NON- SEPARATI NG DI FFUSER FOR HOLES PRODUCED BY A TWDO STEP PROCESS BACKGROUND
OF THE INVENTION (1) Field of the Invention The present invention relates to
nmet hod to fabricate non-separating diffuser holes formed by way of a two
step process and an el ectrode conb used in the nmethod. (2) Description of
Rel ated Art Cooling hdle efficiency is of great consequence for Hi gh
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section to limt cooling air flow and a diffuser to slow down the air flow
and spread it over the r e.airfoil ina thin film One conmon
hol e used to provide sucﬁﬂg%@%§H§£ @Ea?ﬁ@t%§Y§¥T%%Nis the "Vehr" hole

(di scl espdri ¢ S Patent 1 nAGR3IWIS3) which permits the cooling air flow to be
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di ffusprecéss &mod esn ad ook ndue tdopb asddpliat fbe nmefhdche bl ade. A critical
requi renent of such a hole is that there be no step between the neter
section and the diffuser surfaces. This 1is not a problemwhen both features
are praoducedstropt fosi sl el aleecirade, but is a najor problemif the hole is
produced by one__grocess and the diffuser is produced by a different process
and/ or oper GPPHHIS TRt e &fifel SEPEYal Sr @4sBRE2E oCHRFRIUEEREs & %8nBigRocess to
producerbhgupBt ehiBindob B aNeLiBer pRFeEeRaneE LP&HAIA0RL0ruPHod4ICe the

di ffuser, specifically, cost and difficulty of
engines. 7To be achieve maximum efficiency, each hole ideally

exhibits a small meter section te limit cooling air flow and a
diffuser to slow down the air flow and spread it over the
surface of the airfoil in a thin film.

One common hole used to provide such cooling
characteristics is the "Vehr" hole (disclosed in US Patent
4653983) which permits the cooling air flow to be discharged at
an angle to the main gas path flow. This "cross flow" helps to
create a more uniform layer of film cocling to insulate the
blade from the high temperature gas path air. The Vehr hole
uses two diffusion surfaces for holes on the pressure and
suction surfaces, and three diffusers for holes along the tip
and platform of the blade.

A critical requirement of such a hole is that there be no
step between the meter section and the diffuser surfaces. This
is not a problem when both features are produced from a single
electrode, but is a major problem if the hole is produced by one
process and the diffuser is produced by a different process
and/or operation.

There are several reasons to want to use one process Lo
produce the metering hole and another process or operation to
produce the diffuser, specifically, cost and difficulty of
fabrication. For example, it is more efficacious, and hence

cheaper, to use a more efficient LASER procesgs to produce the
1



fabrication. For exanple, it is nore efficacious, and hence cheaper, to use
a nore efficient LASER process to produce the 1 hole, while using an EDM
process to nmachine the diffuser. Wth regards to difficulty, drilling a
"Vehr type hole" into a small cavity in nodern "super-cooled airfoils" is
very difficult with a single shaped electrode and is very costly if not

i npossi ble w thout back-striking the inner wall which causes a stress
concentration factor in the already highly stressed inner wall. This
problemis greatly reduced if the hole is produced in a two step process.
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di foSQtebObﬂﬁcé@éﬁEd by way of a tvvo step process. It is a further object
of the present invention to provide a nethod for form ng non- separati ng
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or Electron beam drilling will create a step between the hole
and the diffuser surfaces which will degrade the cooling ability
of the "Vehr" holes produced. The step is caused by the
location tolerance of the diffuser relative to the centeriine of
the hole.

What is therefore needed is a modified "Vehr" type
diffuser, and a method for producing it, which can accommodate a
certain amount of location tolerance of the diffuser relative to
the hole without causing "separation" of the flow from the

diffuser surface.

SUMMARY OF THE INVENTICN

Accordingly, it is an object of the present invention to
provide a method, and apparatus for so performing, to fabricate
non-separating diffuser heles formed by way of a two step
process.

It is a further object of the present invention to provide
a method for forming non-separating diffusers in a part which
comprises the steps of fabricating at least one metering hole in
a part, providing at least one electrode comb comprising a tooth
said tooth comprising a nose comprised of a plurality of
diffuser surfaces intersecting at a pocint on a tooth centerline,
and at least one of gaid plurality of diffuser surfaces

truncated by an offset from the centerline, and fabricating at



a part, providing at |east one el ectrode conb conprising a tooth said tooth
conprising a nose conprised of a plurality of diffuser surfaces
intersecting at a point on a tooth centerline, and at |east one of said
plurality of diffuser surfaces truncated by an offset fromthe centerline,
and fabricating at 2 | east one diffuser hole with the electrode conb in the
part so that the at | east one diffuser hole intersects the at |east one
nmetering hole at a transition region. It is a further object of the present

i nvent i @8st Cofé O¥i fituseén HR)1eC i eetr BONE)L £ & rJHOHoriondndi hE ush g 4wl es whi ch
conprises at |east one nose extending to a point along a centerline, the
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for formng non-separating users Tn a part which conprises the steps of
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di ffuser portion of the hole. where diffusion is desired, these surfaces
cont i nBESBe§OMRE tHED AT KFirdenalyAnete RRFSION GPERRAEECE RN TIh) . On
surfacesawher eodi fd4sdon is not desired, these surfaces are truncated at a
di stance fromthe nom nal centerline of the tooth so as to nerely elimnate
the step whkchswoufwrtdisipeckeeh the rekpe imenkabe badexdididadge  of

the diffysero8oke, duedod 918l aBpS s, Pehyees flie Lvgy, gPELALT GRSy BRI EF
DESCRI BTl ON %F THE DRAV:\LV I@tGSOFI G E1 ias ag\ﬁc?agram of gn efectrode comb of the
presentomprises the steps of fabricating at least one metering hole in

a part, and fabricating at least one diffuser by a different

process or operation. The diffuser has an array of angled

gurfaces passing through a common nose point along the tooth
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centerline to provide a transition region from the thrcough hole,
to the diffuser portion of the hole. Where diffusion is
desired, these surfaces continue beyond the part surface (under
worst tolerance conditions). On surfaces where diffusion is not
desired, these surfaces are truncated at a distance from the
nominal centerline of the tooth so as to merely eliminate the
step which would exist between the edge of the hole and the edge

of the diffuser hele due to tolerances between the two

operations.

BRIEF DESCRIPTION COF THE DRAWINGS

FIG. 1 is a diagram of an electrode comb of the present
invention.

FIG. 2 is a view of an electrode locoking down the meter
line of the electrode.

FIG. 3 is a detail of the nose section of an electrode comb
of the present invention.

FIG. 4 is a diagram of a meter hole and diffuser as

produced by the present invention.



invention. FIG 2 is a view of an el ectrode | ooking down the neter |ine of
the electrode. FIG 3 is a detail of the nose section of an el ectrode conb
of the present invention. FIG 4 is a diagramof a meter hole and diffuser

~as produced by the present invention. 3 DETAILED DESCRI PTI ON OF THE
PREFERRED EMBCDI MENT(S) The present invention teaches the creation of a

preferably EDM d diffuser whose centerline is nomnally co-linear with the
hole drilled through the wall which fornms the neter section of the finished

"Vehr" hole. ﬂmmnenmml@@ﬂ[@w@pomﬁ@m@b@rgmmbmﬁm{rt@t ed corners.
The present invention is herein described in terns of the EDMtool used
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exi st aiphafelleted G@Grners.~ NMb of "n" teeth parallel ~. . .. ii could be
used to formthe di ffuser on "n" holes at a tine. @ Therefore, as used

herein, "cohtf SERITEdEVEBFEPE 48 Hierein @eér?rlépécﬂﬁoﬁ%r’ﬁ%\ﬁﬁg%l y one
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respect to a "comb electrode" having at least two teeth.
However, it would be obvious to one skilled in the art to extend
the teachings of the present inventicn to include the use of a
single tooth electrode used to EDM one diffuser at a time, or,

a2 comb cof "n" teeth
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could be used to form the diffuser on "n" holes at a time.
Therefore, as used herein, "comb electrode" refers as well to an
electrode having only one tooth. In the case of a single tooth
electrode, the tolerance to be accommodated between the
centerline of the hole and the centerline of the diffuser is
minimal. In the case of a comb to drill "n" diffusers at the
same time, the tolerance to be accommodated is greater.

The diffuser electrode of the present invention is sgimilar
to the diffuser portion of an electrode krniown in the art which
produces both the hole and the diffuser in a single EDM process.
These known electrodes usually have four sides in current
practice, whether the electrodes are manufactured by wire EDM
from strip copper or coined in multi-stage dies. The one or two
sidegs which have no diffuser have a single surface on the
portion forming the meter hole and the straight (no diffusion)
side of the diffuser.

The description of the diffuser of the present invention is
based on a four sided electrode, but the process may be extended

to cases wherein the number of diffusers is based on three or

to
t he
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The diffuser electrode of the present inventionis simlar to the diffuser
portion of an el ectrode known in the art which produces both the hole and
the diffuser in a single EDM process. These known el ectrodes usually have
four sides in current practice, whether the el ectrodes are manufactured by
wire EDM fromstrip copper or coined in nmulti-stage dies. The one or two
si des whi ch have no diffuser have a single surface on the portion formng
the neter hole and the straight (no diffusion) side of the diffuser. The

descriptbansofethe Mifd users@brkhenphgsentay MR @Rel fo1Rased on a four
si ded el ectrode, but the process may be ext'ended to cases wherein the

nunber centdriinsers is based on three or 4 even five or nore diffusers in an

array about ,t terline. W fere I 1. the S
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nom nal pitch between the centerlines. 2 of the teeth is the same as the
nom naf¥ igﬁﬁﬁiﬁe e%@gﬁﬁ %aafﬁcﬁﬁ?c%%r%ﬂﬁeﬁlqﬁﬂ és3PPRtt helB%ne plane. The

nmeter apghfad psréher anglwariceB eagberhphes MBkSS tWet Bekbg BtEkeline 4. In
the case of a one-step hole, the neter line 4 is a line drawn through the
poi nt SEMRhRERtRERT NI SHiStRBEE PREVARE WO Ifsldecens PRraléelchokif e, the
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li ne r Palal makesowitle Whe arctieindiof finished . . hol™ Mewer line 4 _ w
s, Passes through the. ngint g BOLB! fioPe At whifh &g shuy dhfiupsrs cross
the tooth centerlines 2. € upper area 6 of the

drawn through the point at which the diffusers meet the meter

heole. In this disclosure, the meter line 4 for the two-step

hole is drawn through the common intersection of the four

diffuser planes with the hole centerline. Meter line 4 is a

passes through the point or points 5 at which the four diffusers
cross the tcoth centerlines 2. The upper area 6 of the
electrode comb 111 is the area used to mount the electrode in an
EDM machine. Upper area 6 may have features used for mounting
and aligning the electrode.

With reference to FIG. 2, there is illustrated a view of
electrode comb 111 looking down along the meter line 4 of the
electrode comb 111. Plane 7 is the basic plane of the electrode
comb 111 which is nominally coincident with a plane through the
centerline of the nominal holes. The aft diffuser angle 8 and
the forward diffuser angle 9 are defined in this view for a comb
electrode. The thickness 14 of the electrode comb 111 is
illustrated. Preferably, diffuser angles 8, 9 are no greater
than 12°. Most preferably, diffuser angles 8, & are
approximately 10°.

With reference to FIG. 3, there is illustrated an enlarged
view of the diffuser area of the electrode comb 111. The
cooling hole diameter 10 in the airfoil is shown ({(dashed on the

upper hole) in its ncminal location (generally aligned with the



el ectrode conb 111 is the area used to nount the electrode in an EDM

machi ne. Upper area 6 may have features used for nmounting and aligning the
el ectrode. Wth reference to FIG 2, there is illustrated a view of

el ectrode conb 111 | ooki ng down along the nmeter line 4 of the electrode
conb 111. Plane 7 is the basic plane of the electrode conb 111 which is
nom nal |y coi ncident with a plane through the centerline of the nom nal

hol es. The aft diffuser angle 8 and the forward diffuser angle 9 are
defined in this view for a conb electrode. The thickness 14 of the
electrmmht&xﬁmmeblz g thel oot atescth RrrehesabBy) difﬁ@S@mpéMmﬁﬂffu&er9 are no
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the airfoil is showm (dashed_on the upper hole) inits nomnal |ocation

(generkt 1y agnededrrabine 31ty Iangdes216i tReatomPRERtNSeliose 31).
The uppgs diffuser angle 11 and the |ower diffuser angle 12 are shown in
this figure. Preferably, diffuser angles 11, 12 are no greater than 12.
Most pref erabliyhe girkesaser eaagp s, Ithe I@sgr 8lappr bRenatettyrode).111n t he

prese se t he electrod 1 has our, di.f fusers
creat g%a%y angldlj‘:tfglseg,g ﬁéé%%é ﬁy vl\}ﬂ tergm %%te n' % p0| ncth 5 on the
cent erténeiatf inhe podahh. 5(dotiehe tdeatt eriid neent el the ofotlhe tontk is

nomnal |y cq-1inear th the . centerline of .the_hole The di ffusers nake an
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diffusgénggiilHJQE%f%%%bk%btﬁhghfggyggg?(%é&%g%lgﬂeaggow torfollow the
break in the surface without causing the flow to separate from
the diffuser wall. Preferably, the maximum diffusion angle for
any of the angles 8, &%, 11, 12 is usually about 10 degrees to
avoid flow separation.

In the case of a two diffuser "Vehr" hole, the diffusers
formed by angles 9 & 11 on the radially ocuthoard side of the
hole and that on the forward side of the hole are terminated by
a surface offset 13 from the centerline of the hole by a
distance equal to one half the width of the Max. hole plus the
Max. tolerance (in the applicable direction} which can be
maintained between the centerline of the hole and the centerline
of the diffuser. This tolerance is greater for a multi tooth
electrode since the variation of the pitch between adjacent
centerlines of both the holes and the comb must be taken into
account, as well as the rotation of the comb relative to a plane
containing the centerlines of the holes.

It can be seen that the portion of the hole adjacent to the
hole meter secticon will have diffusion on all four sides over
gsome distance. The area ratio for this hole will therefore tend
to be greater than the hole produced by the conventional single
step EDM process. This is partially offset by the fact that the

surface offset on the front diffuser will decrease the distance



any of the angles 8, 9, 11, 12 is usually about 10 degrees to avoid flow
separation. In the case of a two diffuser "Vehr" hole, the diffusers forned
by angles 9 & 11 on the radially outboard side of the hole and that on the
forward side of the hole are termnated by a surface offset 13 fromthe
centerline of the hole by a distance equal to one half the width of the
Max. hole plus the Max. tolerance (in the applicable direction) which can
be nmaintai ned between the centerline of the hole and the centerline of the
diffuser. This tolerance is greater for a multi tooth electrode since the
vari at Eeomothé¢ hieoe tredt dyettwe eheagj acenvhexenttey larees rat iboth t he hol es and

t he conb nustdbe taken into account, as well as the rotation of the conb
rel ati V&3F5" & pl ane containing the centerlines of the holes. It can be seen

that the porhées wflddevinal alad] ageat at olidiex 1 hehreatetrecoseehy®n will have
diffusion on all four sides over sone distance. The area ratio for this

hol e Wi'VErEheref b iglite it e belgr BaeaFOthOn tHhe Kerd OploBUEEACDY t he

conventhapakosi AGhEl e SrRRuERM Bﬂrogﬁéscofmcj:&tiio%aqarstiin%llley seLEseby by the fact
that the surface offset on the front diffuser wll decrease the distance 6
fromtbeoheke.meter to the plane where the area ratio is neasured. These

hol es w | | i | r.eal e e rtical height of the
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advant ageousg, t o_ provi din re_efficient. hole for filmcooling of
airfoils. é%g? %ﬁ)ﬂ% % sff’Brpﬁ?‘g%Jcl?%ga a’f"fovvc‘f't??gboﬁ?)l e include
casti ngntheddi thusefig the tdie faisetei inwahé , a i@ Jdrialllli,N@hen drilling
the hole by EDM, LASER drilling or Electron Ream drilling. 1In
additicon, one can machine the diffuser shape, then drill the
hole by EDM, LASER drilling or Electron Beam drilling. These
steps may be performed in the reverse order.

With refercnce to FIG. 4, there is illustrated a
cross-section of the finished diffuser 43 in a part 43. Since
this is a single diffuser hole 41, the vertical angle 15 between
the hole centerline 45 and the part surface 47 is roughly
equivalent to the meter angle 3 of the electrode comb 111. It
should be noted that the offset distance 16 between the upper
hole edge and the upper diffuser in the part 43 is equal to the
nominal offset 13 plus or minus the sum of the positicn
tolerance of the diffuser 41 relative to the meter hole 49, and
the tolerance of the hole radius 41.

If the offsetr distance 16 from the edge of the diffuser
section of the hole (gide parallel to the hole centerline} to
the edge of the hole 49 can be controlled directly in the two
step procegs, the offset 13 on the diffuser can be reduced to
the nominal hole radius plus the location tolerance between the
two features (meter hole and diffuser).

The present invention therefore teaches a method to produce
a combination metering hole and diffusing hole in a turbine
airfoil using a two step process so as to maintain a smooth

transition between the two portions of the hole. Due to



the hole by EDM LASER drilling or Electron Beamdrilling. In addition, one
can machine the diffuser shape, then drill the hole by EDM LASER drilling
or Electron Beamdrilling. These steps nay be perforned in the reverse
.order. Wth refercncc to FIG there iSi"uotratcu' ,i.~ a cross-section of
the finished diffuser 41 in a part 43. Since this is a single diffuser hole
41, the vertical angle 15 between the hole centerline 45 and the part
surface 47 is roughly equivalent to the neter angle 3 of the el ectrode conb
111. | mansiagktdrbegnotesrdhads tthe ekhsetlthetanceadid Hegtavaary bee upper hole
edge and .t he upg%r diffuser in the Qart 43 is_equal to the nom nal offset
13 pl u®téFehi-nuS T FRBT sTRATOIES HE FoSFEPoP Yol B AN SERFATALSE -di EPuser 41

relati Fﬁeben&hehmgt, eh phies A% orfNdgibheabol 87 aiee Of 1§ gleer adiys 41. If
the of fset distance 16 fromthe edge of the diffuser section of the hole
(si de pF&edPrnel apoadfet honal cartled PeeFien of hebrikpsl it eliye llfoldegneegan be
control.l e Lrectly, Ln e p f f. 13 t he.di f fuser
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manuf acturing tol erances the centerline of each hole may be offset. Ofset

resul t £5 FPaSsFEFTRNBREST W S g arEs 10¥8 2 preihnt it} 0 &nel&nsPti on
regi on 4fd siadded. afprok ORBIEE | hics aeeaban, amiaddiddenaly apghad portion of
approximately 10 degrees is added to the EDM conb used to produce the
di f f usifd tvglieg bple with a short transition (diffusing) region 46
between the metering hole and the diffusing heole. The diffusing
angle is small enough in the transition region that flow
separation does not occur.

It is to be understood that the invention is not limited to
the illustrations described and shown herein, which are deemed
to be merely illustrative of the best modes of carrying out the
invention, and which are susceptible of modification of form,
size, arrangement of parts and details of cperation. The

invention rather is intended to encompass all such modifications

which are within its spirit and scope as defined by the claims.



any side where the step could occur, the electrode conb is offset

(thi ckened) by an anobunt equal to one-half the max neter hole dianeter plus
the max position tolerance. The | eading edge of this extra material is
formed into a point with an angle on that side of approximately 10 degrees.
This creates a normal diffusing hole wwth a short transition (diffusing)
regi on 46WHBBt EBefLRAMEDe®8ri Nng hol e and the diffusing hole. The diffusing
angle is small enough in the transition region that flow separation does
not occur. It t~ b- ndo st” that t.: ~., ~. ~ 2 inVel'i 11

to ... .,~~
i nventiongi 54n Mgl e | S I e I nd_sho her ei n,

whi ch areldeénggth%glEggngggﬁgﬁglhhgt%%?%kgg%Pgtagkggggrgn &8s %o ggrrying
out the tomMprikong end whepB arfe susceptible of nodification of form

size, arrangenent of parts and details of operation. The invention rather
is intended to enconpass all such nodifications which are wthin its spirit
and scope ag defkned b¥ ﬁhe glains. g VWHAT |S_.CLAIMED 1S; 1. A nmethod for
formi ng ndRCEABAFARENGCdlFRESePRS RekepiPre DRYRpiRsANE3Ehé steps of |
fabricating at |east one netering hole in a part; providing at |east one

el ectrode conb conprising a tooth, said tooth conprising a nose conprised
of a plurprotydohg difleasc snef atestirotier seabi sgmprigaipg at tedta,t oot h
centerline, said plurality of diffuser surfaces each Rossegsing a diffuser
angl e, an823f reash eAEPsELsiapda pPEFaFrPmprapedi pfuseplyypflasysofr uncat ed by

an offsetdt%gn1 theuggnteglhﬂg' agd tabrigating.a% | east onEhQiffuser hol e
with sai dO&FEEPPEABYEEBHDS ANSEFESHhFIs8 t RaPCEBFdORt 4 £85EPone di f fuser
hol e centerline, said plurality of diffuser surfaces each

possessing a diffuser angle, and at least one of said

plurality of diffuser surfaces truncated by an offset from

the centerline; and

fabricating at least one diffuser hole with said electrode
comb in said part so that said at least one diffuser hole
intersects said at least one metering hole at a transition

region.

2. The method of claim 1, wherein said fabricating said
at least one metering hole comprises utilizing a method of
fabrication selected from the group consisting of electro
discharge machining (EDM), LASER drilling, and electron
beam drilling.

3. The method of claim 1, wherein fabricating said at
least one metering hole is performed prior to fabricating
said at least one diffuser hole.

4, The method of claim 1, wherein providing said
electrode comb comprises the step of providing an electrode
comb wherein at least one of said plurality of diffuser

surfaces is offset from the comb centerline by a distance



intersects said at |least one netering hole at a transition region. 2. The
nmet hod of claim1, wherein said fabricating said at |east one netering hole
conprises utilizing a method of fabrication selected fromthe group
consisting of electro discharge machining (EDM, LASER drilling, and
electron beamdrilling. 3. The nethod of claim11, wherein fabricating said
at | eastsohficeerti hg ddbimingteeaf stepdbptweent a fallei ofit kagd said at | east
one diffuser hole. 4, The _nmethod of claim1l, wherein providing said

el ect r ode"eEFHIRINPPHEeNEhEaid B EEUBPBVIALRg an el ectrode conb wherein at

| east one of gai gllq@'Mé@h&éyoef?%m%?rwhé?éiﬁwfggkgcggggst shifmLthe comb

centerline by a st ance sufficient ' to elrmna between a si de of

said neteeasy bekedanduseirdndiéf uevprihske. the $hepnekhod of claim 4,
wherein fabricating said at |east one diffuser hole conprises the step of:
inserting said electrode conb into said part such that said at |east one
di ffuser hole Lntersec S iaig %é | eas ong net ring hole to fgrn1a | east
one transtPFOR-+83i BAL6SLFRETRBE NGB 11FGi Af1Y RAEFePHCPabPREaPPATG one
metering hel gt fyserai erRget0nBRd PhiOEsbOtEabalgakingea sl dnat | east one
metering hole. 7. The nethod of claim®6, wherein fabricating said at | east
one net ermagehbhg bolprtsefotrieast dpast: ohabtiraasindgoaardgabnl east one
nmetering hole such that said at |east one nmetering hole intersects with
said at least one diffuser hole to format |east one transition region. 8.

The method of gcl g de e NOG" SEN-284H ¢! T HEBL:8"PLEricating one
metering hole diffuser is performed prior to fabricating
said at least one metering hole.

7. The method of claim 6, wherein fabricating said at

least one metering hole comprises the step of:

fabricating said at least one metering hole such that said
at least one metering hole intersects with said at least

one diffuser hole to form at least one transition region.

8. The method of claim 1, wherein said diffuser angle
of each of said at least one diffuser surfaces comprises an
angle not greater than 12°.

9. The method of claim 1, wherein said diffuser angle
of each of said at least one diffuser surfaces comprises an
angle of approximately 10°.

10. The method of claim 1, wherein fabricating at least
one metering hole in a part comprises fabricating said at
least one metering hole in a turbine component.

11. An electrode comb for providing diffusing holes

comprising:

10



of each of said at |east one diffuser surfaces conprises an angle not

greater than 12. 9. The nethod of claim1l, wherein said diffuser angle of

each of said at |east one diffuser surfaces conprises an angle of

approximately 10. 10. The nethod of claim 1, wherein fabricating at |east

one netering hole in a part conprises fabricating said at |east one

met eri ng 4ol keast sconerhose ext@ndeng. tdla poiet ealongeacoehténilipeovi di ng

di ffusing holes conprising: 10 at | east one nose extending to a point along

a center| FREd NQIE CHPRELEEAPr f sPRralpryirefi ¢y Ebesart BUSERCSEI f aces

capable o 1 n itio i T el ectrode of claim 11,

wher ei n a%aé%%s %%Zf%#ﬂfégi% g?%ﬁ%#?#@né%e%f$$05er surfaces is truncated by

an offset fromsaid centerline. 13. The el ectrode of claim 11, wherein said

plurality of diffuser surfaces each possess a diffuser angle. 14. The

el ectrode of t?aiThd3gleserede ghidlainfluterwvhangie at ieabbasnheoné of said

plurality of _diffuser surfac conpri ses an angl e not greater than 120. 15.
r

e
The el ect 7dHe BfUERL by 13F thfg?ﬁrs%PHf@???uéﬁ ErunRgReSds P¥t 2Peast one of

said pluratidy, of, ghfLus8r cestiLipegs conprises an angle of approxi mately
100. 11 )

13. The electrode of claim 11, wherein said plurality
of diffuser surfaces each possess a diffuser angle.

14. The electrode of claim 13, wherein said diffuser
angle of at least one of said plurality of diffuser
surfaces comprises an angle not greater than 120.

15. The electrode of claim 13, wherein said diffuser
angle of at least one of said plurality of diffuser

surfaces comprises an angle of approximately 10°.
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