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Introduction

PREMIX computes species and temperature profiles in steady-
state burner-stabilized and freely propagating premixed laminar 
flames.  PREMIX can be used to determine laminar flame speeds 
of combustive gas mixtures that are important for flammability 
studies. The Application accounts for finite-rate chemical kinetics 
and multicomponent molecular transport. 

The PREMIX Application runs in conjunction with the GAS-PHASE 
KINETICS and TRANSPORT Pre-processors for processing the 
chemical reaction mechanism and for calculating the transport 
properties. TRANSPORT property formulations include the option 
of using multicomponent or mixtureaveraged formulas for 
molecular diffusion. 
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Introduction

Many practical combustors, such as internal combustion engines, rely on premixed flame propagation. 
Moreover, burner-stabilized laminar premixed flames are often used to study chemical kinetics in a 
combustion environment. Such flames are effectively one-dimensional and can be made very steady, 
facilitating detailed experimental measurements of temperature and species profiles. Also, laminar flame 
speed is often used to characterize the combustion of various fuel-oxidizer combinations. Therefore, the 
ability to model chemical kinetics and transport processes in these flames is critical to interpreting flame 
experiments and to understanding the combustion process itself. 
PREMIX solves the set of governing differential equations that describe the flame dynamics using implicit 
finite difference methods, as well as, a combination of time-dependent and steady-state methods. 
Furthermore, PREMIX automates coarse-to-fine grid refinement as a means to enhance the convergence 
properties of the steadystate approach and as a means to provide optimal mesh placement.
This model is capable of predicting temperature and species profiles in two laminar premixed flame 
configurations. The first, and the one most often used for analyzing species profiles in flame experiments, is 
the burner-stabilized flame with a known mass flow rate. We consider two cases of the burner-stabilized 
flame—one where the temperature profile is known and one in which the temperature profile is determined 
by the energy conservation equation. Since the chemistry depends strongly on temperature, it is essential to 
know the temperatures accurately in order to draw conclusions about the chemical kinetics behavior. 
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Introduction

Many practical combustors, such as internal combustion engines, rely on premixed flame propagation. Moreover, 
burner-stabilized laminar premixed flames are often used to study chemical kinetics in a combustion environment. 
Such flames are effectively one-dimensional and can be made very steady, facilitating detailed experimental 
measurements of temperature and species profiles. Also, laminar flame speed is often used to characterize the 
combustion of various fuel-oxidizer combinations. Therefore, the ability  to model chemical kinetics and transport 
processes in these flames is critical to interpreting flame experiments and to understanding the combustion 
process itself. 
PREMIX solves the set of governing differential equations that describe the flame dynamics using implicit finite 
difference methods, as well as, a combination of time-dependent and steady-state methods. Furthermore, PREMIX 
automates coarse-to-fine grid refinement as a means to enhance the convergence properties of the steadystate 
approach and as a means to provide optimal mesh placement.
This model is capable of predicting temperature and species profiles in two laminar premixed flame configurations. 
The first, and the one most often used for analyzing species profiles in flame experiments, is the burner-stabilized 
flame with a known mass flow rate. We consider two cases of the burner-stabilized flame—one where the 
temperature profile is known and one in which the temperature profile is determined by the energy conservation 
equation. Since the chemistry depends strongly on temperature, it is essential to know the temperatures accurately 
in order to draw conclusions about the chemical kinetics behavior. 
The second flame configuration that we consider is the freely propagating flame. This configuration is used to 
determine the characteristic flame speed of the gas mixture at specified pressure and inlet temperature. In this 
case there are no heat losses (by definition) and thus the temperatures should be computed from the energy 
equation. Flame speed depends, in part, on the transport of heat, and predicting the temperature distribution is an 
integral part of the flame speed calculation.
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Premix Application
Keyword Syntax and Rules
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=(>??0(@+5,-.)/(A+B.:/ >C @A>D023E!?>E??>E??3EFGH

IGJ@ !"#$%#&'(('(&$)*$+"#$,)-./+0+')(01$'(+#23014$5)2$%/2(#267+0%'1'8#9$*10-#7:$
+"'7$'7$+"#$%/2(#2$1),0+')(4

!"#$%&'( !"#$%%&'()

)*+,-(

.'/#0&,( '('

1'-,#2,( *+,%-.%*/+,0.1%23%+%45+66.7%8+69.(

I!#' ;($#7+'-0+#9$301/#$*)2$+"#$,#(+#2$)*$+"#$*10-#4

!"#$%&'( !:;<%%=('

)*+,-(

.'/#0&,( !:;<%>%'(=?@A!;<B&!"#$C

I#'A !"#$#(9$)*$+"#$,)-./+0+')(01$'(+#23014

!"#$%&'( !;<B%%D'('

)*+,-(

.'/#0&,( !;<B%E4%+%7.F9E7.1%E,G92(

1'-,#2,( *+,%-.%*/+,0.1%23%+%6+70.7%8+69.(

K$&I ;($#7+'-0+#9$<'9+"$)*$+"#$*10-#$8)(#4

!"#$%&'( HIJ!%%)('

)*+,-(

.'/#0&,( HIJ!%>%'(?@A!;<B&!"#$C

H9@L =7#$)*$+"#$!"#$$>#?<)29@7A$011)<$+"#$/7#2$+)$7.#,'*?$0$.2)*'1#$07$0$*/(,+')($
)*$9'7+0(,#$*)2$+"#$7+2#0-$+/%#$02#04$!"#$7+2#0-6+/%#$02#0$'7$&'3#($2#10+'3#$
+)$+"#$%/2(#2$02#0$0(9$'7$+"#2#*)2#$9'-#(7')(1#774$B0,"$'(./+$.2)3'9#7$0($
.0'2$0(9$+"#$C$,))29'(0+#7$-/7+$%#$'($07,#(9'(&$)29#24$BC0-.1#D$!"#$%%
&'(%%(')$077'&(7$0$2#10+'3#$02#0$)*$E4F$0+$0$.)7'+')($G4E$,-$*2)-$+"#$%/2(#2$
7/2*0,#4

!"#$%&'( KL$M%%'(D%D()

)*+,-( % N%1E5.,4E3,6.44

.'/#0&,( D('%38.7%.,2E7.%135+E,

1'-,#2,( *+,%-.%*/+,0.1

KA&M H(,1/9'(&$+"'7$>#?<)29$-#0(7$+"0+$<'(9<029$9'**#2#(,'(&$'7$+)$%#$/7#9$)($
+"#$,)(3#,+'3#$+#2-74

.'/#0&,( HBJO

1'-,#2,( *+,%-.%*/+,0.1

J5N*+(0EO I2'9$J020-#+#2$K#?<)297

!"#$%&' (")*&+,-+%.

!"

!"

!"

!"

!"

lunedì 21 maggio 2012



Input File: Keywords

!"#$%&'()*(+',-'#.(/0$1% +234/5(6$$789#%8,0

2:;<)=>?!@;?@@;?@@>?AB6 ;C D(;@@)(2&#9%8,0(:&E8-0

!"# !"#$%&'%()*)+),*-

!:/F !"#$%&'"()*+',)-./012&)3.4",)*+4*)#."*24$)&'55.2."#'"()',)*1)6.)%,.&)1")*+.)
#1"7.#*'7.)*.23,8

!"#$%&'( !"#$

)"*'$+'( %&'()*(%+&',*-

BFG2 9+',)-./012&)',)%,.&)*1)17.22'&.)*+.)&.54%$*)74$%.)512)*+.)3'"'3%3)61%"&,)
1")*+.),1$%*'1")742'46$.,)#122.,:1"&'"()*1)(4,;:+4,.)34,,)524#*'1",8)
9<=>?9)0'$$)"1*)$.*)*+.),1$%*'1")742'46$.,)54$$)6.$10)*+.'2)3'"'3%3)61%"&,)
&%2'"()'*.24*'1")@2.5.2)*1)!"#$%)'")*+.)9<=>?9)34"%4$A8

,-$./&"( .$/0((1234516

!"#$%&'( 1(234517

)"*'$+'( %&'()*(%+&',*-

HIJI B4C'3%3)"%36.2)15)(2'&):1'"*,)4$$10.&)512)*+',)D168

,-$./&"( 89:9((;44

!"#$%&'( 89:9<=&>?=@=(,A?-(-?=*'B?C'(B*D()E(F05G#H(-A?I*A(JAC,A&=

)"*'$+'( %&''CD()*(%+&',*-(C'(A*BD&AD3

H6:+ B4C'3%3)"%36.2)15)(2'&):1'"*,)*+4*)#4")6.)4&&.&)4*)4)*'3.)&%2'"()(2'&)
4&4:*4*'1"8

,-$./&"( 8K"F(;

!"#$%&'( 'C(L?=?D(?B(B*D

)"*'$+'( %&''CD()*(%+&',*-(C'(A*BD&AD3

I#K7&()?L E$43.)F.5'"'*'1")G./012&,

!"#$%&' (")*&+,-+%.

+23B 9+.):2.,,%2.)15)*+.)5$43.8

,-$./&"( F05.((43M

012'*( (

!"#$%&'( 'C'*

)"*'$+'( %&'()*(%+&',*-3

I#K7&()?M H2'&)>4243.*.2)G./012&,

!"#$%&' (")*&+,-+%.

!"#

!"#$%&'(!)**+,-.)/(01213 !456-+7(08(97):75;(&/6<-

=(>??0(@+5,-.)/(A+B.:/ 0? @A>C023D!?>D??>D??3DEFG

HI@J !"#$%&''$()*+$,&-#$-",*./"$-"#$0.,1#,$234543#3$06$-"#$0.,1#,$&,#&78$9*,$

()&%#$:,*0)#%'$-"4'$4'$-"#$414-4&)$#'-4%&-#$*($-"#$%&''$()*+$,&-#8

!"#$%&'( !"#$%%&'(

)*+,-(

.'/#0&,( !"#$%)*%+%,-./),-0%)12/3(

1'-,#2,( 4+1%5-%46+17-0(

@#G! ;&''$*,$%*)#$(,&<-4*1$5&).#'$*($-"#$.10.,1#3$,#&<-&1-'8$=1#$*($-"#'#$!"#$$
41:.-'$%.'-$&::#&,$(*,$#&<"$,#&<-&1-$':#<4#'8$9*,$#>&%:)#?$

!"#$ $%&% '()$&''4/1'$&$%*)#$*,$%&''$(,&<-4*1$*($@8A$-*$ $41$-"#$41)#-$

()*+8$!"#$'.%$*($&))$-"#$,#&<-&1-$(,&<-4*1'$'"*.)3$#B.&)$*1#8$C*+#5#,?$4($

-"#6$3*$1*-?$&$<&.-4*1&,6$%#''&/#$+4))$0#$:,41-#3$&13$-"#$(,&<-4*1'$+4))$0#$

1*,%&)4D#3$'*$-"#$'.%$3*#'$#B.&)$*1#8$E16$/45#1$':#<4#'$<&1$:&,-4<4:&-#$

'4%.)-&1#*.')6$&'$&$,#&<-&1-?$41-#,%#34&-#?$*,$:,*3.<-8

!"#$%&'( #89:%%:;<;%%'(=

)*+,-( -)36-,%>+**%?,%>?@-%A,+43)?1*B%0-2-10)17%?1%C9DD%?,%CE"8(

.'/#0&,( ,-./),-0%)12/3(

1'-,#2,( 4+1%5-%46+17-0(

&'J$ !"#$#'-4%&-#3$:#&F$%&''$*,$%*)#$(,&<-4*1'$5&).#'$(*,$G41-#,%#34&-#H$

':#<4#'8$=1#$*($-"#'#$*+,-$41:.-'$%.'-$&::#&,$(*,$#&<"$41-#,%#34&-#$
':#<4#'8$I-$4'$.'.&))6$0#--#,$-*$#'-4%&-#$5&).#'$'*%#+"&-$"4/"#,$-"&1$-"*'#$

-"&-$&,#$&<-.&))6$:,#'#1-$41$-"#$()&%#8$J>&%:)#K$*+,-..&/%..'(''0$/45#'$
&1$#'-4%&-#$(,&<-4*1$*($@8@@L$(*,$-"#$41-#,%#34&-#$ 8$E16$/45#1$':#<4#'$

<&1$:&,-4<4:&-#$'4%.)-&1#*.')6$&'$&$,#&<-&1-?$41-#,%#34&-#?$*,$:,*3.<-8

!"#$%&'( FG$C%%<E;%%'(''&

)*+,-( -)36-,%>+**%?,%>?@-%A,+43)?1*B%0-2-10)17%?1%C9DD%?,%CE"8(

.'/#0&,( '('

J5K*+(0DL 9)&%#$M#(414-4*1$N#6+*,3'

!"#$%&' (")*&+,-+%.

! "#$%&"

'$($

()$

!"#$%&'()*(+',-'#.(/0$1% +234/5(6$$789#%8,0

2:;<)=>?!@;?@@;?@@>?AB6 )> C(;@@)(2&#9%8,0(:&D8-0

+2E: !"#$%&#'()%&"")*+)%*,')-+&.#$*/")*-)#0')-,&%')1+*(2.#"3)4*+)'5&%1,'6)!"#$%%
&'#%()*)'"#$%&#'")#0')-+&.#$*/)*-) )$/)#0')1*"#7-,&%')+'8$*/)&")93:3);0')
"2%)*-)#0')1+*(2.#)-+&.#$*/")"0*2,()'<2&,)*/'3)=*>'?'+6)$-)#0'@)(*)/*#6)&)
.&2#$*/&+@)%'""&8')>$,,)A')1+$/#'()&/()#0')-+&.#$*/")>$,,)A')/*+%&,$B'()"*)
#0')"2%)(*'")'<2&,)*/'3)C/@)8$?'/)"1'.$'").&/)1&+#$.$1&#')"$%2,#&/'*2",@)
&")&)+'&.#&/#6)$/#'+%'($&#'6)*+)1+*(2.#3)D-)/*)!"#$)$")8$?'/6)!"#$)-*+)'&.0)
"1'.$'")>$,,)A')$#")-+&.#$*/)*-)#0')%$5#2+'E")'<2$,$A+$2%).*%1*"$#$*/3

!"#$%&'( !"#$%%&'#%%()*

)*+,-( +,-.+/%0122%3/%034+%5/16-,3728%9+:+79,7;%,7%<=>>%3/%<#?@)

.'/#0&,( ()(A%,5%73%!"#$%+7-/,+28%-.+7%17%+BC,4,D/,C0%6146C41-,37%,2%019+)

+24F F$/$%2%)%&"")*+)%*,')-+&.#$*/)?&,2')&11,$'()#*)#0')'"#$%&#'()?&,2'")*-)
#0')-,&%')1+*(2.#"6)>0'/)#0')G('-&2,#H)'<2$,$A+$2%)$")2"'()#*)('#'+%$/')
1+*(2.#)'"#$%&#'"3)D8/*+'()$/)#0').&"')#0&#)!"#$)I'@>*+(")&+')1+'"'/#3

!"#$%&'( !"<E%F)(@GF(

)*+,-( +,-.+/%0122%3/%034+%5/16-,3728%9+:+79,7;%,7%<=>>%3/%<#?@)

.'/#0&,( ()(

5/4F F$/$%2%)%&"")*+)%*,')-+&.#$*/)?&,2')&11,$'()#*)$/#'+%'($&#')"1'.$'")
'"#$%&#'"6)>0'/)#0')G('-&2,#H)'<2$,$A+$2%)$")2"'()#*)('#'+%$/')1+*(2.#)
'"#$%&#'"3)D8/*+'()$/)#0').&"')#0&#)!"#$)I'@>*+(")&+')1+'"'/#3)D/)#0$")
.&"'6)#0')$/#'+%'($&#')"1'.$'")-+&.#$*/)$")$/$#$&,$B'()#*)A')#0')&?'+&8')*-)$#")
!"#$)&/()"+,-)?&,2'"J)*+)./016)$-)./01)$")8+'&#'+)#0&/)#0$")&?'+&8'3

!"#$%&'( HI<E%F)(@GF(

)*+,-( +,-.+/%0122%3/%034+%5/16-,3728%9+:+79,7;%,7%<=>>%3/%<#?@)

.'/#0&,( ()(

G34+ ;0$")$/12#)&,,*>")"1'.$-$.&#$*/)*-)#0')$/$#$&,)*+)8$?'/)#'%1'+&#2+')1+*-$,'3)
!&.0)$/12#)1+*?$('")&/)G 6) H)1&$+)&/()#0') ).**+($/&#'")%2"#)A')$/)
&".'/($/8)*+('+3)!5&%1,'K)2+0!%%()3%%3((()&""$8/")&)#'%1'+&#2+')*-)
L999)M)&#)&)1*"$#$*/)93L).%)-+*%)#0')A2+/'+)"2+-&.'3

!"#$%&'( J@<!%()(%%K(()

)*+,-( 8%

.'/#0&,( /+BC,/+9%,7:C-8%+L6+:-%37%1%/+2-1/-)

1'-,#2,( 617%D+%6.17;+98%:/3M,9+9%N>JO%,2%,764C9+9)

G#H7&()?I 4,&%')N'-$/$#$*/)M'@>*+("

!"#$%&' (")*&+,-+%.

!"#

! " !

$% &
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                    Example
Burner-Stabilized Hydrogen-Oxygen Flame

Premix

Input File

!"#$%&'(!)**+,-.)/(01213 !456-+7(89(:5;6*+(<7)=*+;>

?(@AA0(B+5,-.)/(C+>.D/ EF BC@F023G!A@GAA@GAA3GH:I

!"#$%"&"!'%((%)*!+,,-,!.!!!!/0/12+31/
!!
!!4/!!!!!!!!4/!!!!!!!!!!!10111+511!!!10111+511!!!10111+511!!!10111+511
!!4/!!!!!!!!-/!!!!!!!!!!310267+511!!310882+312!!310679+319!!!10/12+38/
!!4/!!!!!!!!4!!!!!!!!!!!!10866+511!!!108:6+312!!310688+31:!!!10;/6+38/
!!4/!!!!!!!!-!!!!!!!!!!!3102/<+511!!!1088<+312!!310882+31;!!!108;2+388
!!4/!!!!!!!!-4!!!!!!!!!!3102/9+511!!!10887+312!!310886+31;!!!108;;+388
!!4/!!!!!!!!4-/!!!!!!!!!310266+511!!310882+312!!310668+319!!!10/17+38/
!!4/!!!!!!!!4/-/!!!!!!!!31026:+511!!310887+312!!31066<+319!!!10/17+38/
!!4/!!!!!!!!4/-!!!!!!!!!310822+511!!310<2:+31<!!!108/8+316!!3108/9+381
!!4/!!!!!!!!#,!!!!!!!!!!31027;+511!!310286+312!!!108/:+31;!!310878+388
!!
!!4!!!!!!!!!4/!!!!!!!!!!310866+511!!3108:6+312!!!10688+31:!!310;/6+38/
!!4!!!!!!!!!-/!!!!!!!!!!310<12+511!!310/67+31<!!!109;8+31;!!31081:+381
!!4!!!!!!!!!4!!!!!!!!!!!!10111+511!!!10111+511!!!10111+511!!!10111+511
!!4!!!!!!!!!-!!!!!!!!!!!310<<:+511!!3108:7+31<!!!106:9+31;!!310;:/+388
!!4!!!!!!!!!-4!!!!!!!!!!310<28+511!!3108:;+31<!!!10692+31;!!310;:;+388
!!4!!!!!!!!!4-/!!!!!!!!!310<17+511!!310/66+31<!!!109;<+31;!!31081:+381
!!4!!!!!!!!!4/-/!!!!!!!!310<17+511!!310/66+31<!!!109;7+31;!!31081:+381
!!4!!!!!!!!!4/-!!!!!!!!!!1076<+318!!31077/+31<!!!108;<+316!!3108;/+381
!!4!!!!!!!!!#,!!!!!!!!!!310/7;+511!!310</6+31<!!!1088;+316!!3108/:+381

!=-,>%)*!?@#A+!,+B&%,+"+)(?!#,+
!!!!%)(+*+,C!!!!!!!<:
!!!!,+#DC!!!!!!!!8:72

!(EFGH!A@&FIJKC!DKLL!FMGN!8!LKOENP

!"#"$ %&'()*+,-./-.+012+.34+56721849:,;6849+<=>?4+@>?/=4

!!!!!!!!QQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQ
!!!!!!!!Q!!!!!!!!!!!!!!!A4+">%)!AEHHKOFIEN!,KHKGLK!<0;!!!!!!!!!!!!!!!Q
!!!!!!!!Q!!!!!!!!!!!!!!!!!!!!!@,+"%$!#RRHIOGFIEN!!!!!!!!!!!!!!!!!!!!!Q
!!!!!!!!Q!!!!!!!!!!!!!!!!@,+"%$+S!D#"%)#,!'D#"+!"-S+D!!!!!!!!!!!!!!!!Q
!!!!!!!!Q!AERTUIVMF!899;3/11/!,KGOFIEN!SKLIVN0!!#HH!,IVMFL!,KLKUWKP0!Q
!!!!!!!!QQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQ

!!!!!!!!!!!!!!!!=-,>%)*!?@#A+!,+B&%,+"+)(?
!!!!!!!!!!!!!!!!!@,-X%S+S!!!!!!!!,+B&%,+S!
!D-*%A#D!!!!!!!!!!!!!!888!!!!!!!!!!!!888
!%)(+*+,!!!!!!!!!!!!!/61/!!!!!!!!!!!/61/
!,+#D!!!!!!!!!!!!!!88/1:7!!!!!!!!!88/1:7
!A4#,#A(+,!!!!!!!!!!!!!22!!!!!!!!!!!!!22

%NIFIGHIYINV!A4+">%)!*GL3RMGLK!DIZUGUT[!G!OEJRENKNF!E\!A4+">%)!,KHKGLK!<0;0
(MIL!GNP!#HH!-FMKU!A4+">%)!DIZUGUIKL!GUK!AERTUIVMF!]A^!899;3/11/!,KGOFIEN!SKLIVN0

%NIFIGHIYINV!(,#)?@-,(!DIZUGUT[!G!OEJRENKNF!E\!A4+">%)!,KHKGLK!<0;0

!!!!!!!!!!>+_=-,S!%)@&(

!!!!!!!!!!`!!!\HGJK!OEN\IVaUGFIEN[!ZaUNKU!LFGZIHIYKP!bIFM!LRKOI\IKP!FKJRKUGFaUK
!!!!!!!!!!c&,)
!!!!!!!!!!(*%X
!!!!!!!!!!`!!!IN!FMK!KWKNF!E\!G!)KbFEN!\GIHaUK[!FGdK!811!FIJKLFKRL!E\!80+36
!!!!!!!!!!(%"+!!!!811!!8011+36
!!!!!!!!!!`!!!ZKVIN!EN!G!aNI\EUJ!JKLM!E\!6!REINFL
!!!!!!!!!!)@(?!!!!!!6
!!!!!!!!!!`!!!!!!PK\INIFIEN!E\!FMK!OEJRaFGFIENGH!INFKUWGH
!!!!!!!!!!$+)S!!8101
!!!!!!!!!!$A+)!!!701
!!!!!!!!!!="%$!!!8101
!!!!!!!!!!`!!!RUKLLaUK!GNP!INHKF!JGLL!\HEb!UGFK
!!!!!!!!!!@,+?!!101</9!!e!GFJELRMKUKL
!!!!!!!!!!'D,(!!206<+3<!e!V`OJQQ/3LKO
!!!!!!!!!!`!!!GPGRFIWK!JKLM!OUIFKUIG
!!!!!!!!!!*,#S!!10/
!!!!!!!!!!A&,X!!107
!!!!!!!!!!`!!!aNUKGOFKP!JEHK!\UGOFIENL
!!!!!!!!!!"-D+
!!!!!!!!!!,+#A!!!-/!!1019
!!!!!!!!!!,+#A!!!#,!!!06<
!!!!!!!!!!,+#A!!!4/!!10/:
!!!!!!!!!!`!!!KLFIJGFKP!RUEPaOFL

!"#$%&'()*(+#,$-&(.'/0-&,1 .23456(7$$-89#%8/:

2;<=>?@A!B<ABB<ABB@AC+7 D? E(<BB>(2&#9%8/:(;&18F:

!!!!!!!!!!"#$%!!!&#!!'()*
!!!!!!!!!!"#$%!!!+,$!'(-,
!!!!!!!!!!"#$%!!!+,!!'(-.
!!!!!!!!!!"#$%!!!$+!!'(',
!!!!!!!!!!"#$%!!!$!!!'(',
!!!!!!!!!!"#$%!!!+!!!'('-
!!!!!!!!!!/!!!012345206!372084063520!49:0!;85<23971
!!!!!!!!!!=>?@!!!+,$,!!(''''-
!!!!!!!!!!=>?@!!!+$,!!!(''-
!!!!!!!!!!=>?@!!!+,!!!!('-
!!!!!!!!!!/!!!29:0857<01!;98!2A0!>0B297!320852397
!!!!!!!!!!&?$C!!-(DE-'
!!!!!!!!!!#?$C!!-(DEF
!!!!!!!!!!/!!!29:0857<01!;98!2A0!2340!120G!>0B297!320852397
!!!!!!!!!!&?=@!!-(DE.
!!!!!!!!!!#?=@!!-(DE.
!!!!!!!!!!/!!!G8372!<97289:
!!!!!!!!!!"#>?!!!!-
!!!!!!!!!!/!!!!!!H3I07!204G0852J80!G89;3:0
!!!!!!!!!!?D@"!!!'(!!!!!!KLK(L
!!!!!!!!!!?D@"!!!!(-,.'!!F*F(.
!!!!!!!!!!?D@"!!!!(,.'!!!.*K(L
!!!!!!!!!!?D@"!!!!(KL.!!!)L,(,
!!!!!!!!!!?D@"!!!!(.!!!!!L.K(.
!!!!!!!!!!?D@"!!!!(L.!!!!M'-(F
!!!!!!!!!!?D@"!!!-('!!!!-',L(
!!!!!!!!!!?D@"!!!-(,.!!!--,'(
!!!!!!!!!!?D@"!!!-(.!!!!--*F(
!!!!!!!!!!?D@"!!!,('!!!!-,)'(
!!!!!!!!!!?D@"!!!K('!!!!-KF*(
!!!!!!!!!!?D@"!!!)('!!!!-FL.(
!!!!!!!!!!?D@"!!-'('!!!!-.,F(
!!!!!!!!!!D>%

!?N$">?O!!%$PQCD!"#DR=S=$>!T?N$!"$=>?!Q$P>%&#U!V&CPD!"#$QCD@W!S$CVD#X
!!!!!!!!!!VD#S=$>!K(K'!$Y!&"#=C!-MM*!QU!%#(!Z$SD"+!Y(![#R&#(

!?N$">?O!!=>=?=&C![PDSSO

!!!!!!!\T<4W!!!?T]W!!!!!!!VT<4/1W!!!!#+$TH/<<W!!+%$?T<5:/1/<<W
!!!-!!!'(''''!!K(LKLD^',!!-(.'.D^',!!K('LLDE'.!!,(-F.D^'-
!!!,!!!,(''''!!-(,)'D^'K!!F(M))D^',!!M(K,KDE')!!,()MKD^',
!!!K!!!F(''''!!-(KM'D^'K!!.(-K-D^',!!M(',FDE')!!,(*M,D^'K
!!!F!!!)(''''!!-(FL.D^'K!!.(F-)D^',!!*(.F*DE')!!K(-,*D^'K
!!!.!!!*(''''!!-(.''D^'K!!.(L,MD^',!!*('*-DE')!!L('FKD^',
!!!)!!-'(''''!!-(.,FD^'K!!.(*''D^',!!L(M*KDE')!!-(*'LD^',

!!!!!!!\T<4W!!!+,!!!!!!!!!$,!!!!!!!!!+!!!!!!!!!!$!!!!!!!!!!$+!!!!!!!!!+$,!!!!!!!
!!!-!!!'(''''!!,(L..DE'-!!*(*.LDE',!!'('''D^''!!'('''D^''!!'('''D^''!!-(.LLDE',
!!!,!!!,(''''!!,(K,KDE'-!!)(.*FDE',!!-(*,MDE'K!!K().*DE'K!!K().*DE'K!!*(FLLDE',
!!!K!!!F(''''!!-('.FDE'-!!,(FM)DE',!!-(*FMDE'K!!K()M*DE'K!!K()M*DE'K!!.(K,.DE'-
!!!F!!!)(''''!!M(KK)DE',!!-())FDE',!!,(LLKDE'K!!.(.F)DE'K!!.(.F)DE'K!!.(K,.DE'-
!!!.!!!*(''''!!-()'MDE'-!!-()F)DE',!!L(K-.DE'K!!-(F)KDE',!!-(F)KDE',!!*(FLLDE',
!!!)!!-'(''''!!-(FL)DE'-!!'('''D^''!!M(*F-DE'K!!-(M)*DE',!!-(M)*DE',!!-(.LLDE',

!!!!!!!\T<4W!!!+,$,!!!!!!!+,$!!!!!!!!&#!!!!!!!!
!!!-!!!'(''''!!-(.LLDE'F!!'('''D^''!!)(,''DE'-
!!!,!!!,(''''!!*(FLLDE'F!!,(-M.DE',!!.(*.,DE'-
!!!K!!!F(''''!!.(K,.DE'K!!,(,-MDE',!!K(''FDE'-
!!!F!!!)(''''!!.(K,.DE'K!!K(K,*DE',!!K('.'DE'-
!!!.!!!*(''''!!*(FLLDE'F!!*(LL*DE',!!)(-,)DE'-
!!!)!!-'(''''!!-(.LLDE'F!!-(-*-DE'-!!)()M,DE'-

!?N$">?O!!S$CVD!?+D!"#$QCD@(

!!!!!!!!!!!!!!!!!!!!!!C$[-'!!!C$[-'!!!!!!!!!!
!!!!!!!!!!!!!!?&S]!!!>$#@!Y!!R$>%!Z!!!#D@&#]!

!!!!!!!!!!!!!S?&#?!!!!!'(.M!!!!!!!!!!!)![#=%!"$=>?S
!!!!!!!!!!!!SD&#R+!!!!!!!!!!!!!L()L!!![$=>[!$P?!$Y!Q$P>%S
!!!!!!!!!!!!DV$CVD!!!!E,('.!!!!K()K!!!-''!?=@D!S?D"SX!-('DE')!C&S?!S?#=%D
!!!!!!!!!!!!SD&#R+!!!!!!!!!!!!!.(*F!!![$=>[!$P?!$Y!Q$P>%S
!!!!!!!!!!!!DV$CVD!!!!E,()'!!!!-(MK!!!-''!?=@D!S?D"SX!,('DE')!C&S?!S?#=%D
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Results....

Temperature profile versus axial distance

Premix

H2O Mole fraction profile versus axial distance
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Results....

Temperature profile versus axial distance

Premix

CH4  Mole fraction profile versus axial distance
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