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Coupling the San Diego gas phase reaction mechanism and the Moss Brookes soot model using FLUENT14.0 software, the effect of adding H2/CO on the fuel side on soot formation in an ethylene/air laminar diffusion flame was studied. A specific analysis was conducted on the effects of H2, CO and its chemical effects on flame temperature, soot volume fraction, mole fractions of important intermediate products OH, H, and C2H2, as well as rate of soot mass nucleation, surface growth, and oxidation. In the numerical calculation, the virtual substances FH2 and FCO are set to separate the chemical effect of H2 and CO and to analyze the chemical effect of adding H2 and CO on soot formation. The results show that the flame temperature increases slightly, and the soot volume fraction decreases monotonically with adding H2 and CO. The chemical effect of H2 increases the temperature, the mole fraction of C2H2 and H, the soot nucleation rate, and the surface growth rate, and finally, it promotes soot formation. The chemical effect of CO increases the temperature and H mole fraction, reduces the OH mole fraction, and then increases the soot surface growth rate and reduces the soot oxidation rate. The higher soot nucleation, surface growth rate, and lower oxidation rate jointly promote soot formation.
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1 INTRODUCTION
Fossil fuels still account for a large proportion of the current energy structure (Zeng et al., 2021; Li et al., 2022), and soot particles and CO2 emissions results in greenhouse effect and human health. Soot is one of the primary pollutants generated during the incomplete combustion of fossil fuels, which will cause serious harm to the environment and human health (Shiraiwa et al., 2012; Sahu et al., 2016; Cocean et al., 2020). Therefore, the research on clean alternative fuels and renewable energy has received extensive attention. Syngas is a mixture of H2 and CO mixed in different proportions. Gases usually contain some CO2 and CH4. Syngas is one of product of coal gasification which widely used in power plants and internal combustion engines. It can be used as alternative fuels to blend hydrocarbon fuels, improve combustion efficiency and reduce pollutant emissions (Mahgoub et al., 2017; Lapalme et al., 2018; Krishnamoorthi et al., 2020). CO, is an intermediate pollution produced by the combustion of carbon containing fuels, which emission control cannot be ignored for CO2 reduction emission.
Some studies have shown the effect of blending H2 and CO with hydrocarbon fuels on soot formation. Wang et al. (Wang K. et al., 2021) have performed a detailed numerical calculation of the combustion of natural gas with H2 addition. The results show that with the increase in the H2 blending ratio, the combustion rate accelerates, the temperature increases, and the soot and CO emissions decrease. Zhao et al., 2014 studied the effect of adding hydrogen and helium on soot formation in ethylene laminar diffusion flame through experiments. The results showed that adding hydrogen increased the flame temperature. Due to the dilution and direct chemical effect, adding hydrogen is more effective than helium in reducing soot formation. (Sun et al., 2017; Yen et al., 2019) studied the effect of blending H2 and N2 into ethylene/air diffusion flame on flame temperature and soot generation through experiments. The results showed that blending H2 or N2 significantly reduced soot volume fraction and primary particle size but had little effect on flame peak temperature. Wang et al., 2018 studied the effect of adding H2 on soot formation in ethylene laminar diffusion flame in the O2/CO2 atmosphere through numerical simulation. The results showed that adding H2 inhibited soot formation through dilution and chemical effect, and the chemical effect of H2 reduced soot nucleation and oxidation rate. Wang et al. (Wang Y. et al., 2021) studied the effect of H2 addition in methane and ethylene flames on the formation path of benzene. The numerical results show that adding hydrogen to ethylene diffusion flame decreases the soot nucleation and surface growth rate. Qiu et al., 2020 have numerically calculated the flame and soot formation characteristics of adding H2 to the coflow laminar diffusion of ethylene. The results show that the soot is reduced after adding H2. The various effects of H2 addition were separated by adding multiple virtual substances in the gas phase mechanism, and it was found that the chemical effect of H2 promotes soot formation. Kalbhor and Oijen, 2020 studied the effect of adding H2 to fuel and H2O to oxidant on soot formation in laminar flow counter ethylene diffusion flame through numerical simulation. The results show that H2 on the fuel side and H2O on the oxidant side inhibit soot formation through a chemical effect. Dai et al., 2020 studied the effect of adding CO to the counter-diffusion flame of ethylene and propane on the soot formation. They found that adding CO reduces the soot formation in the ethylene flame. The chemical effect of CO was separated from the dilution effect by adding N2. The results show that the chemical effect of CO promotes soot formation. Jiang and Qiu, 2010 have performed a numerical calculation on adding CO to acetylene-premixed flames. The results show that the addition of CO gradually reduced the soot formation. The analysis of numerical results shows that adding CO reduces the concentration of OH radicals and thus slows down the oxidation rate of the soot and reduces acetylene concentration.
The current research shows that adding H2 or CO to hydrocarbon fuel can inhibit soot formation in flames. Still, there is no unified conclusion about the inhibition mechanism of H2 and CO, especially the effects of chemical effects on soot formation. This paper used CFD to perform a numerical simulation on blending H2, and CO on the fuel side in a laminar coflow ethylene/air diffusion flame, and the effects of different H2/CO blending ratios on ethylene flame temperature and soot formation were analyzed. The virtual substances FH2 and FCO were constructed in the numerical calculation to separate the chemical effect of H2 and CO. This study compares the changes in the mole fractions of important intermediate components and analyzed their effects on the rate of soot mass nucleation, surface growth, and oxidation.The mole fraction changes of important intermediate components were compared to study the effect of H2/CO addition on soot formation and provide a reference for the soot emission reduction performance of syngas added to hydrocarbon fuel.
2 NUMERICAL SIMULATION
2.1 Establishment of model
The numerical calculation model adopts the Gülder burner, similar to the literature (Zhang et al., 2019; Li et al., 2020; Liang et al., 2022). The inner diameter of the fuel tube of the burner is 10.9 mm, the wall thickness is 0.95 mm, and the inner diameter of the oxidant tube is 88 mm. The simplified model is shown in Figure 1A. The two-dimensional axisymmetric computational domain is adopted to reduce the amount of calculation, and finer grids are set in the primary reaction zone and the burner outlet. The numerical calculation domain is 11.8 cm (z) × 4.5 cm (r), which is divided into 194 (z) × 88 (r) control volumes. Figure 1B shows the calculation domain grid division. In the axial direction, the grid within 20 mm is divided into fine grids with a spacing of 0.2 mm. Then, the grid is set to change from dense to sparse with an expansion factor of 1.0205, a total of 94 nodes. In the radial direction, a fine grid with a spacing of 0.2 mm is adopted within 0.8 mm, 19 nodes are equally spaced within 0.8 mm–5.45 mm, four nodes are equally spaced within 5.45–6.45 mm, and then the grid is set to change from dense to sparse, with an expansion factor of 1.025, a total of 61 nodes. Considering the influence of fuel preheating, the calculation domain is extended 10 mm below the fuel nozzle of the burner., In addition, the computational domain includes the fuel nozzle to obtain a more reasonable nozzle fuel velocity distribution (Charest et al., 2011; Eaves et al., 2013).
[image: Figure 1]FIGURE 1 | Schematic diagram of burner model (A) and grid division of the computational domain (B).
2.2 Numerical solution method setting
The combustion model in this study is the laminar finite rate model, and the reaction rate is determined according to the Arrhenius formula. San Diego mechanism (Chemical-Kinetic Mechanisms for Combustion Applications, 2024) is selected as the chemical kinetic mechanism, and the reactions and components related to NOx formation are removed. The modified mechanism includes 175 steps of elementary reactions and 40 components. The numerical calculation solver is based on pressure coupling, and the numerical algorithm adopts Coupled to deal with the coupling of pressure and velocity. The Discrete coordinate (DO) radiation model is selected to calculate the radiation heat transfer, and the calculation equation is shown in Eq. 1. The weighted sum of the grey gas model (WSGG) is used to calculate the radiation characteristics of gas medium and soot.
[image: image]
Where [image: image] is the radiation wavelength, [image: image] is the radiation intensity, [image: image] is the position vector, [image: image] is the direction vector, [image: image] is the scattering direction, Φ is scattering phase function, [image: image] is the refractive coefficient, [image: image] is the scattering coefficient, [image: image] is the spectral absorption coefficient, [image: image] is the black-body radiation intensity determined by PLANCK’s law, [image: image] is the solid space angle.
Moss Brookes model is adopted for the soot model (Brookes and Moss, 1999), and acetylene is selected for the soot precursor and surface growth. Lee model is selected for the oxidation model, and OH is the primary oxidant. The following Eq. 2 gives the instantaneous generation rate of soot particles:
[image: image]
where [image: image] is the soot particle number density (m−3), [image: image] and [image: image] are model constant, [image: image] is the Avogadro number, [image: image] is the mole fraction, [image: image] is the pressure, Pa, [image: image] is the gas constant, [image: image] is the temperature, K, [image: image] is the diameter of soot particles, [image: image] is the mass density of soot, [image: image] is time. The source term for the soot mass concentration is modeled by Eq. 3, including the soot mass produced by particle nucleation, the soot mass produced by the surface growth process, and the soot mass consumption by oxidation:
[image: image]
where [image: image] is the soot mass density, kg/m3, [image: image] is the mass of primary soot particles, [image: image], [image: image], [image: image] are additional model constants, [image: image] is the mass density of soot, [image: image] is time.
2.3 Boundary conditions and calculation conditions
This study selects the fuel and oxidant inlets as velocity inlets. The ethylene flow rate is 3.465 cm/s, the oxidant flow rate is 11.2 cm/s, and the temperature is 300 K. The lateral boundary is set as the isothermal wall of 300 K. The upper boundary is selected as the pressure outlet and allows the backflow of the outlet boundary. The nozzle wall temperature is set to 400 K for the heat transfer from the flame to the nozzle wall.
The eight groups of calculation conditions of adding H2 and CO to ethylene/air diffusion flame are shown in Table 1. When adding H2 or CO to the fuel, keep the ethylene flow rate constant at 194 mL/min. The total fuel flow rate increases with the increase of the blending ratio of H2 and CO, and the oxidant flow rate (composed of 79% N2, 21% O2) is 40 L/min. The blending ratio φ is given by Eq. 4:
[image: image]
TABLE 1 | Calculation conditions.
[image: Table 1]Where, [image: image] is the flow rate of the gas blended in ethylene (mL/min), [image: image] is the flow rate of ethylene (mL/min). 30% FH2 and 30% FCO are added to the fuel to separate the chemical effect of H2, and CO. FH2 and FCO are chemically inert, do not participate in all relevant chemical reactions, and have the same thermochemistry and transport data as actual H2 and CO.
3 MODEL RATIONALITY VERIFICATION
The radial distribution of the temperature and soot volume fraction at the flame height of 30 mm is compared with the experimental data in the literature (Snelling et al., 2002) to verify the rationality of the model. The numerical simulation condition setting of case 1 is the same as that of the experimental literature condition. As shown in Figure 2, although the predicted soot volume fraction in the flame centerline region in Figure 2B is lower than the experimentally measured value, the variation trend of the two is consistent, and both increase first and then decrease with the increase of the flame radius. The main reason for the difference in the area near the central axis is that the current soot model cannot reasonably predict the soot surface growth caused by polycyclic aromatic hydrocarbon condensation (Frenklach et al., 2000). As a result, this lowers the soot volume fraction of the numerical simulation in the central axis area. This study only explores the effect of blending on the peak volume fraction of soot. It can be seen from the figure that the numerical simulation results in this paper are consistent with the variation trends of temperature and soot volume fraction in the literature, and the peak position of soot volume fraction in the flame is basically consistent. The maximum temperature error is about 1.81%, and the peak error of the soot volume fraction is about 0.03%. Thus, the rationality of this model can be guaranteed.
[image: Figure 2]FIGURE 2 | Radial distribution of temperature (A) and soot volume fraction (B) at 30 mm cross section of flame.
4 RESULTS AND DISCUSSION
4.1 Temperature
Temperature distribution is an important indicator for describing the combustion characteristics of flames. Figure 3A shows the two-dimensional distribution and peaks of the flame temperature in case 1, case 2, case 3, case 4, case 5, case 6, and case 7. In the pure ethylene flame, the peak temperature is 2146.3 K, which appears in the lower annular region of the flame about 1.12 cm above the burner outlet and about 0.62 cm radially from the central axis. When ethylene is blended with 30%H2, the peak temperature increases by about 26 K; when 30%CO is blended, the peak temperature increases by about 7 K. Both H2 and CO blending increase the peak temperature slightly and appear at a higher axial height. When blending 30%FH2 and 30%FCO, the peak temperature is about 46 K and 23 K lower than pure ethylene flame. The reason is that H2 and CO participate in the chemical reaction of combustion and release heat to increase the flame temperature. However, the FH2 and FCO are inert; only the dilution effect reduces the mole concentration of ethylene in the fuel stream, resulting in a reduction in the intensity of the combustion reaction and, thus, lower flame temperature. The blending of 30%H2 and 30%CO only increased the peak temperature by 1.2% and 0.3%, respectively, and had no significant effect on the flame temperature.
[image: Figure 3]FIGURE 3 | Distribution of flame temperature (A) and temperature central axis of the flame (B).
Figure 3B shows the temperature distribution of the flame center axis in case 1, case 2, case 3, case 5, and case 6. As shown in the figure, downstream region of the flame (below z = 5 cm), the blending of H2 and CO does not affect the flame temperature near the centerline. The flame temperature gradually increased with a high H2 and CO blending ratio in the centerline region near the flame tip. This is because blending H2 and CO reduces the soot load upstream of the flame and leads to radiant heat loss, resulting in a slight increase in temperature.
4.2 Soot
4.2.1 Soot formation
The mechanism of soot generation is related to dilution effect, thermal effect, and chemical effect. Figure 4A shows the two-dimensional distribution of the soot volume fraction and the peak soot volume fraction in the flame for Case 1, Case 3, Case 4, Case 6, Case 7, and Case 8. Pure ethylene peak soot volume fraction is 7.635 ppm, in the annular region of z = 2.61 cm and r = 0.3 cm. The peak soot volume fraction decreased by 0.977 ppm after blending 30% H2 in ethylene, and the peak soot volume fraction decreased by 0.726 ppm after blending 30% CO. When 15% H2 and 15% CO are blended simultaneously, the peak soot volume fraction is 6.908 ppm, between the peak soot volume fraction when 30% H2 and 30% CO are blended. The peak soot volume fraction still appears at the two wings of the flame. Adding H2 and CO can slightly increase the soot appearance position, indicating that H2 or CO can inhibit the soot nucleation. Comparing the soot distribution of case 3 and 4, and case 6 and 7, it can be seen that the soot volume fraction is further reduced after blending 30% FH2 and 30% FCO, and the chemical effect of H2 and CO promotes the soot formation in the ethylene flame. Blending H2 and CO both inhibits the soot formation, and the inhibition effect of H2 is more significant under the same blending ratio because the chemical effect of CO has a substantially better promoting effect on soot formation. The conclusion drawn from 4.1 is that the mixing of H2 and CO does not have a significant impact on temperature, so the thermal effect is not the main reason for the change in soot generation. The dilution effect is mainly due to the mixing of H2 and CO, which reduces the carbon content per unit mass of fuel gas mixture and thus reduces the amount of soot generated. The inhibition of blending H2/CO on the soot formation is mainly due to the dilution effect.
[image: Figure 4]FIGURE 4 | Distribution of soot volume fraction (A) and Radial distribution of those at flame height of 3 cm (B).
Figure 4B shows the radial distribution of the soot volume fraction of case 1, case 2, case 3, case 5, and case 6 at the flame height of 3 cm. It can be seen from the figure that as the H2/CO blending ratio increases, the soot volume fraction gradually decreases, and the soot distribution region moves away from the center axis and becomes narrower. Under the same blending ratio, adding H2 decreases the soot volume fraction, and the inhibition effect on soot is more significant.
Figure 5A shows the distribution of soot volume fraction along the flame axial of pure ethylene flame and ethylene blended with 30% H2, 30% FH2, 30% CO, and 30% FCO, respectively. The following Equation obtains the integral of the soot volume fraction of the flame cross-section:
[image: image]
where [image: image] is the local soot volume fraction. The results again show that blending H2 or CO in ethylene will reduce the soot volume fraction, and the peak of the soot volume fraction appears at the higher flame height. It can be seen from the figure that blending FH2 or FCO reduces the soot volume fraction by a greater extent than blending H2 or CO, indicating that the chemical effect of H2 and CO promotes the soot formation. It can be seen from Figure 5B that under the condition of adding H2 and CO with the same proportion, the peak soot volume fraction decreases with the increase of mixing proportion, and the radial distribution function area of the soot narrows and moves to the right. Adding H2/CO inhibits the formation of soot. With the same proportion of H2 and CO added, the soot volume fraction gradually decreases as the total H2/CO blending ratio increases. When the total H2/CO blending ratio is the same, the larger the H2 blending ratio, the more significant the decrease in the volume fraction of soot. H2 has a more significant inhibitory effect on soot under the same mixing ratio.
[image: Figure 5]FIGURE 5 | Distributions of flame cross-sectional area integrated soot volume fraction along the flame height (A,B).
4.2.2 The chemical effect of H2
In the diffusion flame, soot surface growth is the essential process leading to the increase of soot volume fraction in the flame (Guo et al., 2006; Kalbhor and Oijen, 2020). Temperature, C2H2, and H concentration are the main factors affecting soot surface growth. Figure 6A shows the radial temperature distribution under different axial heights. It can be seen from the figure that adding H2 improves the flame temperature on the whole. At z = 1 cm, the flame temperature of pure ethylene is higher than that of the ethylene blended with 30% FH2. The two become close with the increase of the flame height, which indicates that the dilution effect of blending FH2 at the lower flame height reduces the flame temperature. While at the higher flame height, the influence of thermal radiation loss dominated by soot is increasingly essential. Blending 30% FH2 reduces the radiation heat loss due to suppressing soot load. Thus, at z = 3.5 cm, the temperature of blending 30%FH2 is slightly higher than that of pure ethylene. Comparing the temperature curves of blending 30% H2 and 30% FH2 indicates that the chemical effect of hydrogen increases the flame temperature slightly on the whole.
[image: Figure 6]FIGURE 6 | Radial distribution of temperature (A), mole fraction of C2H2 (B), mole fraction of H (C) at different heights and the peak rate of reaction kinetics (D).
Figure 6B shows the radial distribution of the C2H2 mole fraction at flame heights of 1 cm, 2 cm, and 3.5 cm. The results show that the C2H2 mole fraction decreases after blending H2, while the chemical effect of H2 increases the C2H2 mole fraction. This is because the peak flame temperature blended with 30% H2 is higher than that of the blended 30%FH2. As a result, this leads to the accelerated pyrolysis of ethylene, thereby promoting the formation of C2H2.
The H radical controls the formation rate of active sites in the C2H2 addition reaction (Guo et al., 2009). Figure 6C shows the radial distribution of the H mole fraction at flame heights of 1 cm, 2 cm, and 3.5 cm. It can be seen from Figure 6C that the chemical effect of H2 increases the H mole fraction. By analyzing the reactions involving H radicals, the following are the reactions that have the primary effect on H radicals when H2 is blended:
[image: image]
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Figure 6D shows the peak rate changes of these reactions. It can be seen from the figure that H2+OH = H2O + H, H2+O=OH + H are the main generation reactions of H, and C2H4+H=C2H3+H2 is the main consumption reaction of H. The elementary reaction H2+OH = H2O + H is most sensitive to the chemical effect of H2. As the mole fraction of H2 increases, the above elementary reaction proceeds forward to generate more H, while as the mole fraction of FH2 increases, the above elementary reaction rate is lower than the baseline operating condition. In the elementary reaction H2+O=OH + H, the chemical effect of H2 is also significant. Under the H2 chemical effect, the two elementary reactions together increase the molar fraction of H, which is greater than the consumption of H radicals, thereby increasing the concentration of H radicals.
OH plays an essential role in the oxidation process of soot, and Figure 7A shows the radial distribution of OH mole fractions at z = 1 cm, z = 2.5 cm, and z = 4 cm. It can be seen from the figure that the overall OH mole fraction distribution moves away from the flame centerline after blending H2. This is because, under the chemical effect of H2, the flame height increases, and the peak OH concentration region moves away from the flame centerline. Overall, the H2 blend increases the mole fraction of OH because the H2 chemical effect accelerates the forward reaction rate of H2 + O = OH + H and increases the OH concentration. However, as shown in Figure 4A, the soot is mainly distributed at the two wings of the flame closer to the flame centerline rather than the main distribution area of OH radicals. It can be seen from Figure 7A that the difference in the OH mole fraction of blending 30% H2 and 30% FH2 in the area near the flame centerline is not apparent.
[image: Figure 7]FIGURE 7 | Radial distribution of mole fraction of OH at different heights (A) and Soot mass nucleation, surface growth, oxidation rate (B).
Figure 7B shows rates of soot mass nucleation, surface growth, and oxidation of pure ethylene blended with 30% H2 and 30% FH2. It can be seen from the figure that the mass nucleation and surface growth rates of soot are significantly reduced after blending H2. As a result, the surface growth and mass nucleation rates of soot are further reduced by blending FH2, indicating that the chemical effect of H2 inhibits soot nucleation and surface growth. The soot oxidation rate is slightly increased by blending H2, while the oxidation rate is slightly decreased by blending FH2. The chemical effect of H2 promoted the oxidation of soot. Under the competition of the formation and consumption rate of soot, it finally manifests as the chemical effect of H2 promotes the soot formation.
4.2.3 The chemical effect of CO
Figure 8A shows the radial temperature distribution at 1 cm, 2 cm, and 3.5 cm in the axial direction. It can be seen from the figure that the temperature in the blended CO flame is higher than that in the blended FCO flame. The reason is that CO actively participates in the chemical reaction and releases heat, while FCO does not. Thus, the chemical effect of blending CO increases the flame temperature. A higher temperature is beneficial to increase the addition rate of C2H2 and promote the surface growth of soot.
[image: Figure 8]FIGURE 8 | Radial distribution of temperature (A), mole fraction of C2H2 at different heights (B) and the peak rate of reaction kinetics (C).
Figure 8B shows the radial distribution of the C2H2 mole fraction at different axial heights. The results show that the blending CO reduces the C2H2 mole fraction at the lower part of the flame, and the C2H2 mole fraction in the blending CO flame is slightly higher than that in the blending FCO flame at different heights. Figure 8C shows the C2H2 consumption reaction rate change. It can be seen from the figure that the reaction C2H2 + O = CH2 + CO is one of the most critical consumption reactions of C2H2, which is consistent with the literature (Dai et al., 2021). C2H2+O=CH2+CO is most sensitive to the chemical effects of CO. Compared with the addition of FCO, the forward reaction rate of this reaction is reduced after adding CO, and the C2H2 consumption rate is slowed down, resulting in higher C2H2 concentration. But under the CO chemical effect, the forward reaction rate of other elementary reactions accelerates, and the consumption rate of C2H2 increases. SO as seen in Figure 8B, the chemical effect of CO increases the C2H2 mole fraction slightly, but the difference is not significant.
The radial distribution of H radicals at different axial heights is shown in Figure 9A. Overall, the H mole fractions in the blending FCO and pure ethylene flame are not significantly different, while the H mole fraction in the blending CO flame is higher than that in the blending FCO flame. This is due to the increase in the forward reaction rate of the reaction CO + OH = H + CO2 with the addition of CO, and the H radical concentration increases. This indicates that the chemical effect of CO increases the H mole fraction, and the higher H mole fraction enhances the formation rate of active centers in the blended CO flame and ultimately increases the surface growth rate.
[image: Figure 9]FIGURE 9 | Radial distribution of mole fraction of H (A) and OH (B) at different heights.
OH is the predominant soot oxidant, and Figure 9B shows the OH radical mole fraction distribution at different axial heights. It can be seen from the figure that in the blending CO flame, the OH mole fraction in the near centerline region where soot exists (the soot distribution region shown in Figure 4) is lower than that in the blending FCO flame. It is also due to the reaction CO + OH = H + CO2; when CO is added, the forward reaction rate increases, speeding up the consumption of OH. Lower OH concentration is beneficial to slow down the soot oxidation rate in the flame and increase the rate of net soot formation. It indicates that the chemical effect of CO inhibits soot oxidation.
Figure 10 shows the soot mass nucleation rate, surface growth rate, and oxidation rate of the pure ethylene blended with 30% CO and 30% FCO. The results show that the soot mass nucleation and surface growth rates are reduced by adding CO. Also, the soot mass nucleation and surface growth rates are further decreased after adding FCO, indicating that the chemical effect of CO inhibits soot nucleation and surface growth. Adding both CO and FCO can reduce the oxidation rate to some extent. Compared with blending CO, the oxidation rate of blending FCO is higher. The chemical effect of CO inhibited soot oxidation.
[image: Figure 10]FIGURE 10 | Soot mass nucleation, surface growth, oxidation rate.
5 CONCLUSION
In this paper, the effect of H2/CO blending on soot formation in laminar ethylene/air diffusion flames is studied by numerical simulation. The non-reactive virtual substances FH2 and FCO are set in the numerical calculation to separate the chemical effects of H2 and CO. The distribution of temperature, soot, and important intermediate components is analyzed, and the following main conclusions are obtained:
(1) In the laminar flow ethylene/air diffusion flame, the flame temperature gradually increases with the increase of the H2/CO blending ratio, but the change is insignificant. Blending 30% H2 increased the temperature by 1.2%, and blending 30% CO increased the temperature by 0.3%. The thermal effect of H2/CO is not the main factor affecting soot formation.
(2) With the increase in the H2/CO blending ratio, the soot volume fraction of the laminar diffusion flame decreases monotonically. At the same blending ratio, the inhibitory effect of H2 on soot is more effective due to the more substantial promotion effect of the chemical effect of CO on soot. The soot volume fraction decreases after the simultaneous blending of H2 and CO, and the peak soot volume fraction is between that of the blending of H2 and CO. The inhibition of soot formation by blending H2 or CO is mainly the dilution effect.
(3) The chemical effect of blending H2 increases the flame temperature, the mole fraction of C2H2 and H, and the soot nucleation, surface growth, and oxidation rates. It finally manifests as the chemical effect of H2 promotes the soot formation under the competition of the formation and consumption rate of soot.
(4) The chemical effect of CO increases the flame temperature, increases the H mole fraction, and decreases the OH mole fraction, thus increasing the soot surface growth rate and slowing down the soot oxidation rate. Higher nucleation and surface growth rates and lower oxidation rates jointly promote soot formation.
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