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We reportresultsof a LargeEddySimulation(LES) effort of turbulentcompressiblenonpremixedreactive jets. It
is well known thatthereareseveraldifficultiesassociatedwith compressiblereactiveflowsin comparisonwith incom-
pressibleflows. In incompressibleflows, theenergy andmassconservation(for constantdensityflows) equationsare
decoupledfrom thevelocityfield. Moreover, thesubgridtermsthatarerequiredin theseflowsneedonly providewith
thedeviatoric partof thesubgridcontributions. The isotropicpart canbeabsorbedin thepressureterm. In reacting
incompressibleflows,onecanalsoavoid theneedto integratetheconservationequationsfor massandenergyby using
a conservedscalarapproach.In this case,both temperatureanddensityaredeterminedfrom a staterelationshipthat
is known beforehand.On theotherhand,for compressiblereactingflowsoneis not allowedto discardtheenergy and
massconservationequationsinceacousticsandin somecasesshockscoexist with heatrelease.In thepresentinvesti-
gationweusethetotally conservativeformulationin termsof totalsensibleenergy. Otherformsof theenergyequation
requireclosurefor pressurevelocity correlations,[1]. This is not requitedin thetotal sensibleenergy form, although
someothercorrelationsareneeded,notably, thosebetweenenthalpy andmassfractionsof species.Furthermore,we
are interestedin usinglocal subgridmodels. The advantagesof this kind of approachareself evident, speciallyin
complex geometries.Theresultsdiscussedin this abstractareobtainedwith thestretchedvortex modelfor turbulent
transport[2], scalartransport[4] andsubgridscalarvariance[3]. Here,we considera modelproblemof a turbulent
planarnonpremixedreactingjet. Themodelingassumptionsaredescribednext, followedby somepreliminaryresults.

1 Formulation and Results

For variabledensityflows, the LES governingequationsare formulatedusing Favre filtered variables,definedas���� �����
	�
, wherethe “conceptual”filter operatoris denotedby theoverbar. Conservationof mass,momentumand

energy areexpressedin the usualform, [5], in termsof filtered density,
	�
, velocity,

��� , andpressure
	� andthe total
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where
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is theresolvedthermalconductivity. TheresolvedNewtonianviscousstresstensoris givenasusualwith
�,

astheresolvedshearviscosity. Thedependenceon temperatureof
�, and

��
is typically not smallfor combustingflow,

primarily, dueto the large temperaturevariationsin the flow. They areapproximatedhereby
�, � ,
- � � �  - �/. and��0�1� - � � �  - �2. , where3 �54 *76 . Finally, thetotal sensibleenergy,

	�
is givenby	� �8	�:9 �; �=<> �� � �� �@?A& 	� � 	� �BC

(2)

where
�BD� �FE���G��� & ���� ����H� � > is thesubgridkinetic energy. TheFavre filteredenthalpy is decomposedinto a resolved
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Figure1: Mixture fractionandsubgridkinetic energy distribution.

where U is thenumberof species,
; � is theenthalpy of componentV , givenby; � � � � �5; -� �XWZY[[]\_^$` � �  _a �2b  _a C (4)

andthesystemof equationsis closedby theequationof state,	� �c	�ed - � fIK �SLON
�P �g � � � Q C � Q �8	�hd - IK �SLON E iP � &

� �P �g � (5)

^ ` � is the specificheatof componentV , ; -� is the enthalpy of formationof the correspondingspecies,
d - is the gas

constantand
g � is themolecularweightof speciesV .

Combustionis handledthroughtheconservedscalarapproach,whereaamixturefractionfield, j , is usedto obtain
themassfractionof thedifferentspecies.Thequantitiesthatneedto bemodeledarethesubgridmomentumstresses,
scalartransportandsubgridtotalenergy transport,definedas' � ! �8	� ��E� � � !"& �� � �� !k� C '�l! �8	� � Ej � !"& �j �� !%� C ' (! �8	� � E; � !:& �; �� !@� � 	� > �ZE� � � � � !"& E� � � � �� !%� * (6)

The triple correlationsin
' (!

of Eq. (6) are neglectedand the other termsare modeledusing the stretchedvortex
model. Thecombustionrelatedterms,

; Q
and � Q , areclosedthroughanassumedbetapdf model,wherethesubgrid

scalarvarianceneededin theassumedpdf modelis obtainedfrom theapproximatereconstructionmodelof [3]. The
governingequationsareintegratedusingacompactPad́eschemein spaceof sixthorderanda third-orderlow-storage
Runge-Kutta schemein time. The chemistryis modeledasan infinitely fast onestepmethane-airreaction. This
determinesa staterelationof the form

P � � P � � j � . The stoichiometricmixture fraction wasset to 0.2. The cold
Reynoldsnumberwassetequalto 20000andthejet Machnumberwasequalto 0.6. Figure1 showsmixturefraction
isosurfaces(a)andsubgridkineticenergy (b) atoneinstantin time. Furtherdetailswill beprovidedin thepresentation.
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