16, JUN 2004 ARTI CLE SURFACE W TH METAL W RES AND METHOD FOR MAKI NG
BACKGROUND OF THE I NVENTION This invention relates to articles having a
surface exposed to a flow of fluid, and nore particularly to articles, for

exanpl e conmponents of power generating 5 apparatus, havigg a; f over
which a heated fluid flows. Certain conponents of power g‘tﬁr’i@wm

apparatus, for exanple gas turbine engine conponents, operate in or are
exposed to a heated streamof fluid such as air, products of conbustion
etc.. For exanple, surfaces of gas turbine engine blading nenbers
(including airfoils of blades and vanes), struts, and engine internal fluid
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From an engi ne design standpoint it is desirable to operate the engine at
relatively high tenperatures. Sonetines such tenperatures are higher than
certain netal alloys fromwhich conponents are made can w t hstand

efficiently. | Cﬁp@ﬁ equire 15 cooling or heat
di ssi pation frﬂgkmélgggur acﬁ%ﬁﬁ?gﬁﬁ@%monent tenperatures within

acceptabl e ranges. In other situations, such cooling is required to

mai ntai n proper tMaisniabentincieksesoetanticles bOMLE 3LHNGE COBRAONY HoWdT fluid,
clearance or stress control, as is  well knowy in the art. To inprove the
overal | cool i A3 dRPEcPItieHady 19 aticlesnfynermple (compopents rafbpevero gemzmtingve a

| arge heat tra r%s,Slfd{}ifn@(‘aesu?f’aéé‘ové?%{i%ﬂﬁﬁh&%}&’;}@? dolie fluid flow surface

exposed to a fluid that acts as a coo ore, it has been proposed
to apply to, or generate in, an article surface turbulators for heat
di ssi pati on from aCeopipotsernonents ofguoneer generating aprarains far expnplt wae tabines
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Nurrber members (including airfoils of blades and vanes), struts, and engine internal fluid-
10 flow passages, downstream of the combustor section, are heated by a flow of fluid,
including air and products of combustion, within the engine. From an engine design
standpoint it is desirable to operate the engine at relatively high temperatures.
Sometimes such temperatures are higher than certain metal alloys from which
components are made can withstand efficiently. In such a case, components require
15 cooling or heat dissipation from a surface to maintain component temperatures within
acceptable ranges. In other situations, such cooling is required to maintain proper

thermal matches between cooperating components for clearance or stress control, as is

well known in the art,

To improve the overall cooling effectiveness of a component, it is desirable to

20 have a large heat transfer surface area, particularly on the fluid flow surface exposed
to a fluid that acts as a coolant. Therefore, it has been proposed to apply to, or
generate in, an article surface turbulators for heat dissipation from a component, In
general, turbulators are protuberances disposed on a surface to enhance heat transfer

from the surface. For example, articles having turbulation, and methods for providing

25 turbulation are described in copending U.S. Patent Application Serial Number
1



1 16 June 2004 09/304276 - Hasz et al, filed May 3, 1999. Relationships
bet ween heat transfer froma surface and turbulator profile and spaci ng
have been reported in "Effects of Turbulator Profile and Spacpn'@“%?{mﬁeat
Transfer and Friction in a Channel"™ by Taslim and Spring, (Journal of
Ther nophysi cs and Heat Transfer, Vol. 8, No. 3, July - Sept. 5 1994).

| npi ngenent 088042760 Hﬁszaet'rah)ﬁled Bhy<3) 11088 R elhtichships bbbwd&hﬂﬂaieﬂmisﬂﬁ‘ fassanbl y
is described |n U S. ent 5, 353, 865 - Adl tori et al. ate%g"d Cct ober
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control of turbulator surf at transfer froma surftace
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invention provides an article for power generatl ng 15 apparatus, the

article conprising: rticle surface vvh| ri.ng operation _of the
article inrrPhe p%tr E?ér“é‘i’mﬁ’ﬁméﬁbg%t%“ 908 nééigféifl Redclses thulators T
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metallic article surface having a first thermal conductivity an | rst
mechani cal strfasagréa for bpariransfeantbna a qur@caland;acaﬁatmdjulat@apommm end wi res

bonded ng e of th e ng. the arti.cl surf.ace . in | ui d
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netal conposariticd rﬂodv of aoRNicrdgsamsirhRe ekt k [tnbubitéd @anqméwv@e&npmmwé ng a
second thernal_conductivity greater than the first thermal conductivity.

I n anot her #&h#tienghe present invention provides a method of of nodifying
25 an external netallic fluid flow surface of a service operated power

generating BRIEF SUMMARY OF THE INVENTION

In one aspect, the present invention provides an article for power generating

16  apparatus, the article comprising: an article surface which, during operation of the
article in the power generating apparatus, is a surface over which a cooling fluid
flows in a fluid flow direction; the article surface being a metallic article surface
having a first thermal conductivity and a first mechanical strength property, and a
plurality of metal heat transfer wires bonded lengthwise of the wires along the article

20 surface in the fluid flow direction and exposed to the cooling fluid; the wires being of a
metal composition different from the metallic article surface and having a second

thermal conductivity greater than the first thermal conductivity.

In another aspect, the present invention provides a method of of modifying

25 an external metallic fluid flow surface of a service operated power generating
apparatus article over which, during operation of the article in a power generating
apparatus, a cooling fluid flows over the external fluid flow surface in a fluid flow
direction, the metallic fluid flow surface having a first thermal conductivity, the
method comprising: selecting a plurality of metal heat transfer wires of a composition

30 different from the metallic fluid flow surface and having a second thermal



apparatus article over which, during operation of the article in a power
generating apparatus, a cooling fluid flows over the externalgf]ghsh! ow
surface in a fluid flow direction, the netallic fluid flow surfjace havi ng
a first thermal conductivity, the nethod conprising: selecting a plurality

of netal he : 1 Ny : Iy

Tetallc 11 oyyhERORY Eealtt (AR X i BOMRATOhA R, A erBi g R b3S of
conduct i vi t thegexammel fuithflotheurfacesto editenom heato et Widrsfromnbly iboad@gskng a
surface area of,, the external fluid f|low surface to enhance heat transfer

t her ef r om bpluEdliiof gnetal wires lepgthyvissr offbe avires; aleng therytaimalsuié flopnauriace es
along the e i w surface in the fluid flow direction. 5 In
one enbodi nﬁlt?l?%?Ldeﬁénvgng&i/?ﬁBf es are in the formof woven wires or wire
meshes. I n another enbodinent, the article is a tape, for exanple a brazing

tape, conprising a bas nd | urality of. tal wres carried by the
base, B EF DeSCH PIY eRoeR Mk topin Mg aaidin i form & oy yhisn on e
sectional , pREEIRETH aM6thet eMbefiniiht,athti&licle 106l fafe NBr 2xaRbly #lbrkdnPtape,
discrete metal wi.res_of generally circular cross section bonded Iengthw se
al ong an ar £9EP@siag e baseand theplpality ofgnefakwingfasmih by thebeseonal enl arged vi ew
of awire of Figure 1 showing the bonding with the article surface. 15 20

2a 16 JUN 2004 Figure 3 is a fragnmentary sectional view of a discrete wire
having a generally rectangular, square cross section bonded to an article

surf ace.

BRIEF DESCRIPTION OF THE DRAWINGS

10 Figure 1 is a fragmentary, sectional, perspective view of an article including a
plurality of discrete metal wires of generally circular cross section bonded lengthwise
along an article surface.

Figure 2 is a fragmentary sectional enlarged view of a wire of Figure 1

showing the bonding with the article surface.
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Figure 4 is a frag'rrent ary sectional view of a discrete wire having a

general Ly triangular cross section bonded to an article surf . gjrh:i S
5, 6, 7, and 8 are fragnentary sectional perspective views in?cﬁi‘é ,\&Mfc

formof 3 dinmensional generally woven wire formati ons or wire neshes

bonded | engt hvi se dfigirke iniar feagnadneimy seotionsl vielersUtibaee witdBavihd 52&@%@19
rect angul ar, trti angular (wth straight or parabolic sides), or circular
cross sectiond®® %F%‘L%Ba ISpatiaBpoeedrigean aqyelsFrdpee10 Tur bul ators for

di ssipation of heat froma surface are specifically described in exanples

in the prior art praigmeidli¥ al flaghit@tesy 8R%i0RA REY oG o
generally hem_spher?%al menber s oa?hbut toons E‘grggedﬂv&f%&v{gﬁe%ﬁ@ﬁ gér?{ﬁﬂfyace.
I'n that gener dTangias seoss setientbondnd taanediclewitfeeassi sting in the

di ssi pation of heat, do not strengthen an article surface or assist in

control liqng the fl fd uk d,agros long .an article 15 surface. .
According to an enbo%l %rsénslt’ u%f & %égpgeag n agrﬁg%tﬁliyi S¥Fional; peisRFCIVE r VIEWS ¢ ife
form of a medegrammetic formmiSndiiengonad gegeriily &ov@SRire WiathtiBROGLRirk GRGLAW se

along an articl urface, provides the conbination of heat dissipation
froman arti c:bgn‘g‘:ﬁ[rslf%gwwﬁﬁ the Vites dorg ayakticls wwfape |the wines hawing reckangular,and

potenti al opewdglfir (WhE sefightR patabbd & s @ "Wire" means
an el ongat ed nenber gene?allgy hgviang a F%ﬁ,gt%r@‘?rgyﬁ?ﬁrggsg{e%g out 5 tines the
Wi re cross section. In addition, particular positioning of a plurality of
wires al ong alDRIALED BESCREPHIQN OFSIHE SN ENTON | ui d flows or on which

fluid inpinges provides a desired boundary |ayer flow control at the

article gurface. i.[es are sitioned.sypstantially
paral | el ﬁ)t o the fl gﬁv{,:bu?% %ggbfgls%tgggﬁ)é\gggtrﬁ?% asﬁ‘?g%%?rﬁ SB?/"éﬁC#E'e&eé‘Eﬁl?e dB,

i mprovi ng aer examgEles ; &t fpriok ertoytinatile if igshapt oFipaiticids dthRatdbifies gehérally
positioned at, an. le to tbhe flow, mopre or desired turbul ence of the flow
is provided. 5&?88%@1 PN Byttons dopded arith athorisla srfacehdndbalr ganert
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surface strength of . |
article surface or assist in controlling the flow of fluid across or along an article

5 surface.

According to an embodiment of the present invention, a turbulator in the form
of a metal wire, a woven wire, or a wire mesh, when bonded lengthwise along an
article surface, provides the combination of heat dissipation from an article surface
while increasing the article surface strength and potential operating life of the article,

20 As used herein, a “wire” means an elongated member generally having a length at
least about 5 times the wire cross section. In addition, particular positioning of a
plurality of wires along a surface of the article over which fluid flows or on which
fluid impinges provides a desired boundary layer flow control at the article surface.
For example, if the wires are positioned substantially parallel to the flow, fluid is

25 guided more smoothly over the surface, improving aerodynamic efficiency in a flow
of air; if the wires are positioned at an angle to the flow, more or desired turbulence of
the flow is provided. According to forms of the present invention, the degree of heat
dissipation from a surface, the fluid flow over a surface, and/or the surface strength of

an article can be improved and more accurately controlled. Application of such wires,

3



an article can be inproved and nore accurately controlled. Application of
such wires, 3 16 JUN 2004 includi ng woven wires and rreshes,v{gn“]/mm I n
the initial manufacture of an article or can be nmade after’ser

operation. Metal wires, which can be made such as by extrusion to
relatively | Or‘tg:hhcﬁﬂgtmenamdesaaﬁtﬁﬁie@ﬁe% 84n B 4ﬁa?iea1ﬁdth@r1 g%l ?ﬂihfa%ﬂﬁ‘% O?Q%pes,
can provide strength to an article 5 surface al ong the direction o he
wire. Ther ef oRBiclgQrcagtbednads aftensarier opwspited to a surface enabl es
selection of netal or alloy, shape, size and arrangerrent of \é\n;es to be I
nmade appropriately f ow, coptrol,
heat di ssi pation inJrIﬁEl Wi és %?Ch éﬁggﬁiﬂﬁgglﬁ&n’gﬁt Al %‘?’8‘?83‘? f%#we}y logg lengt aths
enmbodi ment, t hed anwirietyi of smafsoe[nd\/\d:rbsshsebﬁ@al\/lshq&s adée@a ﬂf@dﬁiel ﬁre]ggﬂaftﬁra?ném&l%ﬁm
t hat of the arti.cle, sur . .10 For inpraovenent both in surface streng

and heat °di ssPPA%e4Hong %%W"?tlé@ o dhe WEedhere rT?QSFa e pé sugh %)meﬁmeb?mgfdlt%g a
greater ther malrfgendbbibd idcioABEnRtal LEAHS 57 bk t
property, for exanple ten5|llg strenagth gre gr t{: %ﬁrjnlgef% (ﬁ%larst?(]:)
surface. An eHis8eliapprapristelyt ffer purfae nstrengtheming cas wsllsémoﬂmd flotvh eontrol, heat

fragnentary, s al ective vie f Figure 1. An arti shown
gengr ally gt ﬁ‘gﬁg‘%‘)‘r‘r".};n g%?gef;ﬁg%reﬂmegwmrgneéﬁgsmpge[cgo&1 T QnGd P °‘§WP§:I‘B§
surface 12. Bonttedl frergivhithIBe Wires Wrd 68 W diffrent fRLUIAL bF Yheozimgigtsg}faw res
14, shown to ge general ly of circular cross section. In that | ment ,

wires 14%re ?@BB%@‘(&F‘%W‘ Soihip surface stigngth gad deat| dissination] the wites cary be s;aaeed-
apart one frogp} Hﬁ:teﬁtolf'%ﬂ??' hp\)’iﬁé’%grea'tér IR gOI%iCHVIﬁler X %tol %sip)gé Hﬁ’l lfaaglg | r ed

or by randomdispositio one nore wres

touch or be 289rdngtidedperty, MXamplmexﬁsiladjram@mtngt@ethan fhat ofka BRIch sudfce.
appropriate arrangerrent can be made to adjust dissipation of heat ;rom
surface 12 and/or tQ t hen .o roye nechani cal propertles o]
surface 12. Al't houé‘ﬁ é%cﬁg‘l‘: i 19f %5r1§p?eé‘ IyULon; & sy innthepfrggmentary, a5
di scussed aboseetibi peispedivelvidwer Pigufeal .| i a5@dde Biowll SRRSAR, A10ARnRRELE, ONe

15 metallic substrate 11 including article surface 12. Bonded lengthwise to surface 12 is

a plurality of metal wires 14, shown to be generally of circular cross section. In that
embodiment, wires 14 are disposed on surface 12 in a generally parallel array, spaced-
apart one from the other. However, it should be understood that, if desired or by
random disposition, one or more wires 14 can be closely adjacent or touch or be
20 bonded to one or more adjacent wires. For example, an appropriate arrangement can
be made to adjust dissipation of heat from surface 12 and/or to strengthen or improve
mechanical properties of surface 12, Although a generally parallel array is shown in
Figure 1, as discussed above the wires of the plurality can be disposed at an angle one
to another, or the array can be in the form of woven wires or a wire mesh, for example

25 as shown in Figures 5 - 8.

The enlarged fragmentary sectional view of Figure 2 shows a discrete wire 14
of the plurality of wires in Figure 1 bonded along the length of the wire to article
surface 12 through a bonding alloy 16, for example a metal brazing alloy. The

enlarged fragmentary sectional views of Figure 3 and 4 show wires 14 in different



to another, or the array can be in the formof woven wires or a wire nesh,

for exanple 25. as shown in Figures 5 - 8. The enlarged fJagnentary.
sect,i ong}o view of Figure 2 shows a discrete wire 14 of tfi%plr\rﬁg& i?éﬁ'—'—;of
wires in Figure 1 bonded along the Iength of the wire to article surface
12 through a bonding all om 16, for exanple a metal brazing alloy. The

enl arged fragrEMs aicytianat ishaprs| and dasdest teiaginle sBriaced 12 Sihoughwen eppibprinte
different 4 1@0ﬂ(§fﬁ%§ﬁgﬂ1@ross sectional shapes and bonded to article
surface 12 through~an “appropriate bonding alloy 16. The fragnentary
sectional perspective views of Figures 5 through 8 show, diagrammatically,
various embodi ment Shoffragmeataryt 4cetionabpempstitive viewsTef FgRges0s thiouBh B SRNES,
shown general l,y at 18, honded wit rticle surface 12 generally | engt hw se

of the wires d?/aﬁf *FWBHWB& oy P@E%@!ﬂeméé & ireSrlfree voiven pritgviprrationg or wire
di mensi onal t webkdsato¥h %&Elfaﬂ?tgir: flﬁ’,rbo'ﬁﬂ&f @48 afiicle {drﬂﬁdé §2 %e&&@%lﬁhg@wﬂﬁro%s to

be generally of rectangular ( exanpl e square) Cross“sec
Fi gure 3. Fi gtheevisesshabewirbetrogivies. Thessdormptivas plovideaf 3 dinemsigalanrbalatiss

the wires to BIICRERURs IS FREg AoV S5 REeE Lt bF GhiciF bn O APy
BT 055 Sect] b as chat s o s el SEt e Tart ol S0l B¢ &
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used in the art .of t al .'(r)t_uni ng. One formincludes a brazing all oy,
appropri at el ysecgg?ég?ﬁ’é’a‘mfljﬂ Eitfterials or alloys to be joined. Sometines the

brazing alloy is carried in
One convenient means for disposing, positioning and bonding the plurality of

wires on an article surface uses a prepared brazing alloy layer, for example a brazing

15 sheet or a tape, carrying the metal wires positioned thereon as desired. Prepared
layers that include a brazing alloy have been widely described and are commonly

used in the art of metal joining. One form includes a brazing alloy, appropriately
selected for materials or alloys to be joined. Sometimes the brazing alloy is carried in

a nonmetallic layer of material that will decompose substantially without residue upon

20 heating to a brazing temperature. In other embodiments, the brazing alloy is in the
| form of an alloy without binder. Examples of such layers and materials from which
they are made are widely used and described in the art, for example in the above-
identified copending U.S. Patent Application Serial Number 09/304276. Other means

for disposing, positioning and bonding the plurality of wires on an article surface uses -

25 a braze alloy paste including a braze powder and a fugitive type binder. A variety of
such pastes for brazing commercially are available. As used herein, an article
comprising an article surface and a plurality of discrete metal wires, in whatever form,
bonded to the surface includes, but is not limited to, a brazing portion, for example a
brazing paste, brazing sheet or brazing tape, including a metal brazing alloy, carrying

30 the wires,



a nonmetallic layer of material that will deconpose substantially without
resi due.upon 20 heating to a brazing tenperature. In ot her" ﬁnbhgﬂ , the
hrazing alloy is in the formof an alloy w thout binder. a gg?ggﬁfsuch
| ayers and materials fromwhich they are nade are w dely used and

described in the agne ckampRcTHR!£tid10 hi¥ige aRMA-sulfEN AT dR0na0BE RIS B f HieS
Pat ent Application Serial Nunmber 09/304276. Other means for disposing,

posi tioni ng aREsBInbivalfiathdés @ Gurhiniet gngifie Wompenen waquigingi coddingutdf acenthises

25 a b I | nel udi ng.a. b wd d.a fugitive. bi nder .
Avariety of CteRTEdrhBpsfeifin sRERmRE thary J o aniilia Meveet fhermleg

herein, an ariatdhes for@igardnsé bYstadds adittdll ExampleaoesihdompBhétitdinchiie eirbine
discrete netal wres, in whatever for bonded to the surface includes,

but is not |i Biaded Bine vaiesy FiEYSpEEeRtn and grarigls SPPROTh strintuies ferlwling en
brazi ng sheet ' : | ' i OYs ,: I ng
30 the i res. “EoT8 SEY gTRE A Bk MSHE LR TG ARkt RbPdr sERGE &
surface that woath prodiaisief fcombasiadn. t fie sompe esentdirmentgnédobing i fuid stich B R is
engi ne conponent requi ri.ng cooling, to I ptai n, conponent tenperagures

W thi n accept SBFRE BBt 4 Hb e HFC e AP BP R R U AG S PEfEin in
clearance or séiRESorCRIh NAld N&E* MEkAR “OF BURBNEBININES ad Ashbisiead, Widinge 5
bl ades, turbine vanes, struts, shrouds, and various support "structures

i ncl udi nd an Pediels ] combyisdornr Ganerallywsedr adistes ouresurfoloes hreamaticiiod af highs i n
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article surfapesémrinvspion ganesttmab auid @owAsirfisedohelidhi fiticRs of GRFREds] @njiswi t h
fluid flowthe term”air" is_intended to include, as appropriate, air and -
10 products oPTeEgFRd Rt thsmetad Naves have a grgshsestional |sizs 1p thesiapgaeicabont @ 0dhde of
a high tenpepature alloy based on one or nore of Fe, Ni and Co. For use of
forms of the present invention on external fluid flow surfaces of such

articles or surfaces, it is _ _ _
15 One form of the present invention can be practiced to modify or enhance a

surface of a service-operated article. For example, a metal external fluid flow surface
of an article that has been operated in a gas turbine engine can be modified and
appropriately enhanced by bonding such as by brazing, to such surface, lengthwise of
the wires, the plurality of metal wires, including wires in the form of woven wires or
20 wire meshes. Such practice can improve surface heat dissipation, improve surface

strength, control surface fluid flow, etc, as discussed above.

In one evaluation of the present invention, a 3/8" outside diameter tube of a
high temperature alloy commercially available as' Hastalloy-X alloy was wrapped
with a 0.005" thick braze tape including a fugitive binder and coated with an adhesive

25 on one side. The braze tape included a Ni base brazing alloy of the Ni-Cr-Si type
sometimes called GE81 brazing alloy. A 0.020" diameter Hastalloy-X alloy wire of
generally circular cross section then was wrapped about the tube onto the braze tape
with about 1/8" spacing between wire wraps. This specimen then was brazed in a
vacuum furnace for 30 minutes at 2100° F using a heating schedule increasing in steps

30 from 550° F to reach 2100° F to allow the binder to decompose from the braze tape
and the furnace to stabilize. In this way, the wire was bonded by brazing the wire
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preferred that the metal wires have a cross sectional SIZTCSi U@T ge of
about 0.001 - 0.1". 15 One form of the present invention nJ é{ﬁlﬁlced

to nodi fy or enhance a surface of a service-operated article. For exanple,
a netal external fluid flow surface of an article that has been operated
|n a gas tur biiegs ap ki RAf besRRUhA GE: nBBRAGRIHALGN,CPRANERY Mty
bondi ng such as by brazing, to such surface, | 'engt’hw se ’ wres, the
plurality of ﬁ%ﬂlaprwmtesvemnnnl uding wires in the formof woven wires or 20
wi re neshes. Such practice can inprove surface heat dissi patlon | mprove

surface strength, I f.l.ow, etc ) d| a,.bove In
one eval uation of {%%tﬂéegseg%tu géora{\/ ttnlegke%elg 157'%“108’(1‘%%68@&1 ‘éf 1{Ye‘r“ RigAss obf a
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brazing al | oyci¥prida8, v@ih'%' é%R?r 7%%%%' 5% Bawlﬁ%%ﬁﬂan LG N9 Rkkgy. A
0. 020" di anet er Hasta wWre o genetal Ty circular cross®section
then was wr aplpmdera‘ﬁmunott imeludadbenduft foik h&hisrwire lathpet‘oilvﬁlem vl ausistdndd” spot
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the braze tape and the furnace to stabilize. In this way e Wre was
bonded B¢ br aZli0RgFt Ahe HastellopX1wirg bpd 2 deamal ngutittvstylaad gamxlc strmg&l gattsi de
di aneter of t | ded rm,. of r esent
i nventi on. tﬂ%}%ﬁ%t‘@%g@a?%ﬁﬁﬁ '%Iﬁ%e Plrélst\egntw?)h a(l')ﬁhssg)aﬁ maau
plurality of qﬁneeglaSpmbertibheafathe\qﬂatHa@tﬁbé ayas Xindlchsad. WITfhes WREMPIE Sreprleeits
spot wel ded Ien rﬁ% the wire 5 onto a surface of a 0.0015" thick N
base al | oy braé’? SPIESENtyIeRUOR o | |

In still another evaluation of the present invention, the above Hastalloy-X

5 alloy wire was provided in the form of a wire screen or mesh. The mesh was
resistance spot welded along the length of wires in the screen onto the surface of the
0.0015" Ni base alloy braze foil described above. The foil including the screen was
vacuum brazed for 30 minutes at 2100° F to a surface of a GTD-222 alloy plate,

providing another example representing the present invention.

20 - As was mentioned above, a variety of braze pastes including a selected
brazing alloy powder and a fugitive binder commercially are available. Practice of
the present invention can include applying a braze paste to a surface of an article and
then imbedding the wires, in whatever form, in the paste, lengthwise of the wires prior

to brazing,

25 The present invention has been described in connection with a variety of
specific forms, shapes, embodiments, examples, methods and materials. However, it
should be understood that they are intended to be typical of, rather than in any way

limiting on, the scope of the present invention. Those skilled in the various arts



conprised, by weight, 19%C, 7.3%Si, 1.5%B, with the balance Ni. A
fugitive binder was not included in the foil. This wre | n i | en
was resistance spot welded onto a netal plate of an aIon?giﬂglﬁ“ﬁZéd2
referred to as GID-222 alloy and then bonded to the plate surface by _
brazing in a vacyum furnace for 30 mnutes at 10 2100 F. The Hastal |l oy-X
wire had a théryphyedowiinnderstandythatibe inveaiioreisoapeie ofi vapiatione and medificetiens of
the GID 222 aly: ) j | ssipation from and
strength pr opeélwggwgfﬂﬁﬁefr%rﬁﬁ%cgﬂwtg%Qﬁ%@%‘?ﬁ@@éed. Thi s exanpl e
represents another formof the present invention. In still another

eval uation of the present invention, the above Hastalloy-X 15 alloy wre
was provided in the formof a wire screen or nesh. The nmesh was resistance
spot wel ded along the length of wires in the screen onto the surface of the
0.0015" N base alloy braze foil described above. The foil including the
screen was vacuum brazed for 30 mnutes at 21.00 F to a surface of a

GID- 222 alloy plate, providing another exanple representing the present
invention. 20 As was nentioned above, a variety of braze pastes including a
selected brazing alloy powder and a fugitive binder coomercially are
avail able. Practice of the present invention can include applying a braze
paste to a surface of an "article and then inbedding the wires, in
whatever form in the paste, lengthwi se of the wires prior to brazing. 25
The present invention has been described in connection with a variety of
specific fornms, shapes, enbodi nents, exanples, nethods and naterials.
However, it should be understood that they are intended to be typical of,
rather than in any way Ilimting on, the scope of the present invention.
Those skilled in the various arts 7 16 JUN 2004 invol ved wi |l understand
that the invention is capable of variations and nodifications



wi t hout departing fromthe scope of the appended clains. 8 16 June 2004
CLAIMS: 1. An article for power generating apparatus, the antiJche2004
conprising: an article surface which, during operation of the article in

t he power generating apparatus, is a surface over which a cooling fluid
flows in a ;\ngﬁ,flow direction; the 5 article surface being a netallic
article sur faving a first thermal conductivity and a first nmechanical
strengt h prtper tAn adick: far pdwargenenating apmaraius hbea articleactaiprisingt r es bonded

| engt hwi se of th L | e rti . surf.ace.in. fluid f
diroct]on and eSS TRE Al ol drsiion ARl il 88 deysBonedithe,
conposi t i onappardtes,data $urtacetdver mhichl 4 icoolengt fluid dowsiirf adidaflow [directiva; dhe 10
ond t 1.V { g t I tiwvi . 2.
The. art it e SRR SpReRE b SPRet MRt 5Ty LR so BN A
mechani cal first mectginicapstgogiit properbatead t han the first mechani cal strength
roperty. 15 3. qy | ' i ' ral
ﬁet gl vviyres are %-p@f)%yeq%gaﬁietagh&%@'%psa&é\dfegI’gﬁghhy??%&gﬂgwgrgg loh;_ﬁ ﬂ%e
article of atiglemudacd irt the fiuiddlowi diggctibrmiand exposdul hthat cdobis fluidn theowirédhe
luralit AM T ' | S | al ngl t | re.
205" the tei PEA ol ARG ITLATROR e s Y e Sefe AREE R s
in a foOm sebedthednaramiativity geater darsths first themmalwanductizthh and woven wires.
6. The article of claiml1l in which at |east one of the plurality of wires

I's bonded at 25 an angle to the fluid flow direction. 7. The article of
claim1l in 2he fthenaritleaf gagn tlun bhivh saithpln@lityraf wiree have atsecdnd mbehanioal d

flow surf aC&rénﬁth%oS&fér@Qﬂer &%ﬁftﬁé’ﬁrspﬁ‘\e&lj{%i@arl Etiréﬂg‘?h B%Sértwm ch air flows in

15 3. The article of claim 1 or 2, in which the plurality of metal wires are disposed
substantially parallel one to another.

4, The article of any one of the preceding claims in which at least one of the
plurality of wires is disposed substantially at an angle to another wire.

20
5. The article of any one of the preceding claims in which the wires are in a form
selected from the group consisting of wire mesh and woven wires.

6. The article of claim 1 in which at least one of the plurality of wires is bonded at
25 an angle to the fluid flow direction.

7. The article of claim 1 in the form of a gas turbine engine article in which:
the fluid flow surface is an external surface of the article over which air flows in
" an airflow direction; and

30 the wires are bonded to the external surface generally along the airflow
direction.
8. The article of claim 1 in the form of a gas turbine engine article in which:

the fluid flow surface is an external surface of the article over which air flows in
35  airflow direction; and



an airflow direction; and 30 the wires are bonded to the external surface
generally along the airflow direction. 8. The article of cl déndubei2004he
formof a gas turbine engine article in which: the fluid flow surface is an
external surface of the article over which air flows in 35 airflow

direction; and 9 . t..:00e;.0f: | A f W LS
di sposed subst an lﬁ%ﬁ#ﬂ;&gﬁ gg{r%éaﬂ%rlag@?%f ‘Mg‘:'lr%'o’tS héafsr";o\r%\ﬁgcrj % .UBét.gHﬁ%Ié agr%n:’\%lﬁﬁé (;#’
claim8 in anotbérwiee wires are in a formselected fromthe group 5
consisting of wire nmesh and woven wires. 10. A nmethod of nodifying an
external nmetallic fluid flow surface of a service operated power

gener at i ng 9ppar aneigrtiglet sfclamd/imrwhith the, widesr anegn egemaselentedffranh theagroiig| e

in a pover %@fgﬁ Bp\gifé‘%@ﬁ?bﬁfg\’%&ﬁgy ng fluid fl ows over the external
ui

fluid flow surface in a ow direction, the netallic fluid flow
surface having a first thermal conductivity, the nmethod conpri sing:

sel ecting aqpl uralj f : fer. W.r 0S4 i :
di fferent f;((B))'m ﬁhﬂgwr;g? a?fr@é&h”&egﬁf%%%ﬁ%uﬁp E’;la\({:"g ﬁ%%é’{’susﬁ'gma% ?e%oén)é(]w? fer mal
conduct i vi t gpejatedtpewet generatirigeapparatis afticle mykr whinbiudiringiopgratiandf the article

I ncr easi ng f ternal. . fd i h e
heat trans e? LHt’OR%? ?F?‘%%%% aﬁhﬁﬁf‘% aa%phqlhg af'uﬁ 30\5)’# CE)\rg(teatﬁa ef \%ﬁtr%g{sa? Iﬂgﬁgm se
of the 10 r esurfacerig a fvié flowt diraction, ftheinbtéllio fluid Utomasefdce having & dirst thérowal

ar e di sposem TP G eehaleer? ) "0 0 Gnot her . 12 The method of
cl ai m 10 i n whi céelestingeapuratityef ofetalheapiransfén witesodf atanegosition different from
the metallic fluid flow surface and having a second thermal conductivity greater than
the first thermal conductivity; and
15 increasing a surface area of the external fluid flow surface to enhance heat
transfer therefrom by bonding a plurality of metal wires lengthwise of the wires along
the external fluid flow surface in the fluid flow direction.

11.  The method of claim 10 in which the plurality of metal wires are disposed
20  substantially parallel one to another.

12. The method of claim 10 in which at least one of the plurality of wires is
disposed substantially at an angle to another wire.

25 13. The method of claim 10, 11 or 12 in which the wires are in a form selected from

the group consisting of wire mesh and woven wires.

10



di spdsed substantially at an angle to another wire. 25 13. The met hod of

claim1Q, 11 or 12 in which the wires are in a formselec from t he
group consisting of wire nesh and woven wires. 10 ARTI CL ILN:?%TH
METAL W RES AND METHOD FOR MAKI NG ABSTRACT A surface (12) of an ar

(10), for exanple an external fluid flow surface, includes a plurality of

nmetal wires (14) lengthwi se of the wires (14) along the article surface

(30 o L SO T S SRRl ORI

bonded al ong and nodifying surface characteristics of the art| cle (10).
Al so, the article (10) can be in the fAggPrcp bonding | ayer, for exanple
a brazing tape, including the netal wires (14) carried along a surface

(12) of the layer. Figure
A surtace (12) of an article (10), for example an external fluid flow surface,

5 includes a plurality of metal wires (14) lengthwise of the wires (14) along the article
surface (12). The article (10) can be in the form of a component of an apparatus; for
example a component of a gas turbine engine, the wires (14) being bonded along and
modifying surface characteristics of the article (10). Also, the article (10) can be in
the f01(n"1‘ of a bonding layer, for example a brazing tape, including the metal wires

10 (14) carried along a surface (12) of the layer.

Figure 1.
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