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__________________________________________________________________________________________ 

Abstract: Industrial production is often accompanied by the production of exhaust gas, 

especially in the chemical industry, which contains a large number of toxic and harmful gases 

and low calorific value combustible gases. The combustion furnace is the key equipment in the 

exhaust gas treatment device. Through the direct combustion method, some of the combustible 

pollutants (H2 and CO) in the exhaust gas are burned to produce pollutant-free CO2 and H2O, 

which are discharged up to the standard. China is a large energy country, the recovery of 

waste heat from tail gas combustion treatment provides energy for follow-up production, 

realizes cogeneration, and meets the national industrial policy of energy saving, emission 

reduction and emission reduction. 
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__________________________________________________________________________________________ 

1. INTRODUCTION 

Full combustion refers to combustion with sufficient combustion air, and the combustion 

reactants are completely converted to combustion products without producing other 

intermediate products. To achieve full combustion and more use of optimized combustion 

technology and flue gas recycling technology. Optimized combustion means that according to 

the principle of combustion, the combustion effect is enhanced by adjusting the excess air ratio 

and the air distribution coefficient to change the combustion conditions. Flue gas recirculation 

is to blend part of the combustible fumes into the combustion air and send it again into the 

combustion furnace for combustion. Considering the reversibility of the reaction, the burn-out 

characteristics of the combustion reactants are more emphasized in this paper. The degree of 

combustion is measured using the concentration of the outlet reactants as an indicator. The core 

idea of this paper is to increase the mixing between the combustion reactants and the 

combustion air. degree. 
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2. BURNER STRUCTURE IMPROVEMENT  

The exhaust gas is discharged into the atmosphere through direct combustion treatment. The 

flow channel structure in the conventional combustion furnace is shown in Fig.1. The exhaust 

gas and the air enter the combustion furnace inner flow passage through different inlets, and the 

combustion reaction is performed in the flow passage after ignition by the ignition device. In 

the conventional combustion furnace flow path structure, the degree of mixture of exhaust gas 

and air is not uniform, combustion air cannot fully function, and the combustion efficiency is 

relatively low. 

 

Fig 1. Traditional burner structure 

In order to improve the combustion efficiency, the combustible low-calorific value exhaust gas 

in the tail gas can be fully burned to recycle the waste heat. This article proposes the following 

two kinds of burner structure improvement programs: (1) reduce the burning dead zone in the 

combustion furnace; (2) add spoiler baffles in the import area. 

 

Fig 2. Burner cuts the local structure of the dead-zone model 

 

Fig 3. Local structure of spoiler model added to the combustion furnace 

Exhaust gas and air enter combustion furnace for combustion reaction. Due to inlet structure 

and wind speed and other reasons, there will be stagnant water area. There is no air flow in this 

area and no combustion is involved. The reduction of stagnant water area can improve the 
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space utilization of the combustion area and improve the structure as shown in Fig.2, in the 

conventional burner structure, the mixing degree of air and exhaust gas is not uniform, and the 

effects of combustible exhaust gas and oxidant-reducing air are both less than optimal. By 

adding a spoiler baffle to the inlet area, the exhaust gas is exhausted. Mixing with the air before 

entering the burner combustion area in the combustion furnace is more sufficient to achieve a 

full combustion effect, and the improved structure is shown in Fig.3. 

3. SIMULATION RESULTS AND ANALYSIS 

The results of numerical simulation mainly include the position of the flame, the temperature of 

the flue gas, and the composition of the flue gas. Analyze the position of the flame to 

understand the combustion conditions in the flow path in the combustion furnace; analyze the 

temperature of the flue gas in order to explain the thermal efficiency of the combustion; 

analyze the components of the flue gas to obtain the proportion of combustibles in the flue gas 

emission and determine the feasibility of improving the structure to fully burn. The flue gas 

emission temperature of the primary flow path of the combustion furnace and various gas 

components are shown in Table.1. 

Table 1. Flue gas discharge temperature composition table 

Flue gas temperature 1140.26 °C 

Gas type O2 N2 CO H2 H2O CO2 

Volume fraction (%) 1.95 62.3 0.066 0.073 27.0 8.62 

3.1 Analysis of simulated results of improvement schemes for slashing dead water areas 

The temperature gradient cloud diagram of the improved cut-off area improvement scheme is 

shown in Fig.4. The analysis of the cloud shows that the flame is mainly present near the 

entrance area of the flue gas, and there is no obvious flame generation near the exit of the flow 

path. The simulation results show that the emission concentration of combustible gas (H2 and 

CO) decreases in the export of flue gas under the improved structure. 

 

Fig 4. Cuts the stagnant water area improved structure temperature gradient cloud image 

The components of the flue gas emission reduction scheme for the cut-off area plan are shown 

in Table.2. The simulation results show that the O2 concentration is reduced, the CO2 

concentration is increased, and the emission concentration of combustible gas (H2 and CO) at 

the flue gas outlet is reduced to 30% of the original model. Below, the temperature has also 

increased. The optimization of this kind of structure causes the tail gas in the dead zone of the 
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original structure to participate in the combustion, and to a certain extent, the concentration of 

combustible gas in the combustion zone is increased. 

Table 2. Cuts the stagnant water area to improve the structural flue gas discharge temperature 

composition table 

Flue gas temperature 1155.23°C 

Gas type O2 N2 CO H2 H2O CO2 

Volume fraction (%) 1.60 62.1 0.02 0.02 27.4 8.81 

3.2 Analysis of simulation results of adding spoiler baffle improvement scheme 

 

Fig 5. Addition of spoiler baffle to improve structure temperature gradient cloud 

The increase of flue gas emission temperature and the composition of each gas are shown in 

Table.3. The simulation results show that the flue gas temperature has been increased, and the 

export concentration of combustible gas (H2 and CO) has been reduced to zero. It is due to the 

presence of spoiler baffles that the combustible exhaust gas entering the combustion zone is 

more uniformly mixed with the combustion air to enhance the full combustion effect. 

Table 3. Adding spoiler baffles to structure flue gas discharge temperature component table 

Flue gas temperature 1159.5°C 

Gas type O2 N2 CO H2 H2O CO2 

Volume fraction (%) 1.55 62.1 0 0 27.5 8.83 

4. CONCLUSION 

In order to improve the full combustion efficiency of the combustion furnace, the structure of 

the combustion furnace was reduced and the spoiler baffles were added. The numerical 

simulation of the new structure was carried out. The simulation results show that reducing the 

structure of the dead water area can effectively improve the full combustion effect. Based on 

this, the spoiler baffle is added to make the blending degree of the combustible exhaust gas and 

the combustion air more uniform. There is almost no flame at the outlet of the combustion 

furnace, and the flue gas discharge temperature as a result, the concentration of combustible 

gases (H2 and CO) in the flue gas at the outlet of the combustion furnace can be reduced to zero. 
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