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

G, sposed on 2l B AsFIRNRE HETnd LAURLE R LG HOSaTHAR il 2
tur bul ati on" apmdietsasfi deabustion; cpendion @xhinBle, Batiart ARk itediieothghty balling
Nunber 1 16 qunrt]a?nb%?so(dincluding 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



09/ 304276 - Hasz et al, filed May 3, 1999. Rel ati onshi ps between heat
transfer froma surface and turbulator profile and spaci ng have been
reported in "Effects of Turbulator Profile and Spacing on Hedf JyesfOfer
and Friction in a Channel™ by Taslim and Spring, (Journal of Thernophysics
and Heat Transfer, Vol. 8, No. 3, July - Sept. 5 1994). |npingenent cooling
of a textured/3842TeacHasf et al,FHed MaylB, 1092 rRelndorBEDS hetweeh heattegsfer i an
U.S. Patent 5,353,865 - Adiutori et al. (patented October 11,1994). at
transfer i nPWigeBRE tHratar Pl an PPLideNBAYsa PEFR ITBROTY t‘%r%éeé’ct%gg i s
significant: |l arl b : gmgegm
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t ur bul at or pud Spiingi(hayreal df Theboopliysiys tand Hest Traster, Vol &dia Bohgly - Sept.

i rovenent arti.cle surface strength,and/ or . contraql. flow of flujd.
e oe DL P atrhpiecmat bRt 81§ FaSired AHRLor S0 e pitfe hsshbls
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i nvention provides an article for power generating 15 apparatus, the
article conprisipg: an article surface whic¢h, .dyri.ng operation_of the
article in the p%ﬁ’ﬁ% rl@P’r'QYSmQBbEP@t%%‘P%’FQ “ééigﬁi}P Redickpas firudatorg 1s

cool i ng fl ukidniffdagiedweder! 1tUs tdslramledor B! ABre h&Sirak! ddnk®] %lf%@ﬁﬁat?ﬁi ng a
metallic article surface having a first thermal conductivity and a first
mechani cal surfasagréa for bpatriransfendbna a surfaceland yacodratestuiuldtempositienieg and wi r es

bonded ngi hwi.se.of the wte .0ng. the arti.cl Q,surf.ace . in t,he fluid
Frow di 15ct PR 6 o, ybfe 13 quoTomntRydpbar of =B el iebal Bpcvt
netal conposérticdlo bf uRNicrbssamirhiee WRitiak tibulitéd Gncingitbf@66mpHtknb di¥e Ng a
second thernal_conductivity greater than the first thermal conductivity.

I n anot her #heBEienghe present invention provides a nethod of of nodifying
25 an external netallic fluid flow surface of a service operated power

gener ati ng [RPEF IUNIVANHRY CJFETARENVMNTION duri ng 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 netallic fluid flow
surface havi ng alf Prg gspeple theapresest duanfion thyovidefean ABICHOEPT DOMSF igenerating

sel ectipg a; Rl il ithy aftfcldEbAbriflAR! ad GRS Sirfl¥e RicR! aife® BPQatibA 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



30 different fromthe netallic fluid flow surface and having a second
thermal 2 16 June 2004 conductivity greater than the first tthqm 004
conductivity; and increasing a surface area of the external flul de%low

surface to enhance heat transfer therefromby bonding a plurality of netal

wires |engt eaﬂcﬁl%ﬁgigyn g@gtewaﬁﬁh@ﬁﬁgglghﬂa ﬁ&&ﬁ@%&h%&s&i@% ﬁﬂfafc@ﬁjt%ﬁ g7 the

fluid flow direct n one e I ment, the tal wres are In form
of woven wi thesexiernal flaid fleshewrfadentoandtianes heat adhsfentheréfirem aby ibohndingsaa
tape, for examle brazi ng tape, . conﬁri sing_a base and the plurality of
metal wir esp@aalrtwg mgjal wiecs lsngthwisge efthemarer atonafheoxterpgt thrdlioncsiriage
Figure 1 i Sirﬂh%ﬁﬁﬂj@é\%%%cti ectional, perspective view of an article
including a "plurality o I'screte metal wires of generally circular cross
section bonded | engthwi se along an article surface. Figure 2 is a

fragmentary sectional enl arge iewqgf awre of Figure 1 show ng the
bondi ng i th_« hel Py erBodiitan te s nReticedn Sonfortibal woues 8ims o4 wir

f ragment ar ynfeglidsi O ahothee vindbdidnci,SGEQirEcIvIiE @ AY,] I RaBPNEE Mrhdng tape,
rectangul ar, square cross section bonded to an article surface. If(%gure 4 s
a fragment afYMmRETRG & hase api 8 ipralitypigeetak wires Gagriesbkel thg basegener al | y
triangul ar cross section bonded to an article surface. 5 Figures 5, 6, 7,
and 8 are fragnentary sectional perspective views in diagramatic form of
3 di nensi onal generally woven wire formations or wire neshes bonded

| engthwi se of the wires along an article surface, the wres having

rect angul ar BRIEF DES§RIBITOQNQHTHELRRAMINGS par abol i ¢ si des), or circul ar

Cross secti ons.

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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DETAI'LED DESCRI PTI ON OF THE | NVENTI ON 10 Turbul ators for dissipation of
heat froma surface are specifically described in exanples i? hj r,izﬁ
art primarily in the shape of particles of material or genera I@ 4 Ulr
hem spheri cal nenbers or buttons bonded with an article surface. In that

general shape, sudfigerer3oislaafrapnsentarhist@ionslsvistyi 9ta discréthevidi 5@1,9%35 h@rﬂzrﬁ
heat, do not strengthen an article surface or assist in controlling the
flow of fluid SEPHRATTIUEIeHRessshctipnhorfed tojan astiele sedaceaccor ding to an
enbodi mrent of the present invention, a turbulator in the form of a netal

wire, a woven W re Fifired idialfPagitRsifhry E‘@fﬁ@nglo&qgﬁ%f laqg&}élw“ﬁf‘e Ry O%?ngﬁally

article surface, provides the combination of heat dissipation
article surfadBangyar|ceoss aetiendondedithenartidlehwfzsar f ace strength and
potential operating life of the article. 20 As used herein, a "wire" neans

an el onga ed nenberg; ral k y-hayjn | gnath at | east, about 5 ti.nes the
wire crog";s secti on.FIQ%Qs:cfgi é’i gh,%){%agtaﬁguﬁggmﬁlggﬁyt F?ﬁ%}oﬂﬂ BFTSRECUNE YIS 1R of
wires al ong adiagrdrametioforthuf Jaditrendienad gefierilly Gavéd wire foMSnObr RiFe WrkER

fluid inpinge vi des a desired boundary |ayer flow control at the
article surfa 83‘5‘3%#8‘?3@‘(%9?8}3 Yyes ﬁ%ﬂ&m‘ﬂ% adicle wirfieeithe wires having restangalat,y

paral | el t0 ¢ ieughiwidh Welghior Lo IadT 2 STRPLAN sefgts L he surf ace.

i mprovi ng aerodynam ¢ efficrency in a flow o e Wres are

positioned at _an angle to the flow, nore or desired turbul ence of the flow
i s provi ded. REJHMEERYDESCRIAONOFTHRE PNEE2EIOMNvent i on, the degree of

heat dissipation froma surface, the fluid fl ow over a surface, and/or the

surface gtrength o | Ch.e . i oved d nore agcyrat el )
control I@d. Appl i cng fbgln%tgr%tféﬁ(]g%lﬁnﬁfrag%?hggl)%m&w %aﬁeﬁBPﬂﬁ?#%’ %Véﬁd\f\ﬂr es
and neshes, cexansesvhdtacipmiot gt privhdril@lin mlvdﬂsﬁvﬁétdﬂpartﬁies&ff m@EHAICdrSeRbrai@n e
made after seyvice operation. Meial wres, Jich can be nmade such as bg
extrusion to EP%?PWEC?LWH?P@W Fnotinas bopded wWitky aparicls sufages Iarbatcgase!
sectional shaggpe &R nRbAY ; ol ALt u | ong t he
direction of ?ﬁg W re. Thgirogsgﬁl?%ﬁéghgflgstﬁé;%@%%@#‘gg?m%b%gg&}%n% Hen an
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,
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surface enabl es selection of netal or alloy, shape, size and arrangenent of

wires to be nmde appropriately for surface strengthening ui d
flow control, heat dissipation and, if desired, envi ronnenfzﬁ\e‘-rwcg\?zdd

In one enbodi nent, the material fromwhich the wires are nmade is dlfferent

fromthat of thduding ivedven Switésagift mbbhdsOkar B@&ﬁéﬂ%nﬁnﬁlebiﬁpm 'rﬁhﬁﬁchﬁg%f an
strength and heat dissipation, the wires can be nade a neta oy

havi ng a greaeercft%qandqew@ﬁ@wwwom@nm | east one mechanical strength
property, for exanple tensile strength, greater than that of the article

surface. An enbodi ﬁ&&ll Wikest BRidA! G888 tnddd V& t:{g o I}( m%%ﬁ o) regéhve&elgng s

fragnmentary, sectional pefspective View o

general |y at afd eompietysefSsizeslindnarbal sectiomilBhigest c‘:anlﬁirokrm@ #@hia Bl AHisle
surface 12. Bogn ed Ien%1 se to surface 12 is urality of metal wires
14, show? to Bler gection of fheawitgy J§§re§‘¥§6t‘l56ﬁf speh 2 memberheysigd feat |

wires 14 are dxrme%ﬁ 189se3dekibAGE ?‘%ﬁ’r fmag ed-
apart one fromthe o??lers%mevelﬁ%%lt)pglﬁoﬁ be u g ers r?ZIrJgant ﬁtrn{f%)/xrerﬁg@gl red
or by randonmans Fesraprietely e swifaceostengiheriog 126 wah d:seﬂuicbﬂebvyc@dtoagcﬁéﬁt or
touch or be 2 d nor e. n r.es or exa
appropri ate a?rgai Eg&goﬁ}len%‘gcﬁﬁe%@dnﬁa‘é“?@@gﬁq grto\{\é&pggl pi‘f iWg ¢ Pléﬁlen'f rtBen
surface 12 anthaterial Grosi WRitBthE iRk atdREOY & dl%?éﬂ@ﬂoﬁﬂh&?%?ﬂ?crérh@i% sBfface.
surface 12. A%thou gh a generally parallel array is shown in Figure 1, as
0

di scussed aboV® IHEOYFMES bgth ip nerffﬂewﬁrsngth@né aeattshissiftatipnstbd weites zan beiglade o n e
for oxanpl o 3t Het ik MoPBiligPa cealdine i Haw BT A 5Be nd mihicht

sectional vi estengtiFprgperey, forsdxamleaenhlls(streﬁ@h,vgreaier]tﬂan okt e RHidAuraye, Of
wires in Figure 1 bonded al ong the Iength of the wwire.to article surface

12 th h bondi a netal brazing allqy. The
enl ;rggggf rggngﬂt eﬂg h?%‘ﬁa Oxglt@ﬁspr(?%g%h‘aﬂ?’é‘og 19 DOV HB AR frégmglztaryn

different 4 lGctéoMdl2eRfedtioSsewBELigaRal. ARapese aﬁtﬂwbgé}ié?afh)}& 1 dohfphes a
surface 12 ' hrﬁa‘é’t‘iﬂﬂ: sillr‘t])st?atg r1 ??nrclh?dtntlag arltjlglrédslup cea{2| Ogonded 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



The fragnentary sectional perspective views of Figures 5 through 8 show,

di agrammmatical ly, various enbodiments of wires 14 as vvove,aj gl ;ﬁd;\ﬁr t i ons
ar wire 5 nmeshes, shown generally at 18, bonded with artic 2..i;5|_‘:2
generally lengthwise of the wires in the wire structures. These fornmations
provide a 3 dinensional turbulation effect for surface 12. Figure 5 shows
the wires to KEOS§essetienal yshapesy and bagdacato (aftinle sexfacmllé tguemhe)n @ppspriate
section as ingFi igure 6 shows the wires to be generally of
triangul ar crggg&gégyg%%l&w th substantially straight sides as in Figure 4.
10 Figure 7 shows the wires to be generally of triangular cross section
with substantial | y Thedragnwintary tsyeional gespedtivg wiews o Fes hahMubES biwle

generally of c¢ircul ar .ciloss ., sect [

on as shown in figure 2. One-conveni ent
means for di sPESTAYRaNBLYYa5erH grapdimsatsat fyresHé aswavan mise formatigng eswam an

article surfagRsk&eshod L1169 P8 A% i1 EFace 19 i ng
15 sheet or a tzsip_e, _carntr)%/i ng ?he ﬁea%gpaiw%itggﬁb%mtlagﬁé%ggﬁéagiﬁgggv)%g% ed.
Prepared | ay#iesviresin thwiradenciuigs.aZherg fatmaipnh prowideeehdinisheloyaldedalatibad

and are comp in thesart of ,netal joining. One formincludes a
brazing al | oy%%%p@%%gﬂf% elltzy Fgggfeegtsgaw? gl?e #HP%FC? g? 536?"‘];){ Pg]ﬁ%?t%"g“l?é (for
j oi ned. Sormet exmmple hquireRpziddg LY ab Sn CApNreed | Pigu a%m%éi@iré@K@Ble

material that will deconpose substantially w thout residue upon 20 heati ng
to a brazing SeiEbaelurangylar exopw ectin grtthaubstantielie stiighti sidesads| inyFigweidn t he

formof gn al b LR i1 I . ers.and.materials from
whi ch tlﬁey air:%%ﬁ%\%é ar eth\%vg%@)go B&%@%l?gﬁ%gﬁggg# g ﬁeﬁtéona‘ryftg%fﬂﬁﬁta“élﬁgﬁpl e
in the above- pirdeslid fyipedidespeRigireg 8 LshSws Rht avitesApPbd @akhidrally S€rcirdhlaNdrRer
09/ 304276. O her. means f.or_. di sposing, positioning and bonding the
plurality of ?/ﬁcflgga ﬂ’o lgrﬁgiuﬁqg surface uses 25 a braze alloy paste
I ncl uding a braze powder and a fugitive type binder. A variety of such
pastes for brazi ngogeed@ieaicat hitady for APbLIAL) RositidBindSAE 1IRHEL e ARl bF! ©
conprising an article surface and a plurality of discrete ta? WTes, in
what ever for n{Virchehdearticls sitace ypdsacrrepsied brreing By liernfor ekample edreong a
brazi ng {porti . razi . .. brazi ng sheet . or azin
Cape, ol udi e S RragirR B s VF B RER ey frd Friuctd
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,



5 16 JUN 2004 One exanple of an article having a nmetal surface that can
include.forns of the present invention is a turbine engi nrﬁcgﬂg pEQD

requiring cooling to maintain conponent tenperatures wth C &) (*e
ranges or to maintain desired thermal matches for clearance or stress

control . Exanpl es @heenefpRUTRANSHIS haviE) Heetdl kb 8Sthat &anﬂaﬁde thBloP fhe
vanes, struts, ShI’OUdS and varl ous support structures 1 nclud I Ng an

external fl ui @rmntamthm duraf aubingyenginthicompanst uieduiringwsodlingt tve rfadutainof

iUl o such ascalipbite? GfEhdnd wERIA N80, eS0T & BE I Aestadcfhormal

i npi ngement Cmmltd}i&gfor/%&atﬁedohﬁfﬁs Bortfbl. ERARABIEE 0OEuAH dobh Bhehtsimfciufa\é/r&rﬁﬁxet erm
‘air" is mten%@d to . i.nclude, as appropriate, air and 18 products of

conbust i on. GBIREERIPIPines s apiritsl sgougs, and ruasieys éP@%éFéUC(S'#I‘G%I lmﬂlgchng an
temperature akkeabASRCbr A RALsRactRE: Dhiche: Al AR e Bt 4P AordeOh™

of the present Invention on external ow surfaces suc
or surfaces, mithi prodpote€combustat ﬁmeomtmthMme&s ,hevoting ﬂmcbsaclse@tahonal

[ inth f .about 0.001 .- 1 f o) the
Chvent fon can BT et TOER QoA EHR kSR R ARPRES R R lip & ed herein in

servi ce- oper at@fhestidn witE flufflow ¥R RHE Faie’ Hﬁﬁt%hde@%%diﬁde b4 aﬁﬁoﬁﬁd@waﬁl&nhace
of an article that has been operated in a gas turbine engine can

nodi fi ed%and Pegpets i eorsdiugtiem h £sanethllyy swnan’tw@swmrﬁasemrebma@ m@ a highsuch
surface, | eng#e%e? ggf\r%fallog I%%Sé’& 5[? %ne E)gg]o% %g %ln’:asﬁ 81% (%EC or qsgco‘?%exérll gg H’ldl ng

wres in the rorm

i nprove surf ap&sdslﬂahv&iﬂtlsﬁldmaéﬁalﬂal Aot Gy sifatecsr ssdhr ﬁﬁ@teb or GRfthée] u is
surface fluid flow, etc, as discussed above. In one evaluation of t

present i nvenPiegrTedhat/the metal yiires havesreioss sectipral §izedn the ignge eboptl- 99 b-

al l oy commercpghly avail able as- Hastalloy-X alloy was wapped wth 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 all oy of
the Ni - 05 Si type Oserfem spédhaeplebead iGEstiohreanibsgpragtiasd to malif)2e ediaacet er

Hastal | oy- X aLdrPa%ve';’:%erwce-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

6



general ly circular cross section then was wr apped about tllﬂe& i&& {0 the
braze tape w th about 1/8" spacing between wre w aps. t hen
was .brazed in a vacuum furnace for 30 mnutes at 2100 F using a heating
schedul e increasing in steps 30 from550 F to reach 2100 F to allow the

bi nder to decﬂﬁﬁg’&@lffdgﬁlﬂi!ottﬁ@oﬁtrsﬂé‘%h&’n?&& of 3RtubBGnd %ﬂ@?%&)\]‘{l}%, g@gﬁieh'azfgrml n

this way, the wire was bonded by brazing the wire alongits
| engt h to t heobilie pragentdfeantionr of the tube and, after cooling, provided a
form of the present invention. In another eval uation of the pr esent

i nvention, each of r f. the above .Hast al. Io -X allag
Wi re was resist ancerP%r%(lt)}Fe %L,%]%Xtao i %ﬂr%? %?e%glﬁ igyenyign, %cﬁé)f Wegw, smweaeé of
a 0.0015" t hithk dbbved Hastahdy- Kyaltuya\me foails Iresid¥ite spbi Weldbe lér@,’tﬂms@@f‘ﬁfc‘ 1§§9 by

weight, 19% Cr, 7.3%.Si , W th the bal ance N . itive I nder
was not Pncl udfl 3 SuEfsre P%PI OOEHrﬁ sthiikr i |baere Al brazennl. mé‘gomlésﬁlxttm&@l spot

vel ded onto AdmidedPhi %q,frt]emw 9BoR RICLS 78 WEhShE d1ahge 3. G2,

al l oy and then bonde laté sur brazing 1n a vacuum%lurnace
for 30 mi nut einder wes QQIO(DIc]ﬁded' e thdaftilal This- Mrwllachnfﬁaﬂ theli Iwens rredistance spot

conductivity a |Ie r t reater t.han that of t GTD222 allo

surface. | nyt‘ﬁglg @xﬁ?%?@%éﬁ&g' E@ﬁﬁ’i‘?’?’&ﬂ“’? BYss faredie an I]P PEOBEPY AR gf
the plate surhasonde fovhe $AAEdurfdda! By BuAMRlif d PRUBHCRIRacTBP 50 ThinkeRt B O
the present invention. In still another evaluation of the present

i nventidf, t h%lOQBBVJ hH‘ITB?@@uOIrQC wire had &me@?al\/ﬂméumstypndwmdd sura:ngtlhgrea’iter m of

a wWre scree ISt 0 dal the | ength
of wires in [}Re screen ont ﬂr?%fle Q%?F%rg% ofﬁll 1sw Bﬁvﬁeag SSE’& 5" Pb?l”cgraze

foil descri bescﬂreagtdlvpropa'ﬂmes fodi the | plate ushirfage tve ﬁlefe@s?aa Wethis REHME BpRagss f or
30 m nutes at Zjbreg? a surface of a GID-222 alloy plate, providing
anot her exanmfti®ethes ¢ FFSEH&SAEYBNt i nvention. 20 As was nenti oned

above, a variety of braze pastes including a selected brazing alloy powder
and a fugitive bi ngegiic eRdtRECeAllaYior T RY ArbRB EveFiGL the Gbsie Hastalloy-X

i5 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



t he present invention can include applying a braze paste to a surface of an
"article and then inbedding the wires, in whatever form #mt ,
l.engt hwi se of the wires prior to brazing. 25 The present ﬁﬂieﬁﬁ“@ﬁﬁﬁﬁ%
been described in connection with a variety of specific forns, shapes,
enbodi nents, exanpl es, nethods and materials. However, it should be

under st ood t hé‘?votlﬁélyw%‘@“jieﬁ@ﬁdbﬁf the inysntigipiscapatde of vatiations exdimodificatignsway

limting on, @ﬂﬁngf se skilled in the
various arts 7 1839 gfﬁﬁs&éﬁ@&f%?ﬁﬁﬁ%&?@glal ‘that the invention is
capabl e of variations and nodifications wthout departing fromthe scope
of the appended clains. 8 16 June 2004 CLAIMS: 1. An article for power
generating apparatus, the article conprising: 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 flowdirection; the 5
article surface being a netallic article surface having a first thermal
conductivity and a first mechanical strength property; and a plurality of
metal heat transfer wires bonded | engthwi se of the wires along the article
surface in the fluid flow direction and exposed to the cooling fluid; the
wires being of a netal conposition different fromthe netallic article
surface and having a 10 second thernmal conductivity greater than the first
thermal conductivity. 2. The article of claim1 in which said plurality of
wi res have a second nechanical strength property greater than the first
mechani cal strength property. 15 3. The article of claiml or 2, in which
the plurality of netal wires are disposed substantially parallel one to
another. 4. The article of any one of the preceding clains in which at

| east one of the



plurality of wires is disposed substantially at an angle to another wre.
20 5. The article of any one of the preceding clains in whicHétlose 800£s are
in a form selected fromthe group consisting of wire mesh and woven wires.
6. The article of claiml1l in which at |east one of the plurality of wires

I s bonded a%%%an angle to the fluid flow direction. 7. The article of
claim1 in irm of a gas turbine engine article in which: the fluid
flow surfact is Aumaetinctee‘ompxiwmgehaxaﬁn@ﬁppdrtetuarthéai‘tie:lamazmpri&fnigch air flows in

o | oo e e M BRI e W S B el
form of a gaparaingiisa sntfcaeovar whichea mnglmglm ﬂb\he if Bufiuid flbwwliredtidradiee | s an
i ect on: - aAESuReos g 5 sciefly tEle SMsEE nBlihe maMinthal B Blbiviitld 2 o

di sposed s uiirst raedthanicalsteengtmprapertye ahd another wire. 9. The article of

claimg in whi \(/:Mh élﬁ?ahghéf%eotglrl%alt ﬂaﬁsf&p\xnpés lgcjn%%& ?equ&{vﬁég éﬂﬁe w?.‘y B[ona the

consi sting of woven W r
ext er nal nearditleisurfatelird thel thyid ﬂuwfchmtlmi and sapesageto ﬂ)pemmtn@lﬂpldy\ﬂre wwes

gener at | 19 ARRRLAL SR Ll B SndhBhCPom HE FIRPERRE GhaBl RIDGIE ©

in a power ing a a Coo rhal
fluid f10ow MOBdutHeanel qmdactivltmgwatércbmrdﬂ‘teémt themmat doadoettvidy.l ic fluid fl ow
surface having a first thermal conductivity, the nmethod conpri sing:
selecting a plurality of netal heat transfer wires of a conposition

di fferent f2.om Theeanigeaf tlaan fllinimdichlsaid pluralityed wined haeey 8 Isgcendsraechahidaher nal

conducti vi t%regabﬁl%rgﬁe&w&@at& {h%nftlgé ﬁnlst %Q@I’Hﬁ?&al gt?é}%'t’f%ljo}ﬁialtt% and

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



15 increasing a surface area of the external fluid flow surface to enhance
heat transfer therefromby bonding a plurality of netal w rdé Juea@obdi se
of the wires along the external fluid flow surface in the fluid flow
direction. 11. The rrethod of claim10 in which the plurality of netal wres

are disposed  205uast N brlYoRAIGSly ANE daRla'UBkanby J15 BRIOSY Of

claim10 in whic [ a1 W' es

subst ant i al ayother wire.angl e to anot her WI re. 25 13. The net hod of claim 10,
11 or 12 in which the wires are in a formselected from the group
consisting of wire nesh and woven wires. 10 ARTICLE SURFACE W TH METAL

W RES AND METHODTRORtivlakofa@EiImBEINRATTh heswirdsoare i a2prrokelantedritant ke grd0p, f or

exanpl e N ?&s?sth @nbf@r%b%ts laﬂ?ﬂv.w%%rji ?’ﬁ% includes a plurality of netal
S

wires (14) engt e Wres along the article surface (12). The
article (10) can be in the formof a conponent of an apparatus; for

eXanpl € & COEPONgNL ARSI RS S erehlda 55, SfHoe8) adsapded

along and nodi fying su ace acterls iCS O artrcle (10 ,
articl e (10yparatedipewiengendrnatingoanpacdtusaitiols divaywhialy.eduring @pestiamof thezartitlazi ng

tape, incl ug Q%oWé? JRERindVbbSratds ) cSthb ' ffl ALY DvBr B LAGMA hald Rdwt Ne

| ayer. Figure
10  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 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





