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Soot Formation and Combustion in Turbulent Flames

Jongsoo Jurng, Hyun-Dong Shin and Chun Sik Lee

AA),

Soot Combustion (s A4&),

2-Step Formation

Model (2514 QA =), Eddy Break-up Model, Surface Oxidation(¥= A3} ul

£), Radiative Heat Transfer (8-} d=%)

Abstract

A new model of the combustion rates of soot particle in turbulent flames has been suggested.

This model applies the combustion rate of soot particles in laminar flames and uses local

time-averaged quantities in order to consider the effect of the chemical reaction on the soot

combustion in turbulent flames. The proposed rate equation has been tested for two propane-air
turbulent round-jet diffusion flames and gives better predictions for the soot cocentration field of

two flames than the model previously used, especially in low temperature regions. A modified

Monte carlo method for analyzing radiative heat transfer of a flame also has been suggested and

tested, which reveals good results.
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g, & ‘14.?01]*1—‘& %/*P dALE E3E o
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€43 o) A" Hab oiAle FhoGL
mal wwl, Pl F4Fel wete] w2
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27 K EA =

2 A7eA Y X A, AET 27 27
< o5 o] AW + 3o,

Wi Bl AdelAe Wy AdF 744 (thin

shear layer assumption)-& A}-8-3}ed, HFHo 2&
Fol A9 5 F7A9 99%7A o A FHY
(potential core) %53, & lﬂu:i Bzl 1%
o] A3 ¥ (linear profile) & Z: vy Agtx

FEo07 Yrold, 27]2AL "—]--:.--v]- 7o) Fo},

2r/d<0.99 :
Yu=1,%u=

0.99<27/d<1:
Yr=3 Vor="Yoxeu(l—9)
Voi=Yuiu(1-3), Yor=n=6=0
f:Yax.m(l“y)_Sy: T=T,
A=y + e (1—)
A7 y=100(1—27/d)

ZA 27¢, £5F9 vigdolAe] =2A4e 74
9 kol &¥-o 9 FrlolAe Wt AXA
s FAll A4 4ol Tl (gradient) 7} 0] =he
7tgE AHEg

4, 4y ARE HHE Agshe A o
A4 Rl daide AW $A4e E
2, %y Akl dsiAgt £ wiel, ARE
o Zo| YolAA 3F 2o netslr] AsAE A
A 4o W& AA =AL dAA FHEY F
Hol e & =AA o], 7z w49 Fust
0olx 7 w8 FEol WS AAHAA v HA
279 #EH dAIoE 23E A, A,
AgkEol gAslo] 79 dAZo] =25 H

Y;n Ypr'—n =0

(38)
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A
2

- diffusion flame)“¥ 3} Nishidae] u}

& AFAelA 7
g1 8lod (coaxial jet
TEF 24
3} (confined coaxial jet diffusion flame)t® o g
7 3edel Ay =70 sl Table 20 Fof
A =
£ d7ACA AdE 3T BF Fase
7] 3mmgl ¥ :=Z2YE 20m/se £x2
ZE2HE FEAA A7, HdE A
At 2% F4F za2 FHd Zejugc,
7o =& AAE 7IF22 & Reynolds ++
% 11,0002 3§ #H4sAdE FAded,
Fig.12 A% A=A Azxolrt, o sdol g
Ay A3 dF AFAE Fig.3o) wlasigdel, o
ade 3 FAEST G A7 BT 4 &=
#, A7t B 2= T 2 oid U A 5=
(soot mass concentration) &} 7|€} 38F Eo F
& vEhiE gleh x=100mm(x : Wiy =
’a‘iTEi«l o) 7R vl YA A Las
=l ekebrl, x=150mm HFZ2o2XE Elh}s) A
Aote] FA3] FEIF F7hsle] x=450mm 2ol
A gl 0.53g/m*9 & vehdc, wid ¥
=T olF oA FA43 Zisld, 9 FHEA
x=800mm o]dol A& AL i Ao, 7
H, 3 de =& HolY =& RIoAEH
sl qlzbel ¢ BEY 4 gle x=150mm ¥
Z7HA 8 FdelA Wl FAY gt ol F,
el Qlxte] A A Lo Fole gk A
WA whd FEe HoiAsh velbs x=450mm

fi

= B
o H L

4, dA FAZAY 2oz 7 W Fulsl B g3k FF 2 Hdel x=540mm FZolA Ho
0elehe 2AE AHgaA Do, £5E UEhith o) oFol: 4 W ex
Table 2 Flame conditions

Our flame Nishida’s®®
Fuel jet velocity (m/s) 20. 30.
Surrounding air velocity (m/s) 0.5 0.36
Nozzle diameter (mm) 3.0. 2.0
Fuel jet temperature (K) 300. 323.
Surrounding air temperature (K) 300. 323.
Nozzle Reynolds nomber 11,000 10,200
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Fig. 3 Predictions of axial profiles of local time-
averaged soot mass concentration, tempera-
ture, axial velocity, and species mole fractions
on the axis of the flame compared with exper-
imental data(Re=11,000)
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(one-step overall reaction) &) 713§ Al&3tH 0
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TE2E AY A 2o AEE 59 AHE
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PR el ubA e £¥E Meln 9w, o gt
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7 W¥gez AzZ]) ¥Id, Wd Fro o
A7t vdelds AL ool wsl 7} kEQ] r=
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Fig. 4 Predictions of radial profiles of local time-

averaged soot mass concentration, axial
velocity, and temperature on the axis of the
axis of the flame at x =200, 400, and 600mm
compared with experimental data(Re=1],
000)
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Fig. 5 Comparisons of local soot combustion rates
(right) and temperature (left) predicted by
EBU model, eq.(30)(right), fo the combustion
rate of soot particles
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Fig. 7 Predictions of axial profiles of local time-
averaged soot mass concentration and temper-
ature, predicted by the kinetic model, eq.(34)
(—), and EBU model, equ.(30)(--), of the
combustion rate of soot particles
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Fig. 10 Comparisons of the temperature field
predicted by the kinetic model, eq.(34)(left),
and EBU model, eq.(30)(right), of the combus-
tion rate of soot particles
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the kinetic model, eq.(34)(——), and EBU
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Fig. 9 Comparisons - of soot concentration field
predicted by the kinetic model, eq.(34)(left),
and EBU model, eq.(30)(right), of the combus-
tion rate of soot particles
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Fig. 11 Predicted soot concentration (right) and tem-
perature (left) fields, without soot combus-
tion
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concentration, and temperature, with (——)
or without (- -) radiative heat transfer
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