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Analysis of Effect of Fuel Additive on Soot Suppression Using Laser
Scattering Technique
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Abstract This paper presents an experimental analysis of the growth and oxidation processes of soot particles
generated in an isooctane diffusive laminar flame due to incomplete combustion. The effects of iron-based diagnostics
were employed to measure the elastic scattering light from soot particles in a flame at different flame heights, and
the differential scattering coefficients were calculated through a calibration process. The growth and oxidation of soot
particles in flame was investigated by comparing differential scattering coefficients, and the soot volume fraction was
seen to decrease in the soot oxidation process. In the same manner, the differential scattering coefficients were
calculated for iron-based fuel-additive seeded flame, and these coefficients were revealed to be smaller than those
obtained in the fuel-additive unseeded flame. In addition, transmission through the radial direction of the flame was
measured, and transmission in the soot oxidation regime was approximately 5% higher for the seeded flame. The
propensity of the data coincided well with the differential scattering coefficients, and it can be concluded that the
iron component of the fuel additive plays a crucial role as a catalyst, which eventually enhanced soot particle
oxidation.

Keywords : Soot particle, Light scattering technique, Fuel additives, Transmission, Soot reduction
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Fig. 1. Sideview of concentric diffusion burner. Oxygen
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of ports whereas isooctane and nitrogen flow
through the tube in the center.

206

<o

o
fru
it
i)
)
o,
Ho
ftl

ox

YAy A=

I(Alicat Scientific)E ©]-&3}] 1% A4S
7R 3 Aol HAT) ek 155 T A A (Fe(CO)s)
o] g3 2Abel] flste] Am A HIHAIE 4000
ppm O & o] &S ehe] FFEGAT oA AE S
T4 Folol wet Z2AFE] flste] HUyrE Ao 2 o]
SEA AL, MU JTllA 2F 9.4 cm ol E AL
2 3}de] 2717 25719 v AN 89 & 1855

REIE S EENEE

X

N, from
supply tank
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Swr = ©)

= PMTS} H8H-%
0% YAzl N
A I

Ao ) 4
REERE 7-6}04,

& = Sl o] WHe

o]
AN

w8 5 gl

27

S

v, Soot

(N 6;/V)Smn =(N 'O_IV/V)(_‘II,[S

(10)

w,CH, measured



ARSI EeB =R A7Y ATS, 2016

A7NH Ny = A (D)l EEH

N E = H
Zpo] mi Akek 4ol 2t o] AollM = 39S B3}
st Fo FAgolil, SIS HAS Fato] Altet v
gol, HAF CHye Wgh B 7t~E ou|gic)

o] A 7kAEe] alek AEE vy oA oF 8
cm EololA FAHJTE 7H {92 10 LPMoE ¥
FH03L, ZEHE (GE700 Gilmont)S ©]-&3ke] Ao
stk Fe Nab vl EASE A o (emisr), T
Y mE A AS Ky (emst) 5 2HzEe] 7had)
iste] F4E 255 AMESte] Aosidih FUEE
NISTS] 5% 9% dHo]E & o]&3to] Abslithe]. &
AV 694.3 nmoll 3k B4 7k, vigka) A 4o] vE
A S Ee Zbzb 456E-28 cm’st, 9t 2.12E-28

em’sr o] an, wheba] QAbE 34 532 nmell B8] o, =
obeff Aoz ArkE AT

ke o

(th.'f)

% 9l

(S w,N, measured ) -SL

sERYE 249
Artshee] AHg

7
_Q_
=

Qo> nood

SL — Rrel' spp,Nz - Spp.CH4
Ro—1 (14)
w ATl M} BAS A ASE 3k o] O

208

[§]
tjo
tlo

Fig.5% PMTZ
42 A% vl A3 4

o= o

N

=

o 44 o

Lo

4
alea
2 o

o2,
off
-

KX
A

t}. Table 1

3} (seeded) 2} 7} 3}<d(unseeded)] o]

v A Al gt xFdAtelth o] Al Al

HY oA st e =ol7t 14 cm:LHL o), Ha

| % 5}“«] Fo7} STVEFE HEd] 2

o . o] A 2 Aol A AR
b “ﬂf’ﬂ’ﬂ Absh ol

u) A

=]

Ir

pu

7

ol
-

P
o o2
o

o o T

=)

"30] 1%%

re >i

b
il

=
N
N

e
-
)
o
N
N
g2
o

=]
T

=)

7HAE H7He ghdol
A7l 25
S59) Asks 31
o},

oﬂ =

©

rlr

2,
lo,

o 12 & r2 %

u2
=¥ "

<3}
A

0.01F

0.001 -

K (cm'sr™)

w

0.0001

r * unseeded
L = seeded

s i i \ i i i
101 121 141 161 181 201 221 241
Height (cm)

26.1

Fig. 5. Unseeded and seeded differential scattering coefficients
in logarithmic scale. Error bars represent one
standard deviation.



F A Ve gk A & A 51 B4
Table 1. Average (N=10) K'V'V results of the unseeded and 1 e
seeded flame and standard deviations. Flame ]
heights are measured from the burner lip. S.D. 1
represents standard deviation. 09 |- ]
Flame | Unseeded K'VV (cm']sr'l) Seeded K'VV (cm’lsr'])
Height * . c L
(cm) Average S.D. Average S.D. % 08 i
9.4 3.70E-3 8.59E-04 3.98E-3 7.31E-04 g % %
10.1 3.87E-3 4.71E-04 291E-3 9.92E-04 s [ %
10.9 3.26E-3 1.11E-03 2.67E-3 8.99E-04 . 0.7 B!
11.7 2.97E-3 1.11E-03 3.05E-3 1.08E-03
12.7 3.60E-3 1.15E-03 2.68E-3 5.83E-04
13.7 4.10E-3 6.99E-04 3.77E-3 8.65E-04 06 L ]
14.9 3.78E-3 4.21E-04 3.13E-3 1.23E-03 F— Tod
16.2 276E-3 | 3.54E-04 | 228E-3 | 8.58E-04 " Seoded
17.75 1.74E-3 4.36E-04 1.40E-3 3.25E-04 7\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
19.6 1.04E3 | 2.04E:04 | 101E3 2.62E-04 05 o1 121 a1 164 181 204 221 2ar
21.85 5.44E-4 1.06E-04 3.95E-4 1.20E-04 ’ ’ ’ Height (dn) ’ ’ .
25.25 2.44E-4 4.27E-05 6.35E-5 4.07E-05
Fig. 6. Transmission through the unseeded and seeded flames.
g, A AT SAF AN 99 olE m
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HZ Aodt) gWe Exlg 24 AFS Eilo] A A IS AR A 3 s S mE A Al
o =algo) WFztd TFHEAE Table 20 Aty B ol&dte] BT, s T E 155 A
i, Fig.6ol JERNILE o] A= 2tk A4 Axel & e &0l 98 A/M9 295 Akt & A
QAFL % 4 Utk AR ArHEo] WA ool gy A Qe Fo A g ook
R0 198 A% Aol 188 kel U L 388 47 A8t JHIAE F 3G mRelA 1
Qte] Fabgol g0%elst A AL & 5 Atk HA, S8 Azte] FAF BAL B 47 A,
A5l GO e 182 Qxte] Wyl FolSuA Ex A3t GYelMs 2&5e] Folue Aol Fil
g0l 90%olatow Frhel: AL & 4 vk 53, o vpEpgtth
2 A7HEo]l WAL o, 12 ke AHs} wkgo) 2. 95 A7HIE A7RE shgdelA = s o 531
Fal0) Fapgo] Auk SHo] vla) o SUAL He So] 284 e dmdl v vl e A
AL o 5= 9k o ¥, FEe 5% AR o w2 S ¢ F
. At
Table 2. Average (N=6) transmission results of the . e oo i o
unseeded and seeded flames and standard 3. 95 FHUHAY 93 185 JA AA Y LS
deviations. Flame heights are measured from the olqal7] Brhs Mgt 1SS Qlape] AL
burner lip. S.D." represents standard deviation. o o rme ; .
o5 Xl Sl S o= S0 =E AR
Flame Unseeded Seeded §}E o ]— o == i ” ]— E}—
Height
(cm) Average s.D. Average s.D.
9.4 0.7 0.02 0.77 0.03
10.1 0.75 0.02 0.77 0.03
10.9 0.75 0.04 0.75 0.03 References
11.7 0.72 0.02 0.73 0.03
12.7 0.73 0.04 0.75 0.06 [1] G. H. Choi, Y. J. Chung, J. M. Kim,, R. W. Dibble, S.
}i; 87i 88;1 87(6) 88431 B. Han, "Basic Performance Characteristics of HCCI
16‘2 0';5 0'05 0‘;9 0‘04 (Homogeneous Charge Compression Ignition) Engine",
1775 0.4 0.07 0.88 0.01 Journal of Energy Engineering, 14(4), pp.226-231, 2005.
19.6 0.88 0.05 0.94 0.02 [2] S. M. Kim, D. W. Kim, D. S. Yum, H. K. Kim, S. W.
21.85 0.93 0.04 0.96 0.02 Chun, J. H. Ryu, W. K. Lee, "A Study on the PM
25.25 0.94 0.02 0.97 0.02 Exhaust Characteristics of Diesel Urban Bus According
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