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Interactionof plasmajet with hard ceramicparticleswasnumericallyinvesticatedby meansof “Jets&Poudres’software
improved andappliedto modela speci ¢ plasmaget. The dataon free plasmaet, with injecteddispersegarticles.its temper
atureandvelocity distribution, aswell asparticles'melting stateare presented|t wasfoundthatdispersedarticlesachieve
highertemperatureandvelocity valuesthanplasmagasat dimensionlesslistancex=d = 8-12from exhaustnozzle. Numer
ical investigationswere comparedvith experimentaldata. The resultsshav thatappliednumericalmodelof two-phasehigh
temperaturget calculationis in goodagreemenwith experimentaldataand could be usedto determinethe optimal plasma

sprayparameterfor coatingswith desirablecharacteristics.
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1. Intr oduction

Atmospheric pressureplasmaspraying is widely
usedto producevariouscoatings,especiallyhard ce-
ramic coatingsfor wear and corrosionprotectionand
thermalbarrier function, porouscatalytic coatingsfor
ervironmentcontrolandprotection hydrophobiccoat-
ings, etc. The plasmasprayingprocesaisesaDC elec-
tric arc to generatea jet of high temperaturgonized
plasmagas,whichactsasthesprayingheatsource.The
sprayedmaterial,in powder form, is carriedinto the
plasmajet whereit is heated partially or fully melted
andpropelledtowardsthe substrate . The propertiesof
the producedcoating are dependenbn the feedstock
material thethermalsprayprocessandapplicationpa-
rametersandposttreatmentf the coating. However,
thein uence of ow andparticletemperaturendve-
locity on coatingcharacteristicsits adherencdo the
substrate reproducibility of its properties,and qual-
ity is not clearly established1]. Generally to corre-
late coating propertiesto ow parametersand parti-
cle in- ight characteristicexperimentalprocedureis
used. To monitor the whole plasmasprayingprocess
(plasmajet generationpowderinjection, formationof

® Resultspresentedt theinternationakconferencéRadiationinter-
action with Material and Its Use in Technolagies 2008 24-27
SeptembeR008,KaunasLithuania

°c LithuanianPhysical Society,2009
°c LithuanianAcademyof Sciences2009

the coating) the techniquessuchas plasmacomputer
tomograply (PCT),particleshapemaging(PST),par
ticle ux imaging(PFI)[2] areused.Thosetechniques
areexpensve andcomplicatedo usein industry Nu-
mericalinvestigationsof plasmasprayprocessgener
ally arefocussedon investigation of heattransferbe-
tweenplasmget andsurface[3], substratéemperature
in uence on coatings'morphology adhesion.chemi-
cal processebetweersubstratenaterialanddeposited
material[4, 5].

In this paper by meansof “Jets&Poudres’software
[6], a numericalsimulationof interactionof plasmgjet
and dispersedparticleswas investigated. Simulation
resultswerecomparedvith experimentadata.

2. Methodology

Numericalresearclof two-phasehigh temperature
jetwascarriedout using“Jets&Poudres’software[6],
createdon the basisof GeneraMixing (Genmix)soft-
wareimproved by usingthermodynami@ndtransport
propertiescloselyrelatedto the local temperatureand
compositionof the plasma. For a particlein a plasma
jet, two characteristicare studied: motion (trajectory
velocity) andthermalevolution (temperaturephysical
state,heat ux). Thermodynamiandtransportprop-
ertiesof the gasesare obtainedfrom the T&TWinner
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Fig. 1. (a) Distribution of temperatureand(b) velocitiesof Al, O3 particlesandplasmget determinedy measurementslongthe spraying
distance. 1, 2 shav plasmajet experimentaland numericalsimulationresultsrespectiely; 3, 4, and5 represenparticlesof 75, 50, and
35! min diameterespectiely. x=d is adimensionlesslistance.

databasé7]. The coatingmaterialparticle character
istics are also available as a database. Calculations
are carriedout for air plasmaat atmospherigressure
o wing from jet reactorexhaustto substratumWhen
the parametersf plasmget areachieved asdesirable,
hardsphericaldispersegarticlesareinjectedinto the
ow. While modelling and calculating,the deforma-
tions of the plasmajet thermo elds are disregarded,
inlet pro les of temperature@ndvelocity arerectangu-
lar shapedandcorrespondo our estimatedexperimen-
tal data[8]. Plasmaet o wsin onedirectionandthe
o w is stable,without recirculationand diffusion ef-
fects. Thenumericalimulationresultshave beencom-
paredwith experimentaldata.

Experimentaplasmasprayingsysteni9] consistof
linear DC plasmagenerato(PG) of 30—40kW power
with hot cathodeandstep-formedanode plasmachem-
ical reactor systemsof power supply and regulation,
PGcooling,feeding,anddosing.Theoperationathar
acteristicof plasmageneratoarepresentedh detailed
analysisin [10].

During plasmasprayingexperimentsthe operating
conditionsof plasmatorch were maintainedconstant.
The capacityof plasmatorch, total mass o w of air,
coolingwater andits temperatureavere measurednd
from this datathe plasmajet temperaturavas calcu-
lated (seeTablel). Injection of hydrogenwasusedto
vary outlet plasmajet temperatureandvelocity, while
plasmatorch parameterwas stable. Powder injec-
tion was provided into reactor which was connected
directly to plasmatorch anode. Micrographsof the
Al,O3 powder and sprayed Ims morphologieswere
collectedusinga scanningelectronmicroscopeandan
optical microscope. Someseparatesprayedparticles

Tablel. Plasmasprayingregimesfor
Al, O3 coatings'deposition. Here P
is power capacityof plasmagenera-
tor, G total o w rateof plasmaform-
ing gas,G(H2) o w rateof additional
gas or hydrogen, T mean-masgas
temperatureX sprayingdistanceV
mean-masgasvelocity.

Regime I Il [
P, kw 49 49 49
G,gs? 55 55 55

G(H,),gs ! 0 0.1 015
T,K 2700 3400 3770
X, mm 70 70 70
V, m=s 1000 1400 1580

werecollectedinto distilled water Thesegranulescan
beindustriallyusedashightemperaturénsulatingma-
terial.

Otherprimarydata(determinedy experimentsyre
asfollows: ow outletnozzlediameterd = 10-2m;
the diameterof particles50-70! m; the exhaustjet is
surroundedy air of unrestrictedspace. The comput-
ing domainis a cylinder-shapedspacecoveredwith a
setof meshesf a grid. The diameterof the comput-
ing domainis 200mm andthetotal numberof variable
sizegeometricalgrids is approximately300000. This
is describedn detailin [11].

3. Results

After mixing with plasmajet, solid particlesneed
sometime to heatandat the starttheir temperaturas
lower than the temperatureof plasmagas. Particles
are small-sizedand quickly heatup; they are heated
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Fig. 2. Nondimensionatlistributionsof plasmaemperaturgl cal-
culatedwith “Jets&Poudres’by otherauthors[12], 3 our exper
imentalresearch4 calculatedwith “Jets&Poudres”6 calculated
by otherauthorsusing other numericalmodels[11]) and ceramic
50t m particles' temperaturg?2 calculatedwith “Jets&Poudres”
by otherauthorq12], 5 our calculationwith “Jets&Poudres”).

in plasmajet by corvection, whereasinside particles
the heatis transferredby conduction As it canbe seen
from Fig. 1(a), the temperatureof dispersedoarticles
near substratumsurface exceedsaveragetemperature
of gasjet andis 1200-160(.

As canbeseenfrom Fig. 1(b), velocity of dispersed
particles near the covering surface exceedsaverage
gasjet velocity anddependingon the sizesof particle
reached50-320ms' 1. Thesmallesiparticlesachieve
higherspeedhanbiggerones,so, the decidingfactor
of velocity changess resistancdorce. The velocity of
particlesstabilizesat a dimensionlesslistancex=d =
7 andthenthe size of particleshasalmostno signi -
cance.Thesurfaceof substratunatthedistancex=d =
8—12would be hit by stableforce of thejet streamand
the value of kinetic enegy is ultimate. Figure 2 rep-
resentghe proportionaldistribution of plasmajet and
dispersedceramicparticlestemperaturesneasurear
calculatedby differentauthors[12,13]. The trajecto-
ries of plasma o w are very similar and have a near
agreement.Somedifferencesat the end of travel dis-
tancecan be obsered. Disagreemenbccursdue to
differentexperimentalset-upoperatingconditions,nu-
merical simulationoptions,and plasmasprayingpro-
cessegimes.

Variationof curve Reynoldsnumber(Re) along o w
axisis presentedn Fig. 3. In our casefor theregime
| in Tablel the valueof Re variesfrom 2 to 12. The
largestvalue of Re is found nearthe outlet. Sincejet
mixeswith the ambientair andis interrupted, o w be-
comesunstable.Furtherthe gasin the jet coolsdown
and slightly stabilizesitself. At a distancex=d = 3
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Fig. 3. Variationof Reynoldsnumberalongsprayingdistance.
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Fig. 4. Dependenc®f melting degreeof 50 * m Al,Os particle
from sprayingdistance.

from exhaustnozzle,Re valueslightly increasesince
in this periodthejet is slightly disturbed. At this mo-
menta very intensemelting of particlesoccursandre-
circulationzoneappears At x=d = 8-9from exhaust
nozzlea particledoesnot melt anymoreand o w sta-
bilizes,whereasRe numberobtainsa steadyalue. In-
tensityof particles melting (Y, %) in jet dependingn
travel distancealong o w axis is presentedn Fig. 4.
The interactionbetweenhigh temperaturget and in-
jectedparticlesbegins immediately The patrticle, in-
jectedinto plasmajet, passeghreemain ow zones
until it reachesa x ed substratumheatingof the par
ticle, its melting,andstable o w. As canbe seenfrom
results,initial heatingperiod of the particle continues
to x=d = 2.7-3. During this time the largestpart of
plasmaenepy is usedfor heatingthe particle. When
particle is heatedup, it begins to melt due to physi-
calandchemicalcorversionsinsideit. Temperaturef
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Fig. 5. SEM micrographof (a) initial powder and after passingthroughthe plasmajet: (b) atx=d = 3.5—-4from outlet nozzle,(c) the
granuleproducedatx=d = 10from outletnozzle.

particle graduallyrisesand melting rapidly proceeds.

The mostrapid melting occursat distancex=d = 3; 8
from exhaustnozzleandthis is the second- melting
zone of particle. The practical usability of calcula-
tion resultshasbeenveri ed by comparingthe simu-
lation datawith experimentq14,15]. Morphologiesof
plasma-sprayed\,0O3; powdersduring the Il regime

(@)

(©)

(Tablel) areshovnin Fig. 5. As obsenedby scanning
electronmicroscop, theinitial powderis in the form

of agglomeratesvith wide sizedistribution. To deter

mine the melting degree, shape,and size of sprayed
particles,they have beencollectedinto distilled water
at differentdistancedrom outlet nozzle. After pass-
ing x=d = 3.5-4,the particlesappearpartially melted

(b)

(d)

Fig. 6. SEM micrographf denseandporousplasmasprayedaluminacoatings:(a,c) surfacemorphology (b, d) cross-sectiopictures.
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(Fig. 5(b)). During the melting of initial particlesof
1001 min diameteitheplasmaspraypyrolysisprocess
occurred. Dispersedparticlesof Al,O3 injectedinto
arc columnshaved a very fastbulk melting andthen
very fastparticlesurfacecooling. Furtherfrom plasma
torch nozzleto the substratunthe particlesturn into
very large granuleswith the diameterof 150-200* m
(Fig. 5(c)). Whenthe coatingsare produced particles
resole into small fragmentson their way and splash
on the surfaceof substratum.Sharpedgesof particles
becomeoundandthe surfaceof coatingbecomesne
andsmooth(Fig. 6). Applying thel regime of plasma
generatofseeTablel) andregulatingthe working gas
ow, PG arc current,spraydistance andat initial di-
ameterof 30-501 m of dispersedarticles, the porous
coatingswith largefreesurfacefor catalyticapplication
(Fig. 6(c,d)) are obtained. Applying the Ill regime,
densethin Ims for protectve purposescould be de-
posited(Fig. 6(a,b)). In thelattercasethe plasmaspray
pyrolysis effect hasoccurredandinitial dispersedar
ticleshave brokenup into alargeamountof fragments.
Consequentlythe grains of plasmasprayedcoatings
weresmallerthan5t m.

4. Conclusions

Plasmasprayingtechnologyatatmospheri@ressure
offers the possibility to obtain micro-sizedparticles,
granules,and coatingsfrom inorganic metal oxides
with controlledcharacteristicor specialapplication.
Plasmajet—particleinteractionlastsfor about1.2 ms
andstronglydependsn jet temperatureyelocity, and
particle's mass.

While movingin ajet, theceramigparticleis heated,
melted,andsplatson the substratumThe mostintense
melting of particlesoccursatx=d = 3—-8from exhaust
nozzle.

Velocity of theparticlenearthesubstratexceedsv-
erageplasmajet velocity anddependingn the diame-
ter of particlereachesipto 150-320msi 1. At x=d =
8—-12from exhaustnozzlethe dispersedarticles' o w
is steady whereasthe value of kinetic enepy is ulti-
mate.

The numericalcalculationdatashaws that the ap-
plied numericalmodelof two-phasehigh temperature
jet calculationis in goodagreementvith experimental
dataandcouldbeusedto determingheoptimalplasma
sprayparameter$or coatingswith desirablecharacter
istics. The grain size of plasmasprayedcoatingsis
smallerthan51 m.
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IR SKAITMENINIS MODELIA VIMAS PLAZMINIO

PURSKIMO PROCESE

V. Grigaitiene, V. Valincius,R. Ke elis

Lietuvosenepgetikosinstitutas,Kaunas Lietuva

Santrauka

Skaitmeniniadvifazio plazmossrautotyrimai buvo atlikti nau-
dojant,Jets&Poudresprograna, kuri yra specialiaipritaikyta mo-
deliuoti plazmossrautotekejima bei joje vykstarcius procesus.
Gauti dvifazio srautomodeliavimo rezultataipalyginti su ekspe-
rimentiniais duomenimis. Eksperimentin plazminio purskimo
irengin sudarodispersinil daleliu maitinimoir dozasimo sistema
bei linijinis nuolatires sroves 30-40kW galios plazmosgenera-
torius (PG) su karStukatoduir laiptuotuanodu. | aukStostempe-
raturos sraua tiekiamosivairios med iagosar ju miSiniai: anglis,
kaolinas,aliuminio, vario, cirkonio oksidaiir kt. Nustatyta,kad
dispersinii daleliu temperatira ties x=d = 8-12 virSija vidutine

duju temperatira ir yra 1200-1600K. Tiriant daleliu greicio ki-
timus priklausomainuo nuskrietoatstumo,galima pasteleti, kad
ma iausiosdaleksperta pai laika pasiekiadidesn greit. Daleliu
greitis stabilizuojasttiesx=d = 8 nuo PG iStekejimo angosir be-
veik nepriklausmuoju dyd io. Tai rodo,kadparuoStasiengiamas
substratagies x=d = 8-12 bus bombarduojamagpastwiu jegos
impulsu,daleliu kinetine enegija bus maksimali. Gautirezultatai
paroce, kadskaitmeniniomodeliavimo rezultataineblogi sutampa
su eksperiment duomenimis todel gali buti naudojaminustatant
optimaliusplazmospurskimoparametrusgaminantpageidaujam
sarybiu dangs.



