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ABSTRACT

Thegrowingresearchinterestonnanofluids,thesuspensionsofnano-sizepowdersin
ordinaryfluidswithenhancedcoolingproperties,hasledtheauthorstostudysurface
modifications (i.e., possible erosion-corrosion effects) fromnanofluid interactions
withtypicalheat-exchangermaterials.Thisarticlediscussesexistinginstrumentsand
therationalefordesigninganewad-hoctestrigusingjet-impingementatspeedsfrom
3.5m/sto35m/s.Preliminarytestsusedtypicalnanofluids—2%volumealumina-
nanopowderinwater—whichwerejet-impingedat15.5m/sspeedonaluminumand
copperspecimens.Theinstrument,methodologiesandassessmenttoolsprovedtobe
appropriatetotestforthenanofluidinteractionswithmaterialsurfaces.Thestudied
surfacemodifications,whichwereassessedby roughnessmeasurements,weighing
forremoved-material,andoptical-microscopy,suggestthatadditionofnano-powders
can lead topatternsoferosion-corrosion thataresubstantiallydifferent than those
typicallyobtainedfrombasefluids.
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INTRoDUCTIoN

Nanofluidsarecolloidalsuspensionsofnano-size-powders(1nmto100nm)inabase
fluidthatarestudiedfortheirpotentialasenhancedalternativestoordinarycooling
fluids. The first reference to nanofluid enhanced heat-transport properties were
reportedbyMasudaetal(1993)andChoietal(1995).Sincethennanofluidshave
evolved(Singh,2008)astypicallymixturesofsolidmetalnano-particles(asalumina,
silica,titaniumdioxideandcopperoxideofupto5%ofnanoparticles),ofcarbides
andnitrides,andofcarbonnanotubesornanofibersincoolingfluids(aswater,andits
solutionswithalcohols).Nanofluidsarepredictedtohavehigherthermalconductivity
andheattransfercoefficientthanthoseofthebasefluids,becauseofthesolidsmuch
largerthermalconductivity,andofnanoparticlesmuchlargersurface-to-volumeratio
and higher mobility (Yu, 2008). Therefore, nanofluids are a promising alternative
ascoolantsforcritical-coolingsystems,asadvancednuclearsystems(Buongiorno,
2006), large engine radiators, and microchip cooling (Wong, 2010). For instance,
acomputational simulationof idealnanofluidcooling inaCummins500hpdiesel
engineshowedthatradiatorsizecouldbereducedby5%(Saripella,2007).Recently
M’hamedetal(2016)reportedexperimentalincreasesofupto196%formaximum
heattransfercoefficientbya0.5%nanoparticlevolumeconcentrationofmulti-walled
carbonnanotubesinwater/ethyleneglycolcoolantinanactualradiatorsystem.

However,manyconcernsremainaboutthepracticalapplicationsofnanofluids,
mainlybecauseoftheirpotentialcorrosion-erosioneffectsoncooling-systemmaterial
surfaces.Additionofsolidparticlesinflowingfluidsisknowntoleadtohighererosion
ratesonconduitmaterials,buttheeffectofaddingsmallersizeones,asnanoparticles
(1nm-100nm)arelargelyunknown.Useofnanofluidsinsteadofconventionalcooling
fluidsrequiresabetterunderstandingoftheirlikelywear/erosionandcorrosioneffects.
Solid-contactmodels (derived fromcontact-mechanics theory) arenot appropriate
toassesstheerosionratesfrommultipleparticleswhichoccurinactualapplication
purposes.Earlyworkonthestudyofmultiplemacroscopic-particleimpactanderosion
wascarriedoutbyBrainardandSalik(1980)forannealedcopperandaluminumerosion
produced by both single- and multiple-particle impacts of 3.2-millimeter-diameter
steelballsinairatupto140m/s;theirresultsagreedwithfindingsofCousensand
Hutchings (1983). Rao and Buckley (1983) investigated erosion and morphology
of6061-T6511aluminumalloywhentreatedbynormal impingement-jetsofamix
ofsphericalglassbeadsandangularcrushed-glassparticles.Theyshowedthat the
timeevolutionforgas-jeterosioninvolvedan“incubationperiod”,anacceleration-
decelerationperiod,andafinalsteadystateperiod,andtheycorrelatedthelengthof
incubationandaccelerationperiodswithdecreasingparticleimpact-velocity.

TheworkofGeeandHutchings (2002)describes the fourcommon“dry-type”
erosiontestsystems(e.g.,gasjet;centrifugalaccelerator;windtunnel;andwhirling
armtests)and includesadiscussionon the importantvariables(asparticle impact
velocity, particle impact angle, particle size, shape and material, and ambient
temperature).TheASTMG76-07:“StandardTestMethodforConductingErosion
TestsbySolidParticleImpingementUsingGasJets”(ASTM,2007)coverstestingof
materiallossbysolidparticleimpingementwithgas-carrierjet-typeerosionequipment.
Thereisabundantdatafromtheseparticle-in-gas-jeterosiontestsofmetals(including
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