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Introduction

Incorporating chemistry and accounting for turbulence In order to account for turbulence fluctuations methods Here we present a method basedon tabulated chemistry
chemistryinteractionsin ComputationalFluidDynamic§CFD) basedon a presumedpdf (e.g. flamelets[1] and conditional for CMC of a progress variable The method allows for
calculationsis challenging A fundamental problem is the  moment closure [2]) have been proposed Typically,when performingthe CMCon the samegrid as used by the CFD

closureof the chemicalsourceterm. simulating non-premixed combustion using the interactive  solver Thisis possibleasonly the conditionalaveragesf the
T 7 . . L flamelet approach,only a few flamelets are solved ¢ and combustion progress variable need to be transported ¢
T o t( U(i)v t( O (*)) 1 when applyingthe CMCmodel,the CMCgrid isdifferent from  without chemistry tabulation conditional averages of all
T 71 a]'Mm the CFDgrid dueto efficiencyconsiderations speciemneedto betransported

CMC using Tabulated Chemistry

The following equation is solvedusing STARCDV. 4.16 and  Theconvectiveand diffusivetransportis handledby the flow  During the calculationthe progressvariable sourceterm is
usersubroutinesin an operator-splitting fashion solver, while the transport in mixture fraction spaceis retrieved from the flamelet database as a function of
handled together with the sourceterm usinga dflamelett  pressure,enthalpy, scalardissipationrate, mixture fraction,
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T_‘ (o|-)t 0 (T ¢ |- Q (1) solverfor eachcell. Thedflameletasolveris calledonceevery andthe progressvariableitself.
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(= 1 (B formulate a transport equation for chemicalenthalpy (sum =
o { (O] © over the product of speciesmassfraction and corresponding e
(o]0 o chemicalenthalpy). Prior to the CFDcalculationa transient 1000
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W ” d d -| h 8 (2) Figurel. Flamelettemperature at 0.08 ms, 0.2 ms and 2 ms computedwith a constantpressurereactor
table (greenlines)andwith atransientflamelettable (bluelines),andwith on-line chemistry(redlines)at a
pressureof 8 MPa, oxidizer side temperature of 1060 K, fuel side temperature of 298 K, and a scalar
dissipatiorrate at stoichiometricmixture fraction of 10 s1. (FromRef [4])
Results
The Sandiaconstantvolume spray bomb at 12 % O, and a In our simulation we employ sector symmetry for a The soot particle size distribution is calculated by

densityof 14.8 kg/m3 and temperature of 1000K constitute  108x54 mm x 6 grid using5832 cells Thecell sizecloseto transporting the conditional averages of the two first
the basisfor our test calculation N-heptaneis injectedat a the injector is ~0.55 mm. Turbulenceis modeledusingthe = momentsof the PSDFTI'hechemicalcontributionto the soot
constantflow rate for approximately7 msthrougha 0.1 mm  standardk- Ahodelwith its default constants Thespraysub- momentsourcetermsis retrievedfrom the sametable asthe
nozzle Thevessels a cubewith aedgelengthof 208 mm. models consist of an effective nozzle model, the Reitz progressvariablesourceterm.

atomizationmodel,andthe Pilchbreakup model
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A Insteadof performinga CMCfor all speciesn the chemicalreactionmechanismthe

CMCis madefor a progressvariableand emissionge.g. soot)

A Animplementationof the method hasbeenmadeandtestedfor a constantvolume
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