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RESEARCHMEMORANDUM

WIRECLOTHAS POROUSMATERIALFORTRANSPIRATION-COOLEDWAILS

ByE. R. G.Eckert,MartinR.Kinsler,andReevesP. Cochran

su4Mm
An investigationwasmadeto determinethepropertiesofwirecloth

asa porousmaterialfortranspiration-cooledwallswherea coolantis
forcedthroughtheporousmaterialtoforman insulatinglayeroffluid
ontheheatedsurfaceofthewall.Materialspresentlyavailablefor
transpirationcmling,suchas sinteredporousmetals,donothavesuf-
ficientstrengthforapplicationsinwhichtheoperatingstressesare
high. Forapplicationswherethestressesactprkril.yin onedirec-
tion,a porousmaterialwithhighstrengthinthatdirectionisdesirable.
An exampleof suchan applicatimisinturbine-rotorbladeswherethe
centrifugalstresspredominates.Thesuitabilityofa corduroy-typewire
clothmanufacturedfromAISItype304stainlesssteelwasinvestigated
forthispurpose.

Theclothwaswovenwithconsiderablymorewiresin onedirection
thanintheother.Aswoven,theclothwastoopermeableformost
transpiration-cedingappli&tions,butby cold-rollinga porousmaterial
maybe obtainedwitha widerangeofpermeabilities,whichshouldcover
mostrequirementsfortrsaspiration-cooledwalls.Thestiffnessofthe
wireclothcouldbe increasedby a brazingprocessthatbondedthewires
together.b ordertoprotideanadequatebasisforcomparisonof
variousporousmaterials,a reducedtensilestrengthwasintroducedfor
aircraftapplicationswherestrength-densityratiois important.The
reducedtensilestrengthoftheclothafterbrazingandrollingwasas
highas 130,000poundspersqure inch,whichis.2 to 3 timestheulti-
matecomparablestrengthof compactedsinteredmetals.Spot-weldingwas
foundtobe a satisfactorymethodofattachingwireclothto solidstruc-
turesmd seambrazingaffordeda meansofattachinglayersof clothto
eachother.

INTRODUCTION

Transpirationcoolinghasbeenshowntobe an effectivemeansfor
coolingstructuresinhigh-te~eraturehigh-velocitygasstreams(refer-
ence1). Inthetranspiration-coolingprocess,thewallsofthestruc-
turearemadeofa porousmaterialanda coolantisforcedthroughthe
porouswalltoforman insulatinglayeroffluidbetweenthewalland
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thehotgasstresm.Thismethodholdsparticularpremiseforair-cooled
gap-turhtierotor..b~adeswhereconventionalconvection-coolingmethods %
becomeinadequateat highgastemperatures.Thetranspiration-cooling
methodalsooffersattractivepossibilitiesforthecoolingof other
structuralelementsin theaircraftpropulsionsystem,suchas com-
bustionchsmbers,transitionducts,turbinestatorsandcasings,and
jet-nozzlecomponents.Thismethodmayalsobe usedtoprotecttheskin
ofmissilesfromaerodyn~icheatingeffects.Additionalapplications
forporouswallsmaybe foundindeicingwherewarmair Is forcedthrough
thewalls,andinboundary-layercontroldeviceswheresuctionisapplied

m~..

to improveflowcharacteristics. N

A porousmaterialfortranspirationcoolingandtheotherapplica-
tionsmentionedmustfu~illcertainbasicrequirements.Theserequire-
mentsare: —

(a)Controllablepe?nneabilitywhichislocallyuniformor changes
locallyina prescribedmannertomeeta requiredcoolant-flawdistri-
buteon

(b)Sufficientlywide
variationsincoolantflow

(c)Adequatestrength

.

rangeofpermeabilitiestoaccommodatelarge
requirements .

fora proposedapplication

(d)Availabilityinquantityinpiecesofsufficientsizeandthick-
nesstomeeta specificapplication

(e)Adaptabilityto conventionalfabricationmethods

Usuallya porousmateriqlproducedbysinteringofpowderedmetals
is consideredfortranspiration-coolingapplications.However,sintered
metalsdonotasyetsatisfactorilyfulfillallthepreviously-mentioned
requirements.Theapplicabilityofothermaterialsforthe
transpiration-coolingprocesswasthereforestudied.

.-
Inmany

transpiration-coollngapplications,theprimarystressesarein one
directionintheplaneoftheporouswall,as,forexample,ingas-
turbinerotorbladeswheretheprimarystressesarecausedby centri- ‘
fugalforcesandactinthedirectionofthoseforces.In sucha case,
itisadvantageoustohavea porousmaterialthatiscomposedoffibers
orwireswhichrun~aralleltothedirectionoftheseprimarystresses.
Intheprocessofinvestigatingmaterialswhichmeetthisidea,a type
ofwireclothhavingthegreaterportionofthetireswovenin onedirec-
tionwasselectedforconsideration.Aswoven,thewireclothhasa
permeabilitywhichistoohrge formosttranspiration-coolingapplica- *
tions;however,itspermeabilitycanbe reducedtoanydesireddegreeby
cold-rolling.Thestiffnesswasincreasedbya brazingprocesswhich
bondedthewirestogether. ~
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Theresultsarepresentedhereinof an investigationconductedat -.
theNACALewislaboratoryoftheperm=bilityandstrengthofwirecloth
bothin itsnormalstateandasmodifiedby thepreviously-mentioned
brazingandrollingprocessesfortranspirationcooling.

Samplesofwireclothfortheseinvestigationswereobtainedfrcm
TheW.S. TylerCompanyofCleveland.Theassistanceofthiscompany
andpartic&rlyMr=H&h Brownin
materialfortranspirationcooling

PREPARATION

A wireclothsuitableforthe

thedevelopmentofwireclothasa
is gratefullyacknowledged.

OFWIRECLOTH ‘

otitiedpurposeshouldbe suchthat
thegreaterportionofthewiresruninthedirectionoftheprimary
stresses.A specialweavecalledcorduroyclothfulfillsthisrequire-
ment.-Themeshofwireclothisdesignatedbythenumberof openfngs
perinchbetweenwiresinthewarpandshed,respectively.(See
fig.1.} Inthisreportthewiresintheshoatoftheclotharereferred
toas lengthwisewires,andthewiresinthewarpas crosswisewires.
Dataforthethreedifferentmeshesofthewirecloth,whichwereinves-
tigatedinthisreport,arecontainedintableI. Thenumberofwires
inthesecondandfourthcolumnswasdeterminedlyactualcountonthe
samplesused. Forthe20X350wirecloth,thisnumberdeviatedconsider-
ablyfromthenominalnumber.

ThematerialintheclothtestedinthisinvestigationisAISI
type304stainlesssteel.However,thewireclothcanbe manufactured.
franothermaterialsaswelL Thewiresfromwhichtheclothiswoven
areinanannealedstate.Theweavingprocessitselfcausesscmework
hardening.Frontmd sideviewsof sucha wireclothareshowninfig-
ure2. Thisfiguredepictsthespecialtypeofweavewhichisusedin
themanufacturingprocess.

Aswoventhewireclothhasa permeabilitythatistoohighfor
mostoftheapplicationsconsidered.However,thepermeabil.itiesmaybe
decreasedto snydesireddegreeby a cold-rollingprocess.Thestrength
ofthewiresisincreasedbythisrollingprocessas longasthereduc-
tioninthicknessstaysbelowa certainlimit,approximatelyhalfthe
originalthickness.Frontandsidetiewsofthewireclothafteritwas
rolledtohalfitsoriginalthiclmessarepresentedinfigure3. This
photographmaybe scmewhatmisleadingas itgivesthehpressionthat
thespacesbetweenthewiresareclosedupexceptfortherawsofdark
holes.Inreality,theslotsthatrunobliquelyto thesurfaceofthe
clotharestillpresentbetweenthewires.Inadditionto decreasing
thepermeability,therollingprocesshasanotherbeneficialeffect.
Formanyapplications,thesurfaceofthetranspiration-cooledwallh&
tobe smooth.It c=be seenfrcma comparisonof figures2 and3 that
thesurfaceroughnessisdecreasedconsiderablyby therollingprocess.
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In”ordertobe effective,therollinghastobe appliedinthe ‘
lengthwisedirect-ion)whichistheaxialdirectionofthelargernumber
ofwires.In somecases,porous.materialpreparedinthiswayis
undesirablebecauseitis considerablylessrigidagainstbendingforces
than a pieceofsolidsheetmetal.Therigiditycanbe increasedby
interconnectingthewiresatallplaceswheretheytoucheachother.
Suchinterconnectionwasobtainedinthefollowingway:Thew&e clothwas
sprayedwitha low-temperaturesilverbrazingalloyby theuseofa metal
spraygun;thebrazingmaterialappliedthiswaydidnotcloseup the
poresbutcovered..thewiresonlyon thesurfacefacingthespraygun. A
viewofthesurfac.~ofthesprayedclothisshowninfigure4(a).A sil-
verbrazingalloywitha meltingpetitof12”60°F wasusedinthisinves-
tigation.Thesprayedclothwasdippedintoa saltbathat about1400°F
temperature“untilthesprayedalloywasbraZedto thesurfaceofthe
wires(figs.4(b)and4(c)).It canbe seenthatthebrazingmaterial
gavea verygoodinterconnectionofthewireswithoutclosingup the
spacesneededfortheflowofthecoohnt.

Thematerialcontainingnobrazingmaterialisreferredtoherein
as %nbrazedwirecloth”,andthesprayedandheatedmaterialas “brazed

--

tirecloth”.Thespecificapplicationdetermineswhetherpreference
shouldbe giventothebrazedor theunlmazedwirecloth.An advantage .
ofthebrazedclothisitsgreaterstiffness)but).it3.s to be expected
thattibrazedclothhasgoodvibrationdsmipingcharacteristics,which
aredesirableinmanycases.Also,thepermissibletemperaturewillbe
higher.fortheunbrazedcloth.Forthesereasons,theinvestigations
wereconductedonbothtypesofcloth.Air-flowtestsshowedthatthe
permeabilitywasnotdecreasedseriouslyby thebrazingprocess.The
permeabilityofthebrazedmaterialwasreducedto thedesireddegreeby
rollingafterthebrazingprocesswasfinished.Photographsofthis
materialafteritsthicknesshasbeenreduced15and37percentofthe
originalvaluearepresentedin figures5(a)and5(b),respectively.
Thematerialpreparedinthiswayhasa smoothsurfaceanda stiffness
comparableto solidsheetmetalofthesamethickness.

Methodsweredevelopedby TheW. S.TylerCompanyforjoiningpieces
ofwire”clothby a brazingprocessandalsoforinterco~ec.ting.several
layersofwireclothby localapplicationofheatina mannercorrespond-
ingto spotweldingor seamwelding.Of.thedifferentprocedurestested
atthe.Lewislaboratory”for”co?xiectingwire.clothtoa solidmetalstruc-
ture,spotweldingwasfoundtobe mostsatisfactory.

PERMEABILITYCl?WIRECLOTH
.

Theamountof c’cmlant”t~tcanbe forcedthrougha porousmaterial
witha givenpressuyedroprnus>be knownforthedesignerto selectthe
materialandoperatingpressure”’fora specificapplicationoftranspira-
tioncooling.
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In orderto determinetheamountofairthatwillflowthrough
rolledwireclothofvariouspermeabilitiesinboththebrazedandthe
unbrazedstate,tests
flowandthepressure

wereperformedduringwhichtheweightrateof
dropacrosstheclothweremeasured.

ApparatusandProcedure

5

A “schematic”diagramofthetestequipmentusedfordeterminingthe*
permeabilityofwire-clothisshowni?-fi-~e6. Airatrocmtem&ra-
tureandata gagepressureof120poundspersquareinchis filtered
andpassedthrougha pressureregulator.Theairflowis controll.edby
a handvalveandmeasuredby a rotameter.Itthenpassesthrougha
specimenofwireclothheldbetweentwocoppergasketsina pipe-to-tube
connectorcoupling.Thisarrangementisshownindetailinfigure6.
Thetemperatureandthepressureoftheairpassingttioughtherotameter
arealsomeasured.

Piecesofunbrazedwireclothselectedfromsheetssup~liedbythe
manufacturerwererolledvarioussmountstomaximumreductionof50per-
centoftheiroriginalthickness.Disks,l? inchesindiameter,were -

cutfromtheselectedpiecessndtheiraver=gethicknessesweredeter-
mined.Thesediskswerethenclsmpedtightlybetweenthecoppergaskets
in theconnectorcoupling.Airwaspermittedto flowthro@ thetest
apparatus.Thepressu&sonbothsidesofthewire-clothspecimenas
welJastheweightflowthroughitweredetermined.Forthemostpart,
measurementsweremadeonthreelayersoftheclothstackedoneontop
oftheother.However,in orderto determinewhetherornotthereisa
differenceinpermeabilitywhendifferentnunibersof layersareused,
testswerealsoperformedononeandfivelayersofthecloth.Similar
permeabilitytestsweremadeonbrazed-androlled-wirecloth.

ResultsofPermeabilityTests

Theweightrateofflowofgasesthrougha planewallofporous
materialatlargepressuredifferencesandunderisothermalconditions
dependson thepressure-squaredifference(reference2). Therefore,the
resultsofthepermeabilitytestsareplottedinfigures7 and8 as the
differenceinthesqwes ofthepressuresonbothsidesofthecloth
perunitofthiclmessof clothagainsttheweightrateof flowofgases
throughthecloth.Twomeshsizesoftheunbrazedcloth(fig.7),and
threemeshsizesofbrazedcloth(fig.8)wereinvestigated.

. Eachofthefigurescontainsresultswithdifferentnumbersof
layersat thessmepercentageofthicknessreductionbyrolling.An

Y
ex&inationofthe~orrespondingpointsreveals
differenceperunitthicknessoftheclothdoes

thatthepress&e-square
notdependsystematically
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onthenumberof layers.Differencesthatoccurin somecasesare
attributedto inaccuraciesinthepreparationoftheporousclothorthe
thicbessmeasurements.Especiallyat largevaluesofthicknessreduc-
tion,thethicknessmeasurementhastobe extremelyaccurateInorderto
obtainreproducibleresults.Thispointisdiscussedinthefollowing
section.Thefactthatthepressure-squaredifferenceperunitthick-
nessdoesnotdependonthenumberof layersinticatesthatthepressure
dropthrougha specifiednuniberoflayersisthesameregardlessof
~ther thelayers areplacedsomedistanceapartorstackedclosely
together.Thetwounconnectedpointsinfigure8(b)arefordata
obtainedinanattemptto investigatea 20X350specimenofverylowper-
meability.Therewasinsufficientpressuredropavailabletotestat
higherweight-flowrates.

A comparisonofunbrazedandbrazedclothofa specificmesh(figs.
7(a)and8(a)orfigs.7(b)and8(c),respectively)indicatesthatthe
pressure-squaredifferenceofthebrazedclothisabout20-percent
largerthanthepressure-squaredifferenceofunbrazedclothwiththe
ssmethickness.Thebrazedclothmustbe rolledinorderto obtaincon-
siderablereductioninthepermeability.However,thedifferenceinthe
pressure-squaredifferencevaluesof@razed andbrazedclothbeccme
greaterat largevaluesofthicknessreduction(figs.7 and8). At
highvalues,itisthereforeunnecessarytorollbrazedclothasmuchas
unbrazedclothinordertoobtainthessmepermeability.Thisfact
becomestiportantwhenembrittlementisa considerationin clothsrolled’
toverylowpermeability;itisdiscussedinthesectionentitled
“TENSILESTRENGTHOFWIRECLOTH.”

No consistentdifferencescanbe found-betweenthevaluesofthe
pressure-squaredifferenceperunitthicknessforclothofdifferent
meshesineitherthebrazedortheunbrazedcondition.

ComparisonWithCompactedSintered’PorousMetals

A comparisonoftherelationbetweenporosityandpermeabilityof
rolledwireclothwiththatofscmecompactedsinteredporousmetalsis
of interestbecausesucha comparisonshouldgivesaneindicationof
thenatureoftheflowas influencedby thegecanetryofthechannelsin
bothmaterials.

Forthispurpose,theporosityofthewireclothwillbe calculated.
TheporosityistheratioofthevolumeofvoidsVv tothetotal
volumeVt (allsymbolsaredefinedintheappendix):

Vv
f ‘q (1)

.

.

*-”” -- ~ -’ ..-, .“.
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or ifthevolume

... . . ... . . ... .

ofmetal Vm isused

Vm
r l-—=

~t

However,thevolumeofthemetalincludesthevolumeofthesteelVfi
andthevolumeofthebrazingalloyVb, therefore.

vm=v~+vb

When
this

thecorrespondingweight
eqwa.tionmaybewritten

W andspecificweighty areused,

Ws Wb
vm=~+—

s rb

Then

()Ws Wb
f l-~—+—=

Vt rs Yb

andbecauseVt = AT where A isthesurface
thicknessofthecloth

[ 1llWS1%f l--—~+———=
~ Ys rb A

.

areaand T is the

7

(2)

By thisformulatheporositycanbe calculatedbecausethespecific
weightofthesteelandofthebrazingmaterialisknown.Theweight
perunitareaoftheunbrazedmaterialis Wfi/Aandthedifferencein
wetghtofthebrazedandtheunbrazedmaterialis ~/A.

In figure9,theporosityofrolled-wirecloth,as determinedly
equation(2),isplottedagainstthepercentagereductioninoriginal
thickness.Thevalueoftheporosityofunbrazedwireclothata given
valueofthicknessreductimincreaseswithan increaseintheratioof
thetismeterofthecrosswisewirestothediameterofthelengthwise

● wires(seetableI). A largediameterratiocausesmorebending02the
wiresinweavingandconsequentlymorevoidspace.Theamountofbraze
materialaddedtotheclothwaslargestforthe28X500meshsize.This

*-, factexplainswhythereductioninporosityby thebrazingprocesswas
largestforthistypeof cloth.
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ThepermeabilitycoefficientK isdefinedby Darcy’slaw(refer-
ence3) as follows:

(3)

where ZT iSthetotalthicknessofa nunibefioflayersof clothin
series.A lin&arrelationbetweenthepressure-squaredifferenceand
theweightrateofflowisassumedinthislaw. Actually,therelation
isnotquitelinea~(figs.7 ad 8). Thisrelationwasexpressedin
reference2 by theequation

I@’- P22
Z!T

= a[2RTp)G+ ~ ~G2 ‘ (4)

By eqmtingequations(3)and(4)andsolvingfor K, itis foundthat

K1 1=-
!3ai+—W$G

(5)

Thisequationshowsthatthepermeabilitycoefficientactuallyvaries
somewhatwiththeweightrateofflowandthetemperature(viscosity)of
thefluidpassingthroughtheporousmaterialaswellas theconfigura-
tionofthepassagesin thematerial.A permeabilitycoefficientbased
onDarcy!slawisusedhereinin orderto comparethewireclothwith
compactedsinteredmetalswhichwereevaluatedonthissamebasisin
reference4. Forsmallvalues’ofweightflow,thismethodgivesa good
approximationofthepermeabi~tycoefficientK inequation(5)

becausethesecondterm --&G inthedenominatorbeccwnessmallas ccm-

paredwiththefirstterm.“‘Forlargevaluesofweightflow,theeffects
ofthissecondtermbecomeappreciableandcannotbe neglected.

Thepermeabi~tycoefficientK or l/cLisplottedagainstthe
percentagereductionin originalthickness@ figure10. Thetestpoints
appeartobe groupedaroundtwocurves,one.forbrazedclothandonefor
unbrazedcloth.

Finally,theporositywasplottedagainstthepermeabilitycoeffic-
ient infigureXlalongwithtestresultsonsinteredlnetalcompacts
obtainedfromreference4. FrcmfigureU itis seenthatalthoughthe
samerangeofporositiesisconsideredtherangeofpermeabilitycoeffi-
cientsforthewireclothismuchgreaterthan

. r..—-..—

thatofthestitered

.

.—

.

.

● ✎

.

e,.
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compacts.Fora smallchangeinporosityofthewirecloth,it ispos-
. sibleto obtaina largechangein thepermeability.On theotherhand,

becausetheporosityismainlycontrolledbytherollingprocess,a
smallerrorinobtaininga requiredthicknessoftheclothmeansa rel.a-
tivel.ylargeerrorinthepermeability.As an example,itisfoundfrom
figures9 and11thatforbrazed20X250meshclothhavinga porosityin
theregionof14percentan errorof@.0001inchcausesa =3 percent
variationinthepermeabilitycoefficient.Therollingprocessmust
thereforebe controlledwithextremecareto obtainreproducibleresults.
ws factalsoexplainsthescatterin”figures9 andlQ,.Foreqwl per-
meabilityvalue6,therequiredporosityof sinteredmaterialisgenerally
greaterthanthatofthewireclothprobablybecauseofthesmaller

.

.

crosssectionandthemoretortuouscourseof

T!ENsmSTRENGTHOFWIRE

ExpertientalProcedpreand

thepassages.

cIlOI!H

Results

Sufficientstrengthissn importantconsiderationinmanyapplica-
tionsofporousmaterialsto trszmpirationcoolingaswasmentionedin
theINTRODUCTION.Thethreemeshesofwireclothtestedwerewovenfrom
A.ISItype304stainlesssteel,whichhasa tensilestrengthinthe
annealedstateof 87,000poundspersquareinch.Thismaterialwill
elongateabout65percentina 2-inchgagelengthbeforerupturing
(reference5). Themanufactureroftheclothestimatesthata 20-percent
elongaticmoccursduringtheweavingprocess,andthatthiscold-working
.ofthematerialraisesthetensilestrengthoftheclothto about
100,000poundspersquareinch.Theeffectof coldworkon thetensile
stren@handpercentelongationofAISItype302stainlesssteel(refer-
ence5) isshowninfigure12. ThebehaviorofAISItype304stainless
steelis similarexceptfora slightlyhigherrateofworkhardening
becauseofthelowercarboncontent.Itcanreadilybe seenfromthese
curvesthatinadditiontobringingthepermeabilityofthewirecloth
intoa desirablerange,therollingwillincreasethetensilestrength
andreducethepercentageelongation.

Tensiletestshavebeenmadeat roomtemperatureonrolledand
unrolledwirecloth,bothbrazedandunbrazed.Thesetestsweremadeon
stripsofmeshapproximately0.8inchwideand10 incheslong. In order
to obtainbettergrippingintheJawsofthetestingmachine,theends
oftheteststripswerecoatedwithsoftsolder.Particularlywiththe
unbrazedcloththiscoatinginsuredthatallwireswouldbe stressed
equally.Duringthetests,theloadwasincreasedprogressivelyin

. incrementsof100poundsandtheelongatimofthetestspecimenwas
measuredat eachloadingup toandincludingthebreakingload. The
elongationofrolledspecimensofbrazedandunbrazedclothis shownin

t figures13and14aspercentageelongationin4 inches.Thepercentage
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elongationdueto tensilestressdecreaseswithincreasedmount ofroll-
ingperformedonthecloth.Thisdecreaseispartlydueto compacting .
ofthewovenstructure,andpartlytotheincreaseinthehardnessof
thematerial.Themarkedeffectofcold-workingontheelongationof
AISItype302stainlesssteelisapparentinfigure12. Cold-working
ofAISItype304stainlesssteelwill.producesimilareffects.Ifthe
allowablestressesina structurearedeterminedby theelongation,then
thestressesmustbe keptbelow0.5to 0.7ofthetensilestrength
dependingontheamountofrolling(figs.13and14).

Theeffects@ rollingonthetensilestrengthofthewirecloth
areshowninfigures15and16. Inthisreport,thetermtensile
strengthreferstotheultimatetensilestrengthunlessotherwiseindi-
cated.Theleftsidesof_bothfigureswerecomputedbydividingthe
breakingloadby thesumofthecross-sectionalareasofthelengthwise
wiresas determinedfromthediametersbeforeroH.ingandtheactual
numberofwiresperinchgivenin tableI. Forstructuralelementsllke
turbinebladeswhichhaveto carrytheirownweightina centrifugal
field,theratioofthetensilestrengtha tothespecificweighty
isa valuemoresuitableforccmparingdifferentmaterialsthanthe@n- ●

silestrengthu alone.Also,fornonrotatingpartssuchas combustion-
chamberliners,thewei@t isthemainfactorlimitingthethiclmessof

—

thematerial.Ingeneral,theratio u/y Isthereforethebestbasis
.-

fora comparisonofdifferentmaterialsforaircraftstructuralcompon-
ents. ml theporousmterialswhichwillbe comparedhereinaremanu-
facturedfrom18-8stainlesssteel.A reducedtensilestrengthO’ was
thereforedeterminedby multiplyingthestrength- specific-weightratio
by thespecificweightys

Thisvaluecanbe ccmpared
stainlesssteelforwhich

ofthestainlesssteel:

a’=~~ys (6)

withthefamiliarstrengthvaluesof solid
r = l-s”

Forthewirecloth,thereducedtensilestrengthwasdeterminedin
thefollowingway: Thetensilestrengtha isdefinedby theequation

CJ
F=-
a

Thespecificweightofa specimenoftheclothoflengthL, cross-
sectionalarea a,andwei&htW is

(7)

T’-J&
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Thereducedtensilestrengthfortheclothistherefore

Thisstrengthcanbe
forceandweightper

u’= F
w~ Ts

IL

(8)

calculatedfromthemeasuredvaluesofthebreaking
unitlengthofthespecimenusedfortherupture

test.Therightsidesoffi&s 15andi6 showthesereducedt&sile
strengths.ThevalueofthereducedtensilestrengthU’ isalways
lowerthanthevalueofthetensilestrengthu becausein computing
theredncedstrengththelengthwisewiresareconsideredto carryin
additionto theirownweighttheweightofthecrosswisewires.The
valuesofthereducedstrengthal increaseat a fasterratewith
reductionofthicknessby rollingthanthevaluesofthetensile
strengtha. Thismorerapidincreaseisexplainedbythefactthatthe
lengthofthewiresincreasedandthecorrespondingcross-sectionalarea
decreasedintherollingprocess;a factwhichisaccounted-forinthe
determinationofthereducedstrengtha’,whereasthestrengtha is
basedonthenominalcross-sectionalareabeforerolling.Thediffer-
encebetweentheoriginalandthereducedstrengthis largerforthe
brazed28X500meshcloththanforthetwoothertypesbecausetheweight
ofthe28X500meshclothwasincreased30percentby thebrazingprocess
as cmparedwith16percentforthe20x250typeand17percentforthe
20x350type. Itisprobablypossibletoreducetheamountofweight
additionfromthebrazingofthe28x500meshclothby maintaininga
closercontrolonthesprayingprocess.

As showninfigure15,thetensilestrengthoftheunbrazedcloth ‘
reachesa maximumwhentheclothhasbeenreduced40percentinoriginal
thicknessby rolling.Althoughthetensilestrengthofthebrazedcloth
increasesevenaftera 45-percentreductionin originalthicknesswith
theexceptionofthe20x350type.(fig.16),a practicalldmitisreached
atabout40 or45percentbecausethematerialbecomestoobrittleto
bendbeyondthispoint.

Twospectiensof 20X250brazedwireclothreduced40percentin
originalthiclmessweretestedfortensilestrengthinthedirectionof
thecrosswisewireswithan averageresultof150,000poundspersquare
inch.Thistensilestrengthisbasedonthenominalcross-sectional
areasofthecrosswiresas listedintableI. Thisvalueishigherthan
thatforthetenstlestrengthu ofthelengthwisewires,as thecross-
wisewiresarelessdeformedbytherollingprocessthan are thelen@h-
wisewires.However,becausethenumberof crosswisewiresperinchis
muchlessthanthenumberoflengthwisewires,thestrengthofthecloth. inthecrosswisedirectionwillbe onlya fractionofthestrengthin
thelengthwisedirection.

#
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ComparisonWithCompactedSinteredPorousMetals

Usuallysinteredporousmetalsareconsideredasmaterialfor
transpiration-cooledwalls.Thestrengthof compactedsinteredporous
metalsas describedinreference4 willthereforebe comparedwiththe
strengthofwirecloth.Twooftheporousmetals(designatedin
figs.11,17,and18astheUnexcelledPowderandtheHardycompacts)
wereproducedfromAISItype302stainless-steelpowder.Thethird
typeofporousmetalcompact(designatedinfigs.17and18asVA com-
pacts)wasmadefromatomize@owderofAISItype301stainlesssteel.
Theccmmarisonwillbe madeforthereducedtensilestrengthcr~.From
theval~esoftensilestrengthu
silestrengthU’ wasdetermined
weightoftheporousmetaltothe
be expressedintermsofporosity

.

giveninreference4,a reducedten-
..

asfollm”s:Theratioofthespecific
specificweightof stainlesssteelcan
f oftheporousmetals.

= 1 -f--

.

ThereducedtensilestrengthistherefOre

.
Csa’=—
l-f

(9)

Thisevaluationcreditstheporousmaterialwithitslighterweightwhich
isadvantageousforaircraftapplications.Thereducedtensilestrengths
oftheporouscompactsandthewireclotharecomparedforvariousvalues
ofporosityinfigure17,wherethecurvesforthewireclothwere
obtainedby cross-plottingfigures9,15,and16. Thetensilestrengths
ofthe20X250meshand20X350meshcloth,bothbrazedandunbrazed,are
from2 to 3 timesthatofthesinteredcompactsfora rangeofporosities
between15and20percent.Thereducedtensilestrengthofthebrazed
28X500meshclothisabout1$to 2 timesthatofthesinteredcompacts
forthissamerangeofporosities.

A furtherstrengthcomparisonbetweenthewireclothandtheporous
metalswasmadeonthebasisofthepermeabilitycoefficientK defined
intheprevioussection.Theresultsofthiscanparisonaregivenin
figure180 Permeabilitydatafortheporousmetalswereobtainedfrom
reference4, andthestrengthfiguresforthewireclotharedetermined
fromcrossplotsoffigures10,15,and16. Thestrengthsofthewire
clothareasmuchas 4 timeshigherintherangeofpermeabilitiescon-
sideredthanthestrengthsoftheccmpactedsinteredmaterials(fig.18).
Thesecomparisonsareonthebasisoftheultimatestrengthsofthe
materials,buteveniftheworkingstrengthsofthewirecloth,whichare
showninfigures13and14tobe from60,000to 80,000poundspersquare
inch,arecomparedwiththeultimatestrengthsoftheporouscompacts,
thewireclothisstillabouttwiceas strong.

.——.

.-

.
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StrengthofConnectionsBetweenWireClothandSo13dMetals

Variousmethodsofattachingthewireclothto a supportingstruc-
turehavebeenconsidered.Testsweremadeontheuseof spot-welding
to determinethestrengthofsuchanattachmentandtheamountof sur-
faceinterruptioncaused.Specimensofbrazed20X250meshclothreduced
40percentinoriginalthicknesswerespot-weldedtotheedgeof
0.040-inch-thickfinsusinga l/32-inch-diameterelectrode.Theshear
strengthperspotweldforsuchan attachmentwasfoundtobe upwardsof
150pounds.Thisstrengthiscomparabletothatobtainedona 0.018-inch-
thickstripofsheetmetalinthesametest.Nomeasurementoftensile
strengthof thespotweldswasmade,butfromteststo determinethe
deflectionoftheclothunderdifferentialairpressure,itmaybe con-
cludedthatanyspacingof spotweldswhichwillkeepthisdeflectionin
a rangecmnparableto castingtolerancesforturbinebladeprofiles
(about0.005in.deviationin0.25in.lineardistance)willhavesuffi-
cientstrengthtowithstandanydifferentialpressurelikelytobe used
intranspirationcooling.

SUMMARYOFRESULTS

An experimentalinvestigationwasconductedto determinetheper-
meabilityandstrengthcharacteristicsofwireclQthforuseas the
porousmaterialfortranspiration-cooledwallsandthefollowingresults
wereobtained:

1.By cold-rollingofcorduroywirecloth,a porousmaterialmaybe
obtainedwitha widerangeofpermeabilities,whichshouldcovermost
requirementsfortranspiration-cooledwalls.-

2. In’therangeoflowporosities,smallchangesin
ofthicknessbyrollingcausedverylargechangesinthe
Therollinghadtobe verycarefullycontrolledinofier
ducibleresults.

3.Thetensilestrengthat
moderateamountsofrollingbut
materialwhenthethiclmesshad
oftheoriginalvalue.

thereduction
permeability.
to obtainrepro-

roomtemperaturesincreasedtith
started~o decreasefortheunbrazed
beenreducedto approximately60percent

4.Thestiffnessoftheclothagainstbendingforceswasincreased
considerablyby a brazingprocessthatinterconnectedthewireswhere
theytouchedeachotherwithoutclosingup thechannelsnecessaryfor
thecoolsmtflow..

5.Thetensilestrengthofthewireclothatroomtemperaturebased
* onthesumofthewirecrosssectionsinthestressdirectionwas

increasedby thebrazingprocess.

-.
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6.Thetensilestrengthsofthewireclothwereintherangeof
valuesbetween100,OCX3and130,000poundspersquareinch.Thereduced
tensilestrength,whichwasintroducedinorderto evaluatethematerial

0-

properl.yforaircraftapplication,comprisedvaluesbetween80,000and
120,000poundspersqyareinchwiththeexceptionof’brazed28x500mesh
cloth,whichhadvaluesaround70,000poundspersquareinch.

7.As comparedwithsinteredporousmaterialmadefromstainless-
steelpowder,thereducedtensilestrengthof20X250and20X350mesh
wireclothinthedirectionofthelargernumberof wires was2 to %
3 timesas large,andthereducedtensilestrengthofbrazed28X500wire ml
clothfrom1~to 2 timesas large.

ml
2

8. Interconnectionbetweenlayersofwireclothwasacccmplishedby
a seambrazingprocess,whereasfora connectionwithsolidmetalparts,
spot-weldingprovedsatisfactory.

LewisFlightPropulsionLaboratory
NationalAdvisoryCommitteeforAeronautics

Cleveland,Ohio
.
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Thefollowingsymbols

eurfacearea,sq in.

cross-sectionalarea,

force,lb

APPENDIX- SYMBOLS

areusedinthisreport:

Sq in.

porosity,dimensionless

weightrateofflaw,lb/(sec)(sqin.)

gravitationalconstant,in./(sec)2

permeabilitycoefficient,sq in.

length,in.

staticpressure,lb/sqin.

gasconstant,in./oR

statictemperature,‘R

volwne,cu in.

weight,lb

constant,in.-2

constant,in.-1

specificweight,lb/cuin.

absoluteviscosity,(lb)(sec)/sqin.

summation,dimensionless

tensilestrength,lb/sqin.

reducedtensilestrength,lb/sqin.

thicknessofonelayerofporousmaterial,in.
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Subscripts:

1 sideofporousmaterialathighpressure

2 sideofporousmaterialat lowpressure

b braze

m metal

s steel

t total

v voids

REFERENCES

1.Eckert,E. R.G.,andEsgar,JackB.: SurveyofAdvantagesand
ProblemsAssociatedwithTranspirationCoolingandFilmCooling
ofGas-TurbineBlades.NAcARME50K15,1950.

2.Green,Leon,Jr.: FluidFlowThroughPorousMetals.Prog.Rep.
No.4-ill,JetProp.Lab.,C.I.T.,Aug.19,19.49.(ContractNo.
W-04-200-ORD-455,OrdnhnceDept.)

‘3.DuwezjPol,andMartens,HuwardE.: ThepowderMetallurgyofPorous
MetalsandAlloysHavinga ControlledPorosity.Trans.A.I.M.M.E.,
MetalsDiv.,VO1.175,”1948,pp.848-874.

4.Hill,M.,Reen,O.W.,Vermilyea,D.A.,andLenel,F.V.: Produc-
tionofPorousMetalCompacts.Bi-MonthlyProg.Rep.No.3,Pow-
derMetallurgyLab.,RensselaerPolytechnicInstitute,Oct.6,
1950. (NavyRes.ContractNOa(s)11022.)

5.Thum,ErnestE.: TheBookofStainlessSteels.Am.Sot.Metals,
2dcd.,1935,p. 371.

.

I 0) ‘“coma
N.

—

—

.

.

—

.

v

.:-- -.. -.



.

3
.

NACARME51H23

TABLEI - SPECIFICATIONSFORTHREEMESHESOFWIRJ2CLOI’E

.

.

Mesh Lengthwisewires Crosswisewires Originalthick-
Number DiameterNumberDiameternessoftie
per (h.) per (in.) clothaswoven
in. in. (in.)

20X250 250 0.008 20 0.010 0.0269
20)(350 315 .0065 20 .010 . 023a
28X500 496 .004 28 .008 .0169

.

.
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