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1 Introduction

Partially-premixed laminarflamesare of greatimportancefor domesticburner manuécturers. They rep-
resentthe mostattractve solutionto copewith the latestpollutantemissionregulations. To improve our
knowledgeof this kind of flame,numericalsimulationsare very useful. But thesesimulationsremaintoo
costlywhenoneneeddo considetthefull compleity of thechemistry In fact,in orderto correctlydescribe
a laminarflame, it is very importantto accuratelyrepresentll the phenomendgconvection, diffusion and
reaction)throughoutheflamefront. Thatis why we needto usedetailedchemistrymechanismasteadof
single-stechemistry Unfortunatelydetailedmechanisménclude morethanfifty speciesandhundredsof
reactionsn the caseof methane/aiflames.

A solutionto overcomethis problemis to usereducednechanismsTherearedifferentwaysto gen-
eratethesemechanismsThe classicatechniques basedon physicalassumptiongsteadystateandpartial
equilibrium..., Peters1985). This techniquegives good resultsbut requiresan impressie knowvledgein
chemistryandis very costly in termsof humantime. As industrialscan not afford sucha solution, re-
searchersiave morerecentlydevelopedfully automaticdechniquego provide reducednechanismsMaas
andPope(1992)proposedreductiontechniquecalledILDM, basednthestudyof thechemicalocaltime
scales.More recently the FlameProlongatiorof ILDM (FPI) method,a nev improvement,wasproposed
(Gicqueletal. 2000).1ts mainadwantagss thatthedescriptionof the low-temperaturgphenomenés based
on betterphysicalassumptions.

In the presentwork, this techniqueis usedto computepartially-premixed laminarflames. To validate
theFPItechniquethreetest-caseweresimulatedn the TOPDECburnerconfigurationPerrinetal. 1998).
The TOPDEChurneris anidealisedpartially-premixd laminarburnerwhich is developedin an European
Communityproject. Simulationsverecomparedo OH andtemperatureneasurements.

This article is structuredas follows: we first give a shortdescriptionof the FPI method. Thenthe
TOPDEC configurationand the experimentalsetupare presented.We afterwardsdescribethe numerical
simulationgperformedn threedifferentconfigurationandthe comparisorwith experimentakesults.

2 TheFPI technique

The FPI techniqueis animprovementof the well-knowvn ILDM method. For further detailson ILDM see
MaasandPope(1992).Theoriginal ILDM is ableto accuratelyeproducehehightemperatur@henomena.
But thelow-temperatur@nesaredescribedvith alinearprolongatiorbetweerthe freshgasesandthehigh
temperaturezone. This linear prolongationintroducessomediscrepanciesyhich leadto errorscloseto
100%onthelaminarflamespeedoredictionfor a methane/aiflame,with a two-dimensionamanifold.



As our goalis to applythistechniqueo laminarcomhustionsimulationswe have to usea modelwhich
givesa goodestimationof thelaminarflamespeedaswell asthelow temperatureegion of the flame. That
is why we proposeanew extensionof thelLDM techniquecalledFPI. The FPI methodconsistf usingthe
partof the chemicalstatespaceaccessetly a one-dimensiondreely propagatinglamein orderto extend
the correspondingne-dimensionalLDM manifoldin the low-temperatureone. This methodis detailed
in Gicqueletal. (2000)andhasalreadybeenvalidatedfor premixed counterflev hydrogen/aiflames.Our
aimin thiswork is to validateit now for partially-premied methane/aiflames.

For the presentsimulationswe use an FPI look-up table basedon a methane/aimechanism. This
detailedmechanisnwasproposedy Lindstedt(1998).It includes30 speciesandabout300reactionsThe
look-uptableis constructedvith two variablesascoordinatesvhich are CO, for the chemistryandNs to
take into accountthe mixing effects.

Thelook-uptablecanbe usedfor equivalenceratioscomprisedetweerD (pur air) and1.7 (extinction
limit). Thislook-uptableincludes6550grid points. Its generatiorwasfully automaticandhasbeendone
in aboutanhouron a SunUltra 5 workstation.

3 TOPDEC referencetest-cases

TheTOPDEChburnerpresenteéh figurelis anidealiseddomestidoileremplo/ing a2D partially-premixed
laminarburner(Perrinetal. 1998). Its power inputis equalto 10 kW. This burneris similarto commercial
oneswith the differencethatthe primary andthe secondanair flowratesareindependenthadjustableand
full opticalaccesss available.
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Figurel: TOPDECburnerconfiguration

Differentmeasuremertechniquesave beenused. In this paperwe will presentesultsobtainedwith
thermocoupleneasurement®r thetemperaturdields (Miquel etal. 1998). Theseresultsareusedto vali-
dateglobalinformationconcerningheflame.lt is notrecommendetb usethemto deduceary information
aboutthe flame front positionbecausehe thermocouplg4mm diameter)induceslots of perturbationsn
theflameshapg(intrusive method).In orderto checkthe flamefront position,we comparethe OH profiles
obtainednumericallyandwith PlanarLaserInducedFluorescencen OH (Brenezetal. 2000).

Threedifferentcasesareusedto validatethe FPI1technique All caseshave the sameglobalequivalence
ratio (¢ = 0.71). Thefirst one(Casel) is alocally rich partially-premied laminarflame (¢, = 1.667)(see
tablel). Case< and3 correspondo locally lean(¢, = 0.8314)partially-premied flames.The difference
betweenthemis thatin Case3 aninsertis addedin the middle of the injector This inserthasa great
influenceon theflamestabilisation.



case 1 2 3
¢primary 1.667 | 0.8314| 0.8314
primaryinlet velocity (m/s) | 0.4731| 0.9776| 1.4500
secondarynlet velocity (m/s) | 0.2042| 0.0510| 0.0510

Tablel: Descriptionof thethreetest-casénlet boundaryconditionsusedin this paper

The numericalsimulationrelieson a meshincluding 15 000 cells. The smallestcell sizeis 80um x
80um. As we solve only relatively smoothspeciegN, andCQO,), thatis smallenough.If we hadto usea
detailedmechanismve mighthave to usecellssmallerthan10um x 10um to solve correctlyall theradicals
insidethe flamefront. With the FPI techniquetheseradicalsaswell astemperaturere obtainedonly by
readingin thelook-uptableusingN, andCO, (Gicqueletal. 2000).

4 Resultsand Discussion

Thetemperatureomparisomperformedn Casel (Fig. 2) shavs agoodagreemenbetweenexperimental
andnumericalpredictions Both the maximumvalueandthe globaldistribution of thetemperaturarewell

predictedby the FPI method.The OH masdractionwhich characterisethediffusionflamepositionis also
well predicted(Fig. 2). Thetemperaturdield shavs a flamefront right afterthe primaryinlet. But asthe
primary mixtureis rich (¢, = 1.667),the unlurnedgasegeactwith the secondanair forming a diffusion
flamewhich canbeclearlyobsered onthe OH field. In Case® and3 in contrastwith Casel, the primary
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Figure2: Comparisorof experimental(on left partof eachgraph)andnumerical(on the right) resultsfor
Casel.

mixtureis lean.Thereis no diffusionflame.In Case2, theflameis characterisetly thetypical Bunsen-type
flameshapgFig. 3), while in Case3 theintroductionof theinsertinducesa butterfly-typeflameshapgFig.
4). This changeof shapéds well reproducedy the numericalsimulations.

Theflamepositionin Case2 is correctlyestimatedFig. 3). Thesmalldifferences dueto theadiabatic
walls usedfor thesesimulations.Figure4 shavs that the butterfly shapeof the flameis well predictedas
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Figure3: Comparisorof experimental(on left partof eachgraph)andnumerical(on the right) resultsfor
Case2.

well astheangleof theV profile. Thisvery sensitve phenomenaducedon theflameshapéeyy theaddition
of theinsertis perfectly predictedby the FPI method. This shavs that all the effectsof the chemistryare
perfectlytakeninto accountwith the FPIreductiontechnique.

All thesesimulationswereperformedwith the commerciallyCFD codeESTET (Mattheiand Simonin
1993)usingthe FPI packagedevelopedfor this study They wereperformedon a standardvorkstationand
requiredlessthan 3 hoursof CPU time each. This computationatime is fully compatiblewith industrial
requirements.

5 Conclusion

In this paper we appliedthe FPI techniqueto threedifferentpartially-premied laminarflames. Onewas
locally rich andtwo wereleanwith a differencein flameshape.The FPI techniquewasableto reproduce
all the operatingpointsof anindustriallaminarburner The positionandshapeof the flameare perfectly
predictedaswell asthetemperaturdield. As we useatablelook-up,it is alsopossibleto obtainaccurately

all theotherspeciegtheseresultswill bepresentedn thefull paper).

The computationatime neededwvas about3 hourson a standardworkstationusinga commercially-
availableCFD code.This smallCPUtime will allow alargerusageof numericalsimulationsn theconcep-
tion procesof new burnerdesigns.
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