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""" l}Dv}U |xDi=}Vy=m w pt=m |=yQ=mwR=U |xU}=kt

&�xrO=at CWy� `WaWD CQ=QL p=kDv= CqO=at uOQm xi=[= "3
QO pNrND uDiQo Q_v QO� |oDUw}B w C=QP |=k@ CqO=at KqY= "4

&�=yv;
p=kDv= CQ=@a uOQmxi=[=� R=o R=i |SQv= |=k@ |xrO=at KqY= "5

&�pNrND uDiQo Q_v QO w |}=Hx@=H CQ=QL
&Ot=H R=i |SQv= |=k@ |xrO=at uOQmxi=[= "6

&|RQt \}=QW KqY= =} uOQmxi=[= "7
uDw}v |xDi=}Ow@y@ VwQ R= xO=iDU= =@ xOWxi=[= CqO=at pL "8

"|vt[ CQwYx@
O=R; |xDN}t;V}B s=Q; |xraW C=@U=Lt |=Q@ QwmPt Om xm =Hv; R=
Om 'u; QO xOWxO=O C=Q}}eD =@ 'CU= u=v}t]= OQwt w xOW xDN=vW,qt=m
CUO x@ pNrNDt \}Lt uwQO j=QDL= |R=UpOt |=Q@ |v=v}t]= p@=k

"CU= xOt;

pL VwQ w sm =L CqO=at "2
QO |Oa@l} CQwYx@ j}kLD u}= QO xO=iDU= OQwt pNrNDt paWt
|=yQ=mwR=U |UQQ@ hOy xm =Hv; R= "�1 pmW� CU= xOW xDiQo Q_v
ZQi R}J=v paWt |@v=H |=yxQ=w}O R= CQ=QL p=kDv= 'CU= |k=QDL=
|R=UpOt QO |Oa@l} sm =L CqO=at R= u=wD|t xH}Dv QO w xOW
=@ pNrNDt \}Lt QO j=QDL= Q@ sm =L CqO=at Cw=iD "OQm xO=iDU=
|=k@ CqO=at uOWxi=[= QO O=R; |=[i QO j=QDL= Q@ sm =L CqO=at
x=Dwm ,=D@Uv pw] p}rOx@ |R=UpOt u}= QO "CU= Ot=H R=i |SQv=
xOW Q_vhQY u=} QH CmQL CyH QO Q=Wi Ci= R= pNrNDt paWt
QO sm =L CqO=at "CU= xOW xDiQo Q_v QO s=Q; R}v p=}U u=} QH w
OvDQ=@a Ov=xOt; CUO x@ |tHL |Q}o\UwDt R= xm pNrNDt paWt

%R=
%sQH |=k@ =} |oDUw}B |xrO=at

@(�g�)
@t

+
@(�g�U)
@x

= 0 (1)

%|}=}t}W |=yxvwo |=k@ |xrO=at

�g�
@Yk
@t

+ �g�U
@Yk
@x

+
@
@x

(�g�YkVk)� � �!kWk = 0
(2)

paWt |OQmrta \}=QW x@ xHwD =@ ?U=vt |k=QDL= Q=mwR=U ?=NDv=
paWt |xraW "CU= X=N |yHwD sRrDUt xraW ẁv u}vJty w
p}iwQB OQ=O pNrNDt T} QD=t =@ R=o xm |DQ=QL pO=@D p}rOx@ pNrNDt
Cw=iDtEa=@ xr�Ut u}= "OQ=O s=Q; O=R; |xraW x@C@Uv|Dw=iDt|}=tO

"OwW|t paWt ẁv u}= QO |}=}t}W |=yxvwo C_re Q=DiQ uOw@
pNrNDt \}Lt QO CQ=QL p=kDv= w j=QDL= Cw=iDt C=}YwYN
CiQW}B QO j=QDL= l}Dv}U |O}rm Vkv w 'O=R; |xraW x@ C@Uv
l}Dv}U |O=yvW}B |=yQ=mwR=U |}=Q=m |xU}=kt w |UQQ@ '=yVvm =w
j}kLD QO "CU= xDN=U |QwQ[ =Q pNrNDt |=ypaWt QO j=QDL=
|twta |=yQ=mwR=U R= xO=iDU= sOa 'u=Q=mty w wy \UwD xOW s=Hv=
QO [1]"CU= xOW O=yvW}B pNrNDt paWt |R=UpOt QO |}xrLQtlD
pOt QO |k=QDL= hrDNt Q=mwR=U ẁv Q=yJ =Q} QB w wR 'Qo}O |k}kLD
CQ=@a =yQ=mwR=U u}= [2]"Ov=xOQm xU}=kt Qo}Om} =@ pNrNDt paWt
'Qr}t Q=mwR=U R= pY=L |DrmU=Q=mwR=U 'Qr}t pt=m Q=mwR=U %R= OvOw@
j=QDL= |}xrLQtlD Q=mwR=U w '|}xrLQtQ=yJ |xDi=}Vy=m Q=mwR=U
Q=mwR=U w GRI2.1 pt=m Q=mwR=U O=vDU=x@ '|Qo}O u}kkLt "u=Dt
1|D=@U=Lt u}mD V=WDe= VwQ R= xm |Wvm =w 10 |xDi=}Vy=m
|UQQ@ OQwt =Q xDi=}Vy=m |=yQ=mwR=U R= xO=iDU=CLY 'xOt;CUOx@
'|k=QDL= |=yQ=mwR=U |UQQ@ uwO@ R}v u=v; R= |NQ@ [3]"Ov=xO=O Q=Qk
paWt C=}YwYN Q}=U |UQQ@ x@ w Ov=xOQm ?=NDv= =Q =yv; R= xvwtvl}

[4]"Ov=xDN=OQB pNrNDt
|k=QDL= pt=m Q=mwR=U wO R= |m} u}kkLt |t=tD ,=@} QkD xm =Hv; R=
QO Q=mwR=U wO u}= CkO Q=DWwv u}= 'Ov=xOQm ?=NDv= =Q Qr}t =} GRI
|iQ] R= "OyO|t Q=Qk xU}=kt OQwt =Q pNrNDt paWt OQmrta u}}aD
sHL Vy=m |=Q@ OvtCQOk |Q=R@= u=wvax@ xDi=}Vy=m |=yQ=mwR=U
C=k}kLD C=aw[wt R= |m} G}=Dv CkO R= uDU=m uwO@ C=@U=Lt
|=yQ=mwR=U OQ@ Q=mCLY Q[=L j}kLD QO "CU= xOw@ Q}N= |=yp=U
paWt |R=UpOt QO QwmPt pt=m Q=mwR=U wO Q@ |vD@t |xDi=}Vy=m
|=yQDt=Q=B x@ xHwD =@ x�U}=ktu}= "CU= xDiQo Q=Qk|UQQ@ OQwtpNrNDt
C=@}mQD u=R�}t w p=aD�W= CaQ�U '=tO Ovv=t �� pa�Wt |OQmrta
�� uSwQD}vO}Umwvt w u@ QmO}Umwvt ,=Yw�YN 'j=Q�DL= R= p�Y=L

"CU= xDiQ}PB CQw�Y
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|Dr=L QO |tHL CQ=QL p=kDv=?} Q[ w |aWaWD CQ=QL p=kDv=

&OvDU}v C@=F ?}=Q[ u}= xm

sryJ |xQ=tW � h} QW ! 116

www.SID.ir



Arc
hi

ve
 o

f S
ID

|Qy=_t EQtw}m w CiQat |Oyt '|v}ULr=|wQUN |i]Yt

"Q[=L j}kLD QO |UQQ@ OQwt pNrNDt paWt l}D=tW "1 pmW
[15]"pOt QO xO=iDU= OQwt pNrNDt T} QD=t |m} R}iwtQD X=wN "1 pwOH

� = 270m�1 �s = 216m�1
Hv = 107W=m3 �K �s = 1 2W=m�K
�s = 5 56� 103kg=m3 � = 0 87; for; PSZ

with; 3=9; Pore per cm
cp;s = 824J=kg �K

@Tg
@x

= 0 at x = L (6)
|HwQN w|OwQw QOpNrNDtT} QD=t|SQv= |xrO=at|RQt\}=QW
Ot=H |RQt |=ypwrU pQDvm sHL QO |SQv= |=k@ x@ xHwD =@ paWt

%R= Ov=CQ=@a
�
hi(Tg;i � Ts) + �"i(T 4

i;surround � T 4
s )
�
(1� �) =

�keff;s @Ts@x
at x = 0 (7)

�
ho(Tg;o � Ts) + �"o(T 4

o;surround � T 4
s )
�
(1� �) =

�keff;s @Ts@x
at x = L (8)

|OwQw |x}L=v QO|}=Hx@=HCQ=QLp=kDv=?}=Q[ho whi '=yu; QO xm
,qwtat w xOW xOR u}tND |@ QHD CQwYx@ xm OvDUy paWt |HwQN w
500W=m2sQ@=Q@ =yv; wOQy =Hv}= QO w &OvwW|t xDiQo Q_v QO C@=F
|aWaWDCQ=QLp=kDv= MQv 'xDiQo s=Hv= |=y|UQQ@ x@ xHwD =@ [3]"OvDUy
|}=Hx@=H CQ=QL p=kDv= x@ C@Uv 8 w 7 CqO=at QO xOW xO=O u=Wv
R= xDWPo QO xOW s=Hv= C=@U=Lt R= |NQ@ QO wQu}= R= w CU= ?r=e

[2w1]"CU= xOW Q_vhQY |RQt \}=QW QO |}=Hx@=H CQ=@a
xm CU= xOW ZQi �RTE� |W@=D p=kDv= |xrO=at XwYNQO
|=tO "Ovvm|t pta x=}U sUH Ovv=t pNrNDt paWt h=Q]= \}Lt
ZQi paWt R=|HwQN |=yR=o |=tO x@l}ORv paWt|HwQN\}Lt
Q_v QO j=QDL= \wrNt |=tO pO=at R}v |OwQw \}Lt |=tO w OwW|t
DOM ?} QkD R= |W@=D p=kDv= |xrO=at pL QO uwJ "OwW|t xDiQo

%R=o R=i |SQv= |=k@ |xrO=at
�g�Cp;g

@Tg
@t

+ �g�UCp;g
@Tg
@x

� @
@x

�
��g

@Tg
@x

�
+

�
NX
k=1

�YkVkCp;k
@Tg
@x

+ �
NX
k=1

hk
�!k +Hv(Tg � Ts) = 0

(3)
%Ot=H R=i |SQv= |=k@ |xrO=at

�s�Cp;s
@Ts
@t

+
@
@x

�
(1� �)�s

@Ts
@x

�
+

Hv(Tg � Ts)� dqr
dx

= 0 (4)
p=kDv=?} Q[Hv 'u=} QHCaQU U 'pNrNDC@Uv � jwi\@=wQ QO
'Vk 'Yk u}vJty "CU= |DQ=QL C}=Oy ?} Q[ �s w |tHL CQ=QL
'|rwt O}rwD MQv 'Q=WDv= CaQU '|tQH QUm ?}DQDx@ hk w Wk ' �!k

g T}Ov= R= "OvDUy k |}=}t}W |xvwo *|rwt |Br=Dv; w |rwmrwt sQH
xO=iDU= Ot=H R=i uO=Ou=Wv |=Q@ sT}Ov= R= w 'R=o R=i uO=Ou=Wv |=Q@
|@ QHD G}=Dv u; |=Q@ xm x}qlD pNrNDt paWt xvwtv l} "CU= xOW
"CU= xOW ?=NDv= 'Ow@ OwHwt |OOa G}=Dv CLY |xU}=kt Qw_vtx@
xDN=U QDt|Dv=U 10 16 Ct=N[x@ w =}vwmQ} R TvH R= paWt u}=
QO uwJ "CU= xOt; 1 pwOH QO pNrNDt T} QD=t X=wN "CU= xOW
|tHL CQ=QL p=kDv= ?} Q[ paWt u}= |x}=B Q@ xOWs=Hv= C=k}kLD
|=v@t R}v =Hv}= QO 'xOW xDiQo Q_v QO C@=F CQwYx@ C}=Oy ?} Q[ w

[2w1]"CU= C@=F Q}O=kt u=ty x}rw=
OwHw xDN}t;V}B j=QDL= |OOa |R=UpOt |=Q@ VwQ wO ,qwtat
xOWQ=O}=B |xraW w '|OwQwXNWt|@O\UwD xOWQ=O}=B |xraW %OQ=O
Cr=L QO [5]"pQDvm sHL R= x]kv l} |=tO uDW=Oxov C@=F j} Q] R=
pN=O QO j=QDL= |x}L=v xm OwW ?=NDv= u=vJ O}=@ |OwQw |@O pw=
xOW?=NDv= |x]kv |=tO swO Cr=L QO w 'OwW p}mWD pQDvm sHL
u}= QO "OyO xH}Dv =Q pQDvm sHL pN=O j=QDL= O}=@ pQDvm sHL R=
(x = 0 175) V}=tQoV}B |x}L=v R= |}x]kv |=tO C=@U=Lt
Qo}O '=tO u}= x@ xHwD =@ w (� 1075K) CU= xOW ZQi C@=F
|x]kv |=Q@ x = 0 175 ?=NDv= Q=}at "OvwW|t x@U=Lt =yQDt=Q=B
x@ xHwD =@ x]kv u}= w CU= xOw@ |@ QHD G}=Dv =@ Ck@=]t swRr `HQt

[15]"CU= xOW ?=NDv= =tO |@ QHD |vLvt VR=Q@
<RH CQwYx@ u=wD|t =Q paWt x@ |OwQw C=@}mQD C_re ,qwtat
|}=}t}W |=yxvwo C_re '|HwQN QO "OQm XNWt |tQH =} |rwt
"O};|t CUO x@ |}=}t}W |=yxvwo |=k@ |xrO=at p=Yiv= j} Q] R=
[6]"OvwW|t x@U=Lt 6 w 5 \@=wQ R= |HwQN w |OwQw QO R=o |=tO
:mcp;g(Tg;i � Tg) = �kg @Ts@x

at x = 0 (5)
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""" l}Dv}U |xDi=}Vy=m w pt=m |=yQ=mwR=U |xU}=kt

V}=Um = pt=W Q=mwR=U u}= "CU= xOW |}=}t}W |xvwo 53 w Vvm =w
|v=}t |=yVvm =w Qo}O wNH3 wHCN 'C2 wC1 |=yu@ QmwQO}y

"CU= uSwQD}v w |v@ QmwQO}y |=yxvwo u}@
GRI-Mech 3.0 Q=mwR=U "2"3

O=yvW}B =}vQi}r=m QO|rmQ@ x=oWv=O\UwD 1999 p=U QO xm Q=mwR=Uu}=
|xvwo 53 wVvm =w 325 |=Q=O wCU= xOW xv}y@|a}@] R=o |=Q@ 'OW
w l@U |=yu@ QmwQO}y V}=Um = pt=W jwi Q=mwR=U "CU= |}=}t}W
xDiQo Q_v QO OOHt VRwU |=yVvm =w u; QO u}vJty w &CU= uSwQD}v
w '2500K � 1000K u}@ u; OQ@ Q=m |}=tO |xOwOLt "CU= xOW
Q@Dat \qDN= C@Uv "CU= p=mU=B wr}m 1000 =D 1 Q=Wi |xOwOLt
O=yvW}B |xNUv u}twU Q_v OQwt Q=mwR=U "CU= 5 =D 0 1 u}@ u; |=Q@

[9]"CU= R=o C=k}kLD wD}DU}v= \UwD xOW
GRI3.0 Q@ |vD@t |xDi=}Vy=m Q=mwR=U "3"3

|=yVvm =w "CU=|}=}t}W |xvwo 19 wVvm =w 15 |=Q=O Q=mwR=U u}=
[10]%R= Ov=CQ=@a Q=mwR=U u}=

CH4 +H = CH3 +H2 (G1)
CH3+OH = CH2O +H2 (G2)
CH2O = CO +H2 (G3)
C2H6 = C2H4+H2 (G4)
C2H4+OH = CH3+CO +H2 (G5)
C2H2+O2 = 2CO +H2 (G6)
CO +OH +H = CO2+H2 (G7)
H +OH = H2O (G8)
2H2 +O2 = 2H + 2OH (G9)
2H = H2 (G10)
HO2+H = H2+O2 (G11)
H2O2+H = H2+HO2 (G12)
N2+O2 = 2NO (G13)
HCN +H +O2 = H2+CO +NO (G14)
NH3+ 3H +H2O = 4H2+NO (G15)

CH4 ! CH3 ! p}O@D Qou=}@ G3 =D G1 |=yVvm =w
p}mWD x@ G6 =D G4 |=yVvm =w "OvDUy CH2O! H2 & CO

=yv; V}=Um = u}vJty w C2H2 'C2H4 'C2H6 Ovv=t C2 C=@}mQD
w CO2 p}mWD Qou=}@ ?}DQDx@ G8 w G7 |=yVvm =w "OvR=OQB|t

[7]%CU= xOW xO=iDU=
I(x = 0; �i) =
"iIb+

1� "i
�
X̂
sj �êx

wj�(�i; �j)I(x; �i; �j)�j ; ŝj � êx<0

(9)

I(x = L;�i) =

"iIb+
1� "i
�
X̂
sj �êx

wj�(�i; �j)I(x; �i; �j)�j ; ŝj � êx>0

(10)
|R=UpOt |=Q@ xm PREMIX Om R= 4 =D 1 CqO=at pL |=Q@
xOW xO=iDU= OwQ|t Q=mx@ Oa@l} QO s=Q; |xDN}t;V}B |xraW j=QDL=
|D=Q}}eD pNrNDt paWt |R=UpOt QO Om u}= R= xO=iDU= |=Q@ "CU=
pL 10 =D 5 |RQt \}=QW x=Qtyx@ QwmPt CqO=at =D xOW O=H}= u; QO
p}iwQB uDiQo Q_v QO =@ |}=}t}W |=yxvwo |=k@ CqO=at =OD@= "OvwW
QO "OvwW|t pL 'xOW xO=O x}rw= TOL u=wvax@ xm |}=tO |x}rw=
QO "Ov=xOW ZQi u=Um} x]kv Qy QO Ot=H w R=o |=tO Cr=L u}=
xOt;CUO x@ |x}rw=?} QkD R= xO=iDU= =@ |SQv= |xrO=at 'swO |xrLQt
u}= QO "OwW|t pL |}=}t}W |=yxvwo XwYNQO p@k |xrLQt R=
|=k@ w 'R=o R=i |SQv= |=k@ '|}=}t}W |=yxvwo |=k@ CqO=at 'xrLQt
|aWaWD CQ=QL p=kDv= CQ=@a uDiQo Q_v QO uwO@ Ot=H R=i |SQv=
|x@�U=Lt =@ swU |xrLQt 'xrLQt u}= |}=Qosy R= TB "OvwW|t pL
p}Uv=Qi}O |xrO=at 8 |=Q=O xm DOM ?} QkD R= `WaWD u=}O=Qo
ẁQW Ot=H R=i |SQv= |=k@ |xrO=at QO uO=OQ=Qk w C�U= pw= |x@DQt
Oy=wN C�UO x@ Om |}=yv ?=wH xrLQt u}= |}=Qosy =@ "O�W Oy=wN
xOv@=}j}@]D ẁv R= PREMIX Om QO xO=iDU= OQwt |xm@W "Ot;
Q@ x}rw= |xm@�W R= xOt; C�UO x@ ?=wH Qw_vt u}= |=Q@ "C�U=
'CU= xO�W R} Q =yQDt=Q=B O}O�W |=yu=}O=Qo QO xm |}xm@�W |wQ
=D xO�WO=} pL=Qt w OQ}o|t Q=Qk xO=iD�U= OQwt x}rw= `} RwD u=wvax@
C=Q}}eD xm |v=tR =D OvwQ u}= "Ow�W|t s=Hv= |}=yv ?=wH x@ uO}�UQ
Ow�W QDsm |YN�Wt Q=Ok�t R= |r=wD�t |xm@�W wO QO =yQD�t=Q=B

"Ow�W|t Q=QmD

|k=QDL= |=yQ=mwR=U "3
Qr}t Q=mwR=U "1"3

"CU= xOW O=yvW}B u=Dt j=QDL= |=Q@ 1989 p=U QO Q=mwR=U u}=
CU= xOw@ |}=}t}W |xvwo 49 w Vvm =w 227 |=Q=O x}rw= Q=mwR=U
235 |=Q=O uSwQD}v |=yO}Um = u}tND Ow@y@ |=Q@ |D=Q}}eD lOv= =@ xm

sryJ |xQ=tW � h} QW ! 118
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|Qy=_t EQtw}m w CiQat |Oyt '|v}ULr=|wQUN |i]Yt

Cr=L QOhrDNt|=yQ=mwR=U R= xOt;CUOx@|}=tOp}iwQB |xU}=kt "2pmW
"T (0 154cm) = 1075K x]kvC@=F|=tO|=Q@ (� = 1)l} QDtw}mwDU=

G}=Dv "4
=tO p}iwQB "1"4

xO=O u=Wv pNrNDt paWt pw] QO =tO C=Q}}eD p}iwQB 2 pmW QO
pNrNDt \}Lt QO |k=QDL= Q=mwR=U Q=yJ G}=Dv p}iwQB u}= "CU= xOW
paWt |}=yDv= w |}=OD@= pw] uO=O u=Wv R= pmW QO "Ovm|t xU}=kt =Q
xO=O u=Wv �j=QDL= |x}L=v� u; |RmQt VN@ \ki w xOW Q_vhQY
,=D@Uv Q=Okt |}=Hx@=H CQ=QL p=kDv= ?} Q[ xm =Hv; R= "CU= xOW
R= Q}e x@ 'pNrNDt \}Lt QO R=o R=i w Ot=H R=i |=tO 'CU= |oQR@
pmW QO u}=Q@=v@ "CU= u=Um} 'V}=tQoV}B |x}L=v QO |R}J=v Q=Okt

"OwW|t xOy=Wt Q=mwR=U Qy |=Q@ �R=o R=i |=tO� =tO l} \ki 2
\UwD xOt; CUO x@ Q=Okt 'OwW|t xOy=Wt 2 pmW QO xm u=vJ
CUOx@ Q}O=kt =@ |rw@k p@=k j@=]D xDi=}Vy=m |k=QDL= Q=mwR=U wO
|=tO p}iwQB wO u}@ R}v |mOv= Cw=iD "OQ=O pt=m |=yQ=mwR=U R= xOt;
|HwQN |x}L=v QO "OwW|t xOy=Wt pt=m Q=mwR=U wO R= pY=L
CU= O=Qo|Dv=U |xHQO 20 QFm =OL Q=mwR=U ẁv wO u}@ =tO hqDN=
QO u}tND hqDN= xm CU= |r=LQO u}= "CU}v xHwD p@=k u=OvJ xm
u} wrm xHQO 125 OwOL pt=m Q=mwR=U wO u}@ |}=tO hqDN= xv}W}@
"OwW u=}=tv |}=}t}W |=yxvwo C_re Q@ u; Q}F-=D OwQ|t Q=_Dv= xm CU=
wO |=Q@ Q=mwR=U Q=yJ R= xOt; CUOx@ |=tO p}iwQB 'xt=O= QO
xOW xOQw; (� = 1 2) �|ve w� (� = 0 6) j}kQ j=QDL= \wrNt
xOW xOQw; � = 0 6 Cr=L |=Q@ |}=tO p}iwQB 3 pmW QO "CU=
hrDNt |=yQ=mwR=U u}@ |@ wN j@=]D OwW|t xOy=Wt xm u=vJ "CU=
|=tO hqDN= QO pt=m Q=mwR=U wO u}@ xv}W}@ hqDN= "OQ=O OwHw

"CU= u} wrm xHQO 30 OwOL xv}W}@
xOW xO=O u=Wv � = 1 2 |=Q@ |}=tO p}iwQB 4 pmW QO
R= xOt; CUOx@ Q}O=kt =@ |@ wN ji=wD xDi=}Vy=m |=yQ=mwR=U "CU=
u}tND pt=m Q=mwR=U wO |rw OvyO|t u=Wv x]w@ Qt pt=m |=yQ=mwR=U
pt=m Q=mwR=U wO u}@ xv}W}@ hqDN= "OvyO|t u=Wv =Q |Dw=iDt |}=tO
|=yDv= QO hqDN= u}= "CU= u} wrm xHQO 110 OwOL 'xv}W}@ |=tO QO
l} x@ paWt |HwQN QO =tO Q}O=kt xm |}xvwox@ 'O@=}|t Vy=m Q}Ut

"CU= u=R}t

QO H2 V}=Um = |aQi |=yQ=mwR=U G12 =D G9 w OvDUy H2O
G13 |rm Q=mwR=U "OvQ=Po|t V}=tv x@ =QHO2 wH2O2 =@ Vvm =w
\U=wN2O '|DQ=QLNO |=yVvm =w R= pY=LNO p}mWD Qou=}@
w OOHt uDNwU |=yVvm =w Qou=}@G14 Vvm =w "CU= `} QUNO w
pO=aDtxt}v ZQiC}a[w Ow@y@ |=Q@G15Vvm =w "CU= `} QUNO

"CU= xOW xOQw; NH3 |xvwo
Miller 89 Q@ |vD@t |xDi=}Vy=m Q=mwR=U "4"3

|}=}t}W |xvwo 28 u}@ pO=aDtxt}v Cr=L ZQi =@ R}v Q=mwR=U u}=
'NH3 'CH2OH 'C2H3 'NCO 'HCO 'NH2 'CH2�
'CN 'NNH 'CH2(s) 'CH 'C2H 'C 'C2H5 'CH3O
'HCNO 'N2O ' H2O2 'NH 'HCCO 'H2CN 'N
CUOx@ �HCN 'HOCN 'CH2CO 'HNO 'HCCOH

[11]"CU= xOt;
16 w |}=}t}W |xvwo 20 |=Q=O xO=iDU= OQwt Q=mwR=U ẁtHt QO

%R= Ov=CQ=@a Q=mwR=U u}= |=yVvm =w "CU= Vvm =w
CH4 +H = CH3 +H2 (M1)
CH4+OH = CH3+H2O (M2)
CH4+O2 = CH3+HO2 (M3)
2CH4+C2H2 = 2C2H4+H2 (M4)
CH3+H = CH4 (M5)
2CH3 = C2H6 (M6)
CH3+O = CH2O +H (M7)
CH3+O2 = CH2O +OH (M8)
CH3+O +HO2 = CH2O + 2OH (M9)
2CH3+ 2OH = H2+ 2H2O +C2H2 (M10)
2O +C2H2 = 2CO +H2 (M11)
2CO + 2H2+ 2O + 2OH +N2 = 4H + 2O2+
C2H2+ 2NO (M12)
4CO + 2H2+ 2OH +N2 = 2CO2+ 4H+
C2H2+ 2NO (M13)
2CO + 3H2+ 2NO = 4H +C2H2+ 2NO2

(M14)
CH4+HO2 = CH3+H2O2 (M15)
C2H2+N2 = 2HCN (M16)
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""" l}Dv}U |xDi=}Vy=m w pt=m |=yQ=mwR=U |xU}=kt

%R= Ov=CQ=@a �� GRI3.0 w Qr}t |O=yvW}B Q=mwR=U |=v@t Q@ ��
HCO +M = H +CO +M (R1)
HCO +O2 = HO2 +CO (R2)
CO +OH = CO2 +H (R3)
HCO +OH = H2O +CO (R4)

|Uw}v} Q; ?}=Q[ |rw 'Ov=u=Um} Q=mwR=U wO Qy QO =yVvm =w u}=
"OvQ=O |Dw=iDt

Q@ COWx@ jwi |x}rw= |=yVvm =w QO uSwQO}y |=Q=O C=@}mQD
xO=O u=Wv xv}tR u}= QO xOWs=Hv= C=k}kLD "OvQ=PoQ}F-=D CO O}rwD
CO C_re j}kO u}}aD Ea=@ OH w H j}kO u}tND xm CU=

[12]"OwW|t
paWt QwLt pw] QO CO |xvwo |rwt QUm C=Q}}eD 5 pmW QO
|UwULt Cw=iD OwW|t xOy=Wt xm Qw]u=ty "CU= xOW xO=O u=Wv
R}v xDi=}Vy=m |=yQ=mwR=U "OQ=O OwHw j=QDL= pt=m Q=mwR=U wO u}@
C@Uv QO "OvyO|t u=Wv x]w@ Qt pt=m |=yQ=mwR=U =@ |@ wN j@=]D
Q=mwR=U wO |=Q@ x]kvl} QO ,=@} QkD CO |rwt QUml}B '0 6 \qDN=
|xrY=i QO CO l}B GRI3.0 Q=mwR=U QO "CU= xOt; CUO x@
'xOt; CUOx@ 0 0329 Q@=Q@ w paWt RmQt R= |QDt|Dv=U 0 1842
|xrY=i QO Qr}t Q=mwR=U QO CO |xv}W}@ |rwt QUm xm |r=L QO
xOt; CUO x@ 0 0376 Q@=Q@ w paWt RmQt R= |QDt|Dv=U 0 1833
QO CO |rwt QUm |xv}W}@ l}B 1 2 \qDN= C@Uv QO "CU=
u}= "CU= xOW x@U=Lt Qr}t Q=mwR=U R= QDwrH |mOv=GRI3.0 Q=mwR=U
QDt|Dv=U 0 1869 |xrY=i QOGRI3.0 Q=mwR=U |=Q@ xv}W}@ Q}O=kt
0 1817 |xrY=i QO Qr}t Q=mwR=U QO w '0 0743 Q@=Q@ w paWt RmQt R=
u=wD|t xm|tyt|xH}Dv p=L Qyx@ =t= "CU= 0 0793 Q@=Q@ |QDt|Dv=U
|=yQ=mwR=U xm CU= u; CiQo CO |rwt QUm p}iwQB |xU}=kt R=
"OvQ=O x]w@ Qt pt=m |=yQ=mwR=U =@ |@ wN Q=}U@ j@=]D xDi=}Vy=m
QO 'u; |xDi=} Vy=m Q=mwR=U w GRI3.0 pt=m Q=mwR=U p=Ft u=wvax@

"OvQ=O �18 R= QDsm |iqDN= |HwQN `]kt
Cw=[k |=v@t Ov=wD|t |@Uv Qw]x@ =yC_re u}tND QO Cw=iD
C@Uv x@ =yC_re u}tND QO Cw=iD xJv=vJ Qo}O u=}@ x@ "OQ}o Q=Qk
|oQR@ |xR=Ov= u=wD|t OwW xDiQo Q_v QO =yQ=mwR=U R= |m} C_re
QUm Cw=iD XwYNQO p=Ft u=wvax@ "CUv=O R}J=v =} QF-wt =Q hqDN=
0 09e� 3 pt=m Q=mwR=U ẁv wO |=yu}tND R= pY=L CH3 |rwt
1 43e�3 |x}=B C_re x@ xHwD =@ C_re u}tND u=R}t u} QDW}@ QO
"CU= 0 063 Q@=Q@ |@Uv Qw]x@ xm CU= xOt; CUO x@ Qr}t Q=mwR=U
QO 3 62e � 5 Q=mwR=U wO u}tND Cw=iD HCO |xvwo OQwtQO

QO hrDNt |=yQ=mwR=U R= xOt; CUOx@ |}=tO p}iwQB |xU}=kt "3 pmW
"T (0 154cm) = 1075K |x]kv C@=F |=tO |=Q@ (� = 0 6)

QO hrDNt |=yQ=mwR=U R= xOt; CUOx@ |}=tO p}iwQB |xU}=kt "4 pmW
"T (0 154cm) = 1075K |x]kv C@=F |=tO |=Q@ (� = 1 2)

QO w pt=m Q=mwR=U ẁv wO hqDN=|rY=Cra 4 =D 2 |=ypmW QO
|}=tO `} RwD u}tND QO '=yv; R= pY=L |xDi=}Vy=m |=yQ=mwR=U xH}Dv
"OOQo|tR=@ |v@ Qm C=@}mQD Cw=iDt |=yu}tND x@ 'pNrNDt paWt
xQ=W= CO x@ u=wD|t C=@}mQD u}= u} QDQ=PoQ}F-=D w u} QDsyt |xrtHR=
"CU= xDiQo Q=Qk |UQQ@ OQwt p}YiD x@ |Oa@ |=yVN@ QO xm OQm
|mJwm |x}L=v QO j@=]D sOa u}= OwW|t xOy=Wt xm u=vJ xD@r=
xm paWt |=yDv= QO w OQ=O Q=Qk u; R= Oa@ ,=DOta w xraW |xy@H h=Q]=
,qwtat "CU= xOt; CUO x@ =tO l} CU= u; |DQ=QL OQmrta Qou=}@
xR=Ov= pNrNDt paWt |vwQ}@ \}Lt QO =tO '[15]|@ QHD C=W}=tR; QO
QO =tO p}iwQB '`=aW |=DU=Q QO CQ=QL Ci= p}rOx@ "OwW|t xDiQo
C=@U=Lt QO xm u; QwLt |=DU=Q QO p}iwQB =@ paWt |HQ=N K]U
2 |=ypmW QO wQu}= R= "CU= Cw=iDt 'CU= xOW Qw_vt |Oa@l}

"Ov=xOWv xO=O u=Wv |@ QHD G}=Dv 4 =D

CO Q=WDv= "2"4
QO u=Dt hQYt x@ \w@ Qt `} QU |=yVvm =w p}rOx@ CO p}mWD
Q=}U@ CHx |=yxvwo x}L=v u}= uwQO "CU= xraW |x}rw= |x}L=v
w OvyO|t s=Hv= Vvm =w xOv}=Um = |=yp=m}O=Q =@ CO R= QD`} QU
u}}=B x}L=v u}= R= R=o GwQN =@ CHx C_re xm |v=tR =D u}=Q@=v@
|x}L=v QO CO Ovm V}=Um = u}= "OwW O}Um = Ov=wD|tv CO 'O}=}v
xHwD p@=k xDN}t;V}B j=QDL= QO |m}Dv}U ^=Lr R= xraW |x} wv=F
OvQF-wt xDN}t;V}B j=QDL= QO CO p}mWD Q@ xm |}=yVvm =w "CU=

sryJ |xQ=tW � h} QW ! 120
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|Qy=_t EQtw}m w CiQat |Oyt '|v}ULr=|wQUN |i]Yt

%R= Ov=CQ=@a u; |=yVvm =w [12]"CU= Q}ki |xDN}t;V}B |k=QDL=
N2 +O +M = N2O +M (R8)
N2O +H = N2 +OH (R9)
N2O +O = N2 +O2 (R10)
N2O +O = NO +NO (R11)
p}mWD H2O =OD@= �R11 =D R8� x}rw= |=yVvm =w xDUO u}= QO
Ov=wD|t N2O u}vJty "OOQo|t p}O@D NO x@ TBU w OwW|t
u} QD|rY= Q=mwR=U u}= "OwW N2 x@ p}O@D O w H |=ysD= ltmx@

"CU= u}}=B |=y=tO QO NO O}rwD pt=a
|=ysD= w 2Ov=}U =} u}t; |=yxvwo V}=Um = R= pY=L `} QU NO
u@ QmwQO}y |=yp=m}O=Q R= Ov=}U w uSwQD}v |=ysD= "CU= uSwQD}v

%OvwW|t pY=L Q} R Vvm =w |=v@tQ@
CH +N2 = HCN +N (R12)
HCN ! CN ! |xQ}HvR pt=W NO x@ HCN uw}U=O}Um =
lwtU= w =Qwm "CU= NO x@ N V}=Um = w NCO ! NO

|=yVvm =w Q@ xH}DvQO w 'u; |=tO w xraWCaQU Q@ =Q Q} R |=yVvm =w
Vv=Q=mty w nQw@ Qqm\UwD xm |Qo}O j}kLD QO "Ov=xDUv=O QF-wtNO
[14]"CU= xOW C=@F=OHC_re R=NO O}rwD |Q}PB Q}F-=D 'xOW s=Hv=
CO +OH = CO2 +H (R13)
H +O2 = OH +O (R14)
H +O2 +M = HO2 +M (R15)
|k=QDL= pt=m Q=mwR=U wO u}@ R15 =D R5 |=yQ=mwR=U |t=tD
"CU= Cw=iDt =yv; |Uw}v} Q; ?}=Q[ |rw 'Ov=lQDWt EL@ OQwt
h} QaD O}=@ (M) u; swU |xvwo xm |�RHxU |=yQ=mwR=U XwYNQO

"Ov=xDiQo Q_v QO =Q |irDNt |}=}t}W |=yxvwo Q=mwR=U wO R}v OwW
pNrNDt paWt pw] QO |rwt QUm ?ULQ@NOC_re C=Q}}eD
11 |=ypmW QO |ve w l} QDtw}mwDU= 'Q}ki \wrNt Cr=L xU |=Q@
j=QDL=Cr=L QO OwW|t xOy=Wt xm Qw]u=ty "CU= xOW xOQw; 13 =D
|UwULt Cw=iD |UQQ@ OQwt *pt=m Q=mwR=U wO u}@ '|ve w Q}ki
|xDi=}Vy=m Q=mwR=U RHx@ R}v xDi=}Vy=m |=yQ=mwR=U "OQ=O OwHw
R= |rw@k p@=k CQwYx@ (� = 0 6) Q}ki \wrNtCr=L QOGRI3.0
CUOx@ Q}O=kt|rm Qw]x@ "�11pmW� Ov=xOQmC}a@Dpt=m |=yQ=mwR=U
|QDW}@ u}tNDGRI3.0 Q=mwR=U R= pY=LNO |rwt QUm |=Q@ xOt;
'hqDN= u}= Cra u}}aD |=Q@ "OyO|t CUO x@ Qr}t Q=mwR=U x@ C@Uv

"CU= |QwQ[ NO O}rwD QO QF-wt |}=}t}W |=yxvwo Qo}O |UQQ@

|=yQ=mwR=U R= pY=L paWt QwLt pw] QO CO |rwt QUm C=Q}}eD "5 pmW
|=y\qDN= C@Uv QO j}kQ w |ve j=QDL= \wrNt wO w |UQQ@ OQwt

"� = 1 2 w � = 0 6

Q=mwR=U R= pY=L 3 4e� 5 |x}=B C_re w C_re u=R}t u} QDW}@
C=iqDN= u}= u}=Q@=v@ "O};|t CUO x@ 1 06 Q@=Q@ |@Uv Qw]x@ Qr}t

"Ov=xDiQo Q=Qk Cw=[k |=v@t |@Uv CQwYx@
R= l} Qy C=Q}}eD |xOy=Wt w R4 =D R1 CqO=at x@ xaH=Qt =@
u=wD|t 'xOWxOQw;10 =D 6|=ypmWQO xmCOC_reQO QF-wt|=yxvwo
|v=OvJ Cw=iD (� = 0 6) Q}ki \wrNt Cr=L QO xm CiQo xH}Dv
Q=mwR=U wO R= pY=L CH3 w OH 'H |=yxvwo u}@ Q=mwR=U wO QO
wO 'OwW|t xOy=Wt 8 w 7 '6 |=ypmW QO xm u=vJ =Q} R "OQ=Ov OwHw
=t= 'Ov=xO=O x�=Q=|}=}t}W |=yxvwo u}= R=|y@=Wt u}tND ,=@} QkD Q=mwR=U
HO2wHCO|xvwo wO |=Q@ Q=mwR=U wOu}tND u}@|UwULt Cw=iD
xrY=LCw=iD xmCiQo xH}Dv u=wD|tu}=Q@=v@ "OQ=O OwHw �R2Vvm =w�
|=yxvwo u}}aD QO Cw=iD R= |W=v GRI3.0 w Qr}t pt=m Q=mwR=U wO R=
xwqa (� = 1 2) |ve \wrNt Cr=L QO "CU= HO2 w HCO
Cw=iD Q@ R}v H w CH3 |=yxvwo C_re 'xOW xQ=W= |xvwo wO Q@

"CU= QF-wt j=QDL= Q=mwR=U wO QO CO |xOt; CUO x@ C_re
NO Q=WDv= "3"4

|xOv}q; 'xDN}t;V}B j=QDL= QO syt |}=}t}W |=yxvwo R= Qo}O |m}
x@ C@Uv |QDOvm Q=}U@ MQv =@ NO O}rwD |=yVvm =w "CU= NO
u=Dt |xraW QO NO p}mWD "OvwW|t s=Hv= j=QDL= |SQv= |R=UO=R;
"CU= `} QU =} Qwt|vi w \U=w N2O '|DQ=QL Q=mwR=U xU R= pY=L

"CU= N wO |=ysD= Vvm =w p}rO x@ |DQ=QL NO p}mWD

O +N2 = NO +N (R5)
N +O2 = NO +O (R6)
N +OH = NO +H (R7)

QO ,qwtat CUq=@ |=tO QO NO |rY= `@vt xm |DQ=QL NO
"OyO|t MQ 1800K R= QDq=@ |=y=tO

|=ysDU}U QO NO O}rwD pt=a u} QDQFwt \U=w N2O Q=mwR=U
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""" l}Dv}U |xDi=}Vy=m w pt=m |=yQ=mwR=U |xU}=kt

R= pY=L paWt QwLt O=ODt= QO NO |xvwo C_re C=Q}}eD "11 pmW
"� = 0 6 QO |UQQ@ OQwt |=yQ=mwR=U

R= pY=L paWt QwLt O=ODt= QO NO |xvwo C_re C=Q}}eD "12 pmW
"� = 1 0 QO |UQQ@ OQwt |=yQ=mwR=U

R= pY=L paWt QwLt pw] QO NO |xvwo C_re C=Q}}eD "13 pmW
"� = 1 2 Cr=L QO |UQQ@ OQwt |=yQ=mwR=U

Q=mwR=U wO QO N2O w OH 'H 'O |=yxvwo C_re C=Q}}eD "14 pmW
"� = 0 6 Cr=L QO pt=m

u=vJ "OQ=O OwHw R}v Qo}O |k=QDL= \wrNt wO QO Q=DiQ u}= x@=Wt
|}=}t}W |=yxvwo u}= u}@ |UwULt hqDN= 'OwW|t xOy=Wt xm
=yxvwo u}= "OQwN|tv sWJ x@ |k=QDL= pt=m Q=mwR=U wO R= pY=L
Q=mwR=U |UQQ@ "OvQF-wt \U=w N2O w |DQ=QL NO |Q}opmW QO
xOW s=Hv=N wHCN |}=}t}W |xvwo wO |xU}=kt =@ Qwt|viNO

"paWt QwLt pw] QO OH |xvwo C_re C=Q}}eD "6 pmW

"paWt QwLt pw] QO CH3 |xvwo C_re C=Q}}eD "7 pmW

"paWt QwLt pw] QO H |xvwo C_re C=Q}}eD "8 pmW

"paWt QwLt pw] QO HCO |xvwo C_re C=Q}}eD "9 pmW

"paWt QwLt pw] QO HO2 |xvwo C_re C=Q}}eD "10 pmW

|rwt QUm QO hqDN= Cra u}}aD 'OW xQ=W= QDV}B xm u=vJ
QF-wt |=yxvwoQo}O |UQQ@ OvtR=}v Q=mwR=U wO R= xOt; CUOx@ NO
Q=yJ C=Q}}eD 14 pmW QO "CU= NO O}rwD Q=mwR=U xDUO xU QO
"CU= xOW xOQw; Q}ki \wrNt |=Q@ N2O w OH 'H 'O |xvwo
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|Qy=_t EQtw}m w CiQat |Oyt '|v}ULr=|wQUN |i]Yt

"� = 1 0 QO HCN QO HCN |rwt QUm C=Q}}eD "18 pmW

"� = 1 2 QO N |rwt QUm C=Q}}eD "19 pmW

"� = 1 2 QO HCN |rwt QUm C=Q}}eD "20 pmW

xm u=vJ "OyO|t u=Wv hrDNt |=y\qDN= C@Uv |=Q@ =Q pNrNDt
u}@ R= w OvQ=OCk@=]t|@ wNx@|@ QHD Q}O=kt =@ G}=Dv 'OwW|t xOy=Wt
Q=OQwNQ@ |QDW}@CkO R=GRI3.0 Q=mwR=U '|k=QDL= pt=m Q=mwR=U wO
pt=m |=yQ=mwR=U w xDi=}Vy=m |=yQ=mwR=U u}@ xm |iqDN= "CU=
\=kv O=OaD =@ |D=@U=Lt |xm@W R= xO=iDU= p}rOx@ OwW|t xOy=Wt
21 pmW xm CU= QmP p@=k "CU= xDi=}Vy=m |=yQ=mwR=U QO QDW}@
1000 w pt=m |=yQ=mwR=U |=Q@ |D=@U=Lt |x]kv 350 R= xO=iDU= =@

"CU= xOt; CUO x@ xDi=}Vy=m |=yQ=mwR=U |=Q@ x]kv
|=yQ=mwR=U|D=@U=Lt|xm@W\=kv O=OaDVy=m QOpt=au} QDnQR@
R= "CU= |}=Qosy |=Q@ sRq u=tR xH}DvQO w C=@U=Lt sHL 'pt=m
R= xDi=}Vy=m |=yQ=mwR=U R= xO=iDU= xmCio u=wD|t u=v}t]= =@ wQu}=
"CU= pt=m |=yQ=mwR=U R= QDxiQY x@ uwQkt C=@U=Lt |xv} Ry ^=Lr
|D=@U=Lt |xm@W O=OaD x@ R=}v p}rOx@ O=R;xraW |R=UpOt QO
|xU}=kt j@] "CU}v xHwD p@=k |Oa@l}Cr=L QO ẁ[wt u}= 'QDsm
R= pkDUt ?=wH x@ uO}UQ |=Q@ R=}v OQwt |=ypwrU O=OaD 'xOW s=Hv=

"� = 0 6 QO N |rwt QUm C=Q}}eD "15 pmW

"� = 0 6 QO HCN |rwt QUm C=Q}}eD "16 pmW

"� = 1 0 QO N |rwt QUm C=Q}}eD "17 pmW

Q=mwR=U wO R= pY=L |rwt QUm Qou=}@ 20 =D 15 |=ypmW "CU=
\wrNt QO N w HCN |}=}t}W |=yxvwo |=Q@ EL@ OQwt pt=m

"CU= |ve w l} QDtw}mwDU= 'j}kQ
p@=k Cw=iD OwW|t xOy=Wt 20 =D 15 |=ypmW QO xm u=vJ
"OQ=O OwHw Q=mwR=U wO R= pY=L HCN w N |=yxvwo u}@ |yHwD
"CU= Qwt|vi NO u}tND QO Q=mwR=U wO hqDN= Qou=}@ Cw=iD u}=
u=wD|t |@ QHD G}=Dv =@ Q=mwR=U wO R= xOt;CUO x@ Q}O=kt |xU}=kt R=

"OQm |UQQ@ =Q =yv; R= l} Qy CLY
|@ QHD G}=Dv =@ xU}=kt "4"4

w CO |=yxvwo |=Q@ |@ QHD G}=Dv =@ |OOa |R=UpOt G}=Dv |xU}=kt
pmW QO "CU= |UQQ@ OQwt |=yQ=mwR=U R=l} QyCkO Qou=}@ NO
Q_v OQwt|k=QDL=hrDNt |=yQ=mwR=U |OOa pL R= pY=L G}=Dv 21
"Ov=xOW xO=O u=Wv [15]OwHwtC=k}kLD R= xOt;CUO x@|@ QHD Q}O=kt =@
paWt |HwQN `]kt QO u@ QmO}Umwvt |rwt QUm Q=Okt 21 pmW
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""" l}Dv}U |xDi=}Vy=m w pt=m |=yQ=mwR=U |xU}=kt

Q_v QO =Q |DQ=QL NO \ki xmv}= p}rOx@ xDi=}xaUwD I} wwOrR Q=mwR=U
|=yQ=mwR=U R= xO=iDU=|UQQ@ "CU= xO=O u=Wv =Q |QDsmu}tND OQ}o|t
|y=oW}=tR; w |OOa CQwYx@ xm |Qo}O j}kLD QO NO hrDNt
xH}Dv xDiQos=Hv= C=k}kLD x@ xHwD =@ [16]"CU= xOW x�=Q= 'xOW s=Hv=
Q=mwR=U =@ xU}=kt QOGRI3.0 w Qr}t |=yQ=mwR=U xm ẁ[wt u}= uDiQo
u}= QO =Q} RCU}vK}LY'OvQDu=wD=v uSwQD}v O}Um =u}tND |=Q@I} wwOrR
|aWaWD C=}YwYN Ovv=t '|m} R}iwtQD |=yC}tm |NQ@ |R=UpOt
CQ=QL p=kDv=?} Q[ w '|tHL CQ=QL p=kDv=?} Q[ 'pNrNDt QDU@
OQ=w =Q |}=]N C=@U=Lt QO l} Qy xm OvDUy |@} QkD |=Q=O C}=Oy
Ea=@ |}=Hx@=H CQ=QL p=kDv= ?} Q[ V}=Ri= p=Ft u=wvax@ "Ovvm|t
xH}DvQO w OwW|t V}=tQoV}B |x}L=v x@ CQ=QL p=kDv= MQv V}=Ri=
Vy=m Ea=@ p=aDW= CaQU V}=Ri= "O@=}|t V}=Ri= p=aDW= CaQU
u}= u=wD|tv u}=Q@=v@ [18w17]"OwW|t uSwQD}v |=yO}Um = O}rwD Q=Okt
w |m} R}iwtQD |=yC}tm QO hrDNt |=y=]N OwHw =@ =Q |Q}oxH}Dv
Q@ u; QF= w 'j=QDL= |x}L=v QO ,=YwYN '|}=tO p}iwQB Q}}eD xH}DvQO

"CUv=O K}LY uSwQD}v |=yO}Um = O}rwD

p=aDW= CaQU "5"4
3VRwU CaQU pNrNDt paWt OQmrta QO QF-wt |=yQDt=Q=B R= |m}
T} QD=t x@ x}rw= \wrNt OwQw CaQU R= CU= CQ=@a u; w &CU=
CaQU 23 pmW QO "O@=}V}=Ri= u; |x}rw= |=tO xm u; uwO@ pNrNDt
hrDNt|=y\qDN=C@Uv |=Q@j}kLD OQwtpNrNDtpaWt QO p=aDW=
|=yQ=mwR=U R= pY=LVRwUCaQU |xU}=kt "CU= xOW xO=O u=Wv
j=QDL= x}L=v |=vFDU=x@ '=yv; ?wNCk@=]t R=|m =L|m}Dv}UhrDNt
QDW}@ Qr}t Q=mwR=UVRwUCaQU|ve j=QDL= |x}L=v QO "CU= '|ve
Cw=iD QO u=wD|t =Q hqDN= u}= Cra "CU= GRI3.0 Q=mwR=U R=
"�4 pmW� CUv=O |ve \qDN= Cr=L QO 'Q=mwR=U wO QO =tO p}iwQB
xQ=W= u; x@ ,q@k xm 'wUy \UwD xOW s=Hv= C=@U=Lt VRwU CaQU
Cra "CU= xOt; CUOx@ j}kLD u}= QO xm CU= |R}J R= QDsm 'OW
QO Cw=iD� "CUv=O xr�Ut |R=UpOt QO Cw=iD u=wD|t =Q ẁ[wt u}=
\}=QW u}vJty w R=o R=i QO Cw=iDt QF-wt CaQU p}rOx@ |R=UpOt

�"CU= hrDNt |RQt
G}=Dv u}@ OwyWt hqDN= '=y|R=Ux}@W u}= QO xHwD p@=k |xDmv
'j@=]D sOa u}= pt=wa xrtH R= "CU= |y=oW}=tR; G}=Dv w |OOa
CQ=QL p=kDv=?}=Q[ w|m} R}iwtQDX=wN QOC}a]k sOa x@ u=wD|t
Q[=L j}kLD QO p=Ft u=wvax@ "OQm xQ=W= R=o w Ot=H R=i u}@ |tHL
xm |r=L QO CU= xOW xO=iDU= C@=F |tHL CQ=QL p=kDv= ?} Q[ R=
"Ovm|t Q}}eD R=o |rLt |=tO w CaQU Q}}eD =@ ?} Q[ u}= pta QO

R= pY=L 'paWt |HwQN `]kt QO u@ QmO}Umwvt |xU}=kt "21 pmW
"|@ QHD G}=Dv =@ j=QDL= hrDNt |=yQ=mwR=U

R= pY=L paWt |HwQN `]kt QO uSwQD}v O}Um = |xU}=kt "22 pmW
"|@ QHD G}=Dv =@ j=QDL= hrDNt |=yQ=mwR=U

QO �GRI-3.0 Q=mwR=U R= xO=iDU= =@� O=R; xraW|=Q@|D=@U=Lt |xm@W
u}= pNrNDt\}Lt uwQO xraW QO xm|r=L QO &CU= x]kv 100 OwOL
"CU= x]kv 1000 =D 800 u}@ |@=NDv= Q=mwR=U x@ xHwD =@ \=kv O=OaD
`]kt QO \qDN= C@Uv =@ NO |rwt QUm C=Q}}eD 22 pmW QO
Q=Qk xU}=kt OQwt |m}Dv}U hrDNt |=yQ=mwR=U |=Q@ paWt |HwQN
s=Hv= C=@U=Lt w |@ QHD G}=Dv u}vJty pmW u}= QO "CU= xDiQo
xOy=Wt xm Qw]u=ty "CU= xOW xO=O u=Wv [1]w}D=t w wUy\UwD xOW
Cw=iD |OOa |R=UpOt R= pY=L G}=Dv w |@ QHD G}=Dv 'OwW|t
|k=QDL= pt=m |=yQ=mwR=U ?=wH xm OW xQ=W= QDV}B "OvQ=O |Q=mW;
|=yQ=mwR=U =@ |mOv= QDsm |D=@U=Lt |xm@W \=kv O=OaD p}rOx@
|xm@W \=kv O=OaD V}=Ri= =@ "CU= Cw=iDt x]w@ Qt |xDi=}Vy=m
x]w@ Qt |xDi=}Vy=m w pt=m |=yQ=mwR=U R= pY=L ?=wH '|D=@U=Lt
j=QDL= Cr=L QO ẁ[wt u}= C=@F= |=Q@ "OvwW|t l}ORv Qo}Om} x@
=D pt=m |=yQ=mwR=U |D=@U=Lt |xm@W \=kv O=OaD l} QDtw}mwDU=
w &CU= xDi=} V}=Ri= xDi=}j}@]D |xm@W CQwYx@ x]kv 880 OwOL
|=yQ=mwR=U?=wH OwW|t xOy=Wt 22 w 21 |=ypmW QO xm u=vJ
xOW s=Hv= j}kLD QO "Ov=xOW u=Um} xDi=}Vy=m |=yQ=mwR=U w pt=m
xm 1985 p=U QO u}kkLt |O=yvW}B Q=mwR=U R= 'w}D=t w wUy \UwD
=Hv; R= "CU= xOW xO=iDU= 'Ow@|}=}t}W|xvwo 17 wVvm =w 58 |=Q=O
=PrCU= xOw@v OwHwt uSwQD}v |=yVvm =w '|k=QDL= Q=mwR=U u}= QO xm
Q=mwR=U uOQmxi=[= =@ jwi Q=mwR=U R= pNrNDt paWt |R=UpOt QO
xm OwW|t xO}O 22 pmW QO "Ov=xOQm xO=iDU= xDi=}xaUwD I} wwOrR
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|Qy=_t EQtw}m w CiQat |Oyt '|v}ULr=|wQUN |i]Yt

=Q xDi=}Vy=m |=yQ=mwR=U R= xO=iDU= swRr 'CU= \wrNtV}B s=Q; O=R;
"OR=U|t Q=mW;

|Q}oxH}Dv "5
|=yxOv}q; O}rwD w OQmrta |v}@V}B Q_v R= |OOa |R=Ux}@W G}=Dv
xDi=}Vy=m |=yQ=mwR=U u=}t ?wNCk@=]t R=|m =L 'pNrNDt paWt
sHL x@ xHwD =@ j@=]D u}= "CU= x]w@ Qt |rY= |=yQ=mwR=U w
QO =Q =yv; R= xO=iDU= C}ty= xDi=}Vy=m |=yQ=mwR=U C=@U=Lt sm
=tO p}iwQB XwYNQO "Ovm|t XNWt pNrNDt paWt |R=UpOt
p}iwQB |=Q@ "Ov=xO=O CUO x@ |v=Um} ?} QkD =yQ=mwR=U |t=tD ,=@} QkD
Q=mwR=U wO u}@ |mOv= Cw=iD 'paWt QwLt O=ODt= QO CO C_re
C_re u}tND Cw=iD R= |W=v u; Cra xm OQ=O OwHw |k=QDL= pt=m

"CU= HO2 w HCO |=yxvwo
'QwmPt |}=}t}W |xvwo wO Q@ xwqa |ve \wrNt QO u}vJty
|=Q=O 'OvQF-wt CO C_re Q@ xm 'R}v CH3 w H |}=}t}W |=yxvwo
Q=mwR=U wO R= pY=LCO |rwt QUm u=R}t "Ov=xOw@|Dw=iDt|=yu}tND
Q=Okt l} CtU x@ j=QDL= |x}L=v R= xrY=i V}=Ri= =@ |k=QDL= pt=m
QO \ki =Q CO |xOv}q; Q=Okt |@ QHD G}=Dv "Ovm|t p}t XNWt
|FL@ u=wD|tv wQu}= R= xm Ov=xOQm XNWt paWt |HwQN|x}L=v
"OQm paWt pw] QO Q=mwR=U wO R= pY=L CO u}tND CLY |wQQ@
Q=mwR=U wO u}tND u}@ |UwULt Cw=iD 'NO |xOv}q; XwYNQO
NO u}tND QO Cw=iD CU= umtt u; Cra xm CU= xOW xOy=Wt
paWt |=yDv= =D NO u}}aD QO hqDN= u}= xm =Hv; R= "OW=@ Qwt|vi
Q=mwR=U |=Q@ =Q |QDW}@CkO |@ QHD G}=Dv =@ u; |xU}=kt 'O@=}|txt=O=
xOt; CUO x@ p=aDW= CaQU |xU}=kt "OvyO|t u=Wv Qr}t |k=QDL=
OyO|t u=Wv |@ QHD G}=Dv =@ =Q |UwULt Cw=iD Q=mwR=U wO \UwD
|xO=t CQ=QL p=kDv= X=wN C}a]k sOa QO u=wD|t =Q u; p}rO xm
CaQU R= |v=Um} u}tND |k=QDL= pt=m Q=mwR=U wO "CUv=O pNrNDt
|x}L=v QO xm |r=L QO OvyO|t u=Wv j}kQ j=QDL= |x}L=v QO p=aDW=
GRI3.0 Q=mwR=U R= QDW}@ Qr}t Q=mwR=U p=aDW= CaQU '|ve j=QDL=

"CU= xOt; CUOx@

w j=QDL= hrDNt |=yQ=mwR=U R= pY=L p=aDW= CaQU |xU}=kt "23 pmW
"|@ QHD G}=Dv

Q=mwR=U =@ GRI3.0 pt=m Q=mwR=U |}=Qosy CaQU |xU}=kt "24 pmW
"pNrNDt paWt QO l} QDtw}mwDU= j=QDL= Cr=L QO u; |xDi=}Vy=m

C=@U=Lt xv} Ry |UQQ@ "6"4
s=Hv= |xv} Ry� |}xv=}=Q |R=Ux}@W QO syt C=aw[wt R= |m}
C=@U=Lt |xv} Ry Vy=m |=Q@ QFwt |=yQ=my=Q R= "CU= �C=@U=Lt
=@ OW xOy=Wt xm u=vJ "CU= xDi=}Vy=m |=yQ=mwR=U R= xO=iDU=
'=yv; OQ@ Q=m |xOwOLt x@ xHwD =@ w 'xDi=}Vy=m |=yQ=mwR=U R= xO=iDU=
CUO|k=QDL= pt=m |=yQ=mwR=U R= xOt;CUOx@ G}=Dv u=ty x@ u=wD|t
xDi=}Vy=m |=yQ=mwR=Uu}= R=|m}|}=QosyCaQU24pmW QO "Ci=}
xOy=Wt xm u=vJ "CU= xOW xU}=kt x]w@ Qt |rY= pt=m Q=mwR=U =@
pt=m Q=mwR=U|}=Qosy u=tR|D=@U=Lt |xm@W O=OaDV}=Ri= =@ OwW|t
Q@ xwqa xDi=}Vy=m Q=mwR=U "CU= xDi=}V}=Ri= |]N =@} QkD CQwYx@
u=Wv =Q xm@W \=kv O=OaD R= pkDUt |Q=DiQ 'QDsm |}=Qosy u=tR uDW=O
\=kv O=OaD V}=Ri= =@ ,=@} QkD u; |}=Qosy u=tR Qo}O u=}@ x@ "OyO|t

"CU= xOv=t |k=@ Q}}eD uwO@ |D=@U=Lt |xm@W
\=kv O=OaD pNrNDt paWt |R=UpOt QO xm xDmv u}= x@ xHwD
O=OaD R= pkDUt |@=wH x@ uO}UQ |=Q@ R=}v OQwt |D=@U=Lt |xm@W
xraW |R=UpOt |=Q@ R=}v OQwt \=kv O=OaD R= QDW}@ Q=}U@ 'xm@W \=kv

CWwv=B
1. computational singular perturbation method
2. cyano
3. burning velocity
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