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Flamelet Modelling of Soot Formation and Oxidation

in a Laminar CHs—Air Diffusion Flame
Gun-Hong Kim, Sung-Mo Kang, Yong-Mo Kim, Seung-Ku Kim

ABSTRACT

By utilizing a semi-empirical soot model, the applicability of the laminar flamelet
concept for simulating the formation and oxidation of soot in the laminar diffusion
flame has been studied. The source terms for two transport equations of the soot
formation and oxidation are calculated in the mixture fraction/scalar dissipation rate
space for laminar flamelets and stored in a library. In this study, emphasis is given
to the interaction associated with radiation and soot formation. The radiative heat loss
is obtained by solving the radiative transfer equation using the unstructured grid finite
volume method with the WSGGM. The calculated temperatures and scot volume
fractions agree relatively well with the experimental data and the previous numerical
results of Kaplan et al. using the detailed chemistry.

Key Words : Nonadiabatic flamelet model(¥ ¢ stg# ¥ <), Soof Formation and
Oxidation(wi 3 A4 2 Arshig) WSGGM(Z 47t 75 24

ato] uj - % e dich

1. M 2 ey Al 4F ufed wdo] tfE oo
’ Ay el Aol F&oln Brata, s
A A Alag] del A el A 2 Absiul g

ol ghalslgtE el BoaM oA o8 ¥ Yo o 2 ° 3 .

A | 2AYE o8 WP ol e ¥Aolch el A
BAE G HuA A AU AEel By g ugngel g 44 88 e vl
¥ AYE WA A2 vl A8 BAZ D uign g, oue g Hsn AUA
1__ ) - § L. -1

5151 glovl ef@f ha vl Wl el g o2 aan ax Aagd Agsldn we

4}‘%01 AAsia ok dwrd o o4l HAE A 7V o) RE]CHH‘ 1elal ghge AlE Al

o3 WAl RWEe Ak Argo] Wate] wWa of
% %ol za.c%} of W& Azt v Moss
Lindsted 97018 50] o8] sjol A4 2 Abs
el e vad LAY wgow mddy
GreE 2-A9F Sd5e AANoT o

Aol oA By, ud B dEEe
47l b s Al gk ele, ojel 8l
94, 44 el ae vl By 4w
699} “H‘?i A@M r:ﬂ )\}_@}ﬂ}ﬂql L]@L uu)o] LH 5}
AES oA ER: Azhel chE AhviEel A

3
&
o
it
%
A}
o]
&}

ghokefsban v A F-8ER o dkgl s Aol G2 clgel Ao el
MOI'EH(?‘-;I 7!&1%’*81% el e oidgy B oiE E-d83H
LAY iRkt h =y

xabol, Wl AAEH 4HES T



4 #2731 KOSCO SYMPOSIUM #=#3

%Oﬂ e oo FEUAE

2 A4 sA E‘CHZ 3]

2 dydME §}°“’4 g o] &5t
ujd o] Ay ’&é}"'VQOH e dEEE 45
3t7] fste] EAEH i E%!%‘ﬂ" A gt
o4, 5. E4EH 2ZdojA s ofd gl A
FAe gger AHH, da G5 A
i ate) JHEL HALE S o3 A
gk watd did A5sEe A7 A8
A A gka kR BARE SRl AA
spek ghgo] diE HAGRE nHE F e v
¢d FF iy o] Y dge] dds
ATHs, 71.

dutR oz FAHH
A A —‘?‘%e
el slew, &
404’“”5011 CH?‘& ‘ﬂ—’FﬂPQ 7bgol d3sl A
Ade veido 22y @A7AA dFAF
29 ojd EerSo] dAMe 44 A
Agtol A Aok i #shel wHAY

£ ojsfstr] A °4%“: e Fas
ol AgHAel g ol E wole =¥
sduiel Wl 2EE 013}10};“41 RN
S stz vk dvkatd, oid 2EE F oo
BAHoz dojute

o

T4 Hyeo

Si
o
>
>
.
rlo
]
=3
A
2
ox

@ 2
A= ) l
' o1>.'. rht
(20

o

ooz o
o
iz
oo
i)

>
>
T
i3
o
.2

, Mitchell/Santoro ‘3114-4 é’z}
7] FAbs o s F Qs
4 H é‘i’_}’ﬁo‘ 3":}1“’2‘% i RdE
EAdedl o3 ﬁﬂlo}
A oH8lL ‘?—4_3‘:’}2‘19- °aL 3\‘1‘7::01, =% AEY

of M EA 2 HEY oHES 59 Y

(T
4
A
2

S o
=
=,
)
o ol

) mh‘,rﬁ_;&m]nﬁoszn_a_u;;
4
)

o r&i ox.

A

FEo] o AYgolMe Lewis 49 dgoa
A8 AWF Aol 23 JFFE AR ngsA
Fat=d ok 2y ol E dE: e 4%
LEGH R W JFS AA y’/‘} ‘§7‘4

A% adn AA AE5EES RARS un °l
He fgW g Ads B8 4 e
Az AT,

2. x| 29
2.1 BlEtY 57 st

Ll

8 3o pde Ah 3
Sl sane ge &
[:]'L_ 7]'1610{1 7] o}-_}l
Petersﬂ] 932{?» = 7}{,]
3 EH

;%
o
3
i
X
LU

(B X Aol rlo % o

+2 Hsdve A 2 Hehng e $4
of s ched 2o 1Y AWME Ay
4 f5% & eIl

Y, %Y |

& "t W

OT _x1 9% x1 Y,

ot 2¢c, 32° 2 ¢,k gh“ 5zt (2

_ 1
L(Enial

7oA pe 9%, T &%, Y i-8A 38F9
HEEE, x "ZJ?/P Ahg, cp HIE, ¢ AL
Z A&, o WEE, h A9y, qp SANHY
EAGEAN S 47 L]'E}‘:EU}. e wAHAEe
FEHAAA A A3 Lewis FE ZE
gegol sl 12 gdsvn spAsgn

Peters Stdd WA dolx] & = e -"é‘%— 3

O

ool WEEBE Exaae] o AT 5
02 %3 & on o Austs *‘21
sBE £ X2 ol AP FHAD o

e duE + gt WA s A
°1] 3101*1 v og tjAsd TR HEs
27kl AAbgol o8 AeisA e 2} &
Agel g EgEEel &P sty
Peters~9] olEdfiMo] wE ggsy sad 4
Fgo] g A (3)ez F HC
X —21)z(vz)Z 2£(2)

= xq exp [ 2{erfc T (2Z,)}* — 2{erfc 71(22)}* ]
A (D-(3)& ol &8ty Pz EGEEAA
o] xzhel 2AEo thEte] BetH P} sk
o gl Al o] G E 2 @AY H
AE zte 2 3499 golrdEld FA4EY
o}

% sy &x 2 FEE 244 gl
ddgd s ] Hsted ddAEe dg
HE 248t dgT Defect IS HE£39
t{7]. des Defect M5(DE A (D9 7ol ¥
gdd stedHY dg shdHe] dgy A2 A
L=
{zh'—had (4)

Hgk-grle] e 5§ gdHe 259 s
Z BE¥o i@ 94%8 Fig. 13 Fig. 201 2474
Al
=

ATt dEAE dvele A€ Defect

FQ)7t % 5:%%%] et stgHEY 25E A
gylel 2xo dlaldol wel Fadte FgS
HolFEo Fig. 21 = MMl gl

A
Aes] Defecto] digr 4%

oz s Co9 R
§ BEE BEoFn o & Skl W
g CO9l AAe] #astA =Hw CO, £Xo o
e vEE ¢ F ol



412738 KOSCO SYMPOSIUM =83 5

T ¥ H

I RJKg] at g, =01s"
o 0,00 {110 heat loss}
2000 b -87.33 “1

————

— 23043
- 32004
- e 4833

-647.43

-854.21 7

1500

TH

1000

500 F

i
025 0.5 078

Fig 1. Temperature of flamelets with a

variable enthalpy defect.
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Fig 2. CO mole fraction of flamelets with a
variable enthalpy defect.
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Table 1. Soot Model Parameters (Syed et al)
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