigddiiifihOnldt ahd
torch body and respectively including first and second surfaces

axi al |optishensls despoetivelnaiosaishother ang of said nozzle and said first side of said mounting flange .

means, and said means for flowing gas to said outer side of said nozzle including means for flowing

gas into said inlet end of said second gas passageway.

49,  Thetorchaccording to claim 48, further including nozzle mounting means comprising
coaxial first and second sleeve members mounted on said torch body and respectively including first
and second surfaces axially spaced apart and engaging said mounting flange means therebetween,
said first sleeve including an outer surface, said second sleeve surrounding said first sleeve and

5 including an inner surface spaced radially outwardly of said outer surface of said inner sleeve and
providing a cavity therewith, said second gas passageway including passages in said mounting flange
means in communication with said cavity for a portion of the gas flowing through said second gas
passageway to flow into said cavity, and said outer surface of said first sleeve including a peripheral
portion having a plurality of axially extending circumferentially spaced apart cooling fins in said

10 cavity. | '
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said pounting flange neans therebetween, said first sleeve including an
outer surface, 5 sard second—steeve surrounding said first sleeve and

i ncludi ng an inner sur radially outwardly of said outer
surface of said inner I Hﬁﬂgﬁm !I!Bﬂ!El ng a cavity therewith, said
second gas passageway i«ICl¢ N s in said nounting flange nmeans

in comunication with said cavity for a portion of the gas flow ng ¥480gh
sai d second gas passageway to flowinto said cavity, and said outer

surface of s@i d fhe sircH ccontimptoeldimold, shagimsad nozdematinting means includesgaa
e
hoans. RS tam L O0F S 8F s Jer e and alRly BParfof et ks Bk dibertiyas
and o B O s B e o e e o ©
sfi d oglimdiicgnsurffcepartibrsecond 5 gas passageway radially inwardly toward

said first cylindrical surface portion 51. The torch
according to claim40, wherein said nozzle includes nmounting fl ange

g Lo ! _ ! s nol . !

opposi te 40 qREbE doophilt blaln 30, st Sl Bl eI AR Mg et

S econdeﬁ&ﬁtﬁ%%m?dwmy of said &@brGdSRitdimeRteasail siposié els, afid Sangk means
e en of

opposi t aid nozzl e, and neans providing _.a second gas .
passaghaviug axialyl gppakite first and secondrsids respestivelyi facing saideorierandh the iothes o said

i | GPPOSS el oS A aFe, 1 MACHLPP IR e LB A SRR PR AT S Gl
axi al | gopositee _ _ o , _
a2 QSR aE b b iid oty ST SRR bidk ovarl iR SC el A in ' pORL

means taendihg wkially 8&6sdsaidabehting fahgSindsnspaid sécdnd gagpassap@way hevingiinlgt andans
for flowng gas into said inlet end of sald second _gas passageway, said

hrmunt i ogtlétieadsrespestivelyat said otheg endof said nozzleoandsaidfiggtside OE@%Wﬁlléﬂ% -
i ter ‘periph d.said ] f saj ,
bass g EiREs and sHA PGS SRgre s T id Sier 85 of B Rire ToclndE AinsiB owine
pl ural 'ggér’ilnp sea'ricgﬂﬁéilehx oPsHid GcHhd g RHaEsab S A5 $48 mounting RASFR mEBR ektenRiNglabsat d

out er
10 said outer side of said nozzle and having an outer periphery, and said portion of said second gas

passageway extending axially across said flange means including a plurality of radially outwardly
open recesses spaced apart about said outer periphery.

52. The'torch according to claim 51, wherein said recesses have radially inner ends
spaced radially outwardly of said first cylindrical surface portion.

53.  The torch according to claim 52, wherein said means providing said second gas
passageway further includes a plurality of grooves in said outer side of said nozzle extending axially
from said second side of said mounting flange means to said other of said opposite ends of said

nozzle.
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52. - .The torch according to claimb51, wherein said recesses have radially
| hner ends spaced radially outmarury of —said Tlrst cylindrical surface

portion. 53. The t claim52, wherein said
nmeans providing said second g m her includes a
plurality of grooves in said outer Sal *+ nozzl e extending :

axially fromsaid second side of sai d nount i ng fI ange neans to sai dL-1420
ot her of said opposite ends of said nozzle. 54. The tor.ch
accordi ng t ¢4cl aiThdSi@rchMmoniing mwnpﬁmmhdreiyseﬁ;gumﬁmqf groovescorresponds its

|n nunber .to saj d ral reces ch, said opve hayvi.n radially
numbrEto saidpl &aﬁméfr ?ﬂsa caeh jai P amsyraqi seppad cif Prgam}f

|nner f 55.

The-t ol sy aiens MR CAMIPinR el of et bR e of seidrcesces, | P2,

end portion extending axially inwardly of said nose portion, said inner end

portion I ncl udi ng neans for creating a swrling flow of said gas about
sai d axis arhd. axiTHidtprchaccording bheclaios £4;whsrein said eldctoudednaludes an smerend pefrtiomi d

f| rst %agﬂ&asm &%’f’ﬁa&g&%ﬁ‘ |nql;ﬁ$r§§£1’d @ of s |d sg%ﬁs gasia%eﬁ%g

rfeans' Aokttt G748 ad bichl sA0d 00 AR yﬁ?m dﬁ%e@&{ Bihed Shdlof

torch g’ody res eCtIVG Yy I ncl U Ing Tirst and sec SUI’ aces aX|a

spaced saidfirbt @s@aﬁﬁgéﬂa}‘lmd said mnawmd@ecdnumpmyt her ebet ween, sal d
second sl eeve surrounding said first 5 sleeve and being spaced radlally

outwardly theref romto provide an annular cavity therebet ween, said

e ey TR TSR35 AL B i e AR,

cavi 1Y goaxial ﬁrst and second sleeve members mounted on said torch body and respectively including first

and second surfaces axially spaced apart and engaging said mounting flange means therebetween,
said second sleeve surrounding said first sleeve and being spaced radiaily outwardly therefrom to .
5 provide an annular cavity therebetween, said recesses in said mounting flange means communicating

with said cavity for a portion of the gas flowing across said flange means to flow into said cavity.

57.  The torch according to claim 56, wherein said nozzle mounting means includes gas
diverting surface means on said second sleeve member extending axially from said second surface
thereof toward said one end of said nozzle and radially inwardly of said axis for diverting gas
flowing through said outlet end of said second gas passageway radially inwardly toward said first

5 cylindrical sgrface portion.

58.  The torch according to claim 57, wherein said outer surface of said first sleeve
includes a peripheral portion having a plurality of axially extending circumferentially spaced apart

cooling fins in said cavity.
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57. . The torch according to claim56, wherein—saird nozzle nounting neans

|ncludes gas diverting surface nmeans on eve nenber extending
axially fromsaid second surface )‘m “ d one end of said
nozzle and radially inwardly of s ting gas flow ng

t hrough said outlet end of said second 5 gas passageway radially inwardly-
toward said first cylindrical surface portion. 58.  The-143Pch
according to claim 57, wherein said outer surface of said first sl eeve

i ncl udes a p&%i pha'hatorqslchonhngiamlantg 58, \phuclalsmdpndmﬁ»fsmd;mmmmmgnm :
C|rcur erenti.al l aced apart ol.ing fins,in cav
G SEBAing & SWiSaE Fipton o Eas Avans Somiie spuiss 5 Ao RATASCRRY (0% ATIE o

|nclude peans far inparting a swirling nmotion to gas flowing fromsaid
annul ar BV & gas passageway to said outlet opening.
4
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