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A Study on the Effect of », Diluent on Soot Formation

Characteristics in Ethylene Diffusion Flames

Kim, Jun-soo

Department of Marine System Engineering

Graduate School of Korea Maritime and Ocean University

Abstract

The exhaust gas generated in the combustion process of the
hydrocarbon fuel contains soot particles that cause air pollution and
have harmful effects on the human. Environmental problems caused
by soot particles in modern society are becoming important issues,
and environmental regulations are being strengthened in the overall
industry. Therefore, it is necessary to study the soot formation
process in order to control the soot formation in the combustion
process. It is known that temperature is related to the main factors

affecting the formation and oxidation characteristics of soot.

Therefore, in this study, up to 40% of 10% of the nitrogen gas was
added to the fuel side in the counterflow diffusion flame based on
the ethylene gas. Experiments were carried out through laser
extinction method to determine flame temperature, shape, and soot
volume fraction. Numerical analyzes were performed with the
Chemkin 17.0 program to identify changes in the state of the species

associated with soot formation.
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As a result of the study, it was confirmed that as the dilution ratio
of N, increases, the flame temperature decreases and the soot
formation layer becomes narrower. Also, it was confirmed that the
soot volume fraction and the mole fraction of chemical species

involved in soot growth were also decreased.

The results of this study are expected to be useful for proper
application of environmentally friendly technologies to cope with
environmental regulations and for appropriate utilization of nitrogen in

various industrial sites and experimental researches.

KEY WORDS: Counterflow diffusion flame, Nitrogen, Dilution, Soot formation,

Laser Extinction Method, Chemkin Program
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Table 1 MFC Specification

Desi ted
TYPE SCCM Channel es1§;1: € Used Gas Remark
2000 ch.l C,Hy C,H,
ATOVAC Fuel side
500 ch.2 N, Ny
GMC-1200
1000 ch.3 , 0,
(Electronic) oxidizer side
2000 | ch4 N, X,
MKS 600 5000 ch.2 ¥, N,
Curtain Gas
(Analog) | 5000 ch.4 ¥, N,
Table 2 Calibrate result of MFC
Intercept Slope Statistics
section .
Value Error Value Error Adj.
R-Square
CoH, 0.01315 0.00329 0.00113 0.00000538 0.99996
FUEL
Ny 0.00236 0.00122 0.00114 0.00000392 0.99996
U, 0.00769 0.00119 0.00111 0.00000265 0.99999
OX1
N, -0.06538 0.00271 0.00119 0.00000426 0.99996
CUR- N, -0.01591 0.04054 0.00611 0.00014187 0.99892
TAIN | 003688 | 000875 | 000581 | 0.00003454 | 0.99993
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Fig. 3 Calibrate graph of MFC
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Fig. 4 Counter flow burner

Curtain flow Fuel or Oxy
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Fig. 5 In-Diameter of Burner Nozzle
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Fig 6 Test Result of Stage movement
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Fig. 9 Flame image
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Fig. 10 Flame temperature by R-Type thermocouple
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K, =—AX 'log W,/ W,=—AX 'log /]

m?—1
E(m)21m| ‘

m2+2

K., : extinction coef ficient

A X : width of the test section
I Initial laser signal

L : lasersignal after extinction

A laserwavelength
m : refractive index
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Stagnation Plane(0.53cm)

Fig. 14 Schematic of Soot Formation Flame in Counterflow
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Fig. 15 Temperature and Mole fraction of Pure C,H, flame
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Fig. 16 Temperature and Mole fraction of /V, 10% Dilution flame
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Fig. 17 Temperature and Mole fraction of /V, 20% Dilution flame
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Fig. 18 Temperature and Mole fraction of /V, 30% Dilution flame
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Fig. 19 Temperature and Mole fraction of /V, 40% Dilution flame
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Fig. 20 C,H, concentrations for ethylene-based flame and /V, dilution

ratios of 0%,10%,20%,30% and 40% in the counterflow diffusion

flames as a function of distance from the fuel nozzle.
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Fig. 21 CH; concentrations for ethylene-based flame and /V, dilution
ratios of 0%,10%,20%,30% and 40% in the counterflow diffusion

flames as a function of distance from the fuel nozzle.
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Fig. 22 C3H, concentrations for ethylene-based flame and /V, dilution

ratios of 0%,10%,20%,30% and 40% in the counterflow diffusion

flames as a function of distance from the fuel nozzle.
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Fig. 23 CyH, concentrations for ethylene-based flame and /V, dilution

ratios of 0%,10%,20%,30% and 40% in the counterflow diffusion

flames as a function of distance from the fuel nozzle.
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Fig. 24 OH concentrations for ethylene-based flame and /V, dilution
ratios of 0%,10%,20%,30% and 40% in the counterflow diffusion

flames as a function of distance from the fuel nozzle.
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Fig. 25 CO concentrations for ethylene-based flame and /V, dilution
ratios of 0%,10%,20%,30% and 40% in the counterflow diffusion

flames as a function of distance from the fuel nozzle.
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