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2 Fluidynamis and Combustion Area1 IntrodutionA premixed ombustion ow is haraterized by a omplete mixing of fuel (rea-tants) and oxidizer that exists before entering the ombustion hamber, so that notonly the mixture is ready to burn, but it is also haraterized by uniform pro�les ofreatant's onentrations. This assumption an be atually onsidered true from anaverage point of view. Premixed theory, even if appliable to some ases of pratialindustrial interest, is somehow still far from being able to desribe ombustion inorret physial terms. When a premixed ame struture ours is very likely thatone of the following phenomena ours:� a omplete turbulent mixing, but still inomplete moleular mixing (i.e. thepro�les of average reatant's mixture onentrations are uniform, but pulsationof reatant mixture onentrations our);� non-uniform pro�les of reatant's onentration in lean or in rih premixedows (i.e. premixed ombustion in ows with non-uniform distribution of theair exess oeÆient);� the presene of zones of lean and rih mixture omposition with non-uniformpro�le of reatant's onentration, at di�erent parts of the ow (i.e. the om-bustion proess ontains elements both of premixed and non-premixed om-bustion mehanism).When dealing with real ombustors, some of the above phenomena allways our.When a more detailed and aurate desription of ombustion is needed, premixedombustion modeling has to be replaed with some "new modeling" apable toaount for more detailed and omplex physis involved. In the next setions apossible approah to model partially (or imperfetly) premixed ombustion will bepresented and its implementation into a CFD ode will be illustrated. Finally, somepreliminary results will be presented.



CRS4 32 Premixed Combustion Basi EquationsPremixed turbulent ombustion an be studied by following a pdf approah for asingle thermohemial variable. The Bray-Moss-Libby theory [1℄, assuming unit Lewisnumber and one step hemistry, introdues a progress variable: = T � TbTu � Tb  = 8><>: 0) 100% reatants;1) 100%produts;where the suÆxes b and u refer to burned and unburned mixture respetively. Theequation for the progress variable  writes:� (� e)=�t +r � (� e eu) = r � (��u00 00) +W (1)where W is the real hemial soure term and r�(��u00 00) is the turbulent transportterm. It has to be noted that both these terms need losure models. By assumingthat the pdf of the progress variable an be represented as given by two Dira [2℄,loated in orrespondene of pure reatants and produts, the problem is losed. Inthis approah, the progress variable is linked to mass density and temperature by thefollowing algebrai relations:� = [ (1� e)=�u + e=�b ℄�1 T = (1� e)Tu + e Tb (2)It has been experimentally and theoretially demonstrated that a \ounter-gradient"nature of the term ��u00 00 � �� gu00 00 exists, so that in order to desribe it in termsof an e�etive di�usion oeÆient, this oeÆient an be negative. In fat, in thisase the term ontaining the progress variable utuations an be expressed in termsof the average progress variable. Therefore, in a general approah, it annot bemodeled with the usual di�usion losure (the eddy visosity losure):�� gu00 00 = Dtr~unless a negative , and therefore unphysial, di�usion oeÆient Dt is assumed. Ithas to be noted that, if onventional di�usion losure were appliable, the turbulenttransport losure would have been ahieved in terms of the average progress variable.Unfortunately, this is not the general ase. Usually a seond order losure has to beapplied by involving the solution of a set of equations for the turbulent utuationsgu00 00 [3℄.



4 Fluidynamis and Combustion Area2.0.1 The TFC losure: 1D aseThe TFC model gives a losure of Eq. (1) by providing an expression for the twoterms on the RHS: the turbulent transport term r � (��u00 00) and the soure termW .The losure proedure an be illustrated starting from a one-dimensional ase.Equation (1) for a 1D ase reads:�(� ~)�t + �(� ~u ~)�x = �(�� gu00  00)�x +W (3)In a frame of referene moving with the turbulent ame speed Ut (x 0 = x�Ut � t,and t 0 = t) equation ( 3) beomes:� �~�t 0 + �u Ut �~�x 0 = ��(� gu00  00)�x 0 +W (4)with � ~u = �u Ut = onst for mass onservation.As disussed in [4℄, for t � �st (ISP ames) the turbulent ame brush willinrease its thikness with time aording to the turbulent dispersion law. A modellingequation for suh a front is then:� �~�t 0 = ��x 0 "�Dt �~�x 0# ; (5)where Dt is the turbulent di�usion oeÆient.By using this expression in equation ( 4) it an be obtained:�u Ut �~�x 0 = W + ��x 0 "�� gu00  00 � �Dt �~�x 0# (6)whih shows that the term on the L.H.S. may be used to model the progress variablesoure termW and the di�erene between the seond order veloity-progress variableorrelation and the atual turbulent transport term.At this point an estimation for the average soure term in Eq. (6) has to be set.It is assumed to be proportional to the probability to �nd the amelet at a givenposition pf lam(x; t); this probability is related to the probability of �nding produtsPb at the given position by the relation:Pb(x; t) = Z x�1 pf lam(x; t) dx ) pf lam(x; t) = �Pb�x (7)It has also to be noted that = Pb 1 + (1� Pb) 0 = Pb (8)



CRS4 5Therefore we an write:W = onst ��x 0 W = �u Ut ��x 0 (9)where the result onst = �u Ut an be shown by integrating equation ( 6) from �1to +1.By using Eq. ( 9) in Eq. ( 6) the following expression for the spae derivative ofthe seond order veloity-progress variable orrelation is obtained:��(� gu00  00)�x 0 = �u Ut �(~ � )�x 0 + ��x 0 "�Dt �~�x 0# (10)By using Eqs. (9) and (10) into Eq. (4):� �~�t 0 + �u Ut �~�x 0 = ��x 0 "�Dt �~�x 0#+ �u Ut ��x 0and now passing to the �xed frame of referene the �nal TFC losure for the 1Dase it is ahieved:�(� ~)�t + �(� ~u ~)�x = ��x  �Dt �~�x!+ �u Ut ������~�x ����� (11)where Dt is the physial positive turbulent di�usion oeÆient, and Ut is the turbulentombustion veloity. The absolute value in the soure term is a generalization thatmakes possible to aount for a positive de�nite Ut for ames traveling in bothdiretions (x and �x).2.0.2 TFC Closure Equation: 3D formulationThe TFC model for the general 3d ase requires to solve an equation for the progressvariable e in the form of:� (� e)=�t +r � (� e eu) = r � (�Dtre) + �u Ut jre j (12)To lose Eq. (12) express Ut must be expressed as a funtion of the physio-hemial properties of the ombustible mixture and turbulene parameters. In 1-Dase Ut is the turbulent ombustion veloity Ut = Uf (S=S0). It an be de�ned underthe assumption of fast hemistry (�h � �t) and by modeling miro-turbulene andmoleular transfer proesses. But, if equilibrium of �ne sale vorties and of smallsale wrinkled amelet sheet is assumed, the ontrolling parameters of the ombus-tion model will be redued to the moleular transfer oeÆient �, the hemial time�h = �=U2L and the integral turbulent harateristis u0 = pu02 and lt .



6 Fluidynamis and Combustion Area2.0.3 Turbulent Flame VeloityIn TFC approah [2℄ the Turbulent Flame Veloity is modeled as:Ut = AG u03=4 Ul1=2 ��1=4 lt1=4 (13)where:Ul laminar ame veloity mixture property� moleular heat transfer oeÆient mixture propertyu0 RMS (root-mean-square) of veloity utuations q23�lt turbulene lenght sale CD u03�� turbulent kineti energy omputed from turbulene model� turbulent kineti energy diddipation omputed from turbulene modelG streth fatorCD model onstant 0:37A model onstant 0:52The streth fator G an be modeled as follows:G = 12 h1 + znnn h1� 1sp2 � 2sp22 + 3sp23i e�sp12i (14)sp1 = �2 + log drp2� sp2 = 11 + 4sp1znnndr = 15�gr2� � = Æ log 24 u0lt� !3=435with: znnn = +1 i f sp1 � 0; znnn = �1 i f sp1 � 0Values for the onstants 1, 2, 3, 4 and Æ are as follows:1 = 0.348802422 = 0.09587093 = 0.74785564 = 0.47047Æ = 0.26



CRS4 73 Partially (or Imperfetly) Premixed Modeling3.1 GeneralityThree possible ombustion regimes are shematially represented in �gure 1.
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Figure 1: Three possible ame's topology
1. At the top part of �gure 1, a pure di�usive ame is shown. Two separatedstreams of fuel and oxidizer enter the ombustor with given omposition, tem-



8 Fluidynamis and Combustion Areaperature and pressure. Combustion starts at the ignition point and it is sus-tained by moleular and turbulent mixing.2. At the bottom part of the same �gure 1, the perfetly premixed ase is il-lustrated. A burned stream of gas is used to stabilize the ombustion of aperfetly premixed mixture of fuel and oxidizer. The value of the progress vari-able  at several loations is indiated in the �gure. Aording to its previouslydisussed meaning,  = 0 means unombusted mixture, whereas  = 1 oursin orrespondene of omplete ombustion. As it an be seen from �gure 1the gas is ompletelly burned behind the ame front.3. At the middle part of �gure 1 a possible situation of partially premixed om-bustion is shown. Two streams of rih and lean premixed mixture feed theombustor from the upper and lower injetion duts. It has to be rememberedhere that lean mixture means that the fuel mass fration in the mixture is lessthan its stoihiometri value, so that downstream the premixed ame brush,some oxidizer is left. On the other hand, in the rih ase, the ombustionproduts still ontain some extra fuel, for the oxidizer is not enough to burn allthe fuel in the mixture. Thus, downstream the two premixed ame brushes onthe lean and rih sides ( = 1 zone), two streams of fuel and oxidizer will beavailable to be burned aording to a di�usion like ombustion proess.A simpler ase of partially premixed ombustion, but still important for manyindistrial appliations, ours when the ombustor is fed by two streams of both rihor lean mixtures, but with di�erent value of the mixture fration. A third stream ofburned gas is used in order to stabilize the ame. The phisial model is skethed in�gure 2. In this ase there is no possibility for the existene of any di�usion amebehind the premixed ame brushes, for the exhaust gas will be short of oxidizer or fuel,respetivelly. Nevertheless, this is still a quite interesting situation, beause in theatual industrial burners it is unlike to have perfetly ontrolled premixed mixtures,the omposition of whih being non uniform and non onstant in spae and in time.In the following the term partially premixed will refer to the ase desribed in themiddle part of �gure 1, whereas by imperfetly premixed will be meant the situationshown in �rgure 2. Through the next hapters a possible way to model the imperfetlypremixed ase will be illustrated. Finally, a brief desription of how to get a losurefor a more general partially premixed model will be given.
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Figure 2: The model ase3.2 Imperfetly Premixed Model IPMIn order to attempt a suitable modeling of the imperfetly premixed ombustion pro-ess, the idea was to start from the TFC formulation and to extend the model tothe partially (or imperfetly) premixed ase, with the limitation already disussed. Inthe ase under onsideration, the mixture properties annot be onsidered uniformand onstant anymore. In partiular, the laminar ame veloity SL and the moleularheat transfer oeÆient �, do assume di�erent values in dependene on the spatialproperties of the mixture itself. Both SL and � are then to be onsidered funtionof some mixture property, suh as the mixture fration f or the orresponding equiv-alene ratio �, that would be suitable to desribe the mixture's omposition at anypoint and at any time. Therefore the only TFC's equation for the progress variable~ is not enough anymore and a new equation has to be solved in order to know thevalue of f in spae and time. In other words, the TFC approah is still valid, but ona loal sale, only.3.2.1 An Equation for the Mixture FrationThe mixture fration f is a normalized fration of the fuel to oxidizer ratio at eahontrol volume, ranging from 0 to 1. A simple way to derive the mixture fration f,starts from onsidering the generi ombustion equation:f uel + sOx ! (1 + s) produts (15)



10 Fluidynamis and Combustion Areawhere s is stoihiometri oxidizer onentration. If the mass fration is de�ned as: = mf u � moxsthe (15) an be re-written in terms of  and the mixture fration f, as follows: f uel + (1� f) inf =  (16)in whih: f uel = mass f ration of f uel in the f uel streamand  inf = mass f ration of oxydizer in ambient airSolving equation (16) for f leads to the de�nition of the mixture fration f:f �  �  inf f uel �  inf (17)If f = 0 the mixture ontains only ambient oxidizer onentration; if f = 1 themixture ontains pure fuel. In stoihiometri ondition it is:fst =  inf f uel +  inf (18)The mixture fration f is a onserved salar (i.e. there is no a soure term in thetransport equation for f), and suh transport equation an be written as:� (� ef )=�t +r � �� ef eu� = r � (�Dtr ef ) (19)in whih:Dt the turbulent di�usion oeÆient, given by:Dt = �t�twith: �t is the turbulent Prandtl number.Beside f the equivalene ration an also be de�ned as:� = f1� f 1� fstfst (20)



CRS4 113.2.2 The Proposed Imperfetly Premixed Model EquationsThe Imperfetly Premixed Model ouples the TFC equation for the progress variablee with the transport equation for f, thus:� (� e)=�t +r � (� e eu) = r � (�Dtre) + �u Ut jre j� (� ef )=�t +r � �� ef eu� = r � (�Dtr ef ) (21)The turbulent ame veloity an be still expressed, as previously done for theTFC model, as:Ut(f ) = AG u03=4 SL(f )1=2 �(f )�1=4 lt1=4 (22)where it an be noted that the laminar ame veloity SL and the moleular heattransfer oeÆient � are now funtions of the mixture fration f. Furthermore, ashort omment on how to evaluate the temperature eT and density �, has to be madeat this stage. In rigorous terms, values for eT an be omputed as:eT = e Z Tad(f )P (f ) df + (1� e) Z Tu(f )P (f ) df (23)beause we assume that Tu(f ) = Tu = onst for given onditions, the 23 an berewritten as:eT = e Z 10 Tad(f )P (f ) df + (1� e) Tu Z 10 P (f ) df (24)but: R 10 P (f ) df = 1, then:eT = e Z 10 Tad(f )P (f ) df + (1� e) Tu (25)by assuming a Dira like distribution for the probability funtion P (f ), the (25)redues to:eT = Tu + e (Tad(f )� Tu) (26)by following the same approah, an expression for � an also be found:� = 1(1�e)�u(f ) + e�b(f ) (27)In order to be able to lose the model, it has to be known how to deal with thefollowing:SL = SL(f ); � = �(f ); Tad = Tad(f ); �u = �u(f ) and �b = �b(f )This will be briey disussed through the next paragraps.



12 Fluidynamis and Combustion Area3.3 Fators Inuening Laminar Flame VeloityMany fators inuene the laminar ame speed, namely temperature, pressure, equiv-alene ratio and fuel type. In [5℄ a detailed analysis of these dependenies an befound. Hereafter a short summary will be reported.3.3.1 TemperatureDependeny of laminar ame speed on temperature an be expressed as follows:SL / �T�0:5Tu0:5Tb�n=2 exp (�EA=2RuTb)P (n�2)=2 (28)where it is:�T = 0:5 � (Tu + Tb)Sine the global reation order n for hydroarbons is about two and the apparentativation energy is approximately 1:67x108 J/kmol, from equation 28 it apparesthat the laminar ame speed has a quite strong dependene on the temperatureof the unburned mixture. For example, by applying equation 28, the ame speedis seen to be inreased by a fator of 2:89 when the unburned gas temperature isinreased from 300 K to 600 K. Some empirial orrelations to estimate the inueneof temperature on ame speed an be found in [6℄ and [7℄.3.3.2 PressureEquation 28 shows a dependene of laminar ame speed on pressure of the type:SL / P (n�2)=2 (29)In the ase of hydroarbon fuels it has been already tested that the global reationorder n is approximately equal to two, so that SL should be independent on pres-sure. Experimental measurements generally show a negative dependene on pressure.However, this e�et is muh less signi�ant than dependene on temperature.



CRS4 133.3.3 Equivalene RatioExept for very rih mixtures, the primary e�et of equivalene ratio on the amespeed is a results of how this parameters inuenes the ame temperature. Thus, fora given Tu of the unburned mixture, higher values of the reation produts tempera-ture Tb orrespond to growing values of the equivalene ratio �. As a onsequene,by appliation of equation 28 it an be seen that also SL will be inreased.3.3.4 Fuel TypeA few olletions of ame speed measurements for di�erent fuels are available inliterature. Among them some of the more realiable are those by [8℄ and by [9℄.3.3.5 Flame Speed CorrelationsIn [7℄ several regression formula have been tested in order to orrelate the laminarame speed of various fuel-air mixture to a range of temperatures and pressurestypial of realisti operative onditions. One of the most promising formula is of theform:SL = SL;ref  TuTu;ref !  PPref !� (30)where is:Tref = 298 [K℄Pref = 1 [atm℄SL;ref = BM + B2 (�� 1:08)2 = 2:18� 0:8 (�� 1)� = �0:16 + 0:22 (�� 1)BM, B2,  and � are orrelation oeÆients that have to be determined bothfrom some data olletions or from a pre-proessor stage.3.4 Fators Inuening the Moleular Heat Transfer CoeÆientDependeny of the moleular heat transfer oeÆient is essentially on pressure andan be evaluated as follows:�(�) = �ref (�)P (31)



14 Fluidynamis and Combustion Areawhere �ref (�) is the value at P = 1 [atm℄ and pressure P must be expressed in[atm℄.3.5 An example: Methane-Air MixtureHereafter, SL and anything else needed to apply the proposed imperfetly premixedmodel, will be determined in the ase of a mixture of methane (CH4) and air. Forthe sake of generality and beause quite often data olletions are not easy to befound, mixture properties have been determined by using the Chemkin ColletionPakage, and its Premix appliation in partiular. The Premix appliation allows foromputing laminar ame speed, temperature, density and speies mole fration ofa mixture of given equivalene ratio �. By repeating the omputation with severalvalues of �, it has been possible to get a set of disrete data and to determine theunknown oeÆients in the orrelation formula 30. Moreover, linear, quadrati andubi interpolation formula have been applied to the omputed values of �u, �b andTb.Relations 32, 33, 34 and 35 summarize the obtained results. By starting fromequation 35 and by applying equation 30, the atual value of the laminar ame speedan be omputed. Figures 3, 4, 5, 6 and 7 represent the above relations in graphialform. It must be reminded here that the burned gas temperature Tb is not usedby the model. Nevertheless, the form of funtion 34 is important to be known atpost-proessing stage in order to ompute the atual temperature at any point insidethe ombustion hamber, by appliation of equation 26Finally, it has to be reminded here that all the previously reported relations areobtained by interpolation of a disrete set of data, thus all of them are valid for arestrited range of values of the mixture equivalene ratio �. The arbitrary use ofsuh expressions outside the range of validity, ould lead to unphysial results. Inthe present ase, the range of � for whih relations from 32 to 35 are de�ned was0:8 � � � 1:1.�u(�) = 0:607794 � 0:05763� (32)�b(�) = 0:4901 � 0:629�+ 0:2888�2 (33)Tb(�) = 1:619E04 � 4:77E04�+ 5:294E04�2 � 1:921E04�3 (34)SL;ref (�) = 33:94 � 191:378 � (�� 1:08)2 (35)
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16 Fluidynamis and Combustion Area
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18 Fluidynamis and Combustion Area3.6 Model's AssessmentThe previously disussed imperfetly premixed model (hereafter referred to as IPM)has been initially validated against the standard TFC model. In fat, in the ase ofa mixture of onstant �, the equation for the mixture fration f must be ine�etiveand the IPM model must reprodue the same results provided by the TFC model.The test ase that has been hosen is the burner experimentally tested by Moreau[10℄. The ombustor geometry is shown in �gure 8. The upper inlet has been splitin two parts, so that it would be eventually possible to feed the ombustor with freshmixtures haraterized by di�erent values of �. For the present experiment, however,the mixture (Methane and air) had the same omposition at all the ombustor'sinlets. Part of the exhaust gas (~ = 1) is reirulated and re-enters the ombustorfrom the bottom dut. This stream is used to stabilize the ame. Flows propertiesare sumarized in table 1.
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Figure 8: Combustor's geometryFRESH MXT. BURNED MIXT.Veloity [m/s℄ 65 116Turbulene Intensity 0.012 0.021Turbulens Lenght Sale [m℄ 0.0056 0.0014Progress Variable 0 1Equivalene Ratio 0.84 0.84Temperature [K℄ 600 2086Table 1:Laminar ame veloity, moleular heat transfer oeÆient and all the other phys-ial properties of interest have been evaluated by following the approah explainedin previous setions. The used turbulene model was the Wilox ��! two equation



CRS4 19model re-written in �� log(!) form [11℄. Figures 9 and 10 show the results obtainedby using the TFC and the IPM models. As it an be seen, results are the same, asexpeted.
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Figure 9: Veloity pro�les at 151, 351 and 650 mm from inletThe IPM model has been then tested from a qualitatively point of view only, byfeeding the two upper inlets of the burner with mixtures of CH4 and air haraterizedby di�erent values of the equivalene ratio �, namely � = 0:84 and � = 1:0 at themiddle inlet setion and at the top inlet setion respetively. From the in-dut atthe bottom of the ombustion hamber a stream of exhaust gas (� = 0:84) hasbeen used in order to stabilize the ame, as in the previously desribed ase. Table2 sumarizes the most signi�ant test ase features.FRESH MXT. TOP FRESH MXT. MIDDLE BURNED MXT. BOTTOMVeloity [m/s℄ 65 65 116Turbulene Intensity 0.012 0.012 0.021Turbulens Lenght Sale [m℄ 0.0056 0.0056 0.0014Progress Variable 0 0 1Equivalene Ratio 1.00 0.84 0.84Table 2:Figure 11 shows pro�les of � at 5 ross setions along the ombustor. In thesame �gure inlet onditions for ~ and � are also indiated. From �gure 11 it an be
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Figure 10: Temperature pro�les at 222 and 622 mm from inletseen how the riher mixture is onveted and di�used along the burner, aording toequation 19.In �gure 12 the ross distribution of the laminar ame speed is represented atthe same setions. It has to be reminded here that SL is a given funtion of �, aspreviously de�ned in equation 35. The previously desribed di�usion proess of �,gradually inreases the value of SL, moving downstream the hamber.As a onsequene the veloity and temperature pro�les are di�erent from theprevious ase of uniform mixture. This is shown in �gures 13 and 14, respetively.Figure 14 shows that the ombustion proess is now more intense, as has to beexpeted for the mixture ontains more fuel. At any point then, temperature ishigher than in the onstant � ase, and being the pressure almost onstant, thee�et of this higher temperature is to derese the mixture density. Aording to theonservation of mass, veloity must then be higher at any setion. This is in fatwhat appears in �gure 13.
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Figure 11: Equivalene ratio pro�les at 151, 222, 351, 622 and 650 mm from inlet
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Figure 12: Laminar Flame Speed pro�les at 151, 222, 351, 622 and 650 mm frominlet
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Figure 13: Veloity pro�les at 151, 351 and 650 mm from inlet
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Figure 14: Temperature pro�les at 222 and 622 mm from inlet



CRS4 233.7 Extension to the Partially Premixed CaseWith referene to the ase already desribed in the middle setion of �gure 1, apossible modeling of the Partially Premixed Case will be briey disussed. As a resultof the premixed ombustion proess of the rih and lean mixtures that takes plae inthe �rst part of the ombustion hamber, two streams of exhaust gas still ontainingfuel and oxidizer, respetivelly, are made available for a di�usion ombustion proess.The Partially Premixed Model then, should be somehow a ombination of two mainmoments, namely a purely premixed model (or imperfetly one), followed by anysuitable di�usion model.Regardless to the atual type of proess (premixed or di�usion), the goal ofmodeling ombustion is to provide a suitable form of the equation of state, namelyto de�ne a proper linking among thermo-dynami quantities. For example, in the aseof the TFC or of the IPM model, under the given hypothesis of steady, inompressibleand adiabati ow, suh equation os state has been written as:� = � (̂ ; (f ))Equations 2 and 27 provide the form of the equation of state expliitely. Withreferene again to �gure 1, the same kind of modeling an be applied to the "pre-mixed" part of the ombustor. From the premixed brushes on, turbulent di�usionombustion takes plae into the ombustion hamber. Many di�erent approahesto turbulent di�usion ombustion modeling an be found in leterature (see for ex-ample [5℄, [12℄, [13℄, [14℄). The most simple approah is to onsider the existeneof hemial equilibrium and to make use of an appropriate onserved salar (i.e. themixture fration) in order to desribe the ow omposition at any point and at anytime. One the omposition is known, the value of all the quantities of interestan be found. More sophistiated approahes, take into aount the inuene ofpulsation in the omposition of the mixture due to turbulene. A suitable approahis then to add to the equation for the onserved salar, one extra equation for itsvariane, plus any appropriate probability density funtion to desribe in statistialterms the pulsating phenomena. Whatever the hosen approah is, and whateveris the ompliation involved, the goal of the modeling is to provide again a suitableform for the equation of state, whih is used to lose the problem. In other words,



24 Fluidynamis and Combustion Areathe general form for the PPM equation of state ould be expressed as:�PPM = ��IPM (t; ̂; f )| {z }imperfetly premixed part + (1� �) �dif f (f ; (f 0; ::::))| {z }di�usion part (36)in whih � is a parameter that is set to one in the premixed zone and to zerobehind.



CRS4 254 ConlusionsIn this work, a possible extension of the TFC model to imperfetly premixed ases hasbeen introdued and validated, even if in a purely qualitative way. The proposed IPMmodel has given results phisially onsistent and it seems able to desribe in moreorret terms atual ombustor, in whih it is far from real any assumption of havingperfetly premixed mixtures feeding the ombustion hamber. Nevertheless, a propervalidation of the proposed IPM model and of the TFC model over a realisti industrialase is still to ome and it will be an essential part of the future work. Finally, thequite general lines of how to get a partially premixed model (premixed plus di�usion)have been drawn, showing that, in priniple, no new modeling is needed and thatit would be probably enough to assembly already existent premixed and di�usionmodels. The atual implementation of the idea above into ARES ould be also afuture development of this work.
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