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Abstract

In the amelet conceptfor non premixed combustion the ow eld is coupledto the chemistry via the mixture
fraction which is usually consideredto be a consened scalar. Howewer, in a DI Diesel engine for the short
period of injection and evaporation the mixture fraction is not a consened scalar. In this paper a closure of
the terms resulting from evaporation is investigated. Modi ed closure assumptionsfor the turbulent ux and
the scalar dissipation are introduced for a non consened scalar and they are investigated in simulations of a
high pressurecombustion chamber and signi cant di erences to the classicalassumptionsare found.

Intro duction

Flamelet Models have been successfullyapplied to model Diesel engine processesseee.g. [1{6]. The general
structure of the so called RIF conceptwhich hasbeenapplied in these studiesis shawvn in Fig. 1.
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Figure 1: Structure of the Represemativ e Interactive Flamelet concept.

In the framework of this conceptthe solution of the three dimensional ow eld is decoupledfrom the solution of
the chemistry for which the amelet equationsare solved. The CFD-code solvesthe three-dimensionalequations
for the ow, the turbulence, the enthalpy, the mixture fraction and its variance. The amelet parameters
bst; p;Z1 and Z; are calculated from the turbulence and mixture eld and are then passedto the amelet code.
During onetime step of the CFD-code the amelet code solvesthe unsteady amelet equationswith time steps



that can be much smaller. In this way the time scalesof the uid dynamics and the chemistry are decoupled.
The amelet code calculatesthe speciesmassfractions Y;(Z) from which the mean valuesare computed by a
Pdf integration. The meantemperature is calculated by an iterativ e procedureand is passedto the CFD code.
Recerly this concepthasbeenextendedto more than one amelet and a complete derivation is givenin [6].

The scalar dissipation rate at stoichiometric mixture bg; is determined by the 3D mixture fraction eld which
itself is computed in terms of a mean value and the variance of the mixture fraction. One major advantage of
using the mixture fraction is that it is a consened scalarexceptfor the short time of evaporation. Thereforethe
classicalclosureassumptionssuc asgradient ux approximation and the constart ratio of mixing to ow time
can be applied. Howewver one should be careful to use these closure assumption for a non consenative scalar.
With this paper we take the rst stepsto incorporate the e ects of evaporation into the amelet approad.

E ects of Spray Vaporization on Turbulen t Closure Assumptions

In a dieselenginefuel is introducedinto the combustion chamber by injection and evaporation. Evaporation is
a positive sourceterm for the mixture fraction and therefore the conceptof the consened scalaris not perfectly
valid for this short period of time. The equationsfor the meanand the variance of the mixture fraction with a
sourceterm but neglecting molecular di usion read as follows
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Rewillon and Vervisc [7] performed DNS calculations of evaporating droplets in a turbulent ow eld. They

could show that the conditional sourceterm (Sjz) behaves as a monotonic function of Z. They used the
following ansatz
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The constart g, is a function on local spray/mixture properties. The exponert is determined by the
constraint that the Pdf integral over Z of the ansatz function in Eqg. (3) must yield the correct eulerian
evaporation sourceterm.

This closesthe last two terms in Eq. (2). But it is necessaryto investigate the other closure assumptionsfor
Egns. (1) and (2) aswell. The gradient ux assumptionthat relatesthe turbulent ux  v9%%to the gradient
of the mean eld is only \valid" for consened scalarsfor which the assumption production=dissipation in the
variance equation is approximately satis ed. Secondlythe closurefor the scalar dissipation rate usually de nes
a constart ratio = betweenscalarto ow time scale,seee.g.[8]

e= T'EEOQ: (4)

Using Eq. (3) and following a procedure similar to Corrsin's [9] or as described in [10] it is possibleto show
that this time scaleratio is not constart for a non consened scalar. For a positive sourceterm sud as for
evaporation this time scaleratio increases.

In Fig. 2 the ratio of turbulent time to scalartime is plotted asa function of C . C itself is a function of g, ;
and 2. For this plot it is assumedthat the time scaleratio for a consened scalar is 2 which is the classical
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Figure 2: The ratio of ow time to scalartime for a positive sourceterm.
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Figure 3: The factor for the turbulent di usivit y.
The closureassumption for the turbulent ux hasto reinvestigated aswell. Using a modi ed balance
pro duction+ev aporation terms =dissipation

in the variance equation the new version of the gradient ux approximation can be derived

r 2
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where D; denotesthe turbulent di usivit y. fp,(C ) denotesa \correction" factor for the turbulent di usivit y
which is chosensothat for C = 0 this factor is one.

fp,(C )D¢r Z; (6)



This factor is plotted in Fig. 3 as a function of C . It is interesting to note that the turbulent di usivit y is
decreased A new balanceis found in the variance equation betweenthe terms that originate from this new
sourceterm and the scalar dissipation especially for higher valuesof C . Similar results have also beenfound
by Elperin et al.[11], who discussedturbulent transport in the framework of irreversible thermodynamics.

Results

To study the inuence of these model modi cations we will presert simulation results for an high pressure
injection chamber. The corresponding experiments were conducted by Koss et al.[12] and the experimental
conditions summarizedin Tab. 1.

Ambient Gas Air
Temperature Gas Ty 800K
Pressurep 50 bar
Fuel n-heptane
Nozzle 1-hole
Nozzle diameter 0.2mm
Injection duration 1.4ms
Injected mass 6 mg

Table 1: Experimental conditions of Koss et al.[12]
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Figure 4: Scalardissipation rate at stoichiometric mixture. Solid line: neglectingevaporation term. Circles: with
evaporation sourceterms and correction factors. Squares:with evaporation terms but no correction factors.

The scalar dissipation rate at stoichiometric mixture is plotted in Fig. 4 for three cases.In the rst caseall
evaporation sourcesin the balance equation for the variance have been neglected. The second(with circles)
curve is the result when all model modi cations are included, namely the evaporation sourceterms as well
the correction for the time scaleratio and the turbulent di usivit y. In the beginning the scalar dissipation
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rate increasessigni cantly due to the sourceterms computed by the SDM model. This leads on the other
hand again to a higher scalar dissipation in the variance equation (2) which for longer times seemsto have an
important e ect. Furthermore the turbulent di usivit y is decreasedseeFig. 3. The turbulent ux entersin the
production term and therefore another sourceterm is decreased.The signi cance of thesetwo e ects can be
seenby consideringthe third curve (with squares).In this simulation all the evaporation terms were included
but the correction terms discussedabove were neglected. This e ect can also be seenin Fig. 5 in which the
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Figure 5: Domain averagedvalue of 208,

averagevariance is plotted for the last two cases.The increaseof the time scaleratio and the decreaseof the
turbulent di usivit y have a signi cant in uence on the averagedvariance shaving much larger valuesif these
corrections are neglected.
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Figure 6: Averagedvalue for the time scaleratio = .

In order to further investigate these ndings in Figs. 6 and 7 averagedvaluesfor the time scaleratio = ; and
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the turbulent di usion factor fp, are shown. Only cells with evaporation in the last time step are considered
in this average.If the averageconsidersall cellsthesevalueswill much closerto their valuesfor the consened
scalar,namely 2 for =; and and 1 for the correction of the turbulent di usivit y.
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Figure 7: Averagevalue for the factor correction the turbulent di usivit y.
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