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Analysis of Effect of Fuel Additive on Soot Suppression Using Laser
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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
goes into the system through the annulus array
of ports whereas isooctane and nitrogen flow
through the tube in the center.
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Fig. 2. A Schematic of fuel vaporization system.
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Fig. 3. Top view of the light scattering system setup.

it

207

-0.004

calibration dark

| — —flamedark | i el -
-0.0057 ____. flame signal
—N2 : ; ;
0,006 T T T i | i i
210% 410% 610% 810° 1107 1.2107 1.4107 1.6107 1.8107

time (s)

Fig. 4. Typical scattered signal response from photomultiplier
tube measuring calibration gaes and flames.
Calibration gas signals are attenuated by a factor
of 100.3, and flame signals are attenuated by a
factor of 105 to preserve signal linearity.
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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 . 07 - -
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 ]
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.
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HZ Aodt) gWe Exlg 24 AFS Eilo] A A IS AR A 3 s S mE A Al
3 23190 JFZI FTFAAS Table 20 Alstg = ol&ste] B4 delA BAetE 15 A
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glo] 188 AF QoA 188 9t TME L 285 A A8 GellM = 5 3he BellM
Qlste] Fahgol 80%olst ol AL o 4 ek A, S8 Azte] FAF BAL B 47 A,
Al AN E 188 Qlate] WEsl ZolSHA R AgE GolM e 2EFol Folue APl T8
&o] 0%el e F7keh Ag & 5 vk 53, ol Herst
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Z3 50 Fahgo] dut skdol vl oF 5%AHAE = wo] 1A & AR HlF W ARF AGTt
AL oF 5= 9uh o] vhal, RS oF 5% A o e s ¢ T
. At
Table 2. Average (N=6) transmission results of the . e oo i o
unseeded and seeded flames and standard 3. 9% HUHAY 93 185 YA AA Y LS
deviations. Flame heights are measured from the olqal7] Brhs Mgt 1SS Qlape] AL
burner lip. S.D." represents standard deviation.
512 =216l &) A3s gl 7o /{JEJ__‘I,;]‘__
Flame Unseeded Seeded §}E o LO]— o == st A ]— 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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