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We reportresultsof a Large Eddy Simulation(LES) effort of turbulentcompressibl@onpremixedreactve jets. It
is well known thatthereareseveraldifficultiesassociateavith compressibleeactve flows in comparisorwith incom-
pressibleflows. In incompressiblélows, the enegy andmassconseration (for constantlensityflows) equationsare
decoupledrom thevelocityfield. Moreover, the subgridtermsthatarerequiredin theseflows needonly provide with
the deviatoric part of the subgridcontritutions. The isotropic partcanbe absorbedn the pressurgerm. In reacting
incompressiblélows, onecanalsoavoid theneedto integratetheconserationequationgor massandenegy by using
aconseredscalarapproach.n this case bothtemperaturenddensityaredeterminedrom a staterelationshipthat
is known beforehandOn the otherhand,for compressibleeactingflows oneis not allowedto discardtheenegy and
massconserationequationsinceacousticsandin somecaseshockscoexist with heatreleaseln the preseninvesti-
gationwe usethetotally conserative formulationin termsof total sensibleenegy. Otherformsof theenegy equation
requireclosurefor pressurevelocity correlations[1]. Thisis not requitedin thetotal sensibleenegy form, although
someothercorrelationsare needednotably thosebetweerenthalfy andmassfractionsof species.Furthermorewe
areinterestedn usinglocal subgridmodels. The advantagesf this kind of approachare self evident, speciallyin
complex geometriesTheresultsdiscussedn this abstractare obtainedwith the stretchedvortex modelfor turbulent
transporf2], scalartransporf4] andsubgridscalarvariance[3]. Here,we considera modelproblemof a turbulent
planarnonpremixedreactingjet. Themodelingassumptionaredescribedext, followedby somepreliminaryresults.

1 Formulation and Results

For variable densityflows, the LES governing equationsare formulatedusing Favre filtered variables,definedas
¢ = pd/p, wherethe “conceptual”filter operatoris denotedby the overbar Conseration of mass,momentumand
enepgy areexpressedn the usualform, [5], in termsof filtered density g, velocity, i;, andpressurep andthe total
sensibleenegy conserationequationis
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where)\ is theresolved thermalconductiity. The resohed Newtonianviscousstresstensoris givenasusualwith fi
astheresoledshearviscosity Thedependencentemperaturef ji and is typically not smallfor comtustingflow,
primarily, dueto the large temperaturevariationsin the flow. They areapproximatechereby i = u°(7'/T,)" and
A= X(T/T,)™, wheren = 0.7. Finally, thetotal sensibleenegy, E is givenby
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wherek = (@;u; — 4;1;) /2 is the subgridkinetic enepy. The Favre filtered enthalyy is decomposeéhto aresohed
partanda subgridpartthrough,
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Figurel: Mixture fractionandsubgridkinetic enegy distribution.

whereN is thenumberof speciesh; is theenthalyy of component, givenby

T
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andthe systemof equationss closedby the equationof state,
N & N 7% =
~ Y; TY,; - TY;
5 — pROT A : s = — Do 1 [ 5
P=PRTY gr+ps  P=pRY —— )

i=1 i=1
cpi 1S the specificheatof component, A¢ is the enthaly of formationof the correspondingpecies,R° is the gas
constanandW; is the molecularweightof species.

Comlustionis handledhroughthe conseredscalarapproachywhereaamixturefractionfield, Z, is usedto obtain
themassfractionof the differentspeciesThe quantitiesthatneedto be modeledarethe subgridmomenturrstresses,
scalartransportandsubgridtotal enegy transportdefinedas
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The triple correlationsin of of Eg. (6) are neglectedand the other terms are modeledusing the stretchedvortex
model. The comhustionrelatedterms,h; andp,, areclosedthroughan assumedetapdf model,wherethe subgrid
scalarvarianceneededn the assumegdf modelis obtainedfrom the approximateeconstructiormodelof [3]. The
governingequationsreintegratedusinga compactPade schemen spaceof sixth orderandathird-orderlow-storage
Runge-Kutta schemein time. The chemistryis modeledas an infinitely fast one stepmethane-aireaction. This
determinesa staterelationof the form Y; = Y;(Z). The stoichiometricmixture fraction wassetto 0.2. The cold
Reynoldsnumberwassetequalto 20000andthe jet Mach numberwasequalto 0.6. Figure 1 shavs mixture fraction
isosuriceqa) andsubgridkineticenegy (b) atoneinstantin time. Furtherdetailswill beprovidedin the presentation.
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